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Pre/ace 

\\Then an American botanist and a Belgian pathologist collaborate 
in writing a book, the obstacles to be encountered are necessarily 
numerous, and this is true of the present work even though the subject 
is limited to the single substance, colchicine. Our collaboration has 
required intercontinental travel, hours spent together in discussing 
factual materials from plant and animal sciences, countless days 
assembling a vast bibliography. 

Finally, our cooperative project made it necessary to overcome 
barriers inherent in our widely different research fields, to resolve 
problems arising from the use of different languages, and to recognize 
the dissimilar perspectives of the American and European educational 
systems. But a common ground of interest was maintained, irrespec
tive of personal interests, through a constant realization of the re
markable and singular properties of colchicine as a mitotic poison 
and as a tool for experimental work. Moreover, research programs in 
mitotic problems which each of us had developed prior to the work 
with colchicine provided a basis of mutual interest. 

This work actually had two beginnings when in 1942, almost 
simultaneously, two scientists commenced manuscripts, each without 
knowledge of the other. One of them was A. P. Dustin, Sr., of Brussels, 
whose untimely death occurred in the year his review was started. 
The task of completing this study fortunately passed to Dr. Dustin's 
son, and in 1947 the botanical writing done in America by the senior 
author and the medical studies under way in Europe were brought 
together into one joint project. It was decided to integrate the many 
lines of research with colchicine into one study. This book is the 
result of that cooperative effort. 

A survey of the chapters comprising this study will indicate the 
many lines of research that have been included. The modern litera
ture on colchicine is vast. The references to gout alone would require 
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pages. Rather than catalog titles, we have brought together sig·nificant 
contributions and have attempted to correlate the various lines of 
research. Whenever possible, we summarize the basic contribution, 
point out differences of opinion, and, most important, call attention 
to work that needs to be accomplished. Finally, in retrospect over the 
modern period of studies of colchicine, one of our purposes has been 
to point out the progress made, rather than to predict what is to come. 

For the shortcomings, the errors of interpretation, statements of 
viewpoints not pleasing to all specialists, which may be found in any 
portion of this book, the authors assume full responsibility. \Ve who 
have assembled as many as possible of the important facts about col
chicine welcome corrections and comments concerning the conclusions 
which we have reached. 

The modern period of research with colchicine began in 1889, 
when Pernice described mctaphasic arrest produced by this drug. 
Until Pernice's report was rediscovered, Dixon and Malden were cited 
as the pioneers. Thus, our search for all references to colchicinc was 
rewarded. Special recognition is clue to Nancy Gay-\Vinn, whose 
diligent quest led to this classic work by Pernice. 

Colchicinc in its present role as a mitotic poison and as a tool 
for biological research was discovered in 1934 at Brussels, Belgium, 
in the laboratory of Professor A. P. Dustin, Sr., who for a long time 
had been investigating means of altering mitosis. \Vhcn colchicinc 
was suggested by a Brussels medical student, F. Lits, the characteristics 
of colchicine were quickly measured. Our review covers the period 
from 1934 to the middle I 950's. 

In 1937 botanical research began in several countries, generally 
following descriptions or reports of unusual observations from animal 
cells. In this same year, the scientists at Brussels included Allium root 
tips for their tests. Other botanists chose A Ilium root tips or plant 
materials to illustrate the action of colchicinc. In this year the role of 
colchicine as an agent for the induction of polyploidy was conclu
sively demonstrated. 

The horizons of colchicine research widened quickly when bota
nists learned how effectively the drug could be used in their work. 
Laymen became interested in the drug as references to cancer entered 
the discussions and as the creation of new varieties of plan ts stimulated 
new programs in agriculture. A broad scope of research was opened 
up by this single substance. 

Organic chemists realized that \Vindaus' concept of the structural 
formula for colchicine needed revision. In 1940 definite evidence was 
at hand. There followed an unusually large volume of research on 
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the chemistry of colchicinc. In 1947 we realized the need for specialized 
help. Fortunately, Dr. James D. Loudon of Glasgow University, 
Scotland, who worked with the group that began the revision of col
chicine structure, generously contributed to this aspect of the study. 
\\Te express our gratitude to him for the writing of Chapter 6. 

Colchicum, which is a drug plant of antiquity, has a long history 
in the annals of pharmacy. Professor F. Santavy of the Medical Insti
tute of Olomouc, Czechoslovakia, provided special materials for 
Chapter 5. Many facts about the pharmacognosy of Colchicum were 
compiled by Mr. Ikram Hassan of the University of Panjab, Lahore, 
Pakistan. v\Te appreciate their special aid in the preparation of 
Chapter 5. 

However, the authors, and not the contributors mentioned, assume 
full responsibility for the material published. We are grateful for 
help from our publishers, the Iowa State College Press, and particu
larly its Chief Editor, Mr. v\Tilliam H. Van Horn. 

Financial aid is necessary for a project of this proportion not 
designed specifically for return of investment. v\T c have received 
support from organizations whose contributions were made without 
consideration of a future financial return. 

Some grants-in-aid were made to each author and some jointly 
to this project. v\Tithout citing specific contributions it is our pleasure 
to acknowledge with thanks the following organizations, foundations, 
and agencies providing funds. But quite as important as the financial 
aid, have been the approval and encouragement given to us in our 
efforts. 

These contributors arc listed herewith: Carnegie Corporation of 
New York, Century Fund, N orthwestcrn University, Colchicinc Re
search Foundation, Fonds National de la Rechcrche Scicntifique (Brus
sels), Funk Brothers Seed Company, Genetics Society of America, 
General Biological Supply House, Graduate Committees on Research 
of the University of Oklahoma and Northwestern University, John 
Crcrar Library, Lady Tata Memorial Fund, National Cancer Institute 
of the National Institute of Health, U. S. A., Rosenheim Foundation, 
Pakistan, United States Educational Foundation, Pakistan, United 
States Educational Foundation, India, United Nations Educational 
and Scientific Organization, University of Oklahoma Research Insti
tute, University of Oklahoma, Department of Plant Sciences, Univer
site librc de Bruxelles, Facultc de Medecinc, Belgium. 

Contributions in preparing the manuscript were made during the 
course of our work. For illustrations, photographs, typing, photo
micrography, bibliography, and reference work we express our thanks. 
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CHAPTER 1 

The Parent Plant 

1.1: The Knowledge of Colchicum in Ancient Civilizations 

The history of Colchicum, the drug of ancient and modern materia 
medica, is rooted in the myths and the written records of ancient 
Egypt, India, and Greece, and runs its course through the ages into 
the world of today. Not only do modern formularies admit Colchi
cum, the producer of the pure substance colchicine, but this plant is 
probably one of those mentioned in the Ebers Papyrus. This Egyp
tian document was prepared about 1550 B.c., and is our oldest medical 
text. Colchicum could be one of the saffron plants of the Papyrus. 
From this early age through thirty-five centuries of medical history to 
the compilation of the modern pharmacopeias, very few drug plants 
have survived. In fact, only eighteen, among seven hundred plant~44 

originally listed as material for ancient Egyptian practitioners, 
achieved such historical fame. 

The Egyptian civilization developed a code for practicing medi
cine in which plant products played an important role, and the Ebers 
Papyrus summarized this accumulation of knowledge. Egyptian doc
tors were advised in the Papyrus to give various seeds to their patients 
for relief from aches and pains. The seeds were administered on 
bread. 5 While pure colchicine was not given in these doses, we can 
assume that the drug was used in treating rheumatism and gout, ail
ments which then and even yet afflict the human race. It is probable 
also that, if seeds were used, a large quantity would have been ad
ministered to the patient. 

A danger associated with using colchicine in the crude form is 
the poisonous property of the drug. Enough active substance can be 
given to cause death in warm-blooded animals. Dry seeds may have 
as much as four parts of the drug per thousand of dry raw material. 
Perhaps some patients died from the colchicine prescription, for 
severe punishments were said to be meted out to ancient doctors when 
a patient succumbed. In some instances the physician even paid with 

[ 1 ] 



2 Colchicine 

his life.29 Since gout and rheumatism were common ailments among 
the noble and the wealthy, the attending physicians, who were often 
servants of the court, must have held a rather precarious position. 
Yet, in spite of its poisonous nature, Colchicurn in correct dosage was 
capable of relieving pain if administered as seed, powdered corm, or 
even dried flowers. It is probable that substitutes for Colchicurn, as 
well as similar plants containing very small amounts of colchicine, 
were employed. 

Plants were frequently used in ancient days without sound basis, 
and more magic than medicine was practiced; in fact, magic and the 
medicine man have been associated through the ages. Our modern 
word pharmacy originates24 from an Egyptian term pharrnaki and the 
Greek pharrnalwn. These terms arc in turn related to another Egyp
tian word pharrnagia, which means the art of making magic. 

Another civilization, the Hindu, developed a medical system inde
pendent of the Egyptian and the Babylonian. This period is known 
as the Vedic,29 and extends from 2000 B.c. to 800 n.c. :Much informa
tion about treating diseases with plants is transmitted in the Vedic 
text.29 Although in this book specific plants are mentioned and cer
tain diseases noted, and while Colchicurn luteurn, a producer of pure 
colchicine, is common in the Indus River area of the Himalayas, the 
present Indian Colchicurn cannot be deciphered from this book. 

At some time during the Vedic period a traffic in drugs was estab
lished between the Orient and Arabia. Good evidence is at hand to 
show that Hindu medicine had an influence upon Arabian medical 
knowledge. There was a serious decline in Hindu medicine, but the 
traffic in drugs continued. This exchange reached such proportions 
that Pliny the Elder complained about his money being drained to 
the Orient for drugs. Two species, known as the Kashmir hermodac
tyls,7 could have been among these drugs. They are identified as 
Colchicurn luteurn and Merendera persica. Although both contain 
colchicine, the respective quantities differ markedly, as will be de
scribed later. 

Botanical historians21 tell of an ancient class in Greece known as 
the Rhizotomi, or root gatherers. They were pharmacobotanists prac
ticing their art in the pre-Hippocratic era; their powers resembled 
those of magicians, associating all manner of ritual with the collec
tion, preparation, and dispensing of roots. Such details as the wind 
direction, time, season, as well as astronomical signs were observed. 

Since foods were primarily grain and leaves, the roots must have 
served other purposes such as medicine. Driving away evil spirits 
that caused disease may have been helped by using underground plant 
parts, and the trade in roots by the Rhizotomi flourished. 21 

More than fifty species containing colchicine are native to the 
region where the Rhizotomi practiced.41 The most notable species is 
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Colchicum auturnnale,41 that produces flowers in autumn followed by 
leaves, fruits, and seeds the next spring. Such an unusual habit must 
have attracted these pharmacobotanists.21 

Perhaps the best link between ancient and modern medicine is 
seen in the two drugs found in Oriental bazaars: the Surinjan-i-talkh 
and the Surinjan-i-chirrin.7 These corms are distinguished as bitter 
and sweet surinjan and are obtained from the Kashmir hermodactyls 
growing in the northwest Himalayan foothills. 7 Botanically the drugs 
are identified as (1) Colchicum luteurn, the bitter, and (2) Meren
dera persica, the sweet; both contain colchicine, 0.2 per cent and 0.02 
per cent, respectively.30 Pharmacists advise their use for rheumatism 
as well as for aching joints. 

If these same hermodactyls entered the drug trade from the Orient 
to . .\rabia, then early Arabian physicians may have borrowed their 
ideas for treating gout from this source. It is difficult to determine 
how many centuries have passed since the Hindu specialists began 
collecting the hermodactyls and other plants useful in medical prac
tice. But their knowledge of herbs has been handed down for count
less generations to their successors of the present day. 

The ancient usage of Colchicurn, along with an antiquity in medi
cine, can be established through several sources: the Ebers Papyrus, 
a drug traffic from the Orient, and the evidence about a pharmaco
botanical trade practiced by the Rhizotomi. Present-day surinjan 
may link the past to modern medicine. 

Our discussion of the knowledge of Colchicurn in the ancient 
world turns for a moment to Greek history and mythology, and it is 
in Greece that the period we are examining will close with the or
ganization of medical knowledge around the system of Hippocrates. 

Colchicum is named for the land of Colchis at the eastern tip of 
the Black Sea.47 , 22 In this area the plants are most abundant. When 
Colchis was mentioned to the Greek, visions of sorcery immediately 
arose. This was the land where Jason secured the Golden Fleece. 
Here he met the sorceress Medea, famous for her powerful life-giving 
brews. She was said to have rejuvenated Jason's aging father by sub
stituting a special potent mixture for his blood. Many of her direc
tions for poisonous mixtures required underground roots. Magic 
powers were associated with these ingredients that figured in Medea's 
sorcery.6 

Among the instructions for making a certain mixture were specific 
details for collecting the poisonous plants.6 In one instance, only 
during a hoarfrost could roots be dug. While boiling the juices in 
a pot, it was said olive branches touching the brew would immediately 
bring forth flowers and fruits. 

The ancient Colchian kings had gardens containing poisonous 
species. Undoubtedly the knowledge of the toxic properties of plants 
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was at their disposal. Such plants might have served their intri gues 
and provid ed means for the el irn ination of compet itors or persons 
convicted of crime. 

1.2: Botanical Studies of Colchicum From Dioscorides to Twentieth

Century Investigators 

In the land of Colchis, along the Black Sea, an autumn-Oowering 
crocus-like p lant occurs in abundance (Fig. l.l ). Dioscoricles, first 
century botanist-physician, knew about this particular species from 
either personal observations in the area or through reports by travel
ers to this region. This fall-bloom ing meadow saffron was named the 

Fig . 1.1-Flowers of Colchicum autumnale showing only the floral ports above grcund . 
(Photograph , courtesy of General Biologica l Supply House , Chicago, 111. ) 
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Colcl1icrm/~ a name which has been continued in its Latinizecl form 
to the present time. 

Dioscorides made very careful descriptions dealing with such 
phases as growth, development, and morphology of the plant. His 
drawings involving two plants (Fig. 1.2), one with fruits, seeds, and 
leaves, the other with flowers only, clearly show that he associated 

Pcdacii Diofcoridisqlmft~ ~Ud;/ 
S,t~fumm.. S,ntftblumm. 

Fig. 1.2-Diagrams showing the seed-producing portion of Colchicum autumnale, and the 
flower stalk appearing in autumn. A, fruiting; B, flowering. (After drawings by Dioscorides) 

autumnal flowering with spring fruiting, both having the same under
ground portion. This was a careful scientific observation for his clay. 
Such great detail was given to the corm, bud, leaf, flower, and seed 
that writers copied his observations and drawings for the next fifteen 
centuries. 

Since the botanical and medical professions were closely allied in 
the times of Dioscorides, it was natural that the objective of his study 
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should extend beyond strictly botanical descriptions and that his 
primary interest should be in the medical application of plants. He 
warned that Colchicon was a dangerous poison and compared it with 
the mushroom that causes death (Fig. 1.3) . He was concerned that 
this plant might be used by practitioners unaware of its poisonous 
nature, and the effect of his careful descriptions and stern warnings 
was so profound that many followers avoided the use of Colchicon. 

51erbjlb{umcn1 <5pim1bfumm1 Colchicon, Bulbus 
Agrdl:is. ifop. tm. 

r'J ·~ ·nublumen / ~acbtbfutttcn I .f::,crbflb!umcn I 0ne,f,ifct, Colch icon, ~u fotci11 ~•fcfir,c, 
~~Bulbus Agreftis, fi11Dtnic1f,kclitc Q.'Jlum. rn / bm 6affr,mQ:lldttcrn c~nl:cl1 /tinnt,•ung. 
~ 1vacf)fl'11 im auf,gang b(f, J)erb~i; I 11,1cf1 t,m Q:llumrn gcniinnm fieQ.'lld1tcrw1c 1'ie 
Q-ldtterbcr~l.fori;,111 / bieman 0ricct,ifct, t111!l ;u iatein e11gcnthct, Bulbosncnnt / ,1uf,gc; 
no:nmcntlaf, fiefcpflerfinllt: 6ie~abrn Stengel eincr 6p,mncn ~oct, /m1tro~tcm6,1; 
mm/ rot;tlect,tc Wur11c1n;1 llicbcflcillct finl>t m1t braunro~t / etwai, fct,1var11fdrbigcn '.l\uv 
t,m / wenn man bie'.Xinbeabt~ut I fo fini:,t !lieWur/iefn wcif, I ;art I fufi I t10Ucr 6.ifft / jt;re 
rm3ur/iel ~attn ber m1ttt an cmer 6cittm uon un!lcn autf ein Stertf obcr '.Xii; / barburcf, bic 
ID<umewdd1flt1nbauf,brict,t. ~er .f)erbflMumcn wact,fen t1iel 111 ®cffcnia t1nb i.foklJtt;. 
~iC'-0.lurl;dn gelfcn I tobtcn wic l>ie gitftige6cf1nidmm/ mitwurgcn \lll!l crflcd'cn. ~1cfc,,1(rafft b,I 
Strilut ~,1bcn w1r auct, allein barumb befcf1ric~cn / l>amit niem.inbt l>alfclbigc / oticr fnnc "',."''~"' 
m.J11r1Jclt1 unwiffenttict,'an fl.itt Iler Q:l11lbcnniur11cl11 cffe / l>cnn cthcf1e 1'urcf11~rc f uffrgfm 
llar3u werbcn gerei/it. 'n1i!ler!liefci,@51fft brauct,t m,m bequemhcf, b1e '.2fr1mevtti1<1,robm 
1oitier Ne gitft1ge 6cfJwdmm bcrct,mbcn worben fin tit I .~u~milct, 1fl ,rn,r, gut 1'arm1ti1·r 
aetrund'cn J alfo llafj man fon,r 11nt>,rn '.2fr/incv bcba,ff I wo Sl11~1111tc~ vor~,111!lm 1ft. 

Fig. 1.3-Dioscorides' description of Colchicum token from the Krauterbuch of Pedanius 
Dioscorides, printed by J. Bringern, Frankfurt, 1610. Reproductions obtained thrcugh court

esy of John Crerar Library, Chicago, Ill. 

In spite of such warnings, Dioscorides believed plants were very 
useful in the medical practice. Accordingly, other less poisonous 
species were recommended. In one case he suggested the Ephnneron 
instead of the Colchicon, particularly for those tumors that had not 
yet spread into the body. The Ephemcron is now identified as Co/chi
c«"'- """°"""""', " 

0
which conca,xvs \,<:.s,s, ,s,s\.,,J,"-'-'C-,'-'s,."-. ~~ ~-~~"'""'~""'~~ 

\\\t 'a.\\~\\IDI\-\\a~enng p\ant, bis Colchicon.~• Tl1ere can be no doub\ 
that hrs car~ful attention to species di/Terence distinguished him as a 
great botamst. 

The Greek l)h'f,i.ci.ans at the \)egi.nni.ng ot the Christian era de
velop~d a distrust for Oriental medicine, n~)tably the plants that were 
used m drug traffic.22 This suspicion had been aroused as earlv as 
the time of Hippocrates. Perhaps there was some basis for tl1eir 
doubt. If our assumption was correct that Kashmir herrnodactvls 
were introduced into this drug traffic from the Orient to the vV~st, 
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then two very similar drugs would have appeared. These are Colchi
cum luteum and Merendera persica, which were described in the last 
section. \,Vhile the alkaloid contents of these two plants differ con
siderably, it is probable that then as now they were sold under the 
name sw·injan. A careful worker like Dioscorides would not have 
been misled by these substitutions, but not all Greek physicians were 
skilled in distinguishing botanical specimens, and they undoubtedly 
appreciated the excellent services rendered by Dioscorides through 
his botanical investigations. 

In the following fifteen centuries, down through the period of the 
Herbalists, nothing different was added to the description of Colchi
con. In fact, the Herbalists merely copied and repeated what Dios
corides and several other botanists of his period had written.47 The 
great contributions made during the fifteenth to seventeenth centuries, 
of course, were the translation, copying, and printing which made 
book production easier than at any previous period in history. 

The Herbalists22 collected interesting names that became associ
ated with Colchicon.47 These usually refer to the poisonous features 
or to some unusual habit such as fall flowering and spring fruiting. 
The plants were called "mort au chien," or "death to dogs.47 The 
name "bulbus agrestis," or "wild bulb," was commonly used.47 Since 
the flowers appeared in clusters out of the ground without leaves 
associated, a descriptive name "naked ladies" was given. Probably 
the most involved name was the Latin "Filius ante patrem," trans
lated "son before the father," meaning a deviation from established 
biological laws.47 This is understandable, for when they associated the 
spring seeds and fruiting with the flowers that came up the same 
year in autumn, several months later, it was an instance of the off
spring preceding the parents. However, Dioscorides had made the 
correct interpretation because his diagrams (Fig. 1.2) clearly associ
ated buds, flowers, leaves, and fruits at the correct season and he 
realized that the flowering plants of autumn put forth fruits the 
next spring. Some Herbalists devoted much discussion to the growth 
habits involving flowering and fruiting. Finally, the common name 
Herrnoclactyl caused confusion for a long time until it was clearly 
shown that the Colchicon and Hermodactyl were the same plant.39 

Linnaeus kept the original name given by Dioscorides, changing 
it from the Greek Colchicon to Latin Colchicurn, when he devised his 
extensive system of nomenclature. A binomial affixed to the autumn 
crocus was published in Species Plantarum, 1753: Colchicum autum
nale L. The species describes the fall-f-iowering character, and the 
genus retains the original reference to the land of Colchis. Very few 
changes were made in descriptions as originally given by the Greek 
botanist. Linnaeus made an important contribution in showing re-
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lationships between the Colchicurn group and other families of 
plants.41 

The genus Colchicurn L. belongs to the tribe Colchiceae, which 
also includes Merendera Ram., Bulbocodiurn L., and Synsiplwn Regel. 
This tribe is a part of the subfamily Melanthoideae. The family 
Liliaceae shows many relationships to the species Colchicurn; hence 
their correct position is within the lily family. At one time the family 
Colchicaceae was on the same level of importance that was given the 
Liliaceae, but this became changed to the system listed above. 

An excellent monograph41 dealing with Colchicum was published 
by Stefanoff in 1926. Considerable revision has been made and ten 
new species have been added. The text is in Bulgarian, but the de
scriptions and keys are printed in Latin, thus making this information 
available to specialists of any nationality. Useful distribution maps 
are attached to the monograph.4 1 

The genus is divided into two subgenera: 41 (l) Archicolclzicurn 
including seven sections, and (2) Eucolchicum with a single section. 
An Indian species, C. luteum Raker, official in the Indian Pharmaco
poeia belongs to the first subgenus, whereas the most notable drug 
species, C. auturnnale L. is placed in the subgenus Eucolchicurn. All 
species belonging to the latter subgenus flower in the autumn, while 
the members of the first subgenus have many members that bloom in 
the spring. 

A total of 64 species are described and extensively reviewed for 
their geographical distribution. All belong to the Northern Hemis
phere and are primarily indigenous to the Mediterranean region, 
although many species range over Europe and North Africa and ex
tend eastward into India along the northwestern Himalayan ranges. 

Thirty-six species flower in the months of September to November. 
Except for several unknown, the remaining twenty-five species bloom 
during the spring, early in January, or late in June. These character
istics are noted in the list of species given in Table I. I. 

Cytological investigations include eleven species for which exact 
chromosomal determinations have been made.26 • 30 There is no evi
dence that speciation has proceeded along a polyploidy series with 
or without hybridization. In fact, the number for these at hand is 
entirely heteroploid. No correlation exists between taxonomic posi
tion and chromosome number. Certainly the diploid numbers rang
ing from 36 to 54 are not exceptionally high. In light of the poly
ploidizing effect of colchicine on many plant cells, the suggestion has 
been made that perhaps within this group high numbers may be 
found. Chapters 4 and 17 deal with this problem and show by re
sistance to the drug how polyploidy could not be developed. Further
more, there is no indication that other species of plants found in the 



Family:- Liliaceae 

TABLE 1.1 
THE GENUS CoLcmcuM LINNAEUS 

(After Stefanoff) 

Subfamily: Melanthoideae 
Tribe: Colchiceae 

Species Name Authority Flowering Date 

Subgenus 1. Archicolchicum: 

C. luteum . . 
C. regelii . . 
C. hissarirnm . 
C. robustum ... 

C. szouitsii . . 
C. croczfolium. 
C. J asciculare . 
C. libanoticum . 

... Baker 
.Stcf. 

.. Stef. 
... Stcf. 

Section 1. Luteae 

Feb.-May 
Feb.-March 
.July 
Feb.-May 

Section 2. Bulbocodiae 

..F.M. .Jan.-April 
. ..... Boiss. Feb.-March 

. . . . Boiss. .Jan.-Feb . 
. ...... Ehrenb. .June 

C. ritchii .. . . . . . ....... R. Br. Nov.-Jan . 
C. schimperi . .. . . . . . . . . .Janka Dec . 
C. tauri . . . .. Siehe Feb 
C. serpentinum . . Woronow ap. not given 

Mischenko 
C. hJ·drophilum. .. Siehe May-June 
C. hirswum. ... Stef. April-May 
C. nivale .. ...... Boiss. et Huet April-June 
C. biebersteinii. .... Rouy Feb.-March 
C. davidovi . ... ..... Stef. Feb.-April 
C. catacuzenium . .. Heldr March-May 
C. hungaricum . .Janka Dec.-April 
C. doerfleri . ... .. Hal Feb.-April 
C. macedonicum . . . Kosanin June 
C. triphl'llum ... ...... Kze March 
C. kurdicum .. . ... Stef. June 
C. caucasicum .. ... Spreng. March-May 
C. sobvliferum .. ...... Stef. Feb.-April 
C. atticum . .... .. Sprun. Nov.-March 
C. jordanicolum .. . ... Stef. not given 
C. sief,eanum ... . .Hausskn. Sept. 
C. procurrens ... . . Baker Oct . 

Section 3. Vernae 

C. vernum . . ........... Ker-Gaw!. March-May 

C. montanum .... 

C. cupani .. . 
C. psaridis .. 
C. boissieri . . 

.. L. 

. .Guss. 
. ..... Heldr. 

. .Orph. 

Section 4. Montanae 

Sept.-Oct. 

Section 5. Cupaniae 

Sept.-Dec. 
Sept.-Dec. 
Sept.-Dec. 

(continued on next page) 

Chromosome 
Number 

2n=38 

2n=54 
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Tabk 1.1 (continued) 

Species Name Authority Flowering Date 

Section 5. Cupaniae (continued) 

... Sieb. Oct.-Nov. C. pusillum . 
C. hiemale . . 
C. troodz . .. 
C. stez,eni .. 
C. parlatoris . 

. ...... Freyn Dec.-Jan. 
. .. Kotschy Oct . 

. . . . . Kunth. Scpt.-Jan. 
. . Orph. Aug.-Nov. 

C. filifolium . . .... Stef. 

Section 6. Filifoliae 

Oct.-Nov. 

Section 7. Arenariae 

C. arenarwm . . . . . 
C. alpinum .. 

..... W.K. 
. .. Lam. ct DC. 

Subgenus 2. Eucoichicum: 

Sept.-Oct. 
Aug.--Sept. 

Section 8. Autumnalcs 

C. curszcum . . ... Baker Sept. 
C. micranthum . . ........ Boiss. Sept. 
C. borisii ... ..... Stef. Aug . 
C. umbrosum. . . . . . Stev. Aug.-Sept. 
C. laetum. . ... Stev. Sept . 
C. kotschyi .. . . . Boiss. Aug.-Nov . 
C. decaisnei . ... . . . . . . Boiss. Oct. 
C. neapolitanum .. ... Ten. Aug.--Sept. 
C. long(folium . .. Cast. Aug.-Oct. 
C. kochii . . ... Par!. Aug.-S<'pt. 
C. lingulatum. . .. Boiss. et Sprun Sept.-Oct. 
C. haynaldii. . . . . . . . . Heuff. Sept.-Oct . 
C. autumnale. . . . . . . . L. Aug.-Oct . 
C. lusitanum ... . ..... Brot. Sept.-Nov. 
C. tenorii . .. . ......... Par!. Sept. 

(C. by::.antium Ten.) 
C. levieri . .. ..... Janka Sept. 
C. vzszanzz ..... ... Par!. Sept. 
C. turicum . ... . . . . . .Jka Aug.-Oct . 
C. variegatum . .. . .. L. Sept.-Oct. 
C. latifolium . . .... S. S. Aug.-Oct. 
C. s{Jeciosum . . . ..... Stev. Aug.-Oct. 
C. bzvonae . .... . .. Guss. Sept.-Oct. 

Chromosome 
Number 

- ----------

2n=38 

2n=38 

211=40 

211=44 
2n=54 
2•1=38 
2n=36 

regions where Colchicum is abundant are unusually high in chromo
some numbers. This question was raised after the cytological work re
vealed an action on mitotic processes in plants. 

Additional references and details concerning the botanical fea
tures of the official drug-producing species arc given in Chapter 5. 
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1.3: Medical Applications of Colchicine 

Hippocrates founded modern medicine; he swept away many 
mystical concepts, introduced new explanations for disease, and left 
a profound influence upon the medical profession. About three or 
four hundred drugs were kept in his materia medica, some of them 
introduced from the East where he was a visitor. The ritual of magic 
and charm was eliminated as much as possible, but his direct con
tacts with Hindu medicine did leave impressions. He made no refer
ence to a specific treatment for gout, although he was familiar with 
the ailment called poclagrnrn in various aspects. It is possible that the 
bitter hennodactyls were a part of his materia medica. 

A History of Plants prepared by Theophrastus (372?-285 B.c.) de
scribed five hundred plantsrn for medicinal use. This study marks a 
new age, which continued the advancement of medicine started by 
Hippocrates. Gout was a familiar disease in Theophrastus' day, but 
he does not record specifically the form of drug for treating the dif
ficulty. However, Theophrastus gave stern warning that the bitter 
hermoclactyls were powerful poisons. There can be no doubt that 
the practice of medicine was enlarged by the work of Theophrastus. 

The first materia medica with accurate descriptions was firmly 
established by Dioscorides in the first century A.D. He showed an ac
quaintance with the studies of Theophrastus and gave many new 
details from his private observations that became useful to prac
ticing doctors. Colchicon was very poisonous and in its place the 
Ephemeron was recommended for those "tumors" that had not yet 
"spread into the body." This same plant, the Ephemeron, was advo
cated by Galen in the second century A.D. The Colchicum treatment 
for gout may have been advocated by Galen because the bitter hermo
dactyls were listed in his materia medica and he was well acquainted 
with gout. The hermodactyls and Ephemeron are both members of 
the Colchicum genus. 

Aretaeus, the Cappadocian, contemporary with Galen, clearly 
recognized podagra and noticed that many remedies were advocated. 
He observed innumerable remedies were suggested for gout; in fact, 
this calamity usually made the patient "an expert druggist." 19 

'.\Jany plants were dispensed from the pharmacist. In light of the 
widespread distribution of colchicine-producing species, a large selec
tion might have been in the hands of the druggists. 

About this same time, the "Doctrine of Signatures" was promoted 
by Pliny,4G who also made his mark upon medical thought. Plants 
were chosen for a specific disease by means of suggestive associations. 
For instance, saxifrages grew among rocks; therefore kidney stones 
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could be dissolved by Jmces from this plant. Solomon's seal in cross 
section of the root looked like the King's seal; hence the plant 
should be used to seal wounds. Perhaps gout, frequently attacking 
the fingers, was treated by the hermodactyls since these flowers came 
up like the fingers of a hand. Recalling that a translation of hermoclac
tyl means "fingers of Hermes," the doctrine would have provided 
good basis for treating these ills and aches. 

Emperors, rulers, and the wealthy were most frequently afflicted 
with gout and arthritic rheumatism. One medical councilor, J. 
Psychriste, who was attached to the court of the Byzantine ruler Leon 
the Great (457-475 A.n.), used one single dose of bitter hermodactyl 
to cure gout.19 Doctors attached to ruling classes found gout a pre\'a
lent disease among these personages, though specific directions for 
curing gout have not been recognized in most historical records. 
Colchicum, or the bitter hermodactyls are usually mentioned as first 
used in the sixth century. 

Alexander of Tralles (ca. 560 A.n.) has been credited as the first 
to advocate bitter hermodactylrn to alleviate the pains from gout. He 

df?'ll ~Dt'°' cPff~{7JC/$$t//~ Cl/~,ef,wcf &7/7//{7-

d1ctyk w/tlz ,m/se, myrrh, pepper.;~ oimamon, and wi1gcr. Ens twelve 
books on medicine include many references to drug plants. 

The seventh century physician,an Paul of Aeginata, recommended 
the hermodactyls when treating gout or other arthritic complaints. 
His record is likewise well established by the medical historians. 
Following him, two Arabian doctors, Rhazes and Avicenna, specifi
cally proposed hermodactyls in cases of gout. The latter wrote from 
traditional belief and personal experience about the "Souracljan" 
from Arabia. Undoubtedly this is the same as the surinjan, or bitter 
hermodactyl, Colchicurn luteurn of the Indus River area. The com
bined periods of Paul of Aeginata, Rhazes, and Avicenna extend from 
the seventh century to 1037 A.D. The translations made by these 
physicians included many documents dealing with science and medi
cine,39 and they exerted a profound influence upon medicine generally 
as well as upon the specific knowledge passed on about gout. 

An extensive treatise on gout dedicated to the Emperor Michael 
Paleologus was prepared by a famous thirteenth century Greek physi
cian, Demetrius Pepagomeus.:rn In this account, specific directions 
were stated for making a pill of hermodactyl, aloes, and cinnamon, 
to be used in treating podagra. 

From the thirteenth to the sixteenth century, records about gout 
and drugs are scarce. Confusion embroiled the Greek doctors be
cause of the widespread distrust for Arabian medicine and advice 
from the East. Others suggest that the stern warnings noted about 
the toxic property of Colchicon, beginning with Theophrastus and 
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Dioscorides, discouraged its uses. While relief was obtained quickly, 
the dangers associated with treatment were always present. As some 
writers believe, the chance of death was so great the gamble wasn't 
"worth the candle." 

A German writer, Wirtzung (1500-1571), revived interest in bitter 
hermodactyl by his discussions on treating gout, and about this time 
joined in the call for return to Colchicum as a treatment for gout.39 

Later John Quincy published a Complete English Dispensatory and 
called attention to hermodactyls, identifying these drugs with Colchi
cum. Accordingly, the British formularies carried both Hermodactyl 
and Colchicum in the 1618 edition.39 This practice was continued 
in subsequent editions of the London Pharmacopoeia: 1627, 1632, 
1639; but both plants were dropped in 1650. The omissions con
tinued for 149 years - until 1788, when Colchicum was admitted as 
official. Hermodactyl was dropped, never to be heard from again in 
materia medica.39 This revival, after such a long period without 
recognition, requires some explanation. 

Without doubt the renewal in the eighteenth century was largely 
due to the thorough studies by Baron Anton von Storck39 (1731-
1803), who experimented with Colchicum in a Vienna hospital. His 
own body was used for testing sensations as well as bodily changes 
induced by Colchicum. Students joined him in experiments that in
volved rubbing the tongue with some of the drug to experience the 
numbness, then recording the time necessary to render the tongue 
"void of sensation." 

Dr. von Storck determined lethal doses for dogs, observing that 
"two drams killed the animal in 13 hours." Post-mortem studies es
tablished the changes induced by the drug, particularly among the 
internal organs. These tests aided in formulating correct dosages such 
as the oxymel colchici, used by many practitioners throughout Britain, 
France, and Germany. Undoubtedly the place gained for Colchicum 
in materia medica by the middle eighteenth century was a direct re
sult of von Storck's effort. 

While debates were going on as to the efficacy of Colchicum, 
Husson,39 a military officer in the pay of the French king, gave out 
a vinous preparation called "Eau Medicinale," especially useful for 
gout. The identity of the effective ingredient was kept secret, known 
only to Husson. There arose quack preparations, i.e., Wilsons Tinc
ture, Reynolds Specific, and others. Their true nature was always 
kept secret, but an English pharmacist discovered in 1814 that the 
active ingredient in Husson's preparation was Colchicum. 

The combined research by Dr. von Storck and the popular suc
cess achieved by the "Eau Medicinale" preparations established 
Colchicum in modern materia medica as a specific for gout. 
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During the latter eighteenth and beginning nineteenth centuries, 
many English and French physicians wrote extensively about gout, 
recommending Colchicum for relief. The great nineteenth century 
doctor, Thomas Sydenham, who styled himself as the English Hippoc
rates,19 was a martyr to gout. He offered theories for its nature and 
cause, and advocated treatment with Colchicum. Another successful 
student and physician was Alfred Baring Garrod, whose books19 and 
papers contained valuable data about the changes induced by gout. 
In the nineteenth century almost every prominent doctor with a 
knowledge of gout had a particular theory as to its origin and nature. 
The forty-seven cases studied by Garrod are classic examples of sound 
scientific investigation. Like others, he stood behind the Colchicum 
treatment even though the poisonous nature of this crude drug was 
well known. 

An application of colchicine reported in modern medical prac
tice is the treatment of Hodgkin's disease in which instance remis
sions were obtained.3 

1.4: Chemical Studies of the Pure Substance Colchicine 

Accuracy in treating gout and in performing critical experiments 
demanded pure substances. Until the chemists' analysis and ex
traction of crystalline compounds from corm and seed, only the crude 
material was available to provide the active principles in the drug. 
A toxic principle involving pure colchicine was detected in substance 
from Colchicum seed in 1820,38 but the compound was confused with 
veratrine. Later the name colchicine16 was proposed for a crystalline 
material extracted by chemical procedures developed for this purpose. 
Thus, the first steps 'Yere taken toward solving the problems in the 
chemistry of colchicine. Chapter 6, devoted to the chemistry of this 
substance, illustrates the exceedingly complicated analytical work 
necessary to understand colchicine chemistry, much less to contribute 
to its development. But the rewards in a broad field of biology appear 
promising for experimenters who can obtain derivatives of known 
chemical organization and apply the same to critical biological test 
organisms. 

Thorough descriptions characterizing crystalline colchicine were 
prepared by Zeise! in 1883, and by Houde in 1884.8 The formula 
C22H 260 6N was proposed.38 These analytical developments formed 
the groundwork for later work. Pharmacological studies using colchi
cine and its derivatives could then proceed on a sounder basis, as 
shown by the work done during the next several decades from the 
laboratories of Jacobj and Fuhner.8 

One of the first derivatives studied was colchiceine, obviously 
demonstrating different biological42 activity from that of colchicine. 
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This information has been linked with modern concepts of specific 
biological activity associated with certain chemical structures.1 The 
Symposium on the Chemistry of Colchicine at the 1951-52 meeting 
of the American Association for the Advancement of Science at Phila
delphia, Pennsylvania, dealt with this problem. 

Advancement was made in colchicine chemistry when Adolph Win
daus, after a long series of investigations, set forth the concept of a 
three-ring structure. 38 Upon analysis of oxidation products, his case 
was developed for three rings, A, B, and C, each constructed of 6 
carbons, respectively. The first ring A is aromatic, 6 carbon with 
three associated methoxyl groups. This much of the Windaus formula 
has been confirmed and remains as earlier constructed.9 Other parts 
required modification as will be shown below and in more detail 
in Chapter 6. 

Unusually high water solubility characterizes colchicirie in spite 
of a deficiency of the groups generally associated with this capacity.9 

To account for this feature and others, Dewar speculated that the 
structural concept should include a "tropolone" system and proposed 
that ring C was a 7-membered structure.11 

Earlier than this proposal, doubts were raised by Cohen, Cook, 
and Roe in 19408 that led to changes in the central part of the struc
ture, ring B. Changing ring B, as well as C, from a 6- to 7-membered 
ring appeared necessary. This first evidence for the need to modify 
Windaus' structure, which came from the Glasgow Laboratories,9 has 
since led to extensive studies dealing with the structure of colchicine. 
Dr. James Loudon, a member of this team, has generously contributed 
the chapter on chemistry. Degradative work provided thorough evi
dence that ring B is 7-membered instead of 6 as originally proposed. 
Further confirmation came through synthesis work34 upon dl colchinol 
methyl ether, also establishing the position of the amino group on 
ring B. 

A compound described as octahydrodemethoxydesoxydesacetamido
colchicine, 33 has been obtained by degradation. Such a product de
rived from colchicine that is more or less a carbon skeleton for rings 
B and C presents opportunities for making some definitive proof of 
the structure of colchicine through synthesis. 

Tropolone, as originally suggested by Dewar has been synthesized; 11 

therefore, ring C of colchicine is essentially as predicted in earlier 
speculations. Much might be expected here for biological experi
mental procedures. Interesting tests with tropolonoid compounds 
have been tried. The "radiomimetic" action of a tropolonoid com
pound is of considerable interest.43 

Polarographic evidence supports the work with colchicine and 
derivatives in several aspects.36 Santavy and associates beginning in 
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1942 have been contributors.35 Other similar results comparmg m 
particular the infrared spectra of colchicine and its derivatives with 
the tropolone structure, also offer supporting evidence for the cor
rectness of the structure of colchicine.36 

Tools for deeper insight to biological problems arise from the 
many derivatives obtained with chemical studies.25 There are also 
natural compounds accompanying the crude product from Colchi
cum which can be of value for experimental work. Numerous areas 
where such may be introduced shall be considered in chapters through
out this work. 

When isocolchicine was prepared, additional c-mitotic* analysis 
could be made. Significant changes in the biological activity ac
companied changes in chemical structure. The new compound has 
a c-mitotic activity 100 times lower than colchicine.42 In this instance, 
ring C appears to be decisive through the interchanges of keto and 
methoxyl groups. Another well-known derivative, colchiceine, demon
strates little or no c-mitotic action in any concentrations tested.42 

These and other cases call for cooperative work between two highly 
complex laboratory operations, chemistry on one hand and experi
mental biology on the other. These areas are exceedingly difficult; 
the lack of control in biology often becomes frustrating to the physical 
scientist. Control or direction over life processes such as mitosis by 
designing chemical structures are intriguing fields for investigation. 

1.5: New Biological Uses for Colchicine 

Colchicine causes a "veritable explosion"27 of mitoses when in con
tact with mitotically active tissues. The sudden increase in published 
reports dealing with colchicine was also described as a "veritable ex
plosion" of publications,16 particularly from l 938 to 1942. For this 
reason, Wellensiek proclaimed a new "fad" in biological research,45 

the "colchicine fad." An immense bibliography16 has accumulated, 
chiefly since 1934. 

Accurate historical records have established the way in which 
colchicine research began in new fields45 and chronologies23 have been 
written; no attempt shall be made to review this aspect.10 Such sud
den increase in research with a drug known to man for thirty-five 
centuries does arouse interesting speculations as to the causes for an 
immediate switch to this particular line of work. After research in 
several fields had shown unusual results, much work was soon under 
way. Here we touch upon the initiation of research with colchicine; 
extensive details are found in subsequent chapters. 

* The adjective c-mitotic is derived from c-mitosis, which designates a mitosis 
occurring under the influence of colchicine. 
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An early experimenter with plants and colchicine was Charles 
Darwin who applied the drug to "insectivorous" and "sensitive" 
plants. The reactions in leaf movements were tested, but no con
clusive results were obtained for colchicine, nicotine, or morphine. 
This work was done about 1875 and is of historical interest only. No 
modern colchicine papers cite Darwin's study. 

Another report, untouched for sixty years, was obviously closer 
to the central theme: Pernice in 1889 clearly described the action of 
colchicine on mitosis.17 His figures (Fig. 1.4) showing arrested meta
phase are remarkable even though their significance was not entirely 
realized. Pernice conducted research far ahead of the knowledge at 
hand in his day. 

Many references credit Malden with the first observation on mitotic 
effects of colchicine because he said the drug appeared to "excite 
karyokinesis" 9 in white blood cells. The full significance was not 
realized at this date, but Dixon and Malden28 prepared an excellent 
report on the effects of colchicine on the blood picture. 

This relationship between colchicine and leukocytosis was re
examined by Lits,27 a student in the Pathology Laboratory, Uni
versity of Brussels, Belgium, under the direction of the late Pro
fessor A. P. Dustin, Sr., in 1934. Since the mitotic effects induced by 
colchicine were so similar to those previously reported by Dustin and 
Grcgoire13 with sodium cacodylate, more than passing attention was 
paid to the results by Lits. The situation was ideal for striking at 
the basic biological issues since Professor Dustin had already devoted 
much time to the study of the action of chemicals upon mitosis.12 

Colchicine was effective in much less concentration and the volume of 
arrested metaphases in a given treated tissue was an impressive sight. 

The Dustin school immediately established that colchicine acts 
upon mitosis whether using animal or plant tissues. 14 Their contribu
tion was important and significant. With regard to polyploidy in 
Alliurn root tips they did not grasp its significance even though the 
preserved slides today show restitution nuclei that have multiples of 
chromosome sets.14 

Independently, a penetrating analysis of colchicine acting upon 
mitosis was made by Ludford28 , 28" with tissue culture methods using 
normal and malignant cells in vivo and in vitro. His results showed 
that metaphases were arrested. Amoroso urged using colchicine. 

Attention was called to the possibilities of colchicine as a tool for 
cancer chemotherapy.12 Two other pr-0jects specifically mention the 
use of colchicine as a means of attacking problems of cancer. One 
was done by Amoroso in 1935 when colchicine was given to mice 
bearing specific tumors.9 The other reported regression of a spindle-



B.l'F.R.'IICE Siilla c.mocinesi nella gastro-enterite acula 

la.S,rilia Mttu-a . .A.l Fas. r 

Fig. 1.4-Pernice's first description of colchicine-mitoses (in dog). 1. Gostric glond. 
2. Arrested metophoses at the tip of a villasity of gastric mucosa. 3. Endothelial mi
toses in the vessels of the mucosa. 4. Lieberkuhn's gland crowded with abnormal mi
toses. Note absence of anaphases and telophases. (After 0. Eigsti, P. Dustin, et al.) 
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celled sarcoma of a mare that received colchicine by intramuscular 
injections. 9 

Reference to Dominici, 27 a pioneering investigator with irradia
tions and treatment of cancer, is frequently made, but his original 
studies have not been found except for a sentence carried in a text
book. Dominici died in 1919, so the relation between his work and 
modern studies is not as direct as many have been led to believe. 

·while the late Professor G. M. Smith of Yale attended the Second 
International Cancer Congress in Brussels in September, 1936, the 
work by the Dustin school came to his attention. Here an elaborate 
demonstration of research with colchicine was made. Before leaving 
Europe, Professor Smith purchased colchicine with the hope that 
specific research could be done in his laboratory in the United 
States. 18 Along with Professor D. U. Gardner and the late Professor E. 
Allen, he developed assay methods to test estrogenic hormones. Their 
preliminary paper was published in 1936. 

In another laboratory Dr. A. M. Brues4 and associates reported 
important observations on the effect of colchicine upon mitosis in re
generating liver. These studies struck at the basic mitotic problem. 

At Cold Spring Harbor, Long Island, New York, Mr. E. L. Lahr 
initiated research similar to that reported by the Yale group. An 
Atlantic City A.A.A.S. sectional meeting, 1936-37, presented the work 
by Allen, Gardner, and Smith, which paper was heard by Carnegie 
staff scientists. Mr. Lahr performed two valuable services: first, he 
informed the geneticists at the Carnegie Institution about research 
with colchicine at the regular seminar attended by all the Datura 
workers; and secondly, his excellent slides showed metaphasic stages 
in tremendous numbers when colchicine was present. These results 
were freely demonstrated and thoroughly discussed with all who 
visited Mr. Lahr's laboratory.15 

One day in February, 1937, the slides were shown to the senior 
author. The demonstration was so impressive that he obtained colchi
cine for A llium root tip tests before leaving the laboratory. Appropri
ate concentrations were determined for the experiment with plant 
materials. ·within 72 hours, large bulbous tips appeared on onion 
roots immersed in colchicine; the cells showed polyploid restitution 
nuclei by acetocarmine methods. Since the senior author had been 
privileged to attend seminars in cytophysiology by Professor C. F. 
Hottes, University of Illinois, the polyploid cells found in treated 
root tips at the Carnegie Laboratories received more than average 
passing attention.15 

The Alliurn root tip tests at the Carnegie Institution Laboratories 
were followed by seedling treatments. Each test pointed toward a 



20 Colchicine 

potential use for inducing polyploidy. These preliminary results 
aroused discussion at Cold Spring Harbor which continued up to 
April 30, I 937 _15 

On this date, the senior author severed connections with the 
Carnegie Laboratories. Working conditions for continuing colchi
cine research with plant materials were obtained for him May I, 1937, 
through the generosity of Dr. Geo. H. Conant in his Triarch Labora
tories, Ripon, Wisconsin. Here the Allium test was repeated. Datura 
stramonium seedlings were treated with colchicine, and the drug was 
applied to the generative cell in pollen tube cultures. Remarkable 
results at Wisconsin confirmed the previous opinion that colchicine 
was an unusually effective substance. From these experiments the 
senior author developed a deep interest in colchicine research, and 
he has maintained a continued contact with various phases of it 
through the years. 

Following the departure of the senior author from the Carnegie 
Laboratories, research workers investigating cytogenetic problems of 
Datura began treatments of seeds of this species with recommended 
dosages of colchicine.40 Announcement of these results was made in a 
publication2 by the French Academy of Science in September, 1937. 
By December, 1937,2• the evidence from Datura and other species 
clearly established the fact that colchicine was a new and effective 
tool for making polyploids experimentally. Since there are sufficient 
historical notes45 and colchicine chronologies,23 , 40 an elaborate dis
cussion does not seem needed here, except to recommend an article 
from the Botanical Review,10 published in 1940, for important details 
of historical significance concerning the pioneering work with col
chicine pursued at Cold Spring Harbor from January to December, 
1937. 

Independently, Doctors B. R. Nebel and M. L. Ruttle began re
search in April, 1937, and concluded important experiments that year, 
clearly demonstrating that colchicine acted upon mitosis.32 Further
more, this drug was an important tool for inducing polyploidy in 
plants.32 Dr. D. F. Jones of Connecticut is credited with calling their 
attention to colchicine; however, they also acknowledged a bibliog
raphy in their early publications, mentioning the work by Dustin,12 

Ludford,28 and Brues.4 

In France, Dr. P. Gavaudan and associates published the first 
account20 that called attention to polyploidy induced by colchicine. 
This paper was presented in June, 1937, but little notice was given 
to the contribution. The text clearly described doubling of the 
chromosomes along with specific figures. While Havas claims an 
earlier date in publication,23 his paper completely disregarded poly
ploidy as a consequence of the colchicine treatment. In this regard 
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Gavaudan was more closely associated with cytogenetic aspects than 
Havas. 

During the summer of 1937, a Swedish geneticist, Dr. A. Levan, 
Yisited genetics laboratories in eastern United States and was shown 
by Dr. Nebel data obtained from his colchicine studies. When Dr. 
Levan returned to Sweden, he began experiments with colchicine and 
made basic contributions to the concepts of polyploidy and colchi
cine mitosis. 26 

The Cold Spring Harbor studies exerted an influence that spread 
around the world. These activities plus the other biological work 
created an intense and wide interest that led to the "colchicine fad."45 

.\Jany scientists went to work establishing facts about colchicine.16 

Generally, the cooperation was genuine, ideas were exchanged freely, 
mutual problems were discussed, and knowledge advanced rapidly. 
Significant contributions were made within a short time. 

By 1938 colchicine was applied to many kinds of living cells, plant 
and animal, with outstanding specific reactions obtained by the treat
ment. Cancer control continued to be injected into the discussions. 
Geneticists discovered a very useful tool at their disposal for theoreti
cal and practical work. These data were linked to publicity that 
developed a common language for layman and scientist. 

In spite of volumes published, there remain unexplored problems 
which appear to have promise for more discoveries. Excellent research 
has been accomplished; future progress in agriculture, medicine, 
pharmacy, biology, and chemistry will be facilitated by the possession 
of such a tool as colchicine.31 
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CHAPTER 2 

Nucleus and Chromosomes 

2.1: Original Concepts 

A basic and far-reaching discovery in biology emerged from the 
activities29 , 33 of the Laboratories of Pathological Anatomy, Faculty 
of Medicine, University of Brussels, under the direction of Professor 
Albert-Pierre Dustin: Colchicine induced metaphasic arrest 
(stathmokinesis). Nuclear mitoses were studied experimentally at 
Brussels for more than a decade, 1924-1934, chemicals being applied 
by several methods. After colchicine was suggested,61 evaluation of 
its mitotic activity came quickly, and showed that a powerful agent 
had been discovered. Comparative tests for mitotic poisons proved 
that colchicine was one thousand times more potent than sodium 
cacodylate, which they had studied previously.30 Pure substance, in 
minute quantity, caused metaphasic stages to accumulate in a treated 
tissue far beyond the percentages found in untreated sarcomas. These 
original tests with colchicine, coupled with previous experience 
with other mitotic poisons, helped to frame the idea of metaphasic 
arrest by colchicine.29 

The original slides preserving the tissues treated with colchicine 
were re-examined by the authors when they worked together in 
1949.35 From these impressive sections, new photomicrographs were 
made for this book ( animal cells, cf. Chapter 10, Fig. 10.1; plant 
tissues, Fig. 2.1 C) . The total effectiveness displayed by the drug act
ing upon mitosis is re-emphasized by these pictures. Microscopic in
spection reveals an unusual sight. Similar impressions of this totally 
different mitotic picture had been formed earlier when the senior 
author,34 in 1937, saw animal cells treated with colchicine and placed 
beneath the microscope (cf. Chapter 1). The power to stop mitosis 
in metaphase was clear to us, and this property has been confirmed by 
many experimenters.35 Everyone agrees that the reaction upon nuclear 
mitosis is specific, selective, and total, under prescribed conditions. 56 , 58 

A large bibliography35 has accumulated since 1934, but one of the 
original conclusions, metaphasic arrest, conceived by Professor A. P. 
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Fig. 2.1-Allium roots. A, untreated; B, treated; end C, photomicrogroph of section from 
treated root. A. Roots grown in tap water do not show enlargement. B. Colchicine solu 
tion of 0 .01 per cent causes spears, or colchicine-tumors. This group was one of the orig
inal tests run in 1937 at Cold Spring Harbor, Long Island, N. Y., by Eigsti. C. A photo
micrograph prepared specifically for this monograph , from o slide of sectioned reel tip 
made in the Brussels' laboratory, 1934 to 1937, and presently with the A. P. Dustin 
Collection, University of Brussels . The polvploid numbers can be seen, as well as large 
multinucleate cells, amoeboid nucleate cells, and pseudospindle. Similar views were 
illustrated by Havas , Dustin, and Lits in 1937. 
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Dustin, Sr., stands correct.29 Almost universally, living cells respond 
to colchicine after one basic pattern, and new tests extend knowl
edge into other areas of science. The "colchicine-mitosis""6 (abbrevi
ated, c-mitosis) is built upon the principle of an arrested metaphase. 
A c-mitosis was conceived from experiments with plants after the 
idea had been developed from animal cells.12 , rn, r.i, r.2 Undoubtedly, 
the interest in colchicine by the biologist has stimulated an extensive 
research in the chemistry of this substance.21 

Metaphasic arrest implies control over dividing cells; seemingly 
then, control over cancer might be obtained from the use of this 
chemical or others. This discovery raised hopes and new questions 
about the problem. However, biological problems being as complex 
as they are - and cancer is a major one - the answers have not come 
to us as definitely as might have been hoped or expected. Neverthe
less, basic contributions to knowledge such as the idea of metaphasic 
arrest opened new frontiers in research,GH even though magic cures 
have not been produced. 

Chromosomal numbers in plant cells are frequently doubled after 
treatment with colchicine; polyploidy is a consequence of contact 
with the drug.25 Since many species, including those important eco
nomically, i.e., wheat, cotton, oats, and tobacco, are natural poly
ploids, the suggestion was frequently made that this tool would help 
create new "synthetic" plants according to man's desires. 02 A revolu
tion in agriculture was predicted when colchicine became known 
for its capacity to induce polyploidy. But many were disappointed 
as the heralded magic did not appear with each newly created tetra
ploid plant.87 Informed geneticists, acquainted with polyploidy as a 
plant-breeding method,82 did not underestimate the difficulties, nor 
did they fail to appreciate the opportunities provided by this new 
tool. Unfortunately, some practical agronomists64 have condemned 
the use of colchicine for its failure to produce practical results within 
a short time; therefore, such research using induced polyploidy has 
been discouraged. Nevertheless, the technique is valuable for those 
able to direct such plant breeding, harmonizing theoretical and practi
'cal knowledge. For by these methods, mankind's food and fiber supply 
can be increased (cf. Chapters 12 and 13). 

2.2: The Original Statements 

When nuclear mitoses in the grafted sarcoma of the mouse were 
treated with colchicine,29 deviations from normal division gave the 
observer a picture of an arrested mitosis. In 1934, Professor A. P. 
Dustin made the following description: 

... after a very short prophase, the nuclear membrane disappears, the cyto
plasm swells, and the chromosomes clump together in a strongly basophilic 
mass. The mitoses remain arrested in that state for about twenty-four hours. 



Nucleus and Chromosomes 27 

During that period, a certain number of nuclei undergo degeneration . 
. -\fter that period ... cells ... complete their division .... The achromatic 
figure becomes visible .... Chromosomes move toward the poles .... Cyto
plasmic division is completed .... Some mitotic figures of too great size ... 
and some pluricentric divisions remain as a testimony of the nucleotoxic 
elicct. ... • 

These basic statements require no change today even though knowl
edge has expanded in many directions. Admittedly, as the basic idea 
becomes extended and broadened, additional points are added. For 
example, the c-mitosis illustrates enlargement of the original ex
planation, but no radical changes in concept arc necessary.56 

The Dustin school did not limit their work to animal cells. A 
Hungarian scientist, the late Dr. L. Havas, treated Alliurn root tips 
with colchicine.31 His slides were a part of the Dustin collection 
aYailable to the authors in 1949. Since the arrested metaphase or 
c-mitosis was so clearly preserved, new photomicrographs were made 
(Fig. 2. IC), showing the increase in numbers of chromosomes, large 
restitution nuclei, and "achromatic spheres." 86 - 7 But the original 
text by the Brussels investigators did not mention the polyploid con
ditions of these cells_:n 

Independently, in 1937, the senior author tested cells from treated 
root tips (Fig. 2. IA and B) with acetocarmine methods; the tests 
showed that polyploidy was created in many different areas of the 
Allium root. The Brussels material and that used at Cold Spring 
Harbor (cf. Chapter I) were, in every respect, similar.34 

.-\ third and independently conducted test with Alliurn roots and 
colchicine was reported by Dr. Pierre Gavaudan and associates. They 
published the first account of polyploidy induced by colchicine in 
June, 1937. Their report stated: 41 

It is evident that in these cases there is a separation of pairs of chromosomes, 
the number of chromosomes of a restitution nucleus is double the normal 
number. The chromosome list of Gaiser indicates that 2n-16 occurs in Allium 
cejia. Our results show "pseudomitoses" with more than thirty pairs.t 

This original report and its significance were not mentioned in 
reviews2"· 52 or papers"6 in the period immediately following its publi
cation. The more dramatic demonstrations that dealt with induction 
of polyploidy in plants overshadowed the original and what is now 
realized as a classic publication by the Gavaudan school. 

As soon as Dr. Albert Levan returned to Sweden from America 
in the autumn of 1937,"6 experiments with Alliurn roots and colchi
cine were started. This material formed the basis for his concept of 
an arrested metaphase, as a colchicine-mitosis.56 Remarkable simi-

• A translation of pertinent comments from the article cited in Reference No. 
12. Chap. I. 

t Translated from paper written in French hv authors cited in Reference :'.\To. 
211, Chap. I, and Reference No. 41 of this chapter. 
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larity exists between the separate descriptions with animal cells29 by 
Professor Dustin and the plant work by Professor Levan. A colchicine
mitosis was described by him as follows:" 6 

The effect of colchicine on the course of mitosis is entirely specific. .. . 
Modification in mitotic behavior ... will be abbreviated "c-mitosis." .. . 
Prophase stages take place normally: the chromosomes divide, condense, and 
assume metaphase appearance .... They are scattered over the cell. ... This 
condition (c-metaphase) lasts ... long ... after the disappearance of the 
nuclear membrane .... Formation of "c-pairs" is peculiar to material treated 
with colchicine .... Their origin is evidently due to a delay of the division 
of the centromere .... After a few hours ... the two daughter chromosomes 
arc straightened out ... like "pairs of skis." ... Centromcres are placed 
opposite one another in each pair. ... During the c-anaphasc ... division 
of the centromeres does not take place quite simultaneously within one cell. 
... Inactivation of the spindle ... is reversible .... After a period of 12-2·1 
hours in pure water the spindle begins to regenerate .... In the course of 
the transition to normal spindle all kinds of abnormalities are seen .... After 
36 hours the mitoses run their normal course. At a certain moment after 
transfer from colchicine ... frequent diploid mitoses are seen .... Highly 
polypluid giant nuclei still linger in the prophase stages .... Numbers as 
high as five hundred were not rare.* 

Summarily, these arc the interesting points covered thus far. An 
unusual sight appears in a microscopic field focused upon tissues 
treated with colchicine; the nuclear mitoses are halted at mctaphase, 
and converted into c-mitoses.36, 78 - 2 This power to induce c-mitosis 
belongs to select chemical and physical agents,"8 , 33 of which the most 
potent, in this respect, is colchicine. It acts upon mitosis with great 
efficiency, 77 high specificity, and total selectivity. The obvious dif
ference between normal nuclear mitosis and c-mitosis is the tremen
dous accumulation of chromosomes within a given area (Fig. 2.2) 
where numerous cells adjacent to each other are arrested in meta
phase, a primary feature of c-mi tosis activity. 

Now the total or partial reaction from this drug depends upon 
the interaction of (1) a specific concentration, (2) given exposure 
period, (3) particular mitotic stage when chemical contacts nucleus, 
(4) cellular type, and (5) environment favorable to mitosis. Under 
these conditions mctaphases are arrested. Consequently metaphasic 

* A condensation of the concept of a c-mitosis taken from Levan, 1938, Refer
ence No. 26, Chap. I. 

Fig. 2.2-Accumulation of arrested mitoses in animals injected with colchicine and sodium 
cacodylate, both spindle poisons. A. Spleen of Siredon five days after a single injection 
of colchicine. The organ has increased in size, and many arrested prophase-metophases 
can be observed. These belong mainly to young red blood cells. The longitudinal split
ting of chromosomes can be noticed at some p!aces. (From an unpublished photomi
crograph by Delcourt) B. Accumulation of arrested metaphases of the "ball" type in 
the intestinal crypts of the small intestine of a mouse. This condition follows injec
tion of sodium cacodylote and is identical to that observed 6 hours after injection of 

colchicine. Cf. Chapter 17. (From an unpublished photomicrograph from the work of 
Piton and A. P. Dustin) 
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chromosomes accumulate in pairs, "colchicine-pairs," 56 in cytoplasm. 
Their distribution then is not the usual equatorial plate arrange
ment. Furthermore, an arrest at metaphase reduces the number of 
anaphases or telophases (Fig. 2.3) thus adding to the apparent in
creases in this one particular stage, the c-metaphase. That is why the 
observer is struck by a totally different mitotic pattern as he looks 
at treated tissues through the microscope. Usually tissues have a few 
metaphases, some anaphases, some telophases, but mostly non-dividing 
cells. Even a meristematic tissue in plants or a sarcoma of animals,13 
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Fig. 2.3-Graphic representation of the percentages of mitotic stages in fibrob:ast cul
tures exposed for ten hours to solutions of colchicine. With increasing concentration, the 
percentage of metaphases with unoriented chromosomes increases. The displacement 
to the right of the arrow, indicating the end of onaphase, demonstrates that in the most 
concentrated solutions, nearly all mitoses remain arrested and do not proceed to telo
phase. This effect is clearly related to concentration. (After Bucher, 1947) 

each noted for cell division, has only a limited number of cells show
ing chromosomes at a particular moment. It is not surprising that the 
accumulation of metaphases impressed one pioneering investigator 
who described this reaction by colchicine as "an explosion of 
mitoses. " 61 

Ultimately, exclusive of recovery, the restitution nucleus is formed 
when the chromosomes transform 22 to interphase without forming 
the daughter nuclei. This transformation may start from an arrested 
metaphase, thus by-passing the c-anaphase. Or, the changes22 may 
begin after the chromosomes of each c-pair have fallen apart in the 
c-anaphase56 - a transition involving separate chromosomes. Some
times the uncoiling begins as early as prophase.93 These different 
points of origin mark three routes taken when the chromosomes "un
ravel" and undergo transformations to interphase. If the number of 

ccntro1neres has doubled, a feature clearly seen at c-anaphase, then 
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the chromosomal number in the restitution nucleus will be twice that 
of the nucleus before a c-mitosis began. One important consequence 
of the c-mitosis in contrast to the normal nuclear mitosis is the in
duction of polyploidy.41 • " 6 But not all restitution nuclei become 
polyploid, since the changes22 may start from a prophase or meta
phase.84 In fact, many animal cells treated with colchicine are 
arrested at metaphase. The transformation from this stage does not 
lead to a restitutional polyploid nucleus, for in these instances other 
changes occur.29. fll 

Finally, the most significant biological feature basic to all these 
changes is reversibility.56 After the colchicine in concentrations creat
ing arrest becomes dissipated, the cell may recover; that is, a bipolar 
nuclear mitosis again proceeds in the same manner as before an arrest 
was induced. Such recovered cells will continue to divide thus as 
long as the cell lineage retains that power. No permanent damage, 
with few exceptions,n1 to spindle mechanisms or chromosomes is ac
quired from the arrested metaphase. Of course, the arrest may have 
been so severe that changes in metabolism cause the cell to degenerate 
and ultimately die, but our concepts of reversibility now refer to 
those cases where there is complete recovery, a reversibility to the 
bipolar mitosis. These can take place among plant and animal cells. 
The recovery pattern like the whole c-mitotic sequence is unique and 
notably uniform for many subjects. 

Since there is the reversibility potential, a restitution nucleus with 
twice the number of chromosomes may regenerate its new spindle 
mechanism. From a genetic view this is a most significant aspect of 
reYersibility, since the restitution nucleus with twice the number of 
chromosomes gives rise thereafter to daughter cells, each with a poly
ploid condition. 

By this procedure of metaphasic arrest - c-anaphase, restitutional 
polyploid nucleus, and recovery - the induced polyploidy is trans
mitted to succeeding generations. This discovery has had important 
ramifications in agricultural research. Whereas control over cell di
Yision would appear to be desirable for treating certain diseases,-this 
same control over cell division has entirely different, broad applica
tions in agriculture. That is why a basic discovery in science can be 
so widely used in other fields. 

2.3: Prophase 

First reports said that colchicine had no influence upon pro
phase.56, 29 Later by cinematographic record, no modification at pro
phase was noticed.rn A general belief developed that this portion of 
nuclear mitosis was not changed by the drug, for data obtained by 
new methods from fixed and stained cells appeared the same for 
treated and untreated cases. 
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In animal cells the prophase stages were thought to be non
susceptible to colchicine because the drug did not penetrate the 
nuclear membrane.62 Therefore chromosomes remained as usual until 
the membrane disappeared. Then the chromosomes came in contact 
with the drug present in the cytoplasm. After this period, contraction 
might take place.71, ,, n, G3, 83 

From plant tissues, fixed and stained, three important changes 
were compared at prophase. 6'"; First, chromatin threads developed 
the minor spiral in both instances. Second, the major spiralization 
proceeded along usual patterns. Third, chromosomes condensed into 
proportioned prophasic structures as this stage ended. The two dis
tinct chromatids were strongly cleaved, appearing as longitudinal 
pairs twisted about each other in a relational coil (Fig. 2.l0A). On 
these three points no noticeable differences among fixed and stained 
cells, treated and untreated, were observed.r.5 But such opinions 
about the action of colchicine at prophase required modification as 
new techniques93 , 34 , 39 replaced traditional cytological methods, and 
a wide range of concentrations was included. 

Living cells were observed continuously from prophase through 
all mitotic stages in Tradescantia stamina! hair cells.93 By this method 
colchicine could be applied at any stage chosen by the investigator, 
who then followed the effects from that particular stage on through 
subsequent ones. 

Strong concentrations (2 per cent) admitted during mid-prophase 
at the stage when chromosomes were condensing, caused the process 
to revert back to an interphasic dispersion of chromatin.U3 The time 
schedule for this reversion showed that a metaphasic arrest had not 
been reached, but the restitution nucleus was formed from a mid
prophase stage. In some cases the restitution nucleus appeared to be 
doubled for chromosomal number. Similar cases were reported for 
Siredon (Fig. 2.9A-D) .24 , 84 This is one type of transformation from 
prophase to interphase. 

Time schedules for the formation of chromosomes in prophase 
have been made with Tradescantia. This phase is called the anachro
masis93 period of chromosomes. Untreated cells require 97 minutes 
from early prophase to the polar cap stage. Longer time is taken in 
the presence of 0.05 per cent (121 min.), but a minimum time in 0.1 
per cent (84 min.) is less than control. These concentrations permit 
the chromosomes to move into the arrested metaphase, whereas a 
stronger solution induces interphase. Colchicine slows down the pro
cess of anachromasis as it occurs in prophase. To contrast these de
velopmental processes, new methods had to be developed. 

The neuroblastic cells of grasshopper are used in another tech
nigue39 with unusual possibilities for a different inspection of c-
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mitosis, particularly at prophase. Like the Tradescantia stamina! hair 
cell method, the drug can be administered when mitosis reaches a 
certain stage; thus a new approach is made with animal cells. Time, 
gross changes, and unusual developmental sequences can be charted. 

By this critical method the action of colchicine upon prophase 
was manifested in three distinct ways.39 First, strong concentrations 
(50 and 25 X 10-6 M col.), applied at late and very late prophase, 

caused the chromosomes already partially formed to revert to an 
earlier dispersed phase. Second, lowering the concentration (2.5 X 
I0-6 111) induced precocious reduction in the relational coiling and 
an unusual contraction of the chromosomes before the nuclear mem
brane disappeared. At this concentration, prophase chromosomes, 
normally fixed with centromeres at the polar side of the nucleus, were 
disoriented. By microdissection methods, the polar fixation at pro
phase was tested.39 Colchicine, in proper concentration, destroys some 
factor associated with this fixed position. Third, additional decrease 
in concentration (1.9 X I0-6 M) applied at prophase disposes the 
chromosomes into the "star" formation as soon as the nuclear mem
brane disappears. These stages may develop into a multiple-star 
phase, and from this formation chromosomes settle out to the bottom 
of the cell. These three conditions show that colchicine induces 
changes at prophase when certain concentrations are used. These 
changes are revealed when continuous records can be made.39 

Thus colchicine may act upon chromosomes at prophase, causing 
interphase loss in relational coiling, contraction, destruction of 
intranuclear orientation, and predisposing the chromosomes to a star 
formation. These comparisons required a special technique able to 
focus attention upon specific stages, using a wide range of concentra
tions, and then following the successive development from one stage 
to the next. 39 

Pollen grains planted in colchicine sucrose-agar34 , 89 provide a 
special method for observing the effects of strong concentrations (1 
per cent) upon prophasic stages. Each grain at the time a culture 
starts, begins with a nucleus in prophase. Pollen tubes grow and the 
cell lives for a time, but the prophase goes into interphase and 
does not move into an arrested metaphase. These unpublished data 
were collected from treated and untreated cells fixed and stained at 
given intervals. 

Analyzing percentages of prophases, treated and untreated, there 
is noted a proportional decrease in the relative percentage of pro
phase as the experiments continue.65 Inhibition of prophase is indi
cated with concentrations that cause arrest at metaphase (0.01 per 
cent). This decrease for Allium begins after twenty-four hours60 

(Table 2.1). At this period the c-metaphases have reached a peak.H0 
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TABLE2.1 
PERCENTAGE OF C-MITOSES FOR ONE HUNDRED FIGURES 

(After Mangenot, 1942) 

Root Tips of Germinating Onion Seedlings-Colchicine 0.05% 
--

Control 24 hrs. 48 hrs. 72 hrs. 

Resting stage .. . . . 85 0 85.0 86 2 90.0 

Prophase ..... _ . . . . ... 6. 6 3.2 2. 8 1 6 

Meta-anaphase. 4. 2 9 6 7 2 6 4 

Telophase. 3.4 2. 2 3.8 2 0 
' - -- ----- ---------· --- - --------

Onion Bulb Root Tips-Colchicine 0.05% 

96 hrs. 

96.6 

0.6 

2 0 

0 8 
-----, 

------- ----- ,---- -----

' 
Control 18 hrs. 40 hrs. 93 hrs. 184 hrs. 

--------

Resting stage. 88 42 77.22 I 77. 30 88. 61 95.76 

Prophase. 8.21 --, 18 7. 53 1 .84 0.69 .... I 

Meta-anaphase. .... 1 .57 14. 30 13. 84 8 46 
i 

3.00 

Telophase. . ... 1 .78 1 .30 1.30 1 .07 0 53 

Onion Bulb Root Tips-Combined Test-Heteroauxin 0.0001 %-Colchicine 0.05% 
--------

Control 24 hrs. 40 hrs. 67 hrs. 91 hrs. 139 hrs. 
----1--------

Resting stage ... 88.42 80.5 84.50 89.20 90.70 97.30 

Prophase .... 8.21 4. 6 4. 50 2.60 1 .50 0.4 

Meta-anaphasc. 1 .58 13 .10 8.00 5. 30 4.80 1 40 

Telophase ... 1 .78 1 .80 3.00 1 .90 3 00 
I 

0. 90 

' -

A similar inhibition was seen in neuroblastic cells39 but expressed in 
somewhat different manner. Cells subjected to colchidne in late pro
phase remained arrested in prophase for 150 minutes before develop
ing a metaphase stage.39 This process at late prophase, a transition 
from prophase to metaphase, requires 32 minutes.:rn 

Critical time-close relationships must be observed to produce maxi
mum arrested metaphases in regenerating liver of rat. 11 , 12 , 1a This 
dose is one microgram per gram of body weight. Above this concen
tration, colchicine causes reduction in the mitotic stages in metaphase. 
Even before any supralethal dose kills the animal, the inhibiting 
action upon mitosis is observed. That is, the prophascs do not seem 
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to move into the arrested mctaphase. This would seem to be an 
inhibition at prophase. Under optimum conditions for dose-time 
relations, the maximum metaphasic arrest is obtained in mammals 
at 8 to 10 hours following the injection of colchicine. Gl 

Amoeba splweronucleus may grow in colchicine without notice
able changes. \!\Then colchicine is injected into the cytoplasm by 
micropipctte, action upon mitosis occurs. Amounts injected when 
the nucleus is in prophase cause return to interphase. Continuous 
photographic records verified this process. About 1 per cent strengths 
are needed to induce such chromosomal changes.20 

Different cells in Alliurn root tips show variation in degree of 
polyploidy. Pericycle cells may contain several hundred chromosomes, 
,et the cells at the tip, a meristcmatic area, will have the diploid num
ber. Seventy-two hours of treatment with adequate concentrations do 
not induce polyploidy among restricted groups of cells.65 , r. 7 This has 
been called a prophase "resistance," characteristic of younger cells. 86 

Practical significance becomes attached to this feature if polyploids 
are to be induced without any diploid cells accompanying the new 
tissues. Prophase stages arc more involved than was formerly ac
cepted. 

Two terms might be useful in discussing prophase influences by 
colchicine and other chemicals: (1) the prc-prophase poison which 
prevents resting cells from entering the prophasc, and (2) the pro
phase poison, as described above, that inhibits the normal prophase 
development and in exceptional cases causes a change to interphasc. 
Plants and animals differ with respect to the relative toxic action of 
colchicine and these make a great difference in the inhibitions not 
only of metaphasc but of prophase as well. 

Prophasic arrangements that are held over from the previous telo
phasc are not disturbed in plants by concentrations that induce c
mitosis, e.g., Dipcadi. 06 Yet this arrangement is upset in neuroblast 
cells with concentrations that give typical arrested mitosis,39 while in 
mammals, prophase appears to be the most resistant period.15 , 29, 61 , 63 

Earlier opinion regarding prophase as always normal in the pres
ence of colchicine must be modified. More information is needed at 
this critical and difficult stage. Depending upon concentration and 
the particular material treated, prophase stages are influenced by 
colchicine. 

2.4: Colchicine Metaphase 

Again and again, after experiments with animals and with plant 
cells, the same conclusions were reached: colchicine changed the 
nuclear processes at metaphase. With few exceptions, agreement is 
unanimous, and the opinions are usually formed around the follow-
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ing explanations: (I) The metaphasic arrest arises when the spindle 
fiber mechanisms are partially or totally destroyed.62, 56, 2~. 27 , 4, so, 5 ~. 

77, 75, 39 (2) Chromosomes lose their metaphasic orientation when the 
spindle fibers become disengaged from the chromosomes.~4 , 87 , 90 , s:.. 
7, 26, 22 (3) The spindle mechanisms arc inhibited by colchicine; 
therefore, nuclear mitoses are arrested at metaphase.29 , "· n:i, a:i. 40 , 1 , rn. :iu 

While three similar cases are presented, each thesis leads to the same 
general conclusion: the metaphasic arrest. That is why agreement in 
the final analysis is so excellent considering the many different bio
logical specimens studied. Universally every one's attention is di
rected first to the chromosomal pattern at metaphase arrested by 
colchicine (Fig. 2.lC, 2.4D, and 2.8A) that is quite different from 
the normal metaphasic orientation (Fig. 2.4A). Spindle mechanisms 
enter the discussion only after the first impressions of chromosomal 
patterns have been obtained. Accordingly, our discussion is first di
rected to the chromosomal patterns of arrested metaphase. After 
these have been compared, it would appear consistent to discuss and 
analyze the spindle mechanisms that must operate in the production 
of c-mitosis. The spindle mechanism will be considered in Chapter :L 

2.4-r: Types of arrested metaphases. The regular metaphasic fig
ures and equatorial plate orientations are replaced by different 
chromosomal patterns (Figs. 2.7A, 2.SA, and 2.4D). Such distribu
tions are induced by colchicine, and these arrangements arc not 
wholly random ones. 1, 79 Characteristic stages repeat often enough 
that a classification (Fig. 2.5) is possible.1 If we disregard spindle 
action for the moment, the arrested metaphases may be grouped into 
two major categories: (1) the oriented metaphase (Fig. 2.5, above), 
(2) the unoriented metaphase (Fig. 2.5, below). There are subtypes 

for each group which will be considered under the special headings 
that follow. 

Analysis of the pattern will be made on the basis of interacting 
factors that create the special type of arrested metaphase, while direct 
reference to spindle mechanisms will be deferred for the moment. 
The classification shown in Figure 2.5 was made from stained cells 
by cytological methods not thoroughly reliable in differentiating the 
fibers. 1 For this reason, criticismrn has been made regarding assump
tions involving spindle mechanisms, specifically with reference to 
the distorted star metaphase. Even though this classification was de
veloped by a chromosomal pattern, an insight into c-mitosis and the 
arrested metaphasic types can be gained by such comparisons. 

Colchicine penetrates the cell very rapidly. Effects may be noticed 
within seconds after the drug contacts the nucleus. C-mitosis in 
Allium develops permanently and completely within fifteen minutes.88 

Rate of penetration, as well as concentration, is very important. The 
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Fig. 2.4-Pollen tube cultures treated and untreated. A. A metaphase of generative cell 
of Lilium michiganensis without treatment. One per cent agar and 7 per cent sucrose, 
stained with iron alum haemotoxylin. B. Anaphase, Polygonatum commutatum un
treated. Stained with acetocarmine. C. Two microgametes and tube nucleus . D. Ar
rested metaphase, c-pairs, caused by adding 0.01 per cent colchicine to culture media, 
The duplications among c-pairs indicate polyploidy. There are 20 c-pairs but only 10 
types for the entire group. Centromeric locus shown by incision along chromosomes. 
Stained with acetocarmine. (Eigsti, 1940) 
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mitotic stage on hand when colchicine reaches the nucleus mav de
termine the metaphasi c type. 

Since the action is reversible, 5<; ce lls may recover Crom the action 
of the drug. Arrested types appearing during the recovery sequence•n 
on the way to complete bipolar mitosis are as significant as those 
showing up when the drug is acting upon the mitosis. 1 

STAR DISTORTED STAR 

EXPLODED BALL 
Fig . 2 .5- Schematic rep resenta t ions of the main types of arrested metaphases. (After 

Barber and Ca llan) 

Length of exposure and concentration arc directly related to the 
pattern that will develop. 7 A given situation must be noted with 
reference to these two factors. 

Then, as was mentioned before; concentration, exposure, mitotic 
stage, kind of cell, recovery, active treatment, and general growth 
conditions become critical to the formation of an arrested mctaphasic 
pattern whether oriented or unoriented.1 Even though the interact
ing factors are several, the number of metaphasi c types is surprisingly 
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limited. In light of the complex interaction, it would seem that the 
kinds of metaphase that could develop would be more extensive. 

2.4-2: The oriented arrested metaphase. In 1889, Pernice78 

sketched the first star metaphase, a distinctive oriented type induced 
by colchicine.=rn Next, these were reported in 1936G1 among tissues of 
mice and carcinomatous tissue cultures,G2 and since then the oriented 
star metaphase has been published many times, from a great variety 
of biological specimens. 

The frequency of star meta phases is far too regular to be ascribed 
to a random occurrence. 1 • rn The chromosomes are all drawn to one 
focal point with the proximal portions extended outward resembling 
a star, and the type was named accordingly. The centromeric por
tions of the chromosomes are congregated at this one focal point8 

(Figs. 2.5, 11pper left, and 2.7B-F). 
Two sets of data from similar materials, Triton vulgaris1 and 

Trit11rus viridesrens,rn respectively, are pertinent to the matter of 
origin of the star. Larval cells of Triton were kept in solutions and 
"·ere then removed from time to time, fixed, and stained for chromo
somal pictures. The star, or oriented, metaphases, exceeded the un
orien ted types in the first fixations, at three hours (Table 2.2) . The 
Tri! 11rus corneal cells, fixed and stained at intervals during recovery 
from the effects of drug, do not show the star metaphases at their 
peak until twenty-four hours have elapsed (Table 2.2). 

Two critical experiments performed with neuroblastic cells in the 
grasshopper explain some of these differences.39 Strong concentrations 
applied when the cell was at metaphase led to a star metaphase (cf. 
Chapter 3; Fig. 3.20) . This action occurred after a particular mitotic 
stage had been reached. Another route was used to produce the star 
in neuroblastic cells, viz., application of lower dosage (1.9 X J0-6 M) 
at late prophase. Two sets of factors were operating: the· concentra
tion and the mitotic stage. In one instance a metaphasic stage was 
used, and in the other, prophase. Each require·d a different concen
tration. In the Triton materials, strong concentrations acted early, 
Yet in Tri t 11rus, the stars accumulated later as cells were recovering 
from a previous strong dose. We shall return to this problem again 
under the subject of spindle mechanisms. 

~[ultiple stars in single cells are commonly found in Allium root 
tips when cells recover."H, nr. In similar instances, the "multiple" stars 
(Fig. 2.6) are to be seen in the Tubifex eggs.95 Among the Triturus, 
recovery stages at six days show multiple stars (Fig. 2. 7) . Multiple 
stars are formed in connection with transition stages from the full 
c-mitosis to the complete recovery of the bipolar mitosis.56 

Distorted star rnetaphases1 are asymmetrical figures (Fig. 2.5) . The 
origin of distorted star metaphase is controversial, and although they 
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TABLE 2.2 
ARRESTED METAPHASES-TREATMENT AND RECOVERY 

I. CoLCHICINE TREATMENT STUDY: Triton vulgaris; EPIDERMAL CELLS OF LARVAE 

(After Barber and Callan, 1943) 

Frequency of Different Types of Cell (Means of Counts From 3 Larvae) 

ation Dur 

Trea 
(ho 

of 
tment 
urs) 

0 

3 

6 

1?, 

24 

48 

~,, ,~ 

I 
I 

Prophase 
I 

22.3 

24.0 

20.3 

27.0 

17.7 

12.0 

2.3 

Bipolar Star 
Meta- Meta-
phase phase 

25.0 ........ 

15.7 7.7 

15.0 16.3 

12.3 20.7 

5.0 6.7 

0.3 1. 7 

...... i' 

I Un-

I 

I 

oriented Total 
Meta- I Meta-
phase phase Anaphas 

----- -----

25.0 30.7 

6.3 29.7 20.0 

10.7 42.0 15.7 

66.3 99.3 8.3 

175.3 186.0 6.7 

83.3 85.3 4.3 

9.7 9.7 1 .o 

II. CoLCHICINE RECOVERY STUDY: Triturus viridescens; CoRNEAL TISSUES 

(After Peters, 1946) 

Differential Count Expressing Percentage of Mitotic Types During Recovery 
--· ·---- ---

Meta phase, 
Recovery Time Ana phase, Unoriented 

(hours) Telophase Meta phases Star Metaphases 

e 

------~-

8 2+ 92+ 5+ 

24 8+ 69+ 20+ 

72 79+ 5+ 16+ 

were among the first cases known,24 less exact knowledge of their 
formation is at hand than for the star metaphase. 

Outside the star or the distorted star, isolated chromosomes are 
regularly observed. This formation accounts for "lost" chromosomes 
frequently described in plant and animal tissue-culture cells. 15 , 70 

2.4-;: Unoriented metaphases. Chromosomes scattered in the 
cytoplasm after a nuclear membrane disappears have been thoroughly 
described in plant512. 34, 25, n. 5H, 1n, Hfl, 21, so. 4o, n5. 11, 1:;, 22, 8:, and ani
mals.29· o1, 62. rn, 24, a2, 87, !Jo, I, rn. 28, 53, :rn The descriptive expression ex

ploded metaphase is appropriate (Figs. 2.4D, 2.7A, and 2.8A). Then· 
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is a complete lack of the usual equatorial metaphase orientation, 
hence the epithet zmoriented (Fig. 2.1 C, 2.4D, and 2.SA). 

The exploded metaphases were described from cells of mice 
treated with strong doses of sodium cacodylate.30 Therefore, a re
appearance with colchicine tended to call attention to similarities be
tween the two substances.3:; 

Among regenerating liver cells following hepatectomy, the ex
ploded mctaphase is very characteristic (Fig. 2.SA). The investi-

Fig. 2.6-Cell of Allium root tip with on excessive number of chromosomes. Fixed 
after treatment for 208 hours, with 0.05 per cent colchicine in nutrient solution. The 
cells are beginning recovery; multiple star metaphases are present. tater cell plates 
form between the groups reducing one large cell to a number of smaller cells. Cf. Chap
ter 3. (After Mangenot) 

gators12 , 13 described the unusual arrangement as though the in
dividual chromosomes "repulsed one another." These widely scat
tered chromosomes in a single cell were equally impressive from other 
animals, the tissue cultures, and special cases, e.g., Siredon,24 Triton,1 
Triturus, 79 and Orthoj1tera.87 With plants, Allium root tips have 
been a favorite source for these types, but pollen tubes show unusual 
scattering of the c-pairs through the length of a single tube (Fig. 
2.4D). 

A specific concentration (2.5 X 10-6 M) applied at late prophase 
created the exploded metaphase in grasshopper neuroblastic cells. 
Similarly, critical dose-time requirements were necessary to produce 
an arrested exploded metaphase in the regenerating cells of liver 
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(hepatectomized rats) .11 • 13 Supralethal doses did not induce maxi
mum arrested metaphases or exploded mctaphases. There is then an 
optimum dose required for this type. Apparently this same rule 
holds for pollen tubes, because maximum scattering throughout the 
tube occurred only under given conditions of concentration and 
favorable pollen tube growth.:14 There are other cases bearing on 
this point. 

Prophase-metaphase arrangements of chromosomes as an un
oriented type are frequently observed (Fig. 2.2B). The spleen of 
Siredon yielded these types among the first colchicine-arrested mitoses 
ever studied (Fig. 2.2) .~4 - 84 Perhaps a more logical descriptive term 
would be arrested prophase, since the prophase orientation is main
tained as the nuclear membrane disappears. No sign of spindle move
ment is detected. The chromosomes may revert to the interphase 
from a prophase-metaphase. During periods as long as five days after 
injection, the prophase-metaphase appears in Sircdon (Fig. 2.9) . 
Representative cases in animals arc noted for this type. 16 , !l2 FolloK
ing anaphasic treatment the intermingling of two sets of chromosomes 
leads to a similar prophase-metaphase grouping,:rn so that treatment 
at prophase or at anaphase might give this unorientcd association.:1" 

Ball metaphases1 arc distinctly clumped types (Figs. 2.2, 2.5) . In 
fact, the clumped c-mitosis observed in Spinacia,7 Lepidium. and 
Petroselinurn83 are typically ball metaphases. A toxic action is un
doubtedly responsible for the particular apparent fusion of un
oriented chromosomes. The next step in progressive development is 
either the degeneration after pycnosis or recovery to an intcrphasic 
stage. Triton material was represented with more ball metaphases 
than any other unoriented type. Even though chromosomes appear 
clumped, an individuality may be maintained as was pictured for 
cells of mice by the lacmoid-acetic method applied to a ball meta
phase.33 Many of these mitoses undergo destruction eventually in 
warm-blooded animals.61 Lysis or degeneration after a ball mctaphase 
may account for the destruction noticed in Tubifex."3 • 54 , 55 

Ball metaphases arc regularly produced in pollen tube cultures 
when the concentrations exceed .01 per cent in culturing media.:14 

Clumping at the early stages followed by pycnosis and eventual lysis 
forms the regular course taken by the ball metaphase in pollen tube 
cells. Similar degeneration and settling of chromosomes in neuro
blastic cells indicate destructive action as accompanying this particular 
unorientcd type. 

Much discussion has been directed to the distributed c-mitosis, a 
type that can be clearly demonstrated in pollen tubes when the c
pairs group into two clumps (Fig. 2.4D). The chromosomes are 
c-pairs, and separation may or may not be equal in number. The 
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Fig. 2.7-Redrawn from photomicrographs of whole mounts from the cornea of Triturus viridescens. Cells treated with colchicine according to a 
schedule, then allowed to recover. Views show cells in various stages of recovery after treatment. A. Six days after recovery. An exploded 
metaphase, c-pairs similar to pollen tube and AHium root tip tigures . B. Mult1p1e stars six days otter recovery, some c-pairs isolated from stars. 
C. Two centers of focus; some evidence of fibers observed on slides but only the position shows spindle action. Diploid number of chromo
somes could be determined . D. Polyploid cell, five days after recovery; several anaphasic groups, multipolar spindle. E. Two metaphase groups, 
a distributed c-metaphase would give rise to such numbers . F. A diploid and tetraploid cell; each has a single chromosome outside the main 
group, six days after recovery . (After Peters) 
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Fig. 2.8- Stages of restitution in exploded metaphases in the regenerating liver of rats 
injected with colchicine . Feulgen-fast green staining. A. Eight hours after colchicine. 
Typical exploded metaphase, without spindle . Scattered and shortened chromosomes. B. 
Sixteen hours. Chromosome agglutination and lengthening. C. Si xteen hours . Some sug
gestion of catachromatic changes. D. Thirty hours . Formation of large micronuclei ; 
these originate by the catachromatic changes of agglutinated groups of chromosomes. 
(Original photomicrographs. Courtesy of A. M. Brues , Univ. of Chicago) 
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best classification for the distributed c-mitosis, or bi-metaphase, 79 is 
a subtype of the exploded metaphase. A somatic meiosis is not con
ceivable for the pollen tube, yet the distributed c-mitosis is like the 
cases upon which evidence for somatic meiosis has been built. 

Seven years after the distributed c-mitosis was first published and 
illustratelP4 the term was coined.75 This is preferable to somatic 
meiosis.94 An unfortunate confusion in terms arises because one word 
has been used in two different instances to describe entirely different 
processes: The word jJseudoanaphase7 is used for the distributed, so
called bipolar arrangement of the c-pairs. In another instance, pseudo
ana/Jhase is synonomous with colchicine-anaphase.65 The word should 

A 

D 
Fig. 2.9-Stages of recovery of arrested praphases in epidermal cells of Siredon after 
calchicine treatment. (Compare with Fig. 2.2A). Acetacarmine smear. A. Slight swell
ing of the chromosomes which have retained their prophasic disposition. B, C. Gradual 
loosening of the chromatic material of similar chromosomes: catachromasis. D. Resti
tution nucleus, formed by the fusion of the swollen chromosomes, which is already 
noticeable in C. (After Ries) 
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be dropped in favor of (I) distributed c-mitosis, and (2) colchicinc
anaphase. Our preference for distributed c-mitosis instead of somatic 
meiosis has already been given. Since all factors related to the dis
tributing action cannot be logically considered here, they will be re
viewed later. 

2.4-4: Chromosomal evolution in plants. Chromosomes persist 
individually ten times longer when colchicinc is present than during 
ordinary mitosisY3 Their intactness as measured in Tradescantia is 
maintained for 23 minutes normally, but treated cases extend this 
intactness period to 249 minutes. Of course, concentration plays an 
important role; however, optimum doses give this extensive period 
of intactness. A comparative estimate of metaphasic delay is gathered 
from inspection of records that show total time chromosomes remain 
intact.!!3 

Estimated time given for neuroblastic cells also indicates a delay, 
but the extent of retardation is calculated in a different manner. The 
interval is seven to nine times longer with colchicine. Again the con
centrations are all-important for any calculation.39 

Specific measurements for pollen tube cultures, with colchicine 
in sucrose-agar, are from five to seven times that of the control. 
Treated and untreated populations were compared for the total 
period of chromosomal intactness.34 

An analogy may be drawn with normal-speed motion pictures 
that arc slowed down five to ten times their regular speed. Chromo
somes normally go through mctaphase, anaphase, and telophase at 
a speed of 20 minutes. With colchicine, this process is drawn out to 
200 minutes. Such delay affects the sequence of chromosomal evolu
tion. The number of chromosomal changes from prophase through 
telophase is not different, but the span of time which is longer, 200 
rather than 20 minutes, accentuates the changes made in the longer 
period. Now one begins 10 realize how impressive a definite sequence 
of chromosomal forms becomes; this is characteristic enough to be 
outlined. 

This extension in time is the reason for a comparison that 1s 
usually made between chromosomal evolution under colchicine 111 

plants and the "terminalization of chiasmata" at meiosis.56 

During a regular nuclear mitosis the process of chromosomal 
change is so rapid that one loses sight of the uncoiling and the 
straightening or evolution of the chromosome. There is a threshold 
for chromosome contraction that is independent of the c-mitosis. 
The contraction is related to c-mitosis but is autonomous.77 Some 
studies indicated that the longer time allowed a greater contraction 
since super-contraction was caused by excessive coiling.7 
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The first sequence in chromosomal evolution is seen at the late 
prophase and early metaphase, while chromosomes are strongly cleft, 
and two chromatids are coiled about each other in a relational coil 
(Fig. 2.10) . The entire chromosome is straightened so that relational 

coiling is easily perceived. Through the whole process of uncoiling, 
the delayed metaphase permits observation at each stage. Since both 
arms are held at one point, the centromere, the description of un
coiling is made easier. Uncoiling, then, is the first step and begins 
"·hen the nuclear membrane disappears, unless action takes place 
earlier in a precocious uncoiling, as was reported in the section above 
under actions during prophase. The first step in the evolution toward 
a c-pair is passed when the major relational coiling has been removed 
(Fig. 2.10). 

:\'ext, the further reduction is similar to the terminalization of 
the chiasmata. The contacts of chromatids occurring originally at 
seYeral points, finally slip off at the end (Fig. 2.lOB). The movement 
begins at the centromere and proceeds to the end of each chromosome. 
The last contact is at the very end of each chromosome. If both ends 
are in contact, the characteristic figure-8 obtains (Fig. 2.lOB). Should 
one end lose contact, and the other remain attached, a forceps type 
deYelops (Fig. 2.1 OC) . All the while uncoiling takes place, the 
chromosomes are shortening. Usually the reduction is to one and 
one-half times the regular length. 77 In one instance, actual measure
ments for chromosomes of Petroselinum were 4.0 microns for control 
and 1.5 microns for colchicine-treated chromosomes at c-metaphase. 8:l 

Finally the last stage is reached, when both ends separate and 
move out as if there were actual repulsion of the two arms (Fig. 
2.1 OC) . The cruciform type has been seen a number of times in 
plant, 3 G insect,87 and mammalian cells cultured in vitro.90 l\1ammals 
receiving colchicine via injection have not generally shown cells with 
the cruciform type. A maximum contraction is attained and the c
pair is held together only at the centromere (Figs. 2.4D and 2. IOC). 
Thus the two chromatids starting from pro-metaphase as a cleft 
structure relationally coiled, are reduced until only the ends are in 
contact. After these are released, there develops the typical X-shaped 
structures (Fig. 2.IOC). This sequence has taken a longer time than 
the control because an intactness period is ten times longer than 
untreated mitosis. 

A stickiness of chromosomes prevents the X-shapes, or cruciforms. 
Such physical changes are important to the falling apart of the c
pairs.77 

Straightened chromosomes that arc clearly marked at the centro
mere (Fig. 2.4D) improve the cytological and morphological studies 
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of chromosomes. Not only the comparative sizes. of ~hromosomes 
within a set can be judged (Fig. 2.4D), but the relative differences be
tween the two arms of a chromosome can be estimat~d:34 For these 
reasons the pretreatment of chromosomes by colch1c~ne was s_ug-

ested76 and there followed an important advancement m cytological 
fechnique which now makes it possible to study chromosomes, par-

. . l l . t r cy 17, 9, 74, nu Seat-ticularl y among root tips, wit 1 muc 1 grea er accu a •. 
tered chromosomes in the pollen tube led to the discovery of the 
natural polyploid Polygonatum commu~atum.'.14 If _the ch~omosome 
pairs are studied, duplication_ of a hapl01d set 1s obv10us (Fi~. 2.4D) · 
Since the generative nucleus 1s haplmd, there should theoretically b~ 
only one of each chromosomal type. But each type was repeated, typi
cal of tetraploids (Fig. 2.1D). Then any related dip_loid should have 
only one of each type. This was found by ~~tendmg _the study to 
other representatives of the genus. The colclucme techmque was use-
ful for this cyto-taxonomic study.34 • • . _ 

2 _4_5 _. Duration of colchicine-mitoszs zn animal cells . . D~genera-
tive changes are frequent in arrestel~ metar~hases of amm<1l ce_lls, 
especially in mammals. Their ~~chan~sm, which may be of some im
portance when colchicine is utilized m the treatment of abno~mal 
growth (cf. Chapter 10) is not clearly und:rstood. As explamed 
in further chapters, colchicine has been extensively ~sed as a t~ol f~r 
t.b.e s.t.ud'i oi ',!:.to-wt.b.. 1.t. is. i~\>as.s.,\'\e \_G --.:ea.ch. \>"Cec.':.,_e C.()\\.c.\u.,,t.()\\.:' t.\. 
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'-°'-~ "\)'(. \.\\~~~ \Jl\\l \l\ \1.TI\1.\.ei\ C<\-,,e-,, e'Jl..c\1.,u1w6 a\\ bectioning materiah. 
From the study of sections, it appeared from the early work that 
within 24 hours or less, an arrested metaphase either recovered, or 
underwent destruction.29, 61 

In cold-blooded animals, colchicine is probabl',' metabolized much 
more slowl',' (cL Chapter 1') . ln Siredon, aher a sin'!,?:,\e in)ection, a 
great number 0£ arrestet\ mitoses could be seen in the spleen (Fig. 
2.2). This was apparent five days after the injection, and lasted for 
about ten days.24 In Triturus, seven days after colchicine had been 
applied to the cornea, abnormal mitoses with scattered contracted and 
unoriented chromosomes have been reported (Fig. 2.7) .79 

However, a precise study of the duration of colchicine-mitoses in 
the larva of XenojJus led to the conclusion that destruction took 
place much sooner. This was calculated by an indirect method.63 

From data of short treatments with colchicine and from direct ob
servation, it was found that epidermal mitoses lasted about 100 

/.llJlll//CS. J/ l17<7S ll/.r/'..bc.r //SS//./.77e,/ /..b.7/ me ./70../77./,7/ /7../,}0.o'd'JC' d/../:7/./0.././ 

0/.1.ooat ,?5 JllJDt//es was /JO/ J.noa'Jned by cok.bicine. IB colcbici1nzed 
animals the relations between the numbers of prophases and colchi
cine-metaphases and the averag-e duration of each should be equal. 
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Fig. 2.10-Evolution of c-pairs in Allium. A. Relational coiling of the cleft chromosomes. B. Uncoiling has reduced the number 
of turns for each segment giving a figure-8 and a forceps type . C. Cruciform c-pairs held only at centromere. Arms expanded 

or spread apart. D. A colchicine anaphase marked by the chromosomes lying like " a pair of skis." (After Levan ) 
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It was found that the arrested mitoses lasted from 5 hrs. 26 111111. to 
14 hrs. 20 min., and later were destroyed. 

The spleen of' S1irdon was crammed witlz arrested mitoses lir'e 
days after colchicine treatment. Jf the figures given above are ac
cepted, the correlation of the two sets of data - ( 1) duration of c
mitoses and (2) the appearance of large numbers five days after 
treatment - naturally raises some questions that appear important. 
In Xenopus, while cellular degeneration may be rapid, the percent
age of metaphases remains very high as long as three days after colchi
cine. In Siredon, it is possible that in the spleen only the intact cells 
remain visible, the others being washed away by the blood stream, 
so the results are not as contradictory as they seem at a first glance. 

It is thus most probable, from what is known about the pharma
cology of colchicine (cf. Chapter 7), that in warm-blooded anima!s, 
and particularly in 111a11rn1als, arrested metaphases are destrored rn 
less than ten hours. This is in agreement with the histological e,·i
dence of nuclear degeneration,w, 01 and must be kept in mind when 
colchicine is used as a tool for the study of growth. 

2.5: Processes Leading to lnterphase 

Chromosomal formation is not stopped by colchicine. Under cer
tain conditions the process is slowed down or the delay is so pro
nounced that there is an appearance of its formation being stopped. 
For example, many prophase-metaphase types are essentially arrested 
prophases. Also we pointed out how colchicine might stop chromo
somal formation during prophase and turn the process back to inter
phase.u:1. au 

There are three ways in which chromosomes change to interphasic 
dispersal under the influence of cokhicine - exclusive of recoven-, 
which we will discuss in a subsequent section. They are: (1) the just
mentioned prophase reversal to interphase; 3 B, 93 (2) the changes 
from any of the arrested metaphases, 1, 22 , 34 i.e., prophase-metaphase, 
ball metaphase, exploded metaphase, star and distorted star meta
phases; and (3) a full c-mitosis through c-anaphase and c-telophase 
transformations_irn, u.-, 

Basically, the physical change that takes place in the chromosome 
docs not differ much in either of the three routes taken. Therefore 
a general description of this process shall include the changcs22 

common to plants and animals. Moreover, the process is not Yen· 
different from a regular telophasic transformation found in a normal 
nuclear mitosis.n In all probability the unraveling, loss of chromatic
ity, and general physical changes are very similar. 7 Colchicine does 
not prevent the return of chromosomes to interphase and sirnilarh 
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it docs not prevent chromosomal formation. 7 But colchicinc does 
one thing important at this stage; it desynchronizes the separation of 
the chromosomes.:1-1. r.u. ,n. 4 n. ~:1 Or we may say the coordinated pro
cesses of anaphasic separation of all chromosomes at one particular 
moment are very badly upset. 

Colchicine does not inhibit the uncoiling or the stage of lwtachro-
11111sis,!"1 the return to interphase. The drug in certain concentration 
does slow down the uncoiling process in Tradescantia since it takes 
t>O minutes for uncoiling with 0.05 per cent colchicine and 77 minutes 
in 0.1 per cent contrasted with 35 minutes among untreated cells. 
There is one other relation of interest: The ratio of time for chromo
somal formation, anachromasis, to chromosome uncoiling, hatachro-
11111.1is. is about 2: 1 in regular mitosis. Colchicine-treated mitoses main
tain this 2: I ratio, i.e., 121 :(J() in colchicine and 97:35 for untreated 
cells. The significance of these corresponding figures is not under
;,tood. 

The loss of chromatin, despiralization, and vesiculating stages~4 

in the presence of colchicinc are much the same as in normal plant 
cells .. -\ solid chromosome becomes perforated, and two twisted coils 
appear. The chromosome is reduced to a zigzag thread. There is a 
fusion of chromosomes that lie close by and the final stages appear 
as a reticulated network with nucleoli~ and a membrane surrounding 
the chromatin. vVhcther the change begins (l) from prophase, or (2) 
from arrested metaphase, or (3) through c-anaphase, the general 
despiralization, sometimes called unraveling, dechromatization, or 
katachrornasis, is similar (cf. Chapter 3) .~4 - :rn. n, m •. 1 

.-\ full c-mitosis implies that the c-pairs of chromosomes "fall 
apart" like "pairs of skis"7:i. 7~ in the cytoplasm (cf. Chapter 3; 
Fig. 2.10). Alli11111 root tips (Fig. 2. IOD), particularly, demonstrate 
this stag-e except when stickiness holds them together. Thus the c
anaphase cm be observed without question."11 , n:;, 1 • rn Such separation 
i., evidence that the restitution nucleus shall carry the tctraploid num
ber of centromeres. 

Desynchronization is most easily observed if the chromosomes can 
be compared at a given moment. For example, Figure 3.7 shows a c
anaphase pair at the bottom, whereas above, c-pairs arc clearly in X's 
and held togcther. 7 This has been shown over and over, from plants 
and animals, at arrested mctaphase."6 , 88 , G:. Within one set, single 
chromosomes, and others in c-pairs, have been noticed to revcrt22 to 
interphase. 

C-anaphase is more distinct in some plants, but the distinction is 
b, no means valid for differentiating animals from plants.87 , 85 , ~. 2 , 1 , rn, 
~ ... Tctraploid restitution nuclei have been observed for many kinds of 
animal cells treated with cokhicine. 
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Tetraploid numbers would also develop in animals if colchicine 
hit a cell in regular anaphasc, because the two groups of chromosomes 
intermingle, fuse, and form a restitution nucleus.:rn This was demon
strated in grasshopper neuroblastic cells. This is basic to the develop
ment of triploid animals by treating egg cells at second maturation 
anaphase.68 

Pycnotic changes arc very common when chromosomes revert to 
the interphase. This is especially so in mammals where destruction 
is the fate of most arrested mctaphascs.29 , 33 , n1 Toxic or strong con
centration induces pycnosis. What structural changes occur are dif
ficult to determine. Such changes are discussed under the section of 
chromosomal alteration.29 , 33 

2.6: Alterations of Chromosome Structure 

The most frequent change of the chromosomes in arrested animal 
mitoses is an abnormal thickness and shortness.79 This is especially 
evident in arrested and exploded metaphascs of mammalian cells. 
The shortening may be the consequence of an excessive coiling. Very 
often these chromosomes degenerate, losing all visible structure: only 
irregular clumps of basophilic material remain scattered in the cyto
plasm, and these in turn fall to pieces.33 Agglutination and fusion 
arc also quite frequent (Fig. 2.8B, 2.SC) .29 , 61 , 12 , 13 , 24 , 15 These ha\'C 
been observed in cells where the colchicine action was incomplete and 
where the spindle was apparcnt, 15 a fact suggesting that the alkaloid 
modifies the chromosomes themselves. 

In mammals, the colchicine-mitoses with short and clumped 
chromosomes arc more frequent when the dose of alkaloid is high.'n 
Animals injected with colchicine show mitotic abnormalities that 
vary from cell to cell. As an example, the tubules of the kidney con
tain cells with exploded metaphases and shortened chromosomes, 
while the cells of the renal pelvis show ball metaphases.32 Short 
chromosomes are seen in cells of regenerating liver12 when treated 
with colchicine according to specific schedules of time and concentra
tion. Similar shortening also appears following bile duct ligature. 2' 

and in carbon tetrachloride poisoning.18 Such changes were also ob
served in cells of human tissues poisoned with colchicine.33 The 
junior author had the vni9ve experience of foJJowi~,?" the succcssi,·e 

CDd/{_,f'eS //j ce& o/ /ne lll//7/,7// ooc[Y /// ,7 CU/HG7/ D7Sl~ Tn/, OCct/tTer/ 

when an 1i1dividuaf suffenng from an overdose ol colc/1icine was 
brought to the hospital in which the junior author was a staff mem
ber. These effects are described in detail in Chapter 7. 

There is no clear evidence that their structure is damaged. In 
mammalian cells, pycnotic, ball, or star metaphases may often pro
ceed to normal telophase, although many degenerate, the whole cell 
being then rapidly destroyed.61 There is no clear indication that the 
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chromosomes arc the first to be involved in the cellular death. Their 
eventual disintegration is probably a consequence of cytoplasmic or 
metabolic changes. A better understanding of these would be of great 
physiological interest, for it appears that among the warm-blooded 
species of vertebrates the chromosomes are unable to remain for more 
than a few hours in a cell with arrested mitosis. Quantitative data 
on this problem have been given in a preceding paragraph; it would 
be necessary to know what the biochemical changes are which lead 
to the destruction of the nuclear structures, and in what way this is 
related to the prolongation of metaphase. 

Breakages such as transverse division of chromosomes in plants 
have been reported.51 A number of other observations have been 
made along this line, but no tests have been performed to demon
strate that colchicine increases their frequency. Broken chromo
somes and fragments are observed in untreated cells. 

2.6-I: The destruction of chromosomes in Tubifex. Colchicine 
is regarded as a destructive mitotic poison, leading to degenerative 
changes of the nucleus in Tubifex,53 , 54 , 55 as opposed to the inhibitive 
mitotic poisons which prevent cell division mainly by disturbing the 
spindle mechanism. Tubifex is very favorable for the study of early 
development and cytoplasmic division, but the "numerous and very 
small chromosom.es arc unfavorable for cytological analysis,"95 so this 
may explain the great discrepancies between these findings and those 
of workers using different cells. 

\Vhen the egg of Tubifex is treated by colchicine during its first 
cleavage, the spindle gradually fades away as it does in other objects. 
Then the chromosomes become progressively pycnotic and lose all 
visible structure. In the second cleavage, or after longer colchicine 
treatments, a total disappearance of the chromosomes was observed. 
:,:i. 54 · ""· uri The cells became empty; no more nuclear material could 
be stained by any method. More than seventy per cent of the eggs, 
twelve hours after colchicine, had such empty cells. But a few hours 
later, new nuclear structure appeared. First were seen protoplasmic 
condensations which did not stain with the Feulgen reaction. Then 
scattered Feulgen-positive masses appeared in the cytoplasm (Fig. 
2.11). They seemed structureless but bore some resemblance to the 
small nuclei which are found in the control eggs. It is suggested that 
some synthesis of thymonucleic acid takes place in the cytoplasm. 

The accompanying Figure 2.1 I shows pseudonuclei in Tubifex. 
Among AmjJhibia after colchicine, podophylline, and benzanthra
cenequinone, evidence has been presented of a "multiplication of 
nuclear material without mitosis."54 

One may, nevertheless, conclude that in animal cells other than 
Tubifex, chromosomes disintegrate only when extensive degenerative 
changes alter the whole cell. Contrary to plant cells, which may 



54 Colchicine 

undergo subsequently several colchicin e-mitoses, anim al ce ll s either 
r emain arres ted at propha se-metaphase or rnetaphase, or reco \'er from 
the action of the drug and, exceptionall y, b ecome pol ypl oid. T hi s is 
true whether in protozoa, invcrtebra1es, amphibi ans, or mamm als: 
tissue cultures show that co\chicine is no more a chromatin po ison in 
-"-~'-~~" ~"-"' ·,"' °'\'"-"-"'-'-"-· ~"'" ~---"""-"' ·..._'- ·o..°'\'°'\'~"-"-- ,s::-. -~"-"-'- "=>Th"-"-- "-~'0..~"-' 
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Fig. 2.11 - Action of colchicine on the nuclei of developing eggs of Tubifex . A. Afte r 
44 hours, no nucleus is visible . Several cytoplasmic condensations (stippled ) are notice
able. Yolk platelets are black. B, C. Formotion of " pseudonuclei" (black). Th ese are 
Feulgen-positive, apparently unstructured mosses . D. Numerous p seudonuclei in a n egg 
treated for 70 hours with colchicine. E. Control egg at the same stage a s D. Note t hat 
colchicine has suppressed the cleavage clearly visible in E. (Afte r Woker) 

structures; there is no m ention of any nucleo lar changes apart from 
their possible multiplication in relation to pol yploicl y. Cha nges in 
the nuclear sap will be di scussed later . 

2.6-2: Co fch ici·11 e an d X -ray comb ined. Neopla sti c tissues h aYe 
been subj ected to X-ra y a nd colchi cin e,"v but small a t tention ,,·as 

given to the relation between c-n1itosis and the preu eatmen ts thu 
influence the e ffect of X -ray in n ormal cells (cf. Ch apier 10). 

A/hum root tips pretreated with 0.05 per cent cofchicinc and then 
subjected to irradiation showed one- third as m any chromaticl aberra 
tions among colchicinized root tip cell s as th e con trols.1• 
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The mutation process2:1 was measured by pretreating barley seed 
twenty-four hours before irradiation. A series of solutions (0.1, 0.05, 
().01, 0.005, 0.001 per cent) of colchicine were used just prior to 
treatment with 5000, 10,000, 15,000 r units, respectively.43 A treat
ment with colchicine prior to irradiation causes a decrease in the 
\'iridis mutants, but an increase in the rare and very rare mutations. 
There was no significant change in the albinos.23 

It was concluded that the mutation process is considerably altered 
by the application of colchicine to the seedlings previous to irradia
tions according to the schedules given abovc.43 

2.7: Reiteration of the C-mitosis 

Cells of A lliurn with sixteen chromosomes as the diploid number 
accumulate chromosomes in hundreds, even more than a thousand 
per cell. These large numbers are striking. Obviously more than 
one doubling has taken place. If we plot the progression, it becomes 
clear how such high numbers accumulate. If the number of basic 
sets in a somatic cell is 2, then the chromosome number is 2 X the 
haploid number per set, i.e., 2 X 8 = 16 for Alliurn. When one c
rnitosis has been completed, the doubling produces 32, or four sets of 
8 each. The second c-mitosis doubling 32, creates a cell with 64 
chromosomes, or 8 sets of 8 chromosomes per set. We may let n 
equal the number of c-mitoses completed. Then 2cn+l) represents the 
number of basic sets. Multiply these factors by the number of chromo
somes per set. If cell A has completed 6 c-mitoses, then n = 6 and 
the number of sets of chromosomes becomes 2((l+l) or 27, or 128 X 
8 = 1024 chromosomes after 6 c-mitoses. Therefore, the c-mitotic 
cycles occur in a definite order."6 

The number of chromosomes that may be packed into one cell is 
an interesting question. "\1/hen the total exceeds 500 per cell, recovery 
of the bipolar mitosis does not occur.r.0 Divisions of 64 may recover 
regularly, but numbers over 100 often show twisted spindles among 
recovering cells. The high numbers arc found most generally in the 
embryonic vascular cells, notably the area where lateral root initials 
de\'elop.'' 7 , Hii 

Short exposures of seven minutes to one hour permit one c-mitosis 
"·hile more cycles follow in the longer exposure, i.e., 24- and 72-hour 
trcatments.r.G A tetraploid cell begins the second c-mitosis after 30 
hours and an octaploid c-mitosis at 72 hours.46 

There is a correlation between the number of c-mitoses per cell 
and the region of the root."n, or., 40 , "' If an A lliurn root is divided 
into five or six regions and chromosome numbers tabulated, the 
greater percentage of cells with increased numbers occurs in the older 
parts of the root while cells very near the tip retain diploid numbers. 
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A distribution study for seven root tips showed Lhat the regions away 
from the tip contained largest number of polyploid cells. 

Reiteration of the c-mitosis in animals is limited by other factors, 
such as toxicity to cells exposed over a long time. Also the balance 
may be upset by increase in chromosomes per cell, so that only cells 
with tetraploidy or octoploidy may survive. High numbers per cell 
in animals have not been found as a consequence of c-mitosis. 

2.7-1: Recovery in plants. One remarkable feature about colchi
cine is the ability of cells once stepped up to higher chromosome 
numbers, to recover and thereafter produce new cells with the in
creased number."6 , 65 , 40 In other words, tetraploid cells induced by 
colchicine, if removed to water, will resume nuclear mitosis with the 
new increased numbers. 

A second notable point in the recovery process is the change tak
ing place when cells with high chromosome numbers begin the re
newal of the regular mitosis. If one hundred or more chromosomes 
have aggregated in one cell and colchicine is removed, soon the 
chromosomes gather into small groups giving the effect of many star 
metaphases. Each of these groups may be the focal point around 
which a new cell is formed (Fig. 2.6). By a process of multipolar 
divisions the large numbers in a cell become reduced to smaller num
bers.66 

The length of treatment at a given concentration determines the 
speed of recovery based upon the types of metaphase chromosome 
formations observed. A one-hour treatment of Spinacia in 0.25 per 
cent shows complete recovery in 48 hours. A five-hour treatment at 
0.25 per cent requires 63 hours for recovery. 7 

2.7-2: Recovery in animals. Interphase from star metaphase with
out an anaphasic movement took place in corneal epithelial cells as 
these tissues recovered from a strong dosage under a short exposure 
period.79 Multiple stars appeared after five and six days from the 
time of the last application of colchicine. 

Siredon cells show another phenomenon reported many times in 
other material, the swelling of chromosomes and cytoplasm. The 
immobile chromosomes seem to swell while in a scattered arrange
ment.84 This is similar to reversal of prophase; later the chromosomes 
fuse into an interphasic nucleus (Fig. 2.9). Similar reconstructions 
during recovery are to be found in regenerating liver cells of the rat 
(Fig. 2.12) .13 A progressive fusion of micronuclei reduces the num
ber until trinucleate and binucleate cells develop. Tissue cultures 
show comparatively the same micronuclear development. 10 , 90 

Partial c-mitoses and multiple stars are common during recovery 
as observed in neuroblasts. 79 The multiple stars are evidence that 
recovery processes are underway. 
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2.7-3: Consequences of r-rnitoses: polyploidy in plants. The arti
ficial induction of polyploidy by cokhicine was not a new discovery 
in plant science. Doubling of chromosomes was demonstrated in 
plant cells as early as I 904.H2 During a long and successful teaching 
career, Professor C. F. Hottes, University of Illinois, repeatedly out
lined cytophysiological methods for inducing polyploidy in root tip 
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Fig. 2.12-Regenerating liver of the rat, after a single injection of co:chicine. Schematic 
drawings of the various types of restitution nuclei: (1) exploded metaphase with scat
tered chromosomes, (2) fusion of some of these chromosomes, (3) micronuclei, (4) fusion 
of the micronuclei (compare with Fig. 2.4), (5) three nuclei, (6) abnormal mitosis with 
partially inactive spindle, (7) normal mitosis. The percentages of these types of cell
ular changes at various intervals after colchicine are expressed by the black rectangles. 
Normal mitoses are only found 72 hours after the injection, and restitution appears to 
proceed by the fusion of the micronuclei. (After Brues and Jackson) 

cells. Specific polyploid plants were induced by regeneration tech
niques with mosses in I 908 by the Marchals. Later, polyploids were 
created among the flowering plants by Winkler in 1916 and similar 
"·ork was continued by \1/ettstein, Jorgensen, Lindstrom and Koos, 
and Greenleaf from I 924 to I 934. An early suggestion for inducing 
polyploidy by temperature change was made by John Belling in 
1925.H The temperature shock technique was later standardized sue-
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cessfully for maize in 1932, 82 after which time other laboratories fol
lowed Randolph's general method. This is a brief history of poly
ploidy through artificial means before the colchicine era began. That 
important period made work with colchicine more fruitful than it 
otherwise would have been. Sudden attention to colchicine almost 
blotted out the facts that polyploidy induced by several techniques 
had been well developed before 1937. 

The vast literature:ia dealing with polyploidy in plants is discussed 
in subsequent chapters. 

2.7-r Polyploidy in animals. Polyploidy in animals has also re
ceived attention for a long time but success with artificial induction 
has been limited. The introduction of colchicine did not achieve the 
success found among many projects with plants. 

Temperature shock-cold treatments with newly fertilized eggs of 
Tri turus viridescens38 were more successful than the application of 
colchicine to these animals. The procedures with colchicine were not 
efficient, at least when compared with treatment of plants; much ,\'as 
to be desired for work with animals. 

Newly fertilized eggs of rabbits were treated with weak solutions 
of colchicine.81 Other animals, frogs, 44 , r.o Trilurus,rn Triton,1 Xeno
pus,63 Artemia/1 silkworm,48 Halirolnaron,411 Dro.sopliila,42 , 10 chick
ens,47 Amoeba,20 were tested with colchicine for polyploidy. Gen
erally colchicine has failed in comparison with the induction of 
polyploidy in plants.38 

One remarkable series of experiments demonstrated in A moe/1a 
sphaeronucleus how polyploid unicellulars could be created by colchi
cine.20 This had no effect unless injected into the cytoplasm at meta
phase, with a micropipette. Actual counting of chromosomes was not 
possible but there resulted larger cells with a larger nucleus. These, 
however, at each division built one normal and one abnormal nucleus, 
a fact suggesting triploidy. Supposedly polyploid nuclei were trans
planted into enucleated fragments of normal amoebae and vice versa. 
It was observed that the size of the unicellular was directly related to 
the size of nucleus. The opposite was also true, and a normal nucleus 
grafted in a "polyploid" cytoplasm was observed to swell considerably. 
Cytoplasm and nucleus underwent several divisions and then re
covered their normal volume of the original species. If the normal 
nucleus was grafted into a fragment of a polyploid cell, growth "'as 
resumed normally. These experiments have been illustrated by a 
remarkable series of cinernicrographic documents. They have pro
vided new insight on nuclear-cytoplasmic relationship and the 
possibility of observing colchicine effects in cells, the membranes 
of_ which are impermeable to the drug. 
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.-\ difleren t attack was tried by taking advantage of the fact that 
colchicine coming in contact with egg cells in the second maturation 
di vision would arrest the anaphase stage thereby creating a diploid 
egg cell. If this cell united with a haploid sperm, it could give rise 
to a triploid individuaJ.rn The reasoning was logical enough and 
colchicine could be introduced at the proper moment through the 
admittance of sperm and colchicine by artificial insemination 
methods. vVhether sufficient dosage of drug was given shrouds these 
tests with doubt. 

Experiments with frogs in 194744 encouraged the trial of introduc
ing colchicine at the time of fertilization, since larvae from eggs 
treated at fertilization seemed to be polyploid judging from the size 
of cells and nucleus. The idea was extended to other animals, notably 
rabbits and pigs.4", 68 Certain principles were substantiated by these 
tests, viz., that the application of colchicine at the precise moment 
of fertilization would bring triploidy in the zygote, because a 
doubled egg cell would unite with a haploid sperm. 

Techniques were developed to inseminate artificially rabbits and 
pigs,4 " by adding colchicine to sperm material. Proper concentrations 
were determined by laboratory tests. Suspected triploid offspring were 
studied cytologically and a conclusion was reached that egg cells were 
doubled by this procedure. One rabbit that deviated from diploids 
,ho wed 6/i chromosomes among certain mi to tic cells of testicles. 68 

There were other diploid cells in this test with 44 chromosomes. Thus 
the individual may have started as a triploid zygote with reduction 
as development proceeded. These results were, however, by no means 
conclusive. Previous accounts as well as these above have been criti
cized and not without some basis. 

Similar experiments were done with pigs.44 , 43 Among 3 I offspring 
from artificial inseminations, one differed from the rest as well as 
from diploid pigs. This male animal showed consistent mitotic fig
ures with ·17 chromosomes,68 a good triploid, that originated when a 
diploid egg of 32 chromosomes and a haploid sperm carrying 15 
chromosomes united. These techniques are new and merit further 
attention for theoretical studies of polyploidy among animals.45 
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CHAPTER 3 

Spindle and Cytoplasm 

3. 1: Colchicine and Spindle Fibers 

More metaphases than anaphases or telophases collect in tissues 
treated with colchicine, creating an impression that chromosomes 
appear stranded between the two poles. Obviously colchicine blocks 
the mechanism that regularly moves them to the respective poles (Fig. 
3.IA,B). Interference seems to be localized at the spindle fiber; con
sequently, arrested metaphases pile up in greater numbers per given 
area than do the other mitotic stages.28 , 5s, 1 

.-\. disproportion of metaphascs was pictured by Pernice in 1889. His 
illustrations:ir,, :H show many arrested metaphases with very few ana
phascs; the contact between the drug and intestinal cells of the dog 
blocked mitosis (Fig. 1.4). 

If the spindle fiber is the substrate where colchicinc acts - and 
there are many data to support this assumption - then cytological and 
biochemical methods should show us more clearly what reactions 
occur. The basic cause for a mitotic arrest undoubtedly is to be found 
in the chemistry and physiology of the spindle fiber and attending 
mechanisms. 31 

Provisionally, let us say that colchicine alters rather than totally 
destroys the spindle substance. Such assumptions are consistent with 
cytological tests. It is known that arrested metaphases fail to show 
the usual spindle fibers as linear structures; therefore, conversion of 
a fibriform clement into a corpuscular one becomes a tempting sug
gestion, with attractive possibilities for explaining, at one level, how 
the spindle fiber and colchicine interact.7:l, :! 8 , 47, 95 , 72 , :n 

:\Iolecules of colchicine reacting with a molecular system of spindle 
substrate have been considered as one of the basic relationships be
tween the two substances55 , 38 , :rn, r. 7 , 78 Such an explanation can be 
gi,·en on a quantitative basis. The destruction or inhibition of the 
fiber then appears to be a quantitative reaction, because the concen
tration of colchicine is a critical factor. 

[ 65] 



Fig. 3 .1-Photomicrographs from embryo of grasshopper, sectioned 13 microns, stained 
with iron hematoxylin. A. Untreated cell at metaphase, spindle fibers differenti ated. B. 
Cell treated, 25 x l 0- 0 M, 30-minute exposure; spindle fibers reduced by trea tm ent but 
chromosomes not dispersed . C. Concentration of, 2.5 x 10-0 M, 90 minutes; star meta
phase with some spindle activity. D. Clear spherical area, which is not stained, is the 
hyaline g:obule, that increases when spindle substance disappears as a result of treat 
ment with colchicine. E. Chromosom es outside the star, 120 mi nutes, with 2.5 x l O ,; M 
oncentration. F. Multiple stars, three in one cell, 2.5 x 10-" M, 180 minutes. G. Exploded 
c-metaph::,se derived from pr:,metaphase treatment, 2.5 x 10-•; M, 15 minutes. H. Chromo
somes shortened after l SQ minutes, 2.5 x 10-0 M, settle to bottom cf cell. (Photographs 
provided through cou,tesy c,f Drs . M. Gau ld e n and J. Carlson . Ad c pted from Experi
mental Cell Research 2:416-33, 1951.) 
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""idc ranges of concentration induce a wide variety of reactions. 
These range from extremely minute changes involving the spindle 
orientation, the tropohinesis,:!8 to the full c-mitosis, slathmohine
sis, obtained by strong doscs. 28 , 38 , 7 :i, 2" These two reactions rcpre
sen t the extremes, between which there can occur many intermediate 
changes. 

Before proceeding further, we should recall the old argument about 
spindle fiber reality as opposed to "artefact." If we are dealing with a 
specific molecular problem, the possibility that spindle fibers arc arte
facts would seriously influence our proposition. Perhaps the whole 
concept would be annulled. But excellent results, obtained from 
treated arni untreated cells and from living and fixed materials, have 
opened up new approaches. Hence, the argument that spindle fibers 
are not real is almost extinct. An entirely new series of studies with 
phase contrast microscopes, polarization microscopes, cinematography, 
;111d other techniques has shown that fixed and stained fibers arc 
,imilar to the living functional linear structures.47 Colchicine has 
been em ployed most effectively in these studies . 

. -\ high specificity can be demonstrated between colchicine and 
spindle fibers. 1"· ,,H, il, 88 , •d Moreover, this specificity can be quickly 
clestroyccl if the chemical structure of the drug is changed only slightly. 
l'harmacobiologists have known for a long time that certain deriva
tives such as colchiceine arc less active pharmacologically than colchi
cinc. ;'\umerous chemical derivatives of colchicine are accurately 
known by chemists and these have become available to biologists.80 

For example, isocolchicine is a transformed molecule of colchicine, 
that involves a shift in the position of kcto and methoxyl groups on 
ring C. By this change the specificity between spindle fiber and colchi
cine is reducecJ.H~ Isocolchicine is one hundred times less active in 
producing a c-mitosis than colchicinc. 

The specificity between colchicine ancl spindle appears to be on the 
order of the enzyme and substrate specificity . 

. .\clmitteclly, the spindle fiber mechanism is complex, highly orga
nized. and delicately coordinated. But much is understood of this 
mechanism in animals and plants. Cytologists agree that two sets of 
fibers are formed at each regular mitosis: the continuous and the 
chrc>m<>sornal. 

The reaction between cokhicinc and the several components of 
the spindle appears, then, to have a quantitative basis. Some portions 
of the spindle can be inactivated leaving other portions activated. 
Such fractionating possibilities have been_ demonstrated,"5 and this 
fact merits attention. 
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3.2: Spindle Inhibition 

Every mitotic cycle builds anew the spindle fibers. Cytoplasmic 
separation, a function of cytokincsis, is closely coordinated with the 
fiber and spindle functions. 94 Colchicinc prevents the formation of a 
spindle at prophasc, precludes a nuclear mitosis, delays chromosomal 
separation, inhibits daughter nuclei, and effectively blocks cleavage 
processes. 

Among plants, the inhibition starts at the polar cap stage when 
polarity makes an appearance.9" The first sign that colchicine acts 
upon a spindle is noticed at the polar cap stage.95 Among animals, 
the preliminary spindle inhibition is an interference with the develop
ment of the astral rays, and functioning of the ccntriolc outside the 
nucleus.5 The initial inhibiting influence is seen at the time nuclear 
membranes are about to disappear and the centrioles begin their 
movement. 

The prophase orientation of chromosomes in animal cells may 
or may not be destroyed by colchicine. Likewise, plant cells, e.g. in 
Dipcadi, have a prophase orientation that is determined from the pre
vious telophase. These arrangements are not disturbed by colchicinc. 
Thus, colchicine may inhibit the spindle without changing a basic 
chromosomal arrangement at prophase,"" although strong solutions 
may interfere with the orientation before membranes disappear. 

The bipolar mitosis is effectively prevented by colchicine acting at 
late prophase, and progressive changes from interphasc into prophasc 
are not inhibited by colchicine. 

Undoubtedly there is an action upon resting cells if strong con
centrations are used.ll7 , us Nuclear poisoning,12 intranuclear precipi
tates,44 chromatin condcnsation,1~ pycnotic dcstruction,28 , ~1. 24 and 
nuclear degeneration 60 before mitotic arrest, arc possible actions of 
colchicine. Deeply stained inclusions in cells of Amphibia were ob
served after strong treatments.6 1l In most cases concentrations above 
the threshold for c-mitosis induce the changes. Neuroblastic cells of 
grasshopper, usually very responsive at prophase, metaphasc, and ana
phase, require a tremendous concentration (1000 X J0-6 M) at inter
phase or late telophase.37 

The mitotic stage at which colchicinc is most effective in lowest 
concentration, is late prophasc. There is no doubt that colchicinc 
interferes with transformations of karyolymph, because the regular 
linear arrangements of fibers do not develop. These structures nor
mally arc formed 20 minutes after disappearance of the nuclear mem
brane; but in the presence of colchicine, fibers do not form. Instead, 
there is formed a hyaline globule in grasshopper ncuroblastic cells, 
which is nonfibrous. 
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Similarly for Tradnumtia, fibers do not develop at prophasc 
with concentrations of 0.05 per cent or 0.1 per cent colchicine.95 There 
arc other cases, but these two arc cnoug·h to prove that the first stage 
of spindle inhibition sets in at prophasc. 

Full strength solutions applied at prophase cause total inhibition; 
no vestige of the mi to tic spindle can be observed. Partial inactiva
tions arc only found at the threshold levels.73 The continuous fibers 
and astral rays ra thcr than chromosomal fibers are then the ones in
hibited during a partial inactivation. That is, enough colchicine is 
present to inhibit the exterior spindle, but the interior spindle devel
ops. Such partial inactivation leads to a star metaphase. 

Spindle material may be converted into such bodies as hyaline 
globules,:l7 (Fig. 3.1 D), the lakelike substance in Arbacia5 (Fig. 3.5), 
achromatic sphere of Allium2H, 7 (Fig. 3.6), or the deformed atracto
plasm among Tradescantia. 9" All these structures are closely associated 
to karyolymph; consequently, the inhibiting process of a normal 
spindle fiber is in reality transformation to another form of substrate. 

Electron microscopic analysis of colchicinc-trcated polar cap stages 
in Allium indicated a "solubilization" and "fragmentation" of fibrous 
,trands. These changes arc interpreted as spindle fiber transforma
tions. Submicroscopic interpretations are difficult, but the evidence 
is consistent with other microscopic data.H2 

A primary effect of colchicine is the inhibiton of a mitotic spindle.7 

Secondary effects stemming from this action are colchicine pairs, 
chromosomal changes, desynchronization of mitotic processes, delayed 
separation of chromosomes, and restitution nuclei instead of daughter 
nuclci. 7 

Originally the term cdchicine-rnitosis designated an "effect of 
colchicine on the course of mitosis" that is entirely specific. 55 Addi
tionally, in a colchicine-mitosis the spindle apparatus is totally in
activated, and this causes completion of a "chromosome mitosis with
out nuclear or cellular mitosis." 55 

3.3: Destruction of the Spindle Fibers 

That colchicine inhibits the spindle at late prophase is well estab
lished. Less familiar arc the facts about colchicine when applied to a 
mitotic spindle that has developed as far as anaphase (Fig. 3.2s-v). 

To establish these facts, special techniques had to be developed. 
Individual cells must be observed at the critical stage, anaphase, and 
the chemical must be applied at a precise moment when the mitosis 
has reached a certain stage. Fortunately, several excellent methods 
for plants and animals47 , 5 , nr,, M, :l7 have been developed, and we may 
now learn what happens when the drug is added to a cell after a 
spindle has formed. 
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The spindle fibers at anaphase can be destroyed by the proper 
concentration of colchicine. Thus, in addition to an inhibitive action 
upon a spindle at the start of the mitotic cycle, the spindle fibers can 
be reduced after they have been formed (Fig. 3.IA-G). The destruc
tin: action at anaphase follows a regular order, and there is a quan
titative as well as a qualitative basis for the change. 

3.3-I: Neuroblast cells of grasshopper. The technique developed 
IJ\· Professor J. Carlson, University of Tennessee, and used effectively 
in cooperative research with Dr. M. E. Gaulden, Oak Ridge Labora
tories, Tennessee, has given a new insight to the relationship between 
colchicine and spindle fibers. Continuous observations upon living 
cells, together with tl1e application of the chemical at a specific stage 
and in variable concentrations, have been a valuable addition. In fact, 
the answer to our question about anaphase and colchicine demands 
thi., kind of special method for watching an action upon the fiber 
(Figs. 3.1 and 3.2) . 

Cells at early, middle, and late anaphase were chosen. Strong 
concentrations (50 and 25 X IO II M) were used, and in each instance 
the spindle was "impaired almost immediately":17 (Fig. 3.2t). The 
chromosomes stopped in their movement to the poles; the two groups 
intermingled, fused, and formed into a single telophasic nucleus (Fig. 
:l.2s-w'). This restitution nucleus was tetraploid, since the anaphasic 
separation of centrorneres had taken place before the drug was applied. 
Four nucleoli appeared instead of two, and the "uncoiling" processes 
were only slightly delayed by colchicine (Fig. 3.2w'). Spindle fibers 
,HTe destroyed at anaphase. 

\\'hen the concentration was reduced to 2.5 X I 0-6 M for the 
same stage, an anaphase, no detectable results were observed. The 
chromosomes continued to move to the respective poles. Yet this 
same concentration invoked a definite reaction at an earlier mitotic 
stage, i.e., late prophase or pro-metaphase (Fig. 3.2c) .37 

Fig 3.2-Mitotic stoge when treatment began, shown in right column. Concentrations 
are expressed in molarity. Successive stages are lettered a to z'. a and b: prophose 
reversions occurring 10 to 20 minutes after treatment with this strong concentration. 
Chromatin resembles early prophase. c to e: chromosomes lie at random, no spindle 
farmed, exp!oded c-metaphases, chromosomes continue to shorten, then clump together 
in groups at bottom of cell, hyaline globules farmed in d rise to top of cell. f to h: the 
evolution of a star melaphase. i to k: star metaphase that becomes increased to mul
tiple star and lost chromosomes. I to m: weak solutions do not fully inhibit spindle but 
reduce the size. n to q: the metaphasic spindle is reduced, hyaline globules form in o, 
chromosomes settle to bottom and globules rise in cell. r cell divides when concentration 
is tao weak to destroy spindle completely. Compare figure r and c, that received same 
concentration, but applied at different stages. Anaphase spindles ore reduced if con
c~ntration is 25 x 10-0 M or more. Chromosomes fuse and intermingle in t and v, hya
line globule forms in stages t, v, and y. Four nucleoli in w' and z' indicate a tetraploid 
restitution nucleus. These stages show the interaction of concentration, stage of mitosis, 
and length of exposure. (Diagrams adapted from M. Gaulden and J. Carlson, Experi
mental Cell Research 2:416-33, 1951) 
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A fully formed metaphasic spindle was reduced by weaker conccn
trations than those necessary for anaphase. Specific cOJHcntratiom 
applied to the fully formed rnetaphasic spindle led dircctlv to a star 
metaphase (cf. Chapter 2). These stars formed by treated metaphases 
persisted for five or six hours. During this time the Brownian mme
ment shown by the mitochondria was actively increasing. \\.hilc 
the activity of the protoplasmic material was increasing, the meta
phasic spindle fibers were being reduced. 

,;\Tith further reduction of concentrations and with application to 

metaphase, no obvious reduction of the spindle was obtained. This 
concentration (2.5 X JO-HM) had no effect on anaphase, but produced 
a slight retardation of the spindle at metaphase. Yet this same con
centration applied to earlier stages, the prophase, induced \·isihlc and 
truly inhibitive effects. No visible changes were observed at full meta
phase by the concentration 1.9 X ]()-H lW. 

Pro-metaphasc, an earlier stage than metaphase, responded (Fig. 
3.2i-k) immediately to a strength (2.5 X IO H M) that was without 
detectable action at anaphasc. The spindle formed at late prophase 
was immediately reduced, and the chromosomes scattered in the cyto
plasm: a typical exploded metaphasc. Doses without influence at 
anaphase and with only slight effectiveness at metaphasc were totall\ 
effective at pro-metaphase, or late prophasc (Fig. 3.21-e). 

Reduction to a concentration of 1.9 X 10 n M, effective at meta
phase and now applied at prophasc, created the star metaphase. 
Under these conditions, several focal points for the star remained after 
treatment (Fig. 3.2/,g) . Hence, this concentration usually led to 

the multiple star metaphase (Fig 3.2/). The particular concentra
tion inducing stars was effective only at prophase. Now, compare the 
difference between an effective concentration at prophase, .2 X IO-'; .H, 
with the concentration required to reduce the anaphasic spinclk,:17 

25 X J0-6 M. The difference is significant. 
Since, as one approaches intcrphase from anaphase, correspond

ingly weaker concentrations arc required, it becomes a point of in
terest to note requirements for detectable results at intcrphase, or 
resting stage, or even late tclophasc. The concentration was raised to 
1000 X 10-6 M before any changes were noticed, and then the toxil 
action as well as pycnotic changes were the only results obtained. 
From all these tests there appears to be a critical point in the mitotic 
cycle when spindle fibers can be reduced with a minimum concentra
tion.37 That stage is late prophasc and pro-metaphase. 

Three important conclusions were reached: a7 ( l) Effecti \'eness in 
destroying the spindle or interference with its further de\·clopmcnt 
depends upon concentration; the greater the concentration, tht 
greater the effectiveness upon the spindle, within certain limits. (2) 
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:\ greater concentration is necessary to destroy the more advanced 
spindle, i.e., at anaphase, than a spindle at an early stage, pro-meta
phase. (3) The form of a particular spindle is directly related to the 
characteristic type of metaphasic pattern that will develop after treat
ment such as the star, multiple star, ball, exploded, or other arrested 
metaphasc_:n Configurations depend upon stage at time of treatment, 
concentration, and duration of treatment or recovery. 

After sober reflection upon these conclusions no one can disregard 
the importance of a specific concentration, the type of cell, and, most 
interesting of all, the particular mitotic stage at the time the drug 
enters the cell. Specificity between chemical and spindle fiber is sup
ported by these investigations. 

3.3-2: Stamina! hair cells of Tradescantia. Techniques with the 
Tradcsumtza material were used quite as effectively as with the neuro
blastic cells just reviewed. The central feature and main advantage 
lie in the possibility of applying colchicine at a particular stage and 
following the progressive development of mitosis thereafter. Tradcs
rn11t1a stamina! hair cells have been a favorite material for mitotic 
studies i11 11i110 for a long time. The first studies to be conducted with 
colchicine and plant cells were accomplished with the stamina! hair 
cc lls. 7~ 

Colchicinc applied to a cell when the spindle was well developed 
stopped further development and reduced the spindle within a short 
time. A deformed atractoplasm appeared in the cell after destruction 
of fibers by the chemical. Stronger concentrations were necessary to 
induce changes if the spindle was very far along in development. 
.\s the drug began its action, Brownian movement on the spindle 
\\·as increased, indicating that the colchicine was acting upon the 
fibers. This action took place suddenly, as the chemical reached 
the cell. 

Phragmoplasts, which are spindle materials of cytokinesis, were 
stopped in their further development and also reduced by colchicine . 
. \ cell wall partly developed from each side of the cell can be stopped 
In· the drug. 

At metaphase, activity upon the spindle is immediate. The c-pairs 
are formed as the spindle fibers arc destroyed. \Vithin 13 minutes, 
granular changes upon the spindle showed that action had set in. 
\\'ithin I hour and 3fi minutes, the entire group of chromosomes 
returned by a precocious reversion to an interphase. Such quick results 
required strong solutions (2 per cent). Generally, lesser concentrations 
(0.05 per cent and 0.1 per cent) were used to effect spindle fibers. 

Regardless of the stage from prophase to anaphase, even as late 
as the phragmoplast, an application of colchicine stopped movement, 
clestrovcd the spindle, and returned the chromosomes to interphase 
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by regular uncoiling processes, similar to the regular tclophasic tram
formations. During later stages a "cytoplasmatization" of spindle or 
"fluidity" was created. 72 By this process the spindle was transformed. 

Metaphasic spindles were destroyed in pollen cells of Ep!tedra. 
The concentration was a strong one (2 per cent), and reversion to 
interphase was rapid. The total time for a cell to proceed through 
a regular mitosis was no different from the time taken for a rever
sion. A full c-mitosis would have taken a longer time. This rapid 
conversion back to intcrphase led to the conclusion that colchicine 
did not delay the mitotic cycle. Preliminary results unpublished by 
the authors show that concentration is a most important consider
ation for EjJhcdra as well as other cells. Reversions can proceed ,-er) 
rapidly under the action of colchicine.47 

The data from Tradescantia and neuroblasts confirm an opinion 
stated earlier that the destructive action is quite as notable for col
chicine as its inhibitive activity. The main difference lies with the 
concentration. Stronger solutions arc required to destroy a fiber at 
anaphase than to inhibit its formation during· prophase. That is 
why a broad range of concentrations is imperative to obtain a full 
picture of c-mitosis. 

3.3-3: Arbacia jm11ctulata. Colchicine applied to eggs of Arbacia 
at a specific time after fertilization, showed a disintegrating action upon 
the astral ray." They faded out shortly after the drug entered the cell, 
and a "lakelike" body appeared at one end of the mitotic figure (Fig. 
3.3). The chromosomes were massed in the center of the cell. If the 
drug entered the cell when two polar regions had already de,·elopcd, 
then two lakclike bodies were seen, one at each end. Finally, a still 
later stage showed the chromosomes in two anaphasic clumps and a 
lake area encircled the entire figure. 

There is a critical time beyond which the colchicinc docs not stop 
cleavage, but then a f-luidit y may be developed around each set of 
chromosomes even though separate cells were formed. 

The disintegration of amphiastcrs was rapid, and restitution nuclei 
were formed after a scattering of chromosomal portions was obtained. 
The destruction of the mitotic spindle at mctaphasc blocked cleavage 
effectively. Thus, the spindle components are vitally important to 
cleavage. The independence of the spindle action and a rhythm of 
viscosity changes of the cortical layers, independent of mitosis, have 
been demonstrated. The two processes may go on simultaneously. 
These have been shown by methods for observing the changes at the 
outer layer of the cytoplasm.20, 12 

There can be no doubt that spindle fibers already formed can be 
destroyed. The specificity between drug and fiber is necessary for such 
action. A confirmation from materials representing diverse biological 
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sources has been efiecti vel y concluded. Therefore, colchicine acts 
either by an inhibition before mitosis or by destruction after spindles 
have been formed. 

3.3--1: The jJo[arization microscope. Submicroscopic structures 
were followed with an improved polarization microscope adapted for 
specific biological purposes. The birefringence pattern is clear because 

fig. 3.3-Effects of colchicine upon first cleovoge in Arbacia punctulata. The area where 
colchicine causes spindle destruction is a "lakelike" body. Compare A, the control, with 
B, a treated metaphase. A. Spindle fibers of untreated egg at metaphase. B. Colchicine 
applied when egg was at metaphase, both polar areas laked and chromosomes are 
clumped. 0.0002 molar concentration of colchicine in sea water applied l 0 minutes 
after fertilization, temperature 22° to 24.4°C. C. Prophase when treated causing lique
faction of spindle and asters at one side. D. Spindle destroyed, chromosomes separated, 
but no cleavage furrows. E. Three groups of chromosomes. F. four groups of chromo
somes with laked areas around each group. (Drawings adapted from photomicro
graphs by Beams and Evans, 1940) 

spindle fibers are optically anisotropic. The fibers, therefore, shine 
brightly, as compared with a dark grey for the chromosomes. 

The disappearance of the spindle was correlated with the disappear
ance of the birefringence pattern. Therefore, as colchicine acted upon 
the spindle, a reduction was noticed by a definite fading out of the 
light pattern. Obviously the fibers changed their form under an attack 
bv the chemical. This general procedure made it possible to perform 
some critical experiments.47 

The first maturation division of the egg, the metaphasic spindle 
of a marine annelid worm, ChaetoJ;terus jJergamentaceus, was chosen 
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for these experiments.47 Normal mctaphasic patterns arc well known 
for this species at 25°C. Thus it was possible to judge the exact time 
when a fully formed rnetaphasic spindle could be expected. Accord
ingly, at this stage, the spindle fibers shone brightly and chromosomes 
were less brilliant against the light background of spindle fibers when 
viewed through this polarization rninoscopc. 

An egg cell in metaphase immersed in colchicine-sea water. showed 
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Fig. 3.-4-The average time for disappearance of metaphasic spindle of Chaetopterus 
egg, disappearance measured by polarized light pattern. The stronger the concentration, 
the shorter the time for complete disappearance of spindle. Temperature of sea water 
25 ° C. (Adapted from Inoue, Experimental Cell Research Suppl. 2:305-1 8. 1952) 

a steady disappearance of the spindle. This meant that colchicine \\·as 
destroying an already formed mctaphasic spindle. The rate for a dis
appearance was directly correlated with concentration. In line with 
previous data, then, the greater the concentration, the more rapid the 
destruction of the spindle. Figure 3.1 shows these relationships 
clearly. For example, in one test, the disappearance of spindle occur
red in 30 minutes with the concentration 5 X ]0-4 M. Hut an increas
ing concentration (5 X I0-3 M) reduced the same stage of a spindle 
within 3 minutes. Moreover, these observations were made by con
tinuous records from Ii ving cells and not fixed structures.47 

By an entirely new technique the destructive action of cokhicine 
was traced from a fully formed metaphase spindle to the complete 
disappearance. Finally, the quantitative relation between concentra
tion and disappearance supports the proposition that specificity has a 
quantitative basis. 
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Several other similar observations were made at the same time 
spindle disappearance was studied. The continuous fibers arc the first 
to disappear along with the astral rays. These observations confirmed 
previous work. Accordingly, the last fibers to lose their birefringence 
were the chromosomal fibers. These data also fit other results. The 
order in which the component spindles disappear is important to an 
explanation for the star mctaphasc. Active chromosomal fibers and 
suppressed continuous fibers create the star figure. 

\\'bile stronger solutions cause the most rapid disappearance of the 
spindle, the shortening of the spindle during its disappearance is not 
the same for each strength. Rapid destruction showed very little 
shortening, whereas weak solutions, which require a long time, showed 
much shortening during destruction. The shortening process carried 
the chromosomes up to the periphery of a cell. "\,Vhile this reduction 
in length of spindle occurred, the chromosomes were always main
tained at a midway point between two poles. At the same time 
chromosomes retained their metaphase position on the equator. 

.\nothcr important detail was noticed just before the final dis
appearance of the metaphasic spindle. The chromosomal fibers were 
the last to disappear, and as soon as the last vestige of spindle faded 
out. the chromosomes scattered. Their position in the equatorial 
plate evidently was maintained by chromosomal fibers. Thus chromo
somal fibers are responsible for equatorial orientation. Chromosomal 
fibers once destroyed caused a scattering of the chromosomes and a 
tvpical exploded mctaphase. 

Spindle rctarda tion, measured in millimicrons, showed that changes 
in spindle measured against time, and plotted accordingly, showed a 
rapid decrease at first then a slowing down of this process (Fig. 3.5) . 
. \n exponential decay curve was obtained for this activity. 

Confirmation of an action of colchicinc along similar lines was 
obtained by a phase contrast microscope in which no spindle fibers 
,rere detected 24 hours after treating testis cells of Melanoplus di[fe1-
rntiafis with colchicinc.ll0 Ry other methods and with different chemi
cab. the spindle fibers were studied as bodies that operated during 
a mitosis. These could be destroyed, or transformed into other 
structures. The net result was c-mitosis.46 

Fibers that appeared anisotropically active, linearly differentiated 
with micellar particles arranged end to end, changed in their 
structural pattern. Birefringence showed that colchicine destroyed 
the fibrous arrangement progressively, step by step. First the con
tinuous fibers and asters disappeared, then the chromosomal fibers. 
These critical tests with a polarization microscope deal a solid blow to 
the argument that spindle fibers are cvtological artefacts. Not only can 
the spindle fibers be demonstrated by a light pattern but their changes 
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under an influence of colchicine are traceable. Finally a quantitative 
relation between concentration and rate of spindle reduction has been 
established (Figs. 3.4 and 3.5) . 

3.4: Changes in Spindle Form 

The Alliurn root tip cells treated by the research group at Brussels 
showed that a differentially stainable body was formed in the col-
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Fig. 3.5 - The shortening of spindle as it disappears differs according to the con
centration. The strong solutions cause rapid disappearance and not much shortening 
of spindle. The width does not change as much as length of spindle. Measurements 
of retardation in millicrons show rapid retardation at first, then gradual slowing toward 
the end. Top g:-oup shows decrease in length compared to width for two concentrations. 
Bottom group indicates the sharp drop at the beginning and slower rates of retardation 
until final disappearance. (After Inoue) 

chicinized cells. 21' The chromosomes were clustered about this body 
(Fig. 3.6). Such structures persist through the interphase and be

come prominent in the large amoeboid restitution nuclei (Fig. 3.6). 
Although the relation to spindle was not suggested until later,63 , 85 

the role of the deformed spindle has been mentioned for a number of 
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cases. Specifically, this was called the achromatic sphere and the 
pseuclospindle. Related to this same structure from observations 
,rith neuroblasts is the hyalinc globulc.37 

These bodies do not show polarity, their staining properties arc 
distinct from cytoplasm, and their relationship to spindle material or 
karyolrn1ph is a good one. IL was be lieved that the c-pa1rs regularly 

Fig . 3.6-Cell of Allium root treated with colchicine showing the spindle substance around 
which chromosomes are grouped. Another amoeboid nucleus shows the influence cf this 
substance. (Photomicrograph made from slide of the A. P. Dustin Collection, Univer
sity of Brussels. An unpub lished photo similar to diagrams by Havas, Dustin, and Lits, 
1937) 

assoc iated around the pscuclospinclle, and that this structure accounted 
for the exp loded meta phase. I ndced the chromosomes were d istributed 
by this body, and the specific distributed c-mitosis was seemingly re
lated to the pscudospindle, but no further direct associations can be 
made.:n , u3 , Gl Different subjects tend to show different kinds of 
material. The clear area around chromosomcs17 and the lakelike 
bodies of A ruacia may all be related to these delormcd spindk 
materials. 
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Some materials, such as SjJinacia1 and Lepidium,11 do not sho,\· the 
body. Not all cells of Alliurn develop the achromatic sphere. There 
may be some progressive relational development, or a specific con
centration may be required for producing the achromatic sphere and 
other similar bodies. That a definite progressive stage is followed was 
carefully shown by the work with neurohlasts. 

Until the final answer is obtained, our present observations ha,c 
led to the idea that fibriform materials, that is, substrate making the 
spindle fibers, are converted into a corpuscular form instead of the 
usual fibrillar arrangements. Colchicinc plays a role in directing the 
spindle fiber substance into these modifications noticed for many 
cells. The course of development of the spindle to its disappearance 
in neuroblasts and the progressive enlargement of the hyalinc globule 
as the spindle fibers disappear, point to the fact that a spindle 
material is converted into another form and this form is shown by 
the hyaline globule. Such a body has definite optical characters, size 
relationships, and is, in fact, a structure that must be given serious 
consideration as a changed form of spindle substrate. 

If the globules form at prophase, then karyolymph is suspected to 
be the original material. When metaphasic and anaphasic stages arc 
studied, the spindles have been developed and quite another ,icw 
comes into focus. In such cases, colchicinc progressively reduces or 
destroys the spindle, and globules form as spindles disappear. Such 
globule formation requires a longer time at mctaphase or anaphase 
than at prophasc. Again, both concentration and stage of spindle arc 
important factors in con,crting the spindle into globules:17 (cf. Sub
section 2.4-3) . 

When 25 and 50 X 10-6 M colchicinc solutions are applied during 
anaphase, the spindle disappears and a hyaline globule forms:n (Fig. 
3.lD). The globule occupies a position near one of the poles. The 
formation of a globule, as the drug acts, leads to a correlation between 
spindle and globule. Since concentrations determine spindle de
struction, the globular formations arc likewise dependent upon con
centration. These facts are clear. 

In agreement with reports on the hyaline globule specifically noted 
in treated neuroblasts, a similar structure, the achromatic sphere, has 
characteristics in common with the hyalinc globules. Very likely 
these are similar, just as the spindle fibers of mitoses in cells of plants 
and animals have certain similar properties. Characteristics of the 
hyaline globule are: (I) it is spherical; (2) diameters vary from 3 to 
15 microns; (3) rate of formation is related to speed of spindle de
struction; (4) it is opaque, homogeneous, of high viscosity, not sur
rounded by membrane, and is optically indistinguishable from karyo
lymph or spindle; (5) it tends to lodge at top of cell while chromo-
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somes settle to bottom.H Finally after all these characteristics are cited, 
the fact remains that in colchicine-trcated ncuroblasts, the hyaline 
globule increases when disorientation of chromosomes and spindle 
destruction take place. Observations such as these support the idea 
that, as colchicine acts, spindle structure becomes altered rather than 
annihilated. 

The spindle fiber analyzed by electronic microscopy can be de
scribed as compound, measuring from 600 to 800 A at the polar cap 
stage.82 \Vhen colchicine is applied to Allium root tip cells for 30 
minutes, the fibers lose their compactness. After one-hour exposures 
the fibers are disoriented and fragmented. After 2 hours the fibers 
appear swollen as well as increasingly fragmented. In the untreated 
cell, fibers remain as such regardless of the type, whether they be 
chromosomal fibers, continuous fibers, or fibers of the polar cap stage. 
\Vith long exposure to dilute solutions or short exposure to stronger 
concentrations, a decided swelling and a tendency toward "solubili
zation" of their substance were apparent. 82 

3.5: The Arrested Metaphase and Spindle Mechanisms 

Interaction between colchicinc and spindle fibers ultimately de
termines the arrested mctaphasc. The two types, oriented and un
oriented,2 both depend upon several variables existing during a treat
ment or during a recovery from the drug. As mentioned before, con
centration of colchicine, mitotic stage at time of action, length of ex
posure, recovery processes, type of cell, and conditions favorable to 
mitosis, all play an important role in the production of the particular 
arrested metaphase, whether oriented or unorientecl.~7 

.\ pattern such as the star metaphase (Fig. 3.lC) is far too regular 
to be regarded wholly as a random occurrence. During a recovery, 
the star is characteristic, as is also the multiple star (Fig. 3.IF). These 
t,pes do not reach a peak in a recovery until some time has elapsed 
between application and the dissipation of drug. A majority of the 
bipolar mitoses follow the star mctaphases, thereby indicating that 
recovery was nearing completion. The star metaphascs arc the last 
colchicine effects to appear during recovery. The Triton material that 
,,·as fixcd2 directly out of colchicinc and stained at three hours and 
at succeeding intervals, shows that stars appear at once and build 
up much faster than in Triturus. 74 \Vhen the stars reach a peak in 
Triton, unoriented types, rather than bipolar mitoses, become the most 
prominent mitotic figures . 

..\.ny pattern, whether star or exploded mctaphase, should be re
garded as a response to colchicine, operating primarily through the 
,pindle fibers. Two basic components arc accepted as established for 
plants and animals; these are (I) continuous fibers and (2) chromo-
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somal fibers (Fig. 3.1). Sometimes these two arc called the exterior 
and interior spindles," or the ccntrosomic and ccntromcric spindlcs.74 

The birefringence pattern for a metaphasic spimllc47 in Chae
topterus egg, disappearance due to the action of colchicine, registers 
the fading of continuous fi bcrs and astral rays first, while the chromo
somal fibers arc the last to disappear. Action upon astral rays before 
the interior portions has been demonstrated with other material_!!' 
Hence, data on the living cell and on fixed tissue are in accord as to 
the action upon the several parts of the total spindle. 

Accnaphthcnc is 1000 times slower in action upon a spindle than 
colchicinc."'' This slower activity permits a belier analysis, because 
the exterior spindle is destroyed before the interior. Colchicinc acts 
so totally and abruptly that this delicate difference is frequently mcr
lookcd. Until the threshold concentrations arc employed, a partial 
action showed that colchicine in dilute solution, like accnaphthcne. 
destroyed the exterior spindle before the interior. That is, continuous 
fibers arc first to be affected. This experience is like dissecting an 
organism into its essential parts."" 

Certain concentrations of colchicine applied to the mctaphasic 
spindle in ncuroblasts cause star formations (Fig. :l. l). The con
tinuous fibers arc inactivated, but chromosomal fibers remain intacl. 
The centromeric portions of chromosomes arc drawn to one focal point 
(Fig. 3.1). There, however, is another way to produce a star meta
phase in ncuroblastic cells. To obtain the correct concentration for 
prophasic treatment, enough colchicinc is used to inhibit the con
tinuous fiber in its development, but such a concentration does not 
act in the same manner on the chromosornal fiber. These interactions 
lead to a star mctaphase. 

Now a final explanation for Triton~ and Trit11r11s•·1 appears to be 
at hand. Triton cells 1'C111ovcd from colchicinc show star metaphases 
at 3 hours, build up to a peak within 12 hours, and arc succeeded IJ\ 
unoricntccl mctaphascs. Colchicine acts progressively more strongly 
as the peak is being built. During the action, continuous fibers "·(TC 

destroyed before chromosomal fibers. giving cause for stars in Trz/011 

cells. Finally, the whole spindle was inactivated when cokhicine 
reached full effect and unoriented types took precedence (cf. Chapter 
2). Inspection of data from Triturn.1 74 leads to _another observation. 
The stars appear later, and after the peak is reached, the hipola1 
mitoses occupy the prominent position among dividing cells. As 1-c

covery was taking place, the colchicinc was becoming more dilute .. -\t 
a certain point the continuous fibers were inhibited hut not the 
chromosomal fibers. Then at last, both continuous and chomosomal 
fibers developed, and bipolar mitosis predominated among the divid
ing .cells. Among cells of Triton the stars appear as the effect of col-
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chicine begins. The stars were the "arrivals" in this case. vVhile 
Tri I II rns cells developed, the star showed that the effect of colchicine 
\\·as "departing." 

\\'e may conclude that the star forms when centriole, centromere, 
and chromosomal fibers interact while continuous fibers are sup
pressed. :\ mitotic polar metaphasc appears much the same as the 
,tar. but the latter has very small, if any, stainable achromatic core. 
The size differences have been demonstrated in several instances.74 , 8 , 37 

Chromosomes occasionally fall outside the star cluster. Lagging 
chromosomes may be observed in untreated cells. Neuroblasts, treated 
,rith wry weak solutions of colchicine, consistently show lagging 
chromosomes. The lost chromosome is confirmation that a partial 
spindle inactivation takes place when these particular types form. 69 

.\Iultiplc stars (Fig. :l.2j) arc basically the same as the single star, 
except for several focal centers instead of one. If two or more chromo
,orncs fell outside the first star, a second could form. This type is most 
common when cells arc recovering in A lliurn root tips. Increasing the 
nurnbcr of chromosomes shows a corresponding increase in the 
number of multiple stars. Multiplex stars have been demonstrated in 
both plants and animals, during recovery as well as during active 
treatment. Trit11rus showed the bimetaphase and trimetaphase, equiva
lent to rnultipolars, five to six days after recovery. 74 

Distorted stars~ are not proved as easily as the star formation. Two 
explanations have been given. One, the action is a response of centro
rneres and a centrosornic center, but the staining procedures did not 
bear out these assurnptions. Two, the hyaline globule which forms 
,rhen spindle fibers disappear, becomes wedged between the chrorno
sornes, distorting the star.:17 Either explanation may be considered valid 
until more information is at hand. 

U noricntcd meta phases, such as ball, clumped, prophase-meta
phasc. or exploded types, do not show activity on the chromosomes or 
any part thereof. The term 1111orie11ted is entirely appropriate2 for 
such figures (Fig. 3.1 G, 3.2d) . 

. \n cxplodctl or scattered arrangement has been observed in many 
plants and animals (d. Chapter 2). If the disappearance of a meta
pha,ic spindle is followed by the birefringence pattern,47 one may 
assume some mechanical explanation for the exploded type, for as 
sum as the spindle disappears completely, the chromosomes seep1 
to scatter as if they were held on the equatorial plate to the very last 
moment. Disappearance of the continuous fibers did not permit the 
-cattering. Not until chromosornal fibers disappeared did the chromo
some;; disperse. This confirms that the exploded rnetaphase originates 
when both chromosomal and continuous fibers are destroyed. Such 
obsenations support the concepts that a full c-rnitosis may invoh-e an 
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exploded rnetaphase and that complete spindle inactivation is funda
mental to the unorientcd type or full c-mitosis. 

Presence of the pseudospindleH1 or the achromatic sphcrc8 ••. 7 (Fig. 
3.9) has helped to explain the scattered arrangement in some cases, 
notably in Allium root tips (Fig. 3.7). (>pairs arc closely appressed 
around an achromatic sphere. But comparable cells in regenerating 
liver exhibit excellent exploded metaphases without a stainable 
sphere. Other scattered types are not comparable to the special case 
of Allium. 

The assumptioni that a single centrosomic spindle operates in 
pushing the chromosomes to the periphery of the cell is hardly ten
able, for staining has not proved the case, nor have the other tech
niques subtantiatcd such mechanisms. It would hardly be consistent to 
classify as an unoriented type, one that had such a mechanism as a 
central spindle pushing the chromosomes to the edge. 

Whatever the final answer will be as to their disposition, the, 
seem profusely scattered, and seem to lie in the cytoplasm as if each 
repulsed the other. 

The exploded metaphases are a striking type. 14 • rn They would 
seem to result from the total inactivation of both the continuous and 
the chromosomal fibers. 

The ball mctaphase is more common than the exploded meta
phase; it increases in frequency as the concentration increases. A 
toxic or poisoning action is logically the basis of a ball metaphase. 
The chromosomes are definitely unoricnted and arc often massed in 
a clump. For that reason the c-mitosis has been called cl urn/Jed, a type 
related to the ball metaphase.aa, 77 

Prophase-metaphase formations (Fig. 3.2) are more nearly de
scribed by the term arrested projJhase (cf. Chapter 2), for they represent 
leftover prophasic arrangements. With no spindle action, chromo
somes remain stranded in a prc-prophasic arrangcmcnt.'1:i In fact there 
is complete inactivation. Prophasc orientations arc not neccssaril) 
disturbed by colchicine, as noted for DijJCadi."5 Herc the chromosome:, 
arc disposed in a pattern determined by the previous tclophase. If 
the concentration is partially inactivating, a star metaphasc results: 
total inactivation leads to the prophasc-mctaphasc typc.~4 · 78 The pro
phase-metaphase merges into the ball mctaphase and clumped meta
phase depending on the concentration. There may be return by re
covery to a multinucleate cell. The prophase-mctaphase and clumped 
c-mitosis seem to be more characteristic of meristcmatic cells of stems 
than of roots.96 

Distributed c-mitoses have attracted much attention because they 
were described as a "somatic meiosis" (cf. Chapter 2). These are a 
subtype of the exploded metaphasc. The main difference between 
exploded and distributed mctaphase is seen in the disposition of the 



f ig. 3.7- Allium root cells treated with colchicine. A. Cruciform c-pairs associated around 
the spindle substance. At bottom of group one pair is completely separated in c-ana
phase. The timing of separation is upset as well as delayed. B. C-pairs with arms fully 
repulsed. A light, unstained area surrounds the chromosome. C. Chromosome reverting 
ta interphase; dechramatization has occurred. Chromosomal framework associated with 
the central substance. D. An amoeboid restitution nucleus around the pseudospindle or 
achromatic sphere. The end of at least one c-mitosis . (Photomicrographs furnished by 
courtesy of Dr. C. A. Berger, Fordham University, N. Y. After Berger and Witkus, 1943) 
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c-pairs. Polar grouping, of c-pairs typilj· the distributed mctaph;N". 
whereas exploded meLaphascs arc nonpol;u; Unqucsu·onabli; rhe 

distributed c-mctaphase was clearly illustratccl in pollen tubc,.:::i The 
distributions were equal and w1equal. '/11cy were not conceinxl as a 
somatic meiosis. In root tips, naphthalene acetic acid and colchici11e 
increased t.he number of distribwecl c-mitosc, compared with either 

chemical alone. Oilier chemicals increase this type even more than 
colchicine. 

3.6: Spindle Disturbance and Cytological Standards 

Spindle disturbances in planls may be classified rn three catc
gories:73 (I) full inactivation, stathmokinesis,28 (2) partial inacti
vation, merostathmokinesis,:1~ (3) slight disturbance in orientation, 
tropokincsis.:18 , 20 All these types are produced by colchicine, as al
ready pointed out. If one wishes to make comparative studies "·ith 
other chemicals known to influence mitosis, well-defined cytological 
standards of judgment are needed to classify reactions as either dis
turbed or normal. If the reaction is disturbed, it is important to dis
tinguish the type according to velocity or strength of reaction. The 
most reliable criteria appear to be those based upon tests at tclophase, 
rather than at earlier stages.n 

Abnormal chromosomal disLribuLions may be caused by spindle 
disturbances in three degrees: first, multipolar; second, apolar: and 
third, unipolar. \Vhcn three or more groups of chromosomes join so 
as to form discrete groups, partial spindle disturbances are oln·iou,. 
These were carefully noted under the general type, mcrostathmoki
nesis?8 or under the present classification as multi polars. Howe\ er, 
complete destruction or inactivation leaves one single group, or there 
may be two groups with no evidence of spindle function. This is the 
apolar distribution. Another specialized disturbance is the close gather
ing at one focal point described before as the star mctaphasc: this t,pe 
becomes unipolar at telophasc.n 

Colchicine (0.005 per cent) applied to Allium root tips for 46 hours, 
increases the percentage of Lropokinescs. The controls may show as 
many as 10.5 per cent, but treated root tips raised the frequency to 
21.3 per cent. These disturbances arc the first-order changes occurring 
at threshold concentration/ii and arc the first signs of spindle dis
turbance. 

3.7: Cytoplasmic Division 

N uclcar mitosis and the completed process of cell di vision are not 
synonymous, because the nuclear processes and cytoplasmic processes 
taken together make up cell division. Truly, karyokincsis (nuclear 
mitosis) and cytokinesis (cytoplasmic processes) arc very highly intc-
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grated, and are closely coordinated processes.6 One cannot always 
mark the separation between the processes. For this reason and per
haps others, biologists use the term mitosis as completely synonymous 
\\·ith cell division, when mitosis is only one aspect of a dividing cell.46 

"'hen colchicine acts during a division, the significance of what 
has been noted for mitosis and cell division becomes apparent. The 
multiplication of chromosomes continues in the presence of the drug 
at a certain concentration, whereas the total absence of spindle fibers 
prevents the movement of chromosomes to the respective poles. In
hibition of fibers has one drastic effect on the cytoplasmic phases of 
cell division: the cytokinetic processes arc completely eliminated . 
..\.mong animal cells the cleavage processes arc somewhat specific and 
re,pond to colchicine in a unique fashion. These aspects arc discussed 
in the next section. In plants no cell plate is formed, and phragmo
plasts are prevented. For organization purposes these are discussed 
separately from animal cells. 

3.;-1: Clem1age jJrocesses in animals. Marine eggs have been sub
jects for studying the mechanism of cell division since the pioneering 
work of Hcrtwig, Boveri, and vVilson. The sea urchin, Arbacia 
Jm11ct11lata, was therefore a logical selection for Nebel and Ruttlc72 

\\·hen, in 1937, they wanted to analyze more completely the activity of 
colchicine. They established that 10 4M concentrations block cleavage. 
Even a concentration of 0.0002 M inhibits cytoplasmic divisionfi if 
applied 22 minutes after fertilization at 22° to 24.4°C. At this time 
eggs are in prophase, mctaphasc, or early anaphase, and spindle mecha
nisms arc inhibited or destroyed by colchicine (Fig. 3.3). 

If nuclear mitosis passes a certain stage, cleavage is not stopped 
bv these concentrations. Therefore, a critical point is reached beyond 
"·hich destruction of spindle apparently has no effect. These points 
emphasize a close integration between nuclear mitosis and cytokincsi~. 
:.!n. Hi. H.".i 

Specific objectives were outlined to determine precisely up to 
"·hat stage or stages in the mitotic cycle treatment was effective in 
blocking cleavage and at which stage rnlchicinc was no longer effec
t in·. The results showed that suppression of cleavage by colchicine 
follows a particular course on the basis of fertilized eggs of Arbacia 
Jmnctulata. 3 The eggs were allowed to stand 10 minutes after fertili
zation; then different lots were placed in colchicine at 2-rninute inter
, als during a GO-minute period. By this test, a lapse of 22 minutes be
t\1-een fertilization (22° to 24A°C.) and the addition of colchicine was 
found as the critical period, because cleavages were not blocked after 
that time (Fig. 3.3). The mitotic stages most generally present at 
this time were prophase, metaphase, and possibly early anaphase, each 
of "·hich was affected by colchicine. These stages regularly precede the 
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usual furrowing process by about 10 to 1,1 minutes. Therefore, after 
the critical mitotic stage, anaphasc was passed, the furrowing pro
cess started, and after that point colchicine did not inhibit cleavage 
of the cell into two parts. 

Similar results were obtained from tests~0 using the starfish. 
Asterias forbesii; the sea urchin, Arbacia Jmnctulala; sea urchins from 
Bermuda, Trijmeustes esculentus and I,ytechi1111s 11ariegat11s; and the 
sea slug, Chrnrnodoris sp. ]n all cases, the key for inhibiting cleavage 
was anaphasc. The concentrations varied, but otherwise the general 
plan was very similar for all tests. Once the eggs passed metaphase, 
cleavage could not be altered by dosages of colchicine that destroyed 
the mitotic spindle. If threshold concentrations were used at meta
phase, furrowing almost divided the egg, and a regression then set in. 
This showed that the final closing of cyroplasrn is distinctly a process 
dependent upon the spindle. Cases such as these emphasi1c the inter
dependence between karyokinesis and cytokinesis as processes of cell 
division that involve nucleus and cytoplasm. 

Cytological evidence for action by cokhicine is obtained from the 
lakelike bodies appearing where astral rays and spindle fibers nor
mally should be found'' (Fig. 3.3) . One lake body indicates pro
phase; two, one on either side of a dumped mass of chromosomes. 
point to action at rnetaphasc; and two clusters of chromosomes can 
be taken as evidence for disturbed anaphasc. All these prevented 
cleavage. 

Furrowing is dependent upon viscosity changes, ;.lml once processes 
begin, apparently colchicinc docs not stop cleavage. In an effort to 
correlate such changes with the cleavage process, centrifugal experi
ments were run, but not all results arc in agreemcnt.7 The addi
tional evidence ii 7 for viscosity or rigidity relationships and nuclear 
mitosis as well as cytoplasmic division are discussed under the mecha
nisms in the last chapter. 

A demonstrated fact emerges that cleavage is averted if achro
matic figures arc destroyed before a certain mitotic stage has been 
reached. Of course, concentration variabilities arc important. but 
the blocking process appears to be an "all-or-nothing" effect; there
fore, either nuclei divide and there follows a cytoplasmic division, or 
an arrested mitosis precludes daughter cell formation. For example. 
chromosomes, scat tercel as a result of colchicine, form micronuclei. 
and no cytoplasmic division takes place."• rn. 14 On the other hand, re
covery among a number of star mctaphases may eventually lead to 

the cytoplasmic division, because spindle inactivation is not complete. 
Depending upon concentration, cleavages may be retarded or 

stopped (Fig. 3.3). The germ cell of Trilurus hel-uetirns L. does 
not cleave if a I :500 colchicinc solution is used_H:i Regeneration of 
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thl' spindle may determine the course of cytokinesis. These data 
h;l\e been limited mostly to eggs, where the principles of cytokinesis 
in relation to the mitotic mechanism arc better observed than among 
other animal cells. Further data on the action of colchicinc on eggs 
arc to be found later (cf. Chapter 8). 

ln those cases where a lowered viscosity is related to mitosis, it is 
a.ssumed that the gelation-solation phases are influenced.4 If solation 
conditions destroy spindles, then lowered viscosity acts accord
ingly. Spindles arl' inhiliitl'd because colchicine acts upon a mechanism 
t!1at changes the solation conditions. But viscosity changes may be 
sccondarv effects while other mechanisms operate before cytoplasmic 
changes take placc.i'7 

Birl'fringence tests show that the normal variations of the cortical 
!aver of eggs of the sea urchin, P.rnrnmechim1s rniliaris, presumably 
S\ chronizcd with spindle and rnonaster expansion, are entirely inde
pendl'nt.70 The spindle and viscosity changes in the cortical layers 
may go on simultaneously, yet remain independent. Rhythmical 
,urface changes of eggs of Tubif ex were not modified by arrest with 
colchicinc. This further substantiates the premise that cytoplasmic 
processes arc not entirely controlled when the mitosis is controlled. 

ln the ncuroblastic cell, lowering of cytoplasmic viscosity was 
\'isiblc through the increased activity of mitochondria.~n Brownian 
mmcmcnts were usl'd to indicate the changes. Chromosomes settled 
to the lower half of the cell when spindles were completely destroyed. 
Disappearance of the spindle and a more rapid Brownian movement 
\\·ere correlated. The notable decrease in viscosity was suggested as a 
consequence of a decrease in the content of ribonucleic acid and 
phosphorus at the time cokhicine acts upon mitosis.:rn 

1.1~2: Cell plate formation in j1lants. The continuous fibers form 
the spindle of cytokinesis upon which the cell plate forms. Between 
the spindle and cell wall a phragmoplast completes the fibrous struc
tun· and the cell plate across the cell."·!>:, Since colchicine destroys 
or pren:nts continuous fibers, there is no spindle of cytokinesis or 
1ihragmoplast. 

During recovery and regeneration of the spindle, various abnormali
tic, may be seen, but these processes are characteristic only in rela
tion to recovery and reversible effects of which the cells are capable 
after colchicine. 

By the special techniques for applying colchicine at certain stages, 
the phragmoplast has been tested specifically with regard to the role of 
the drug acting upon such structures already formecl. 93 If the 
phragmoplast is in formation, colchicine can reverse the process, 
changing the fibers back to a fluid stage, a kind of cytoplasmatization. 
E\en rudimentary cell plates and the beginnings of septa from each 
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side are arrested. Under these conditions further development 1s 

arrested, and chromosomal bridges extend between the ccllsY3 

Direct destructive action upo11 cell plates was recorded also in 
wheat root tip cells. Generally, the absence of spindle determines 
the formation of a restitution nucleus prcc:luding any form of cyto
kincsis as well as daughter nuclei.3:1, ""· 89 , ni, H2 The interrelation 
between cytokinesis and mitosis is shown by the effects of colchicine. 

By centrifuging root tips treated with colchicine, a much greater 
displacement of chromosomes against the centrifugal wall was found 
among treated cells than among the controls. The action of the drug 
was interpreted as an effective lowering of cytoplasmic viscosity. 

Alliurn root tips treated with colchicine at varying- exposures werl' 
centrifuged to determine changes in structural viscosity of the achro
matic figure. The decrease in viscosity was indicated. Moreover, 
there was a low viscosity at eight hours, when c-mitosis was at a peak. 
After return to normal bipolar mitosis the viscosity showed mcreases 
paralleling these recovery processes. 

Another view somewhat opposed to that expressed above has been 
presented. Since the spindle fibers are inhibited and no achromatic 
figure is present to hold the chromosomes in position, greater dis
placement may take place regardless of viscosity change. The centri
fuge tests merely show that the spindle fibers arc lacking. Supporting 
this view are the observations on cyclosis in FlodPa, which does not 
seem to be changed by colchicinc. 

Additional tests showing chang·cs in viscosity among plant cells 
are reviewed in Chapter 4. 

3.7-;: Cytoplasmic constitun1ls and ffll organites. The ccntro
some, a self-perpetuating body outside the nucleus, becomes inn>hcd 
with spindle destruction. Its activities arc depressed along with 
those of the spindle mechanism. Several centrosorncs may accumulate 
within a cell treated with colchicinc, hence the formation of multiple 
stars. Each star probably represents a ccntrosomic body. These were 
carefully demonstrated in Triturus viridr'scens. 

A confusion arises from the mitochondrial picture and colchicinl'. 
Some say these bodies are affected by the drug; 10 others report no 
change.24 The concentrations as well as materials vary widely, but it 
would seem that some consistent reaction might be obtained. Ho\1-
evcr, until now we can only review the pro and con. l\Iodifications 
involving fragmentation, dispersion, reduction, as well as minor 
morphological changes have been seen after colchicinc treatments 
directed to: (I) Flexncr-Jobling carcinoma of rat, (2) liver cells 
of rat,41 - 42 (3) cells of certain orthoptera, (;yrllus assimilis and 
Melanoplus differcntialis. 26 No mitochondrial modifications are re
ported for ncuroblasts in CliorlojJl/(/ga 11iridzfasiata,:n an obsena-
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contrast observation of Siredon erythro
nnde by the junior author (un-

Root mcristematic mitochondria tended toward constrictions and 
fragmentations after exposures to colchicine for more than 25 hours 
(0.00:) M colchicine) (Fig. 3.!1) . Shorter exposures. 13 hours, were 
less effective. The relation between viscosity and mitochondrial shapes 
was believed valid.rn The mitochondria were demonstrated in Allium 
(Fig. 3.9) in which cases mitochondria did not penetrate the 

achromatic sphere (Fig. 3.9) (pseudospindle) about which the c-pairs 
seemed to collectY1 

\\"hile the Golgi bodies have not received the attention given other 
n toplasmic organi tes,:rn fragmentation and scattering of these bodies 
"-c1-c induced in adult mice by 0.1-mg. colchicinc injections.4:1 

.\fctabolic aspects of cytoplasm were demonstrated among tissue 
cultures by differential staining with methylene blue (I: 10,000). 
The arrested mitoses remained colorless while the cytoplasm of 
resting cells was diffusely stained. Untreated cells in division arc 
also colorless because methylene blue is reduced more rapidly when 
cells are dividing.:rn This suggests that arrested metaphase reduces 
methylene blue like a regularly dividing cell. This metabolic activity 
may provide an explanation for the eventual destruction of arrested 
mitoses in animal cells"n (cf. Chapter 2). 

"Bleb" formation occurred at cellular surfaces among grasshopper 
neuroblasts:n when mitosis was arrestee!. Also, notable cytoplasmic 
agitations were seen among fibroblasts treated with colchicinc and 
studied by cinematographic projection.17 These observations call 
attention to an unusual activity when cytoplasmic division is pre
wn ted by colchicinc. This agitation has been described by others 
using treated tissue cultures." 11 • us Changes at cell surfaces can also 
be induced by many other substances, such as mustard gas and ultra
' inlet radiations.·•!! 

Some observed cases do not indicate direct action by colchicine. 
The marine eggs of Ps11111meclii11us milzaris observed £or birefringence 
characteristics indicated that actions in the cortical layers were inde
pendent of mitotic arrest. 70 Tu!Jifex eggs provided additional cases 
for observing the relation between changes in cytoplasmic viscosity and 
mitotic cycles.ns 

3.8: Reversible Characteristics of the Spindle 

Let us summarize what has been detailed from Chapter 2 up to 
this point. If we compare a colchicine-mitosis (c-mitosis) with a 
regular mitosis, our first impressions might well be the following: 
c-mitosis is mitosis without mctaphase, anaphasc, and telophase; 
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c-mitosis precludes cytokinesis; c-mitosis leads to a restitution nucleus; 
c-mitosis prevents daughter nuclear formations; c-mitosis stops the 
formations of daughter cells from a mother cell. Our summary im
plies - and similar implications can be found in the literature04 - that, 
whereas during c-mitosis the notable stages of a normal mitosis arc 
omitted, whereas a single nucleus is formed instead of two, and 
whereas one cell begets one cell, the whole c-mitotic process appears to 
be a quicker and shorter one. Seemingly, the reason for this is that the 
arrested metaphase is a bypass method ultimately short-circuiting, by 
the influence of colchicine, true division of a cell. Hut in realit,, these 
apparent abbreviations that would seem to shorten c-mitosis, require 
more time than a regular mitosis covering similar chromosomal traw,
formations. For example, one c-mitosis takes 0130 minutes compared 
with 155 minutes for a normal mitosis.ii" Furthermore, during the 
155 minutes, chromosomes become involved in metaphase. anapha,c, 
and telophase. During the 155 minutes, two cells each with a nucleus 
arc derived from a mother cell and one nucleus. In other words. a 
c-mitosis (430 minutes) that gives an impression of a shorter pro
cedure by omissions, actually takes 2.8 times longer than the corre
sponding control (155 minutes). 

These comparative figures arc accurate measurements from con
tinuously recorded cases of individual living cells, passing through the 
entire cycles of c-mitosis and mitosis, respectively. Contran to these 
time sequences, Ephedra pollen cells showed no difference between 
treated and untreated cells.M However, changes may have influ
enced these time sequences, so that transformations from prophase to 
interphasc took place without a delayed metaphase.n4 

As pointed out in Chapter 2 and summarily stated aboYc, a time 
scale comparison bet ween c-mitosis and normal mitosis is like pro
jecting a moving picture in slow motion. Action for 155 minutes is 
stretched out to 430 minutes. Now, most of this extra time is taken 
up while the chromosomes appear to lie scattered in the cytoplasm. 
unoriented because colchicine inactivated the spindle fibers, in rnn
trast to the metaphase-anaphase stages that arc oriented and acti,atcd 
by spindle mechanisms. \Ve may refer to this phase as the "intactness 
period" of the chromosomes. Chromosomes retain an individuality, an 
intactness, ten times longer under cokhicinc than do those of the con
trol culture, because, out of 430 minutes, 249 arc relegated to an in
tactness period, against 23 out of the 155 in a control cell. Remem
bering that such data are taken from living cells continuously obscned 
and recorded, these facts are significant. 

After a c-mitosis is accomplished, the restitution nucleus forms a 
single unit that combines the chromosomes which regularlv become 
distributed equally among two daughter nuclei."'' Of course, a "pre-
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rocio11s reversion" from c-mctaphase or earlier arrested stages as well 
as a recovery in due course of time, often true for animals58 , 16, 24 , 76 , 

7 '· " 1 · s:i but not limited to them, creates a restitution nucleus or 
daughter nuclei with diploid numbers of chromosomes (centro
mcrcs), because in these cases a c-anaphasc does not obtain, under 
conditions of reversion or recovery, from an arrested stage. However, 
doubling of chromosomes can and docs take place among animal cells. 
,,1, ,,;, ,;;, 11. :i. 4, 2. x:1. 22, 74, ;;;;, x1. 48 Although this process of duplication 
is more common to plants treated with colchicinc, neither situation 
should be regarded as typical for one group or the other. Such gen
eralizations lead to false conclusions. 

Three statements concisely express the primary concepts: (1) 
c-mi tosis creates a polyploid restitution nucleus via c-mctaphasc-c-ana
phase-c-telophase processes; (2) c-mitosis by precocious reversion from 
c-mctaphase, or earlier arrested stage, may with exceptions, lead to a 
nonpolyploicl restitution nucleus; (3) c-mitosis may after due time rc
conT from the arrested stage and develop regular anaphase, instead 
of the c-anaphase, thus leading to diploid daughter nuclei. 

Greater than all these remarkable features is the underlying bio
logical principle of reversibility. vVhcn the cell, in contact with the 
drug for a gi\'cn time, is removed from the influence of colchicine, 
either by actual transfer or by allowing dissipation of chemical during 
a recm·cry period, the characteristics of reversibility come into focus. 5" 

Cells trca ted with optimal dosages that induce a c-mitosis creat
ing the polyploid nucleus, recover so that a normal mitosis may fol
low with a fully functional bipolar spindle. That is, a restitution 
nucleus can regenerate a bipolar spindle after the effects of colchi
cinc arc removcd. 28 

Regeneration among the restitution cells is permanent, and cells 
clc\elop spindle mechanisms in each succeeding division with rneta
phasc. anaphase, telophasc, and, of course, the doubled number of 
chromosomes. This new divisional process continues thus, as long 
as the cell lineage retains power to divide. Polyploidy is thereby main
tained and continued without attending cytogcnetic changes, except 
for those effects related to an increasing number of chromosomes per 
cell.·-• 0• i\'o one has demonstrated by careful cytogcnctic methods that 
colchicinc at optimal doses for a c-mitosis leading· to polyploidy, also 
increases the frequencies of mutations or chromosomal changes.3:1, n2 

Caution at this point is advised because mutations and chromosomal 
changes may occur independently of colchicinc but simultaneously 
with a trcatmcnt.:1:1 

The capacity of the cell to recover after a treatment, to regenerate 
a bipolar spindle following a c-mitosis, to reverse the inactivating 
effects of colchicine upon spindle; these arc, in our opinion, the most 
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striking and significant biological characteristics demonstrated when 
dividing cells of animals and plants come in contact with optimal 
doses of colchicine. 

3.8-1: Recovery in jJlants. Allium root tips transferred to pure 
water after specific exposures to colchicine are excellent materials for 
tracing recovery of the spindle mechanism. Very slight toxicity, if 
any, results from an exposure sufficient to inactivate the spindle com
pletely. Usually 12 to 24 hours in water give adequate time for first 
recovery stages.5", rn, 38. 01, H, 21, 25 

The regeneration of spindle runs a characteristic course, proba
bly representative of many plant cells. But most work has been 
done with Allium cejm L. specifically, and with root tips rather than 
stem tips, generally. By a characteristic course is meant the sequence 
of chromosomal groups from full c-mitosis to partial c-mitosis, then to 
bipolar spindles. During this course the obvious abnormalities appear 
in terms of normal mitosis_:rn, 40 , r.,,, :n. rn, ax. ui. 45 , 7 , ~ 1• 56 First, the chro-
mosomes group into what may be called multiple star formations 
(Figs. 3.G and 3.8) . There is no connection between the various stars 

of a single cell. The chromosomes may be somewhat clumped together. 
Shortly thereafter, asymmetrical and loose spindles appear. 

Cells with unusually high numbers are followed in the transition 
to normal mitosis. Extremely large cells with high numbers appeared 
in tissue cultures of plant cells.n~ The first hint that a cell is on the 
road to recovery shows in the telophasic stage. Chromosomes arc not 
condensed into one nucleus when first observed. Later each nucleus 
becomes perforated and filled with canals. Next the grouping of 
nuclei of a large cell is like a multiple ce1I,n 1 containing as many as 
twenty stars.''" Perhaps each star represents a regenerating spindle 
area. \Vhen telophase sets in, fibers running between each group lead 
to cell wall formation (Fig. 3.9). Thus, the large restitution nucleus 
containing many chromosomes, becomes divided into as many as 20 
small cells. rn, u~ 

The obvious reduction to many small units means reduced chromo
somal numbers. \Vhilc this is "somatic reduction," it docs not co1Te
spond to reduction through meiosis, except in the numerical changes. 
Certainly no qualitative genetic reduction takes place such as occurs 
in meiotic processes:>6 

After 3G hours most cells have nm their normal course. :'\. dia
gram correlating length of exposure to time for regeneration and com
pleted recovery, has been constructed."" The exposures, cm-ering i. to 
30 minutes, require between 12 to 24 hours for the first spindle regen
eration, and 36 hours for regular spindle. An increasing exposure, '.! 
to 72 hours, retards spindle regeneration to 2·1 hours, and delays com
plete recovery to 3G and 48 hours. This means that the longer the 
exposure, the longer the time for recovery. 
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Another view is obtained from the I-hour and 5-hour treatments 
"·ith SJ1inrffia root tips. In these cases metaphases were plotted dur
ing recovery. Complete recovery occurred within 48 hours if exposure 
,ras I hour, but 63 to 66 hours were required for a 5-hour exposure.7 

C\tological consequences in relation to treatment have been ana
h 1ed. The first tetraploid cell begins a second cycle after 30 hours,45 

Fig. 3.8-Recovery stages in cells of roots of Triticum treated with colchicine. A. Multi
polar groups of chromosomes, unequal numbers. B. Cell with a larger number of 
chromosomes showing that several cycles of c-mitosis had been accomplished. Upon re
covery, cell plates may form between groups. C. A large cell cut into several smaller 
ones, a characteristic recovery pattern. D. One cell divided into at least six cells upon 
recovery from the effects of colchicine. These cells do not survive but are replaced by 
diploid, tetraploid, or octoploid cells. (Drawings adapted from photomicrographs of Beans 
and King, 1938. Their Figures, 31, 32, 34, 35) 

octoploids at 72 hours, 01 and after 9(j hours, IG-ploid cells, or 128 
chromosomes, were in division.fit 

If one studies the entire root, some new facts come to our atten
tion that are more meaningful than any absolute ratio between time 
and number. Euploid numbers, multiples of 8, predominate so that 
mu ally the count reads Hi, 32, !i4, I 28, etc. There are very few poly
ploid cells near the root tip; in fact, after 72 hours diploid cells per
sist a little farther from the tip. Tetraploid and octoploid cells per
sist in even larger numbers. At the region farthest from the tip, where 
lateral root initials are found, giant lobed nuclei were plentiful.61 

These cells were crowded with chromosomes having as high as 1000 
c-pairs.''''· 5G In these cases no regeneration of the cell took place. As 
a rule, the nearer the root tip, the lower the chromosome number. Or 
in other words, a greater percentage of cells with high numbers i~ 
[ou nd in older portions of the root. 
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Just how far this accumulation can continue with hope for re
versibility to normal was answered by an elaborate test tl1at required 
a series extending over a long time. About 500 chromosomes is the 
upper limit beyond which no recovery can be expected, but I '.28 and 
64 make the most rapid recovery to bipolar spindle.r.5 

Lethal or toxic effects have been disregarded, but the drug ha., a 
growth-depressing influence if shoot growth is the index. The effects 

Fig. 3.9-Allium root cell treated with 0.05 per cent colchicine 32 hours, then fixed and 
stained with iron alum haemotoxylin. The lower cells show chromosomes around the 
pseudospindle. Shortened mitochondria do not penetrate the area of the pseudospindle. 
Large restitution amoeboid nucleate cell not in c-mitosis. (Adapted from Mangenot, 1942) 

of the poison may be expressed in growth differences between treated 
and control plants. Controls had leaf shoots 34 cm. long on the 
seventh day; .01 per cent of the treated plants grew to 15 cm. (about 
one-half), and 0.1 per cent of the plants were reduced one-fourth, to 
8 cm.55 

3.8-2: Recovery in animals. Recovery analyses in animals pre
sent difficulties not met in plant cells because animal cells arc not able 
to survive as long.28 - 9R, r,H A c-mitotic dose frequently becomes lethal 
to the animal, an effect that precludes recovery. Another difficul tv is 
the variation in toxicity between animals as well as the differences 
when dealing with warm-blooded and cold-blooded animals, and /or 
tissue cultures.53 , 93 
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.·\mong the first experiments at Brussels, 24 hours was considered 
a recovery time in mammals, and at 48 hours 28 , 58 , :n normally divid
ing cells were in abundance. Many cells degenerated before 24 hours. 
Results with Sirr:don and Xerwjn.1s have been discussed in Chapter 2. 

Generally, 5 to IO hours represented the duration of arrested mam
malian mitoses, while in cold-blooded vertebrates mitoses may remain 
arrested for several days. 

Certain trends are seen not only in the recovery figures with Tri
/ urns viridcsc'('ns,74 but also in the recovery frequencies in corneal 
tis~ues. 18 , 30 A cornea is treated and then allowed to recover. The 
maximum arrested mctaphascs observed at the first fixation (8 hours) 
arc an unoricntcd type (92 per cent) which means that both con
tinuous and chromosomal fibers are inactivated. Only 5 per cent of 
the figures arc stars and 2 per cent bipolar mitoses. The next fixa
tion shows a drop in unoricnted mctaphascs and an increase in stars, 
69 per cent and 20 per cent, respectively. Bipolar mitoses increase 
to 8 per cent. Finally at 72 hours, only 5 per cent of the figures are 
unorientcd while the stars maintain their numbers up to 16 per cent, 
and most remarkable is the increase in bipolar mitoses to 80 per cent. 
The picture at 72 hours is a reversal compared to the 8-hour fixation. 

Diploid, tctraploid, and octoploid mitoses definitely show that 
animal cells can be made to double the number of chromosomes. 74 , 

24 · 2 A. few anaphasc bridges, fragments, as well as chromosomes were 
found outside the nucleus. 74 As late as 168 hours, some bimctaphascs, 
or the "distributed" c-mitoses, were found in Triturus, also some tri
mctaphascs that present a multipolar picture.74 

Conclusions drawn from studies of the recovery pattern are that 
(I) chromosomal fibers recover first - otherwise stars would not be 
first to rise and fall; (2) the continuous fibers follow the chromo
somal in recovery; (3) the interaction between two kinds of spindle 
fibers and the ccntromercs determines the metaphasic type to be ex
pected; and (4) :rnimal cells may develop into polyploid cells ca
pable of dividing upon recovery. 

The nuclear figures were followed during recovery in rats having 
rccei\·ed single injections following partial hcpatectomy.16 The re
gene!·ating liver offered special advantages for the tracing of these 
stages; a definite series was noticed.16 

. .\t 12 hours, there were two changes: (I) the chromosomes thick
ened and shortened, while (2) a gradual clumping was seen. At 18 
hours, the cells were full of miniature nuclei, the micronuclei. Some 
swelling accompanied the clumping. 

Between 18 and 48 hours, some amoeboid patterns emerged. These 
were obviously a result of fusing rnicronuclei. 14 , 15, 16 Perhaps the re
lated and progressive stages were the binuclear and trinuclcar stages. 
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First signs of partial spindles were seen at 48 hours. This is e, i
dence that recovery or rewrsihility was taking full effect, so that lJ\ 
72 hours a complete spindle was reformed. 

Reversibility is seen in animal cells, but the recovery is complicated 
by other effects in addition to arrested mitosis. This is particularly 
true in mammals, where considerable destruction of arrested meu
phascs takes place not giving time for the spindle to recover before 
the chromosomes are irreversibly altered. 

3.9: Summary 

In this chapter ancl in the preceding one, selected works were cor
related to describe, first, the action upon nuclear mitosis as ohsen eel 
through chromosomal patterns and, second, the spindle mechanisms 
fundamental to arrest by various techniques. \Ve arc aware that little 
attention was given to the mechanism of action, theoretical aspects, 
and problems of c-mitosis, all of which arc suggested hy the data. 

The action of colchicinc involves the cell as a whole and, for ani
mals, the correlated activity of tissues. Before a discussion of the prob
lems can be made most effectively, other aspects must be viewed. 
Therefore the mechanisms of action as well as the very important 
problem of mitotic poisons arc grouped together in Chapter 17. Herc 
it is hoped that some of the important issues raised by the action ol 
colchicinc on plant and animal cells can be brought into a snithesis. 
the jnoblcrns of <-mitosis. 
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CHAPTER 4 

Cellular Growth 

The senior author observed tuiusual "spearlike" tips forming on 
Allium roots immersed in a 0.()1 per cent solution of colchicine. After 
24 hours startling changes in the roots were notecP" (cf. Chapter 2). 
Colchicine-tumor, 7!! the name given to this growth, is appropriately 
descriptive. Similar anomalies were observed earlier by Nemec and 
others.35 This growth pattern can also be reproduced with chemicals 
other than colchicine or by certain physical treatments.79 , 44 A.I though 
the c-tumors were not new to biology, the revival of interest in colchi
cine brought them to the attention of many experimenters.:H, ~:i. n. ,r.. 
44, 37, 59, 55, la3, l L), 111, 00, 88, 6:.!, 1:)4, 128, lS, 4, 10, 8, :.!1 

Roots with c-tumors may have some cells with many chromosomes 
within the single cells, because polyploidy is a consequence of c
mitosis. The correlation between larger leaves, stems, seeds, and 
flowers, and increasing numbers of chromosomes is well established. 
135, 152 This concept influenced the first conclusion that c-tumors 
were directly correlated with the polyploid cells. On the contrary, an 
enlargement of root tips is not the result of polyploid cells induced 
by the drug, even though polyploid cells may be created at the same 
time the c-tumor is formed. 8~ The c-mitosis and c-tumor are inde
pendent processes.82 

Now we know that in similar manner, enlarged cells may be in
duced in various parts of plants.10" All these anomalous formations 
induced by colchicine are the result of changing the growth pattern. 
62 , 90 Such structures as pollen tubes?''· r.o, i:l7 stylar cells of the flower, 
148 hair cells of stem and root,r•:i. ""· 1 m hypocotyl, and other somatic 
cells all show particular enlargements after treatment with colchicine. 
They are in contrast to the untreated or normal cells that enlarge by 
a cell tension that shows distinct polarity. By a broad interpretation, 
all deviations expressed as growth patterns and appearing as a re
sponse to colchicine will be classified as c-tumors, in spite of the fact 
that this name originally designated a specific kind of root tip en
largement after treatment with colchicine. 

[ 102 ] 
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The processes of meiosis and gametophytic development are 
changed by colchicine.2 • u, 20 , rn, 114 , 124 , 122, 14 H Response depends upon 
the concentration, stage of development when colchicine reaches the 
cell, length of exposure, and, of course, concentration. As might be 
expected, the spindle is inhibited, but there are also other changes 
that accompany the colchicine-effect. 1 For that reason the problem of 
a "colchicine-meiosis" 711 is included in this chapter along with the 
action upon embryo sac developrnent 48 and pollen tube studies.35 

Colchicine acts upon cells during their differentiation processes. 
One noticeable change is found in the cell walls.03 Their chemical 
rnmposition is altered also, and various physical marks show that 
action of colchicine is not limited to the mitotic spindle or upon 
certain cytoplasmic constituents."3 Enough data are at hand to prove 
that differentiation processes in plants arc modified by colchicine.35, 
:-,:t. 1;,G, l r:il 

:\mong unicellular organisms, processes of division, enlargement, 
and differentiation, are closely integrated within one cell. For that 
reason one would expect to find the results from a colchicine exposure 
difficult to interpret. Conceivably, all three processes go on within 
one cell at the same time; hence, colchicine may act upon each phase 
in a specific manner, yet simultaneously. If this interpretation is cor
rect, the confusing picture drawn from the literature dealing with 
rnlchicine and microbiological materials may be partly explained by 
the inability to distinguish the specific process being studied, whether 
a cell division, cell enlargement, or differentiation and maturation. 
There is general agreement that the actions reported in this research 
;ire contradictory. Under some conditions, however, colchicine is 
effective if introduced to specific microbiological cultures within 
certain concentrations. 

,\ mechanism for action of colchicine upon processes of growth 
and differentiation is difficult to visualize. Nevertheless, there should 
be some aspects of metabolism that might help toward the solution 
of this problem.10:i. rn. HH, 77, Hia, 142, 1:10, !l!l, ,,!i, 4G, 47, 48, 45 Generally, the 
work with physiologyrn1. mi has been done with such isolated pro
cesses as enzyme reactions127 or respiration 110 under a restricted set 
of conditions for experimental material. At least a start has been 
made in this direction, but more can be done in the future. 

4.1: Colchicine Tumors in Roots, Hypocotyl, and Stems 

The root tumor forms at the region of elongation, a section be
t\\-cen the meristernatic area and the differentiated cells of a root90 , 

:i~,. 7u. ~~. n2 (Fig. 2.1) . Normally cells elongate linearly to the axis of 
the root. They seem to show a polarity in this respect. When colchi
cine is present, an enlargement of the cell takes place in all directions. 
That is, an isodiametric expansion occurs, rather than a polarwise 
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elongation. The volumes of cells from a c-tumor are about the same 
as the volumes of elongated cells in untreated roots.(i~ Therefore, the 
direction of growth is modified, but not necessarily the total amount 
of expansion. 62 

Cells of the cortex become inflatcd.70 This leads to a swelling at 
the particular place along the root. Longitudinal and cross sections 
of treated and untreated roots within five or six layers of cells show 
where the change occurs, and reveal particularly the difference in 
the shape of individual cells. These comparative studies confirm the 
opinion that direction of growth is altered when colchicine is pres
ent. The action is not unique for colchicine. Growth-promoting 
substances, as naphthaleneacetic acid (NAA) and indolebutyric acid, 
induce tumors.97, HO, 91, 4~, 27, 7, 34, 44, 79, 81, G9, o1 Accnaphthene, another 
compound that has a c-mitotic potential, may cause tumors on roots. 108 

Not all compounds that create tumors arrest mitosis. In fact, certain 
phytohonnones that do not stop mitosis may induce root tip enlarge
ments. The idea of an autonomy of c-mitosis and c-tumors gains sup
port from these general observations with several chemicals. 82 

Specific thresholds below which no tumors form, are demonstrable 
for colchicine. Concentration specificity is shown also by NAA.81 If 
two solutions, colchicine and NAA, arc combined, the threshold con
centration does not changc.81 There is no evidence that two solutions, 
each capable of inducing tumors alone, will in combination lower 
the threshold value. Thus, the mechanism for creating the tumor 
may be different for these particular substances.81 The threshold 
changed, however, when sulfonamide (2 per cent prontosil) was 
added to colchicine.4 , on 

The combined solutions of meso-inositol and colchicine prevented 
the usual production of a c-tumor with roots of Alliurn. 18 Apparently 
this antagonism by meso-inositol operates at 19°C. since a repetition 
at 26°C. did not reveal such antagonism.2u The critical role of tem
perature is seen in pollen tube enlargements, where the maximum 
width induced by colchicinc occurs only at a specific temperaturc. 127 
Above or below that optimum the pollen tubes are close to normal 
dimension in spite of the same concentration of colchicine present in 
each test. 

Venom from bees was demonstrated to have an antagonistic action 
upon the formation of root tumors by colchicine."u The specific dif
ferences between kinds of plants was also shown. Tomatoes were 
more sensitive than wheat seedlings. A G9 per cent reduction of 
tumors was obtained for tomatoes and 47 per cent with whcat.3H, 61 

Ethyl alcohol changes the c-mitotic threshold for Allium root cells 
from 0.006 per cent, when colchicine alone is used, to 0.0 I per cent 
if alcohol (0.5 per cent) is added. II the rnncentration of alcohol is 
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increased to ::! per cent, other poisonous actions occur. Alcohol acts 
as an antidote with respect to c-mitosis and the c-tumor. 

\Vhen two chemicals work together to accelerate an activity be
\Oml the effect obtainable by each chemical independently, the re
,ponse is known as a synergism. Colchicine and numerous other 
chemicals have been tried for their synergistic action.78 Some give 
arcderated response and others do not. Phenylurethane along with 
colchicine increases the action of drug upon roots of Alli um.30 

Tissue cultures of Heliant/111s tul,eros1.ts were handled by com
bined treatments of heteroauxin (I0-9) and colchicine (IO 6). Small 
doses of colchicine enhance the action of heteroauxin because the 
tissues seem to divide more actively and huge cells with many chromo
somes develop as a result. A stimulating action seems evident from 
these experiments. Increasing the concentration of colchicine leads to 
repetitive c-mitoses and an inhibition of cellular multiplication 
among the tissues.!11 

Generally, favorable conditions for growth increase the promotion 
of a tumor from a specific treatment.X4 The range in concentration 
is fairly broad, hut there are limits marked by minimum and maxi
mum concentrations. The formation of tumors within certain limits 
is proportional to concentration. Finally, the thresholds for c-mitosis 
and c-turnors are dose to each other with some indication that the 
threshold for the latter process is lower than that for c-mitosis.82 

As soon as the independence of c-mitosis and c-tumor was sus
pected, a specific experiment was designed to test autonomy.rn Root 
primordia of Alliwn fistulosmn were subjected to intense X-ray treat
ment. Consequently, the mitotic capacity of meristematic cells was 
destroyed. Following X-irradiation, bulbs were placed over colchi
cine, and typical c-turnors formed with no evidence for several days 
thereafter of c-rnitoses in these roots. \Ve may conclude, therefore, 
that enlargement occurs without a simultaneous division of cells. 
Polyploidy following a c-mitosis is not necessary for tumor fonna
tion.711 

Swelling at the hypocotyl when seedlings were soaked in colchi
ci ne gave the first evidence that tumors were in no way related to 
c-mitosis or induced polyploidy. Although cells in the hypocotyl are 
not meristcmatic, they arc capable of elongating or expanding. Colchi
cinc causes an isodiametric expansion of cells much the same as among 
cortical cells in roots.H 2 

The tumor formation is proportional to concentration within cer
tain limits."" Different species show different degrees of response to 
the same concentration. Another factor is the specific moment when 
seedlings are placed in colchicine.Wi If the seedling has not yet elong
ated, there is swelling throughout the entire hypocotyl. But the seed-
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ling that has already elongated, let us say to 23 mm. before treatment 
begins, shows practically no swelling at the hypocotyl. 11 ~• All these 
points fall in line with the proposition that tumor formation is 
basically a growth response to colchicine (Fig. 4.1). 

Stems of Tradescantia cut from the plant and placed in colchicine 
show extreme swelling at the node where leaves are attached.148 The 
nodal enlargements are in every respect comparable to root and hypo
cotyl tumors. A petiolar swelling also may occur if expanding leaves 
are placed in colchicine. 

The growth responses observed for roots and stems raised the ques
tion of a possible hormone action. However, the standard tests for 
measuring phytohormone potency gave negative results_:14 , !HJ, a!J :'\ o 
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fig. 4.1-Elongotion of hypocotyl of Lepidium seedlings. Reduction in length is pro

portional to concentration of colchicine. (Adapted from Gremling) 
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responses were obtained from colchicine applied to the Avena, Helian
th us, and Pisurn tests.w; Colchicine is not a phytohormone, but the 
basic relation between growth responses shown by tumors and the 
reactions noted for phytohormones in causing cell enlargement is not 
understood. There are numerous cases reported where colchicine 
changed growth rates. 

Resistance to colchicine by cells of Colchicurn was demonstrated 
under the section dealing with c-mitoses. A similar resistance can be 
proved with colchicine and tumor formation. Enough species of 
Colchicz11n were tried to give conclusive proof of a rcsistance. 88 , 79 , n, 84 

~ot all plants supposedly containing colchicine arc resistant as tested 
hv the tumor test.88 The resistance shown by tumor experiments is 
not proof of a c-mitotic resistance, and vice versa. This point was 
not always appreciated because the independence of the two pro
cesses was not understood until specific tests were finished. 

Golden hamsters showed resistance to colchicine under laboratory 
conditions. 107 This specific resistance may be explained in the follow
ing way: Animals inhabiting regions where Colchicurn is found 
would come in contact with seeds, fruits, leaves, and corms of the 
plant and would consume amounts of varying strength. Enough col
chicine would be present to kill susceptible individuals, while others 
might survive. Therefore, by selection in nature the hamster may 
have acquired this specific resistance. 

4.2: Effects of Colchicine on Pollen Tubes, Hair Cells, and Other 
Parts of Plants 

The number of chromosomes per pollen tube does not increase 
after c-mitosis in the generative cell.:;:;, 1~7 An enlarged pollen tube 
is independent of the action of colchicinc upon the nucleus. When 
a pollen grain germinates in artificial media, a tube grows out and 
away from the grain (Fig. ·1.2). Such filaments are very narrow and 
elongation of the tube is polarwise. Colchicine decreases the length 
and increases the width of a tube. An enlargement even greater than 
the grain itself may occur (Fig. 4.2). These are the pollen tube 
tumors. A stimulation has been reported when hormones are added 
to cultures with colc:hicine.rn, 100 

A lateral expansion is comparable to the isodiametric extension 
of root or hypocotyl cells. The tubes seem to "bloat" or inflate like 
balloons (Fig. 4.2F). Since there is no bursting, the increase must 
take place by an orderly deposition of cell wall material forming the 
tube_:i:; Colchicine causes these pollen tube enlargements. When the 
concentrations are of low dosage, a stimulation is observed.mo. 76 

An interaction between concentration and temperature condition 
was expressed in measurements with calculated averages of pollen 
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Fig. 4.2- Pollen tubes of Polygonatum pubescens from cultures in sucrose asar, treated 
with colchicine and untreated . A. Control culture, pollen tube with generative cell in 
metaphase, stained with iron acetocarmine. 8 . Colchicine mitosis of a diploid species, 
n-10, to be compared with Figure 2.40 of Chapter 2, the tetraploid species, n-20. C, D, 
E. Reversion to interphase; c-pairs are not separated completely at centromeric region. 
F. Pollen tube c-tumor that is a response to colchicine independent of any polyploidy. 
Tube wall staining shows depositions not commonly observed in control. Stained with 
iron alum haemotoxylin . (Eigst.i, 1940) 
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tube widths. 127 Five-and-one-half-hour cultures at 25°C. had tubes 
with a 30 per cent increase in width over the control. No such sig
nificant differences in width were found at 20°C. or 30°C. Although 
the mean tube length was less than control for all temperature levels, 
only at the optimum, 25°C., was maximum width obtained. 127 The 
concentration of drug, 0.01 per cent, remained the same for all tests. 
:'\o similar increase in width was found upon adding 3-indoleacetic 
acid, vitamin B 1, or NAA to the culturing medium. 

Pollen from Colchic11m autumnale L. was tested for response to 
colchicine. Germination was depressed by concentrations ranging 
from 1.0 to 0.1 per cent.no Tumors were observed comparable to those 
in pollen samples from species not known to produce colchicine, and 
thus a resistance such as was shown to c-mitosis and c-tumor has not 
been demonstrated for the case of the pollen tube tumors. The re
sponse from these tests is of further interest in light of the report that 
bees carrying pollen from flowers of Colchicum yield honey that is 
poisonous due to a high colchicine content.Wl From this indirect 
evidence it would thus seem that the pollen contains the drug. The 
quantities of colchicine which are carried in the flowers are described 
in Cha ptcr 5. 

Epidermal protuberances on roots, the root hairs, involve no mi
totic stages.":1 These cells are suitable for testing the action of colchi
cine upon enlargement of root hairs. Eight species of plants were 
included in a study to measure differences in root hair development 
between control and treated cases."3 

Bulbous tips appeared in contrast to the normal long, thin fila
mentous root hairs. The polyploid condition is not involved since 
the nucleus docs not divide. Here again is evidence for an inde
pendence between the c-tumor and c-mitosis. Sometimes the end of 
a particular hair becomes forked. 03 

Other plant parts, the stem, leaf, and flowers, have hairlike cells. 
For Helianthus, a protuberance quite different from the normal is 
produced following treatment with colchicine.r:i 

Staminal hair cells of Rhoeo discolor form a chain of cells like 
beads. 2n Colchicinc causes the distal cell to enlarge considerably be
voml the normal size. Each cell successively from the tip to base is 
enlarged, but the size decreases progressively from the tip to the basal 
cell. The largest cell, an end cell, is also the youngest. Maximum 
increase is then proportional to the age of the cell; younger cells ex
pand more than older ones. 2n 

The stylar portion of a pistil is elongate and is composed of elon
gated cells. Flowers of Tradescantia treated with colchicine before the 
pistil develops, show modification of these lloral parts. 148 Short, 
stubbv pistillate structures replace the long filamentous styles. The 
number of cells does not change, hut the manner in which elongation 
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proceeds becomes considerably altered. Cross sections as well as longi
tudinal views are very instructive.148 

Floral parts from Carthamus tinctorius follow similar patterns of 
induced changes when treated with colchicine before the flowers 
mature. Blunt, wrinkled petals and short, single gynoecia with woolly 
hairs replace the pointed, elongate petals, double gynoecium, and 
stiff, pointed hairs of normal flowers. 73 

Enough data have been collected to confirm the fact that colchi
cine alters the way in which cells enlarge. 147 Growth by increase in 
volume is modified under specific conditions, and this may be related 
to changes in viscosity of cytoplasm caused by colchicine.2~- 32 - n~. 37 , 3H, 

126. 88, 98, 103 

To explain the mechanism for a c-tumor, certain parallels were 
drawn between viscosity changes in the cytoplasm and dissociation of 
the cytoplasmic proteins. 10:1 Colchicine caused a decrease in viscosity 
that was correlated with the formation of the c-tumor in Allium. In 
this explanation, a dissociation was the primary causal factor. ..\. 
similar mechanism was described in connection with the c-mitosis. 103 

The idea of a narcosis was also introduced to account for a c-tumor, 
but instead of there occurring a narcotized cell division, it is the 
growth process by cell enlargement that is influenced by colchicine.108 

In regard to this hypothesis and the preceding one, much additional 
information is needed for a full explanation of the action of the drug 
during cell enlargement. 

4.3: Colchicine-Meiosis and Gametophytic Development 

In pollen mother cells or megaspore mother cells that are in con
tact with colchicine at the time of reduction division, the meiotic 
stages are converted into a "cokhicine-meiosis."79 Only at this time 
can such a process as c-meiosis take place (Fig. 4.3). Earlier, that is, 
during divisions in the archesporium, and in later cycles, when micro
spores or generative cells divide, the processes become true c-mitoses. 79 

Since the c-meiosis represents a special case, primarily because meiosis 
is a particular kind of division, it is discussed in this chapter with 
other aspects of growth and reproduction. Obviously the spindle 
inhibition is common to both c-mitosis and c-meiosis; so also are the 
c-pairing phenomena (Table 4.1), a secondary action of the suppressed 
spindle, and the '\:-bivalents" accompanying c-rneiosis. These and 
related characteristics of c-meiosis occur only during a certain time in 
the reproductive cycle (Figs. 4.3 and -1.4; Tables 4.1 and 4.2) .79 • 29 , 
124, 148 

To help visualize how essential a timing sequence is in producing 
the c-rneiosis, a survey of the particular cell, treated stage, and ex
pected results are given in Table ·1.2. From this outline one can see 
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Fig. 4.3-Pollen mother cells of Tradescantia palludosa. Control and treated cu'.tures. A. 
Untreated microspore. B. Univalents induced by colchicine. C. Desynaptic metaphases, 
four days after treatment was made. D. Diploid microspore from a treatment that be
came effective at the second meiotic division. E. Octoploid microspore 21 days after 
treatment; time of treatment 48 hours, then time allowed for recovery, two meiotic di
visions inhibited, and one premeiotic c•mitosis. F. Tetraploid microspore, 12 days after 
treatment. G. Hexaploid microspore, an unequal division that is similar to a distributed 
c-mitosi;. (After Walker) 
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that action during division leading up to meiosis creates octoploid 
or tetraploid po11en mother cells. 711 ln contrast, activity during meiotic 
divisions I and II creates tetraploid monads, and activity at division 
JI only, diploid monads. Monadal formation is a special feature of 
the c-meiosis. The monads replace the usual tetrads of microspores 
forming at the close of a meiosis.w, 14 8 , 122 • rn 

Since archesporial divisions become regular c-mitoses, these arc not 
described in great detail here, except to say that one c-mitosis in this 

MITOSIS MEIOSIS 

A >C>C<>C>< A ~cJ ~ 
B >= I ><: NORMAL COLCHICINE 

NORMAL COLCHICINE 

B~ 
B ~ 

A "-/' - .. --C C1~ - • z-. V C1- • -

A __..__ 
C -

V • C2 - C2 - -- -
-

Fig. 4.4-Comparison of a c-meiasis and c-mitosis. The stage reached when colchicine 
becomes effective determines the action in meiosis. (After Levan) 

tissue gives rise to tetraploid pollen mother cells, and that two c
mitoses bring about the octoploid condition. Beyond this degree of 
polyploidy the meiotic processes are so upset that no further action 
of colchicine can be obtained at meiosis. The premeiotic stages of 
Allium cermmm with diploid, tetraploid, and octoploid numbers 7, 
14, and 28 pairs, respectively, were observed and followed up to the 
first meiosis.79 Already at tetraploid stages, the polarities of meiotic 
spindles were irregular. The multiple spindle aspects during re
covery from a c-mitosis were noticed at meiosis if the previous c-mitotic 
cycles of archesporial cells caused polyploidy. 

Pairing of homologous chromosomes and chiasmatal formation 
formed during prophase are decisive functions before a regular meiosis 
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or a c-meiosis begins. Colchicine reduces the pairing as shown by the 
reduction in chiasmata and increased frequency of univalcnts.2 The 
calculations from several independent studies confirm the action on 
pairing. Alliurn cernuurn rarely showed univalents in controls, but 
among treated cases, 8 cells out of 31 had no bivalents. Moreover, no 
cell among 31 pollen mother cells studied had more than 5 bivalents 
"·hen the total with full pairing could have been 7.79 Among Trades
cantia, 12 univalents (Fig. 4.3C) were produced by a full c-meiosis. 
Similar cases are reported with other species. 

The terminalization of chiasmata is different when colchicine is 
present; therefore, there is reduction in chiasmata as well as change 
in the kind of chiasmata (Table 4.3) .2 Whether crossing-over is 
changed has not been tested genetically, but the cytological picture 
seems to warrant a conclusion that cross-overs would occur in places 
they are not generally expected. 

If recovery sets in while the univalents are distributed through 
the cell, there is no congregation into the equatorial plate. But the 

TABLE 4.1 
RELATION BETWEEN TREATMENT AND STAGE 

(After Levan) 

Developmental Stage Stage Treated Results Obse ved 

Archesporium. 

Pollen mother cell . 

Pollen mother cell .. 

Pollen. 

division I 
division II 

resting stage 
prophase 

meiosis I 
meiosis II 

resting stage 
first di vision 

tetraploid pollen 
octoploid pollen 

no effect 
abnormal asynapsis 
irregular bivalents 

tetraploid monad 
diploid monad 

no effect 
diploid pollen 

univalents collect at poles where the particular chromosomes happen 
to lie. On the other hand, bivalents, if they have persisted, upon re
CO\-cry orient in the equator. 

Unlike the tendency toward supercontraction at the metaphase of 
a c-mitosis, the c-meiotic chromosomes do not show the usual contrac
tion.79 In fact, they are less contracted; this is a very striking action 
induced by colchicine. Such lack of contraction is correlated with a 
decrease in the frequency of chiasmata. These are the major effects 
noted when colchicine acts during premeiotic stages. Full action up-
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sets the meiosis so that abnormal metaphase I and irregularities occur 
in subsequent stages. 

If prophases have proceeded normally, pairing is regular, but 
colchicine introduced at the metaphase stage reduces spindle fibers. 
Under these conditions, the bivalents remain scattered in the cyto
plasm, and the separation of two homologous chrcmosomes proceeds 

TABLE 4.2 
RELATION BETWEEN TIME OF TREATMENT AND RESULTS 

(After Dcrmen) 
----·---~ 

Days After Treatml"nt 

4. . . . meiotic chromosomes in short 
broken chains; reduction of 
chromosomes not noticed 

5 or 6 ........ diploid and tctraploid pollen 
mother cells 

8. . ....... tctraploid and octoploid pollen 
mother cells 

11 . . .. polyploid microsporcs 

12. . . . . . . . failure at me· osis I and II; hap-
loid, diploid, tetraploid micro
spores 

where each pair happens to lie. Since each homologous chromcsorne 
of the pair is cleft and clearly separated, except at the rcg:on of the 
centromcre, a colchicine-anaphase I is characterized by two cruciform 
"c-pairs" lying close to each other. The straight, cruciform anaphase 
I chromosomes are a contrast to normal ones at this stage. 

As the first telophase begins, chromosomes lose their staining 
capacity, the chrornatids remain connected at the centromere, and 
the usual transformation to interphase between the meiosis I and II 
takes place.114 The outlines of chromosomes are difficult to trace at 
this stage and can be overlooked, making it appear that division II 
begins without an intervening- interphase, a prophase II, or a meta
phase II. 

When the second c-meiotic division begins, chromosomes con
dense and assume a prophase appearance. The contraction of the 
chromatic! proceeds in a prophase II. During this time the relic spiral 
disappears and a chromosome of c-rnetaphase II comes into the pic
ture. These chromosomes are held together at the centromere up to 
late prophase; then they arc straightened, and as fairly long chromo
somes they separate from each other completely. The second c-meta-
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phase I I merges with the second c-anaphase II. All the chromosomes 
remain within one cell, so that instead of a tetrad of 4 cells, a monad 
results with all 4 sets of chromosomes contained within one cell (Fig. 
4.3) . The monad is tetraploid. C-telophase II concludes the c-meiosis 
with unraveling and loss of the stainable structure.114 

The full c-meiosis has been sketched brieHy without taking into 
consideration deviations ancl abnormalities caused by different con
centrations, exposure, and stage at which the drug acts. Abnormal 
diploid, tetraploid, hexaploid, and octoploid microspores may be 
found, as was noticed for Tradescantia and Rhoeo (Fig. 4.3) .w Poly
nucleate cells were produced from certain members of the Aloinae122 

and these cases arose from a treatment that probably began in pro
phase of meiosis. 

Reduction divisions in Carl ltmn 1ts tinctorius L. were treated by a 
special technique in which the entire inflorescence was treated.73 

l'nder these conditions IO to 17 pollen grains appeared within a 
single pollen mother cell (Fig. 4.5) . l\fost grains had a nucleus, ex
cept for the very small grains. In view of the fact that this species is 
dicotyledonous, while the major descriptions of c-meiosis were made 
from monocotyledonous types, these differences may be in order. The 
simultaneous formation of tetrads within a pollen grain of the dicoty
ledons may account for the variations. Cartharnus and Alliurn show 
certain fundamental differences. 

The aftereffects of colchicine point out a possible inHuence upon 
pairing at meiosis in Antirrhin11m as long as 6 weeks and possibly 

Treatment 

TABLE4.3 
ACTION OF Co1.cmc1NE ON CHIASMATA IN Fritillrzrirz 

(Aftc-r Barber, 1940) 

Percentage Percentage 
Total Proximal Medium 

Number Locations Locations 
----------

Control. 215 92 (,. 9 

0 5% 127 62 25 5 

0. 25 o/c . 80 70 17.5 

Percentage 
Distal 

Locations 
------

. 1 

12.5 

12. 5 

up to 15 weeks after treatment of the plant. 1~!> An increase in uni
Y,dents was 37 per cent among the treated plants compared with con
troJ.l~H A time lapse of such long duration between treatment and 
the colchicine-effect is of particular interest. \Vhether the colchicine 
is retained in the plant or the chromosomal mechanism is specifically 
affected was not determined. Similar meiotic irregularities were found 
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in treated plants of Rives that remained diploid, and thus meiotic ir
regularities induced by colcbicine would seem to be carried along, 
not entirely explainable by tetraploidy.H1 

Colchicum autwnnale L. is a sterile plant in middle and southern 
Japan. Cytological analysis showed many irregulariti es during meiosis 
of these plants. 188 Jn contrast to these figures, the root tip rnitose, 

Fig . 4.5-Above. Untreated pollen mother cells and pollen . Below. The large multi
cellular pollen mother cells and abnormal pollen grains of Carthamus tinctorius . Flowers 

treated in an early stage of development. (After Krythe ) 

were regular. The pollen grains fro111 C:o/1l1i111111 were irregular, bei ng 
monosporic, disporic, trisporic, or tetrasporic. l\fan y grains carried 
fragrnen ts. The interpretation made fron1 these studies was to th e 
effect that colchicine contained in the cells of C:o!r-!tio1111 created an 
au totoxicosis that led to steri Ii t y in th is species. 

Irregular pollen and poor germination were not reported for a 
European representative ol C. 011/11111110/r, L. used for pollen tube 
gerrn in ation.r.0 111 this instan ce the pollen tubes that formed did not 
show a resistance to the presence of colchicine added to the 111ecliu111. 
There was no evidence that the pollen of Culc/1in1111 carried th e drug 
within the protoplasm of the grains since responses obtained were 
reportedly the same as pollen tubes o[ other species not known to 

produce co lcl1icine, e.g., Polygo 11alum:1:-. and A11lirr/1i11u111. 1~1 
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If the microspore nucleus is treated with colchicine, a typical c
mitosis appears. Since the haploid numbers prevail, an otherwise 
precise picture of the c-mitosis can be obtained. A diploid uninucleate 
pollen grain is formed after the c-mitosis (Fig. 4.3). 

\Vhen monad microspores with numbers higher than haploid 
divide without colchicinc, some interesting cells are formed. These 
may he regarded as an aftereffect of colchicine. Multipolar divisions 
are common, and in particular, a tripolar division gives rise to a huge 
grain, with two vegetative cells appressed close to the wall, and one 
generative cell. On occasion, two generative cells are formed. 79 These 
conditions are similar to the recovery phases described in earlier 
chapters. 

Pollen grains of Polygrmatum with one generative cell, a haploid, 
and a tube cell were tested for c-mitotic characteristics (Fig. 4.2) .35 

The method of testing is described in detail in Chapter Hi. In Chap
ters 2 and :{, illustrative material was drawn from pollen tube c
mitosis, but here it is pertinent to point out that the c-mitosis in this 
structure never exceeds the diploid number. Very rarely do the c
pairs become completely separated, so reversion to the interphase goes 
lrom an arrested metaphase rather than through c-anaphase. Enough 
tests have been run to report conclusively that there is a termination 
to <-mitosis and, unlike the divisions in root tips that continue to 
build high numbers, multiple-ploidy has never been found in pollen 
tubes with Polygorwtum or reported from other sources. Then the 
microgametophyte never exceeds diploidy. 

In the case of embryo sac development in Tradescantia, the nuclei 
that regularly divide during the process of gametophyte formation 
seem to build up the amount of chromatin, although as is expected, 
no spindle forms with colchicine. Therefore, the chromosomes re
main together. The size of the large nucleus, the size of the embryo 
sac, and a tendency toward cell formation lead one to infer that c
mitoses proceed to but do not go beyond the eight-cell condition, nor
mal for an embryo sac in Trndesumtia (Fig. 4.6). Aside from the c
mitotic aspect, the unusual increase in the embryo sac beyond that 
for the control is of interest in light of our discussion about the action 
of colchicine on growth processes involving increase in volume.148 

The ovules of Carthmnus tinctori11s did not develop into seeds, 
and no descriptive cytology accompanied the successive stages that 
must have taken place when colchicine acted while the embryo sac 
stages were in formation. This would be of interest for a comparison 
with Tmdescrmtia.n, Hr. 

.;.3-I: Gr1111etophytes of mosses, liverworts, and ferns. In 1908, a 
series of experiments with mosses demonstrated that polyploidy could 
be induced artificially. The Marchals used regenerative tissues to iso
late polyploid races. Three decades elapsed between the first work 
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early m the twentieth century and the next significant colchicine ex
periments.64 Colchicine has been tried recently for a number of 
mosses, using protonemata and propagula, treating the tissues in 
special culturing media. Size differences between colchicine-treated 
and untreated cells have been used as criteria for the changes in num
ber of chromosomes (Table 1.4). 

Diploid gametophytes of the male and female thalli from Z\Iar
chantia polymorjJha were made by colchicinc.° Chromosomal check 
showed that the numbers were increased. Another hepatic, Palla
vacinia spp., was subjected to colchicine.1'•7 Again new patterns of 
growth showed that changes were induced. One may assume that the 
number of chromosomes was increased, although the modification in 
cellular form without a corresponding increase in chromosomes makes 

Fig. 4.6-Embryo-soc stages of Tradescantia. Untreated stage with cells distributed in 
the sac and a smaller cavity. Treated stage with all nuclear material grouped in the 

center of sac. The size is not a response to polyploidy. (After Wa:ker) 
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TABLE 4.4 
AcnoN OF CoLCHICINE ON ALGAE AND GAMETOPHYTES OF MossEs, 

LIVERWORTS, AND FERNS 

Species Results 

Aulacomnium androgynum. . morphological changes .... . 

Cladophora spp ... . . cross wall thickened .... . 

Closterium spp ..... . . temporary inhibition ... . 

Dr_;opteris felix-mas ... . ... morphological changes .. . 

D. s11bp11bescens .. . . . abnormal sperms .... 

Gonium spp .... . . temporary inhibition .. 

Goniopteris prolifera ...... . . abnormal sperms .... . 

Hormidium spp ..... . . leukophytic isolate .. . 

l~ydrodictyon spp ...... . . cellular changes ... . 

. \f archantia polymorpha . . . . diploid gametophytes .. 

.\ficrasterias thomasianas .. . ..... no c-mitosis .. 

. Yitella mucronata . ... 

. Yostoc commune ..... 

Oedogonium spp .... ... polyploids ..... 

Oedogonium ...................... cellular wall changes .... . 

Pallavacinia . .. . 

Pol)·stoma . ..... . 

Spiro_r;,rra spp ... . 

Ulrn spp ...... . 

. morphological changes ... 

. temporary inhibition .. 

. plastid changes ...... . 

. temporary inhibition ... 

Reference 

. ... 4-64 

. ... 4-53 

. .. 4-80 

. ... 4-117 

. .. 4-94 

. .. 4-80 

. .4-94 

. .4-125 

. ... 4-53 

. ... 4-9 

. ... 4-67 

. ........ cf.4-88 

. cf.4-88 

. .. .4-140 

. ....... 4-53 

... 4-157 

. ... 4-80 

. ... 4-158 
4-68 

. ...... 4-80 

it less certain than previously believed possible for chromosomal num
bers to be increased as cell form changed. 

Fern prothalli and sporogenous tissues were tested for the induc
tion of polyploidy following colchicine.117 Evidences of changes in 
numbers were obtained for several species of ferns. In another applica
tion of colchicine to growing prothallia regularly producing sper
matozoids, some unusually large sperms were obtained. Also some 
changes in the shape of cells were noticed along with the increases 
in size. Dilute solutions were used for early stages of germination of 
the prothalli. 
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Information at hand shows that the gametophyte stages of green 
plants can be doubled in manner similar to the sporophytic cells, 
notably among the seed plants. 

4.4: Microbiological Data 

Controlled cultures using unicellular orgarnsms are admirablv 
suited for experiments with colchicine. A wide concentration range 
may be used because the strongest dosages show a minimum toxicity. 
Furthermore, the experimental subjects arc numerous considering 
the bacteria, yeasts, filamentous fungi, algae, and protozoa. Consid
erable preliminary work has been started, but contradictory conclusions 
and no small amount of confusion still exist. 

In some cases the methods are not clearly described, nor arc they 
carefully planned. Modifications such as concentration, media, and 
exposure would prove helpful. The interpretations have been very 
narrow, and patterned generally after the known action of colchicine 
upon the nucleus of vascular plants and multicellular organisms. A~ 
an illustration, the doubling of chromosomes is a remarkable action 
with vascular plants, and it would he helpful to know more about 
the hereditary materials in bacteria, but colchicine can hardly resolve 
the problem of chromosomes in bacteria when cytologists have had 
such great difficulties in demonstrating structures 111 untreated cul
tures. 

Yeast cells that have an advantage over bacteria in size of internal 
structures have been tested with colchicine. The result.~ can not be 
considered decisive. Even among the algae where chromosome num
bers for species have been established, there are no clear cytological 
data to prove that the number of chromosomes can be doubled by 
colchicine. There is discussion of haploids, diploids, and tetraploids 
among fungi, but present work with colchicine does not provide 
answers either through demonstration of chromosomes or by genetic 
evidence. 

Changes in the sizes of cells within a culture and direct action 
upon the growing organism indicate that the drug has some influence 
upon growth processes related to increase in size. Of course, these 
changes are not transmitted to succeeding generations. The mechan
ism of growth by cellular enlargement can not be analyzed from such 
tests. Metabolism of bacteria in relation to colchicinc represents an 
unexplored field. Preliminary work has been done. In 1907, in
teresting work was done on temperature and toxicity using cultures 
of Paramecium."R Otherwise, this field of experimentation has been 
overlooked. 

Finally the processes of differentiation and cellular structure arc 
influenced by colchicine. Fungi and algae show evidence that during 
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the process of cell wall formation the action of colchicine modifies 
structure/•:1 These aspects arc treated in a subsequent section of this 
chapter. 

-l·-J-I: Bacteria. Tests with colchicine have included a range of 
spccies_rn. 1-rn. 11, 1r,n, :n. 1J:1, 1;u. r.1, 1:H, n:i, 41,109, 3f>, 2r., 1:1, 14, 4~. 144,104 Some 

report no reaction and others claim that colchicine acts upon growth 
by inhibition. Toxicity was also noted (Table 4.5). 

Certain species of bacteria tolerate high concentrations of colchi
cine in the medium. One source of powdered colchicine had bacteria 
present in the material; small quantities of powder added to sterile 
solutions of cokhicinc showed species of Agrobacterium.35 For a num
ber of species of microorganisms, colchicinc without any additional 
nutrient supported bacterial growth. It was a habitat for bacteria. 
l1ndoubtcdly these forms were able to use colchicine as a food. 

The bacteria growing in a medium of strong dosage (I per cent) 
produced aberrant cells larger than the initial culture, but no con
tinuation of these types has been possible. An increase in size may 
represent a condition similar to the cell enlargements for vascular 
plants. These are not hereditary changes. Single cell isolations have 
not been reported. It would be of interest to know more about these 
types. They should be singled out for subculture, since mass transfer 
for isolating the particular deviates has objections. Some morpho
logical alteration temporary for a specific culture undoubtedly has 
been obtained. Increases amounting to 40 per cent were measured 
for Bacillus rnesn1tericus. 11 :1 

Polynuclear cells in Escherichia coli cultures were reported but no 
follow-up of this work has been discovered. 1:14 Apparently a repetition 
has not been accomplished. 

In a metabolism test, respiration was inhibited in Micrococcus 
1111u'11s. A growth stimulation was obtained for Photobacterium phos
J1lwu'11n1.104 No changes were observed in the desoxyribose nucleic 
acid and the ribose nucleic acid when cultures of Micrococcus 
a1rrr'11s were used. 17 This is a sample of the fragments of information; 
lllorc arc tabulated elsewhere (Table 1.5) . 

-l--l-2: Yeasts and other fungi. The common brewers' yeast, Sac
charnrnyces crr1:11isiae, has been tested by more independent workers 
than any other of the microorganisms. A variety of concentrations of 
colchicine were used and different techniques for culture, as well as 
staining to determine cytological changes were tried. 111l, 5 , 4 , s3 , 41 , 126 , 

.-.-1-. :w, 1-1..i, 1;-., n, n.11n, ri~. 1:t1, 1--1;1 

:\ wide choice of responses is at hand, ranging from reports of no 
action to those citing definite cytological change demonstrated by 
special staining methods. Dumbbell-shaped nuclei were seen after a 
96-hour treatment with 0.1 per cent colchicine. Other workers ,·:ere 
unable to obtain these same results (Table "1.fi). 
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TABLE 4.5 
ACTION OF CoLCH!CINE ON BACTERIA 

--------~-------------- - -- --- --- -----

Species 

Agrobacterium spp .... 

Bacillus mesentericus. 

Bacterium megatherium . 

Bacterium spp ..... . 

Bacterium spp ...... . 

"Bacteria" ..... . 

"Coliform bacteria". 

Escherichia coli . ... 

E. coli phage ... . 

M icrococcus spp ...... . 

M. aureus ....... . 

Micrococcus spp ...... . 

M. aureus .......... . 

Mycobacterium tuberculosis . .. 

Results Reference 

. growth not inhibited. . . . . . 4-35 

. size increase 40 %, growth changes. . 4-113 

. negative results. . . . . . 4-149 

. .. no action. . . . . . . . . 4-66 

. .. indecisive results. . 4-'i 3 

... no action. . . . . . . . .. 4-144 

. mutations. . . . . . . .. 4-109 

. polynuclear cells ... . ..... 4-134 

. ... 4-25 

. inactive.. . . . .. 4-19 

. negative results. . . .4-19 

. ... morphological changes. . . . . . ..... 4-149 

.. respiration inhibited. . . . . . . ......... 4-17 
4-159 

. stimulates cells, prevents variants .. 4-63 

Photobacterium phosphoreum ............ growth increases .. . .4-104 

. .. 4-37 Proteus vulgaris . ....... . 

Streptococcus catarrhalis ... . 

S. hemo(i,ticus ....... . 

... inhibition ...... . 

... toxic action ...... . 

... inhibition . 

. .. 4-149 

. .. 4-37 

Camphor induced giantlike cells now called the "camphor forms." 
In old cultures these appear with low frequency. A few were found 
after treatment with colchicine, but their frequency was not high 
enough to warrant the conclusion that colchicine had the same 
capacity as camphor to produce giant forms. 4 

In light of the known antagonistic action of ethanol as discovered 
for cells of Alliurn, the production of alcohol by the yeast cell itself 
may serve as a kind of antidote or protection against colchicine.s~ 
These facts have not been verified with experimental data. 

Brewing tests did not bring out specific differences between treated 
and control cultures of Saccharomyces ccrcuisiae.8 ~ The usual sedi
mentation, foam head, and other comparative values revealed no 
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changes induced by colchicine. Methylene blue was decolorized more 
rapidly as evidence of some basic metabolic change. 

There is a possibility that colchicine may serve as a source of 
energy. Another conclusion led to the idea that the drug serves as a 
buffer against the toxic substances accumulating in an active culture. 
Filamentous fungi from a variety of families9 have been tested for 
possible induction of polyploidy. A polyploid strain of Penicillium 
11otat11111 was isolated in one laboratory."2 This new strain was sup
posed to yield more penicillin than the original strain. The poly
ploids were obtained by another group who rechecked these specific 
types. Polyploidy and increased penicillin was not confirmed (Table 
ic.ti).IIH 

TABLE 4.6 
AcTJON OF CoLCHICINE ON YEASTS AND OTHER FuNGI 

Species 

Allom;us javanicus . . 

Aspergillus spp .. 

Botcrtis cinerea .. 

Results Reference 

. changes induced. . . . . . . .. 4-6 

. mutants . . . .............. 4-132 

.... hypertrophy of hyphae ............... 4-145 

Coprinus radians . .................... conidia influenced .. . ... 4-144 

. .. 4-145 Diaporthe perniciosa .. 

.\fucm sp .... 

Penicillium no/alum ... 

. no conidial formation .... 

.no change ... . . ................ 4-9 

......... polyploids ... . . ... 4-52 

P. 110/atum ......................... no polyploids .. . ............... 4-119 

Psilorybe semilanceolata . .. 

Saccharomyces cerevisiae. 

S. arn·isiae . 

. .... conidia changed . 

. no changes noted .. 

. .. 4-144 

. .... 4-4 
4-83 
4-144 
4-75 
4-5 

. cytological changes . . . . . . . . 4-126 
cells enlarge . . . . ........... 4-39 
methylene blue decolorized more 

rapidly .. 
stimulation .... 
inhibition . 

.4-41 

.4-116 
. .4-54 

Strnpharia merderia . .................. conidia changed. .4-144 

. .4-145 

4-9 

1 ·erticillium dahliae. 

·•Wide range of families" 

. . no conidial formation . 

.. no change .. 
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Hypertrophy of the hyphae and failure to form conidia were 
regularly noted among several species of fungi, but doubling of 
chromosomes or evidence of polyploidy was never demonstrated. 
Possible mutagenesis123 was reported for Streptornyces griseus. Con
centrations ranging from 0.5 to l .0 per cent introduce changes in 
growth patterns that resemble the tumors previously reviewed. 1\'o 
better specific information is at hand for the yeasts and fungi than 
for bacteria. That mycelial growth may be influenced is probable, 
but polyploidy or induction of mutations is extremely doubtful 
(Table 4.6) . 

Colchicine increases the frequency with which resistant sporangia 
of A llomyces jrwanicus developed mixed thalli from the sporophytic 
generation. When germinating zygotes were treated, some nuclei 
were thought to have been converted into polyploids. The cytological 
records of chromosomes were not available to confirm the polyploidy.'; 
A series of treatments involved the use of colchicine and sodium 
nucleate, so the specific action of cokhicinc may be in some way re
lated to the use of the sodium nucleate. 

4.4-3: Algae. The first artificially induced polyploid among plants 
might well be credited to Cerassimov who treated Spirogyra by tem
perature shock and apparently succeeded in increasing the volume of 
the nucleus. This was done in l 901. A confirmation made some 
years later strongly supports the thesis that Spirogyra cells "·ere 
doubled. One might hope that colchicine would he useful in repeat
ing this classical experiment by chemical means, or at least demon
strate that the drug is not effective. The results with algae and col
chicine arc not any farther along than those with the other specimens 
of fungi. 140• ms, 125 , 03, 07 , 180 , 9 , 88 The treatment of Spirogyra with col
chicine should be tried with a wide range of concentrations and cyto
logical control. 

A polyploid strain of Oedogoniurn was said to be obtained from 
treatment with colchicine, but no exact cytological data went with the 
report to prove the doubling of chromosomes had taken placc. 140 

Temporary inhibition of mitosis in cells of Micraslerias thmw1si
anas was recorded in cultures. The general conclusion was reached 
that colchicine was ineffective except for some temporary changes in 
plastid structure.67 Unfortunately, only limited ranges of concentra
tions of colchicine were employed for the Micrasterias work. Some 
dosages may be more effective than others. 

Leukophytic variants were isolated from colonies of Honnidium 
sp. treated with colchicinc.120 Several generations of subculture 
brought a return to the chlorophyllous type. 1f a change was in
duced, the weakness of a non-green variant did not permit a survival 
in competition with unchanged chlorophyllous types. 
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Plastic! changes are to be expected in the treated generation. 
\\'hcther or not changes are retained upon transfer to culture without 
colchicine remains unconfirmed. Supposedly the elasticity of plastids 
in S/Jirogyra changes under the influence of colchicine. 158 

Inhibitions at higher concentrations were secured with Gonium 
and Polystoma. Upon recovery the cells remained diploid as far as 
the imestigators were able to judge. Some action seems to have been 
registered upon the zoospores and zygotes of the green alga Ulva. 80 

Studies dealing with the cell wall and colchicine arc of interest 
from the view of differentiation. Cell structure and composition of 
the wall are modified by colchicine (Table 4.4). 

--1.4-4: Protozoa. A number of investigations~, 11, 20 • 24 , 49, 57, 58, n, 
11 '· i:rn. tH on various aspects of colchicine and the protozoa, as well 
as regenerative studies1:rn have been published since 1938. As long 
ago as I 907, the action of colchicine on Paramecium was studied in 
relation to toxicity and temperature changes. 08 Increasing toxicity 
with raising the temperature was demonstrated by this early work. 
::\'o one has repeated these studies in the modern period, but most 
ha\'c been concerned with cell division and problems of polyploidy. 
Cndoubtcdly the influence of cytology and genetics preconditioned 
much of the experimentation since 1937. 

The species of protozoa tried for response to colchicine show that 
strong solutions can be tolerated at 22° to 24°C. Fission occurs for 
a number of species. 71 The microinjections of colchicine give further 
information on the penetrability of the drug that may influence the 
reaction. Failure of the drug to penetrate the cell may be one key 
in explaining the resistance to colchicine of protozoa as a group. 

Some retardation in growth and changes in new cells developing 
within a culture containing colchicine have been recorded. As a 
general rule, the direct action of the chemical upon the cell or nucleus 
has not been demonstrated. Some increases in "radio-sensitivity" ac
companied the pretreatment by colchicine.r.7 In this case the cells 
appeared to be more sensitive to action of the X-ray after a treat
ment.·'• 

Table ·-1.7 may be used as a reference for a survey of work com
pleted upon the protozoa as a group. 

4.5: Differentiation Processes 

After a treatment with colchicine the new leaves, developing when 
growth is resumed, appear wrinkled and distorted. Apparently the 
drug has directly or indirectly caused these new types. Some changes 
are a result of chimeras which are discussed in connection with poly
ploidy, yet other very similar anomalies cannot be correlated directly 
with an increase in the number of chromosornes. These cellular and 
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TABLE 4.7 
AcnoN OF CoLCHICINE ON PROTOZOA 

Species Results Reference 

Amoeba proteus. . fission not inhibit<'d with 2% solution. . 4-71 

A. sphaeronucleus .. . microinjection inhibits division of nucleus. . 4-20 

Chilomonas spp ................ fission not inhibited .. .4-71 

Chlamydomonas spp .. 

Chlamydomonas spp .. 

Euglena spp ..... . 

Oxytricha spp .... 

. .... not effective on division . 

.. growth retarded . 

.. ineffective . 

. ..... no action. 

. .......... .4-49 
4-83 
4-144 

. . 4-24 

. ..... 4-71 
4-144 
4-83 

........... 4-71 

Paramecium spp. . . . .......... raising temperature increases toxic action 
of colchicinc. . . .. 4-58 

P. caudatum . . ...... fission not retarded . 4-71 

P. caudatum . . 

P. caudatum . 

P. multimicronucleatum . 

...... growth retarded 

...... radiosensitivity increased. 

...... no action 

Peranema. ............... fission .. 

Plasmodium relictum. 

P. vivax . ... 

. ..... no retarding action . 

. no action. 

........ 4-3 

... 4-57 

.4-71 

. .. 4-71 

4-11 

.4-118 

anatomical variations arc probably a direct action from the drug by 
other means than nuclear changes. 103 As an example, the c-tumor 
response occurs from contact with cokhicinc. Yet more difficult to 
explain are the changes that persist into several generations of propa
gation.40 Vegetative propagations that continue the anatomical \'aria
tions are not as difficult to explain as variations that reportedly 
persist or occur after several generations of seed propagation. 

Not so much attention has been directed to the cell wall and re
lated problems of differentiation as to nuclear aspects, i.e., c-mitosis_:i:; 
Colchicine causes modification of cytoplasmic and cellular processes.131 

Sufficient evidence is at hand to make this assumption. The actions 
of c-mitosis, the c-tumor, and differentiation arc independent al
though very closely related to each other. For example, the nearly 
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simultaneous action upon division, enlargement, and differentiation 
can conceivably take place when unicellulars are subjected to colchi
cine .. -\t least the processes may merge into each other so closely that 
,eparating the actions becomes difficult or nearly impossible . 

. \nalysis and reports from widely different sources are brought to
gether in this section that treats the microscopic, microchemical, and 
gross anatomical changes in plants.22, 121, r.o, 5:1, 1r.1, 10:;, 112, 1ar, 

"1 · 5-1: 1\f icroscojJic and m icrochemical data. The cell walls of 
treated plants show different types of depositions which form stria
tions_;;:; These are regularly observed for pollen tubes growing in 
media containing colchicine. "\1/hen stained, their distinction becomes 
more clear. The submicroscopic structure of pollen tube walls has 
not been studied. Data arc accumulating from other sources that 
point up the possibilities in this field. 73 

-Excellent photomicrographs showed that the cells of algae were 
changed after growing in media carrying· colchicine.5 :i The newly 
formed portions of cells in Oedogonium showed swelling and local 
thickenings inside the cell (Fig. 1.7). These were scattered without 
regular order along the wall. Inner cell walls of Cladophora became 
thicker than controls, showing that unusual depositions had occurred 
( Fig. -1.8). Finally, the regular network characteristic for Hydro

d ictvon became distorted through swelling of the middle parts of 
connecting cells (Fig. 1.9). Also the points of contact were enlarged. 
These three cases comparing treated and untreated cells leave no 
doubt that colchicine exerts a strong influence during cellular dif
feren tiation_:;:1 

The root hairs grown in cultures containing colchicine (0.25 to 
0.5 per cent) offer a comparable source for analysis of cell wall 
structure. Earlier we described the tumors that were formed on root 
hairs. Now microscopic and microchemical study has correlated the 
cell structure with the form taken under treatment. After the cell 
\\·alls were stained with chloro-zinc-iodide and these structures viewed 
with polarized light, the irregularly deposited micelles were in dis
tinct contrast to regular arrangements viewed in untreated root hairs. 
Photomicrographs with polarized light are instructive for these com
parisons.53 

Pollen mother cells developing in colchicine (Carthamus tinc
torius L.) were protoplasmically interconnected at the points where 
cells touched each other.73 Later, as pollen grains formed, one large 
cell was composed of numerous pollen grains within a common wall 
(Fig. -1.10). Another developmental feature was the wall intrusion 
which was essentially an excessive deposition of a callous-like material 
on the inner wall (Fig. 4.10) . The origin and nature of these de
wlopmen ts are unknown, hut the change is an effect of colchicine. 
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A B C 
Fig. 4.7-0edogonium, cultures, treated and untreated. A. Untreated cell showing the 
usual ring and cellular striations. B. Enlargement caused by colchicine, indentation of 
cellular layers a result of treatment. C. Inner cell thickening, and depositions. D. En
largement of the cell from treatment and irregular depositions. (After Gorter) 

An interesting vascularization following recovery from colchicine 
has been described for the huge cells in Allium roots that form in the 
differentiated pericycle at points where lateral roots originate. Scalari
form vessels developed and a unique tumor was left buried in the 
root. 15G Nuclear contents that were estimated to contain over JOO() 
chromosomes as a result of (i or more c-mitoses disappeared during 
the differentiation process. A complex series of pretreatment ·with 
NAA (0.0002 per cent) and colchicine (0.25 per cent) interspersed 
with recovery periods preceded this development. No one can doubt 
that an interesting problem of differentiation is presented by this 
work. 

Stomata! development regularly proceeds from an embryonic 
mother cell and eventually forms the guard cells, 131l, 151 , ~8 with as-
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s< 1cia ted su bsidary components. I ndependen ti y, several investigations 
ha\'c shown that c:okhic:ine interferes with this differentiating pro
c:ess.74 These stomata! anomalies, brought into focus by reports from 
such cases as pollen tube walls, root hairs, algal and fungal cell walls, 
as well as other differentiating cells, afford added evidence that colchi
cine acts in some way upon cells that are differentiating. This is the 
first time that so many diverse instances of the action of colchicine 
ha\'e been brought together under one discussion. These problems 
desene attention. \Ve have not exhausted the list of instances that 
ma, ha\'e further bearing 011 this aspect. 

-1-;-:2: Gross anatomical variations. \Vhen the outer layer of cells, 
the epidermis, has a different number o[ chromosomes from those of 
cells deeper in the leaf, some distortions become evident. These cases 
arc ,rell documented and belong to problems in polyploidy. Less 
knmn1 and understood are the cases that cannot be readily explained 
b, chromosomal numbers.tr.a A few of these instances are described 
hcre. 

,'\ew shoots of Ligustrnrn arose after treatment with colchicine.82 

The lea\'es ,\·ere darker green, appeared to be thicker, and answered 
the description of an induced polyploid. These characters were trans
ferred several times by vegetative propagation. The chromosomal 
numbers did not correlate with these differences. 

A B 

11 

,/ 

I 

~~, 
I ~ 
11 

\1 

11 

Fig. 4.8-The end walls of Cladophora with extra depositions in treated cases, B, com
pared with control, A. (After Gorter) 
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A 

Fig. 4.9-The network of Hydrodictyon becomes distended and unorganized by treat
ment with colchicine. A. Control cells. B. Treated cellular network. (After Gorter) 

Sugar beets developed after a treatment showed consistent size 
increase for roots, but polyploidy was not found with these particular 
cases. Larger roots arc regularly developed in known triploid and 
tetraploid progenies.rn Barring some error in method, the explanation 
for larger beets falls outside the scope of polyploidy. Perplexing 
variations appeared in subsequent progenies of sorghum plants that 
were treated with colchicine. Chromosomal numbers were diploid, 
so polyploicly was not correlated with these types. Additional proge
nies from treated F1 plants were significantly lacking in uniformit~ 
as compared with untreated cases. These variants were not classified 
with aberrants reported previously and described above, i.e., the 
Ligustrum variations, because while the lack of uniformity followed 
a segregation pattern, the control material did not show a similar 
segregation.~2 Although no explanation was given, the hereditary 
mechanism was not ruled out as a possible cause. The instance is 
cited in this discussion primarily to emphasize that results from treat
ing colchicine arc not in every case quickly disposed of as the effect 
of a c-mitosis, leading to polyploidy which in turn is the explanation 
for new variants. That colchicine has caused a more basic deviation 
not correlated with a doubling of chromosomes seems quite rea
rnnable even though the full explanation rernains in question. 
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A survey of the litcraturc:rn on colchicine hints that more examples 
rnuld be obtained in which colchil:ine induces changes not directly 
correlated with a change in the number of chromosomes. Obviously 
hundreds of polyploids have been induced by colchicine. Yet, along
side these majority reports come the difficult cases that appear as 
anomalous anatomical and morphological deviations. These are cer
tainly problems for future study. 

4.6: Metabolism and Colchicine 

Physiological studies with colchicinc that had some relation to 
c-mitosis were touched upon briefly in Chapter 3. At the basis of 
cellular changes such as c-turnors and cell differentiation there must 
also be physiological processes involving action of colchicine. These 
arc difficult to evaluate. However, tests have been run that show 
colchicinc has a capacity to influence certain metabolic processes as 
understood by special tcsts. 141 , 102. n 

Enzymatic reactions performed in vitro proved that the trans
formation of starch by malt diastase was accelerated. The basis for 
stimulation of this order was not explained, although as a constituent 
of the reaction medium, colchicine favored the rate of enzymatic 
action. Increasing the concentration of colchicine increased th~ rate 
of reaction correspondingly.127 

Diastase activity was scored by quantitative measurements of the 
increase in sugar (Benedict's solution). Control values were given 
at 100.0, and if the reaction time was accelerated, the value accord
ingh fell below 100.0. \Vith each tenfold increase in concentration 
the rate was increased. Values of 84.0 ± 2.5, 78.9 ± 2.5, and 70.3 ± 
1.7 were obtained for three concentrations, lO p.p.m., 100 p.p.m., and 

Fig. 4.10---Cellular intrusions amcng the pollen mother ce'.1s of Carthamus tin: tori us 
caused by treatment with colchicine. (After Krythe) 
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1000 p.p.m., respectively. In other words, a control solution that 
reduced 25 cc. of Benedict's solution in a certain time was equal to 

JOO and the solution (1:1000) with colchicine showed a value of 7(U 
± 1.7 because the time taken to reduce the standard amount "·a, 
shortened, as expressed by these val ues. 127 

These data are Ii1terestJi1g when crJJTehtcd with reports oisuinul:1-
don in growtlz tlzroL{£fh seed and shoot treatments. 7° Cold1icine ma1 

act upon cn:cymes in such a way as to accelerate the transfer of starch 
to suga1~ which processes may in turn stimulate grow!h. 

Excised roots of maize treated with colchicine showed hi11·cTec/ 
rates of respiration and dipeptidase response. Also, the elongation 
of individual roots was retarded. Since conditions vary from test to 
test the comparisons may not be wholly alike.110 

Virus tumor tissues (Black's original R 1 strain from R111W'X ncl'io.rn 
L.) were treated with a wide range of concentrations (0.00001 to 
100.0 p.p.n1.) of colchicine. 101 Growth was stimulated with concen
trations of 0.02 to 0.2 p.p.m. with maximum acceleration at 0.1 p.p.m. 
Increasing the concentrations beyond a point of stimulation brought 
inhibition. The maximum uptake of oxygen occurred at 0.1 p.p.111. 
This value was estimated at 25 per cent above the control. Growth 
was measured over a period of 3 weeks and respiration tests ran for 
3 hours. Curves were plotted to show the similarities and differcnces. 1111 

Decreases in structural viscosity paralleled the formation of c

tumors in root tips of Alli11111; the decreases were most pronounced 
at 24 hours. 10:i Changes in cytoplasmic proteins were correlated with 
changes that led to formation of tumors. 

Rates of plasrnolysis among Flodm were changed by a pretreat
ment with colchicinc. 8 ·~ Not only the time for changing the form of 
cytoplasm but the shape of structures formed after plasmolysis was dif
ferent in controls and treated cells. 

REFERENCES 

I. A~IERIO, G., ANI> llALI.A, ;\;. S111di di citologia spcrirnc111ale: l'clfelo di age111i 
chirnici et fisici di1crsi sopra la s1rnt111ra della ccl111lc \'cgctalc. 1st. Lrn111>:inlo 
Rendic. III. 75:109-1~. 1912. 

2. RARBFR, H. The cxpcri111c11tal co11trol of chromosome pairing in Friti!lrni11. 
Jour. Genet. ·13:359-7·1. 1912. 

3. BARRos, R. A. colchici11a cos Paramccios. ll11i1·. Sao Paulo Bol. F:ic Film. 
C:ic11. c Lctras Ill Biol. Cera!. 17:97-116. 1910. 

4. RAUCH, R. Bczichu11gen zwischc11 pohploidisicrc11de11, c:irci11ogc11en 1111d 
phytohormonalen Suhsla111en. A11sliis11ng· ,011 Gigas-\f11talio11e11 dcr Hcfe 

durch pflanzliche \\'uchsstoffe. Jl,;aturll'iss. 30:120-21. 1!)12. S11lfo11amides as 
antagonists to the polyploid effect of C:olchici11e. ;\;aturwiss. :l:l:25-26. 19 Iii. 
Sulfonamide uncl Colchicin. Ein ho1a11ischer l\ci1ra!,\ 111111 S111fo11arniclprohle111. 
Die Pharmazie. 1:1-7. 1919. 

5. BEA~ts, H., et al. Cytological stu,lics on yeast cells with special reference 10 
the buckling process. Cytologia. II :30-,Hi. 1910. 

6. BENEKF, E., ANn \\'11,soN, G. Treatment of Al/rnnycrs javanicus var. .Japonc
sis Indoh with colchicinc a11d sodium nucleate. i\fycologia. ·12:519-22. 1950. 



Cellular Growth 133 

, . BrncFR, C:., A:--;n WITKPS, E. A cytological study of c-mitosis in the polyso
matic plant Sf1inru:ia o/eraffa, with comparative observation on Allium cepa. 
Torrey Bot. Club Bull. 70:457-67. 1943. Further studies of the cytological 
effects of combined treatments with colchicine and naphthaleneacetic acid . 
.\mer. .Jour. Bot. 36:79·1-95. 1919. 

8. lltL\llllRI, I'. Effects of different forms of colchicine on roots of Vicia faba 
L .Jour. Rov. Mier. Soc. 59:2·15-76. 1939. 

9. BLAKESLEE, A. The present and potential service of chemistry to plant 
breeding. .\mer. _four. Bot. 26: 163-72. 1939. Effect of induced polyploidy 
in plants. Amer. Nat. 7'i:117-35. 1911. 

10. l\oAs, F., AC\ll CtsTI., R. Ober einig·e Colchicinwirkungen (Protoplasma. 33: 
'.lOl-10. 193\l). Abstr. Bot. Zentralbl. 33: (12) :82. 1940. 

11. JloATC\FY, R., ANn YmrM;, l\f. The effect of colchicine on bird malaria . .Jour. 
Parasit. 25:116-47. 1939. 

12. I\O'ill, L. Colchicine stimulatiou of seed germination in Petunia axillaris . 
.Jour. Hcrcd. ,l'.l:200-201. 19•12. 

I 'l. Bo.,:--1-:TTI, E .. A:',;ll h.1.F~sY1, A. Die \Virkung des Colchicins auf den Bakte
rienstoffo·echsel. Zentralbl. llakter. 2-3:114. 1941. 

I-!. lion,, J., A,n BRADLEY, I'. On the assessment of the innuence of chemical 
compounds on bacteriophage multiplication. Brit. .Jour. Exp. Path. 32: 
'.l'li-107. I !l!i I. 

I:,. Bon.A,n, E .. AND Bon.Ar-.n, M. The action of colchicine and B. tyf1hosus 
e:--tract. lliochem . .Jour. 31: 151. 1937. 

Iii. BRt'\IFIEl.ll, R. Effect of colchicine pretreatment on the frequency of clno
mosomal aberrations induced by X-radiation. Proc. Nat. Acad. Sci. 29:190-93. 
1913. 

I 7. CAFIFRO, \I., A'll ZAMBR!INO, D. Sul' azionc della colchicina sulla moltipli
c;11ione della Staf1hylococcus aureus. Boll. Soc. Ital. Biol. Sper. 2--1:1326-27. 
1918. 

18. CIL\RCAFF, E .. f'I al. Inhibition of mitotic poisoning by meso-inositol. Science. 
108:556-58. 1918. 

19. C:11onAT, F., A:-Jll MARTir-., G. Sur l'incfficacit{· de la colchicine clans un pro-
1ess11s puremcnt n11d{·airc. C. R. Soc. Phys. et Hist. :'-lat. Genc,ve. !">5:70-71. 
19'.lH. 

20. Co,t\L\)rnor-., .J., AND Fo:s1rnu,F, P. DF. Action de la colchicine sur Amoeba 
sJ,ha1·ro1111c/1•11s. Obtcntion de vari{,t{·s gbntes. C. R. Soc. Biol. Paris. 
136: 110-11, 123, 160, 7°16, 717, 763. I !M2. 

21. C:o,sTA,"Tlr-., T. \litogenesis and rnlchicine in the onion root. Bull. Histol. 
Appl. Physiol. Path. Tech. \ficroscop. 17:97-108. 1940. 

2'.:. Cormack, R. lntcrcellular inclusions in white mustard roots ,induced by col
chicinc treatment. Nature. IG3:3G2-63. 1949. 

2'.l. CoR--;11., L. Action of colchicine in aqueous solution on germination of wheat. 
C. R. Soc Biol. Paris. 138:932-3'.l. 19-1-t. 

21. CoR,\tAr-., I. Disruption of mitosis in Colchir-11111 by means of colchicine. 
Biol. Bull. HI :297-98. 1!)11. Susceptibility of Colchicum and Chlamydonwnas 
to colchicinc. Bot. c;,11_ IM:50-61. 1912. Alleviation of mitotic poisoning 
IJ\ glucose. Jo11r. Cell. and Comp. Physiol. ,l!i:301-2. 1950. 

2'i. CnKALmvsK1, J., AND DOI.BY, D. Effect of enzyme inhibitors on the genesis 
of phage. Nature. 163:719-20. 1919. 

2ti. ])'_\\tATO, F. The effect of M-inositol on c-mitosis arnl c-tumor reaction. 
Canologia. Pisa. I :,158-(il. l!l-19. The quantative study of mitotic poisons. 
IJ\ the .·l//i11111 cc/m test. Data and problems. l'rotoplasma. 39:423-33. 1950. 
----. A'1> AvAr-.z,. \I. Reazioni di natura auxinica cd effctti rizogeni in 
.·ll/i11111 ff/Ht L. Studio cito-istologico sperimentale. Nuovo Giornale Botanico 
ltaliana N. S. 55:hil-21:l. 1918. 

2~. 1)\:--cFARll. I' .. I'/ al. f:tucle relative ;, )'action de la colchicine sur la cyclose 
ntoplasmiquc. C. R. Sor. Biol. Paris. Hl:1055-57. 1947. 

2!). Di-:R,11-,, H. C:olchicinc, polyploicly and technique. Bot. Rev. 6:599-635. 
1910. :\ cytological analysis of polyploidy . .Jour. Hered. 29:210-29. 1938. 

'.lO. lh:YSsor-., (;_ Action simultanfr du ph{·nylurc·thane et de la colchicine sur 
Jes m{..-isti·mes radirnlaires d'.11/iwn U'fia. C. R. Acad. Sci. Paris. 220:367-69. 



134 Colchicine 

1945. Contribution a l'etude du "syndrome mitoclasique." Centre de Dorn• 
mentation Universitaire, Paris. 1918. Pharrnaco,!ynamic studv of ccllula1 
division. Rev. Gen. Sci. 56:152-60. 1919. · · 

31. ])EYSSON, G., Al\ll DFYSSON, !\1. Action of mcso-inositol on grmnh and mi 
tosis of higher plants. Bull. Soc. Chim. Biol. Paris. :12:2(i8-7'i. 1%0. 

32. DouTRE, L., ANO BIRABEN, J. Pharmacodynamic activitv of colchicinc as a 
medicament for cancer. Action 011 cytoplasmic cyclosis . .Jour. l\kd. Bordeaux. 
124:463-65. 19,17_ 

33. DRAGOIU, 1., AND CRISAN, C. The action of colchicinc on the roots of the 
plants (Alliwn cepa and P/,aseolus ,111/garis). Bull. Acad. \lc-d. Roumainc. 
4:326-38. 1939. 

34. DuHAMET, L. Recherches sur !'action de l'hctero-auxine ct de la rnlchicine 
sur la croissance de racines isolces de I.upi1111s al/ms. Rev. C:,tol. et CY!o
physiol. Veg. 8:35-75. 1915. 

35. Eicsn, 0. A cytological study of colchicine effects in the induction of poh
ploidy in plants. Proc. Nat. Acacl. Sci. 21:56-63. 1938. The effects of 
colchicine upon the division of the generative cell in l'nlvgrmat11111. Tmdes
ca11tia, and I.ilium. Amer. Jour. Bot. 27:512-21. 1940. Cokhicinc- a bacterial 
habitat. Amer. .Jour. Bot. 33:4. 1916. 

36. ----, ANO DusTIN, P., JR. Colchicine bibliography. Llonlia. 10:6:'i-l 11. 
1917. Colchicine bibliography III. Lloydia. 12:185-207. 1919. 

37. Em.ER, H. Factors affecting the pyruvic acid content of rat blood. .\rki,·. 
Kerni. Mineral. Genl. 20A. No. 12. 10 pp. 191'i. Growth ergones and anticr
gones. Svensk. Kem. Tid. 58:180-87. ]9,16. Action of colchicine and X-ra,s. 
Influence of saponin and digitalis glycosides on seed germination and mitosis. 
Arkiv. Kemi. Mineral. Genl. 22A. No. 14. 10 pp. 1946. 

38. ----, AND l'ERJE, M. Action of vitamins and antivitamins on seed germi
nation an,! mitosis. Arkiv. Kemi. ~1ineral. (;col. 20A. :\'o. 2. Chem .. \hst. 
41:2125. 1945. 

39. ----, ct al. Changes produced in yeast cells hv Riintgcn r:l\s and ,hcmi• 
cal substances. Z. Pbysiol. Chem. 277:1-17, 18-25. 1912. 

40. FRANZL, R., ANO CIIARGAFF, E. Bacterial enzyme preparations oxidizing inositol 
and their inhibition hv colchicinc. Nature. 168:95'i-'i7. 1%1. 

41. FREI, ,v., AND BRUNNER, T. Beziehungen zwischcn Zelltcilung urn! Ox,dation 
bei Bakterien. Schadigung dcr aerobcn und anacroben Ox,dation ,·on Bak
terien mit Cyankali, Pyridin, Colchicin und Ultraviolettstrahlen. Heh·. 
Physiol. et Phann. Acta. 5:252-M. 1947. 

42. FUNKE, G. Growth of water plants in solutions of phytohormoncs and 
other substances. Proc. Ned. Akad. \Vctcnsch. ·15:937-13. 1912-·13. 

43. GAROFALO, F. L'azione della colchicina. Boll. Soc. Ital. Biol. Sper. 22:391-95. 
1946. 

44. GARRir.UES, R. Effects of colchicine and chloral on the roots of f'icia fa/1a. 
Rev. Cytol. ct Cytophysiol. Veg. ·1:261-301. EHO. Colchicine. La :\atmc. 
1945:244--46. 1945. 

45. GAVAUOAN, P. Pharmacodynamie de !'inhibition de la caryocint·>:e. Librairie 
le Frarn;:ois, Paris. 1947. 

46. ----, ANO BREIHON, G. The scale of functional inhibitions in the plant 
cell. Mem. Services Chim. Etat. Paris. 3'i:No. 3. 7:1-78. 1950. 

47. ----, ANO GAVAUOAN, N. Mecanisme d'action de la colchicine sur la 
caryocinese des vegetaux. C. R. Soc. Biol. Paris. 128:714-16. 1938. 

48. ----, et al. La toxicolog·ic gcncralc ct la notion d'activitl· thcrmo,hna· 
mique. Mem. Services Chim. Etat. Paris. 31:38'1-423. 1944. L'importance de 
la notion cl'activite thcrmodynamique en toxicologie et en pharmacod,namie. 
Rec. Trav. Scient. Station d'Ess. Bouchet. I :5-22. 1945. 

49. ----, AND KonozJEFF, N. Action of colchicine on caryokinesis and c,to· 
dieresis in Ch!amydomnnalineae. C. R. Soc. Biol. Paris. 127:790-9:1. 19'lH. 

50. GEISSLER, G. Knob formation on onion roots hy mitosis poisons, growth and 
germination inhibitors. Naturwiss. 37:563--64. 1950. 

51. GoHAR, M., ANO MAKKAWI, M. Antibacterial action of colchicine and col
chiceine . .Jour. !'harm. and Pharmacol. 3:415-19. 19.'il. 



53. 

51. 

55. 

.-,r;_ 

07. 

58. 

60. 

iii. 

ti2. 

iii. 

(i(i. 

Cellular Growth 135 

GoRno-.;, \V., ANO McKF.CHNIE, .J. Autopolyploidia induced in Penicillium 
no/alum by colcbicine. Anales Farm. Bioquim. Buenos Aires. 17:12-17. 1916. 
GoRTFR, C. De invloed van colchicine op den groei van den celwand van 
,rnrtelharen. Proc. Kon. Nederl. Akad. Wetensch. 48:3-12. 1945. 
GRACF., N. Note on sulfanilamide and other chemicals that act as plant 
growth-promoting substances. Can. Jour. Res. 16:C, No. 3, 113-44. 1938. 
GRF.MLING, G. Troubles morphologiques determines par la colchicine chez 
Jes vcgetaux. Assoc. France Avanc. Sci. 63rd Session, Liege. Pp. 595-607. 
1939. 
G1·1NocHF.T, M. Modifications of the physiochemical reactions of the plant cell, 
caused bv mitosis-inhibiting substances. C. R. Acad. Sci. Paris. 210:579-80. 
1910. • • 
HAI.I\FRSTAEnTER, L., ANn BACK, A. Influence of colchicine alone and combined 
with X-rays on Paramecium. Nature. 152:275-76. 1943. 
HAllSMANN, \V., ANO KoLMF.R, W. Uber die Einwirkung kolloidaler Gifte 
au£ Paramacien. Biochem. Z. 3:503-7. 1907. 
H.wAs, L. Is colchicine a "phytohormone"? Growth. 2:257-60. 1938. 
Parthcnocarpy and accompanying hormonal syndromes induced by unrelated 
chemicals. Nature. 157:629-30. 1946. Problems of growth studied with the 
aid of colchicinc in plants and animals. Ann. Soc. Roy. Sci. Med. ct Nat. 
Bruxelles. I :57; cf. Chem. Abst. 42:1676c. 1948. Hormone-mimetic and 
,L\To\\·th effects of colchicine in plants. Exp. Cell Res. Suppl. 1:597-601. 1949. 
Effect of bee-venom on colcbicine-induced tumors. Nature. 166:567-68. 1950. 
----, ANO BALOF.NSPFRGFR, A. The oncological aspect of the "immunity" 
of Colchicum to colchicinc. Science. 114:208-10. 1951. 
----, ANO FFI.F.OI.OY, L. Fasciations and kindred teratisms induced in 
plants by polyploidogenic agents. Magyar. Biol. Kut. Muukai. 17:131-40. 
I 917. 
HAWKES, J. Some effects of the drug colchicine on cell division. Jour. Genet. 
11:11-22. 19•12. 
HFJSE, F., ANll STEENKEN, \V. Growth and virulence of tubercle bacilli. A 
studv of the effect of vitamin B,, and Bn, ribollavine, colchicine, phthiocol and 
th\loquinone. Amer. Rev. Tuberc. 1-1:635-36. 1941. 
HEITZ, E. Moosmutationen I. Spontane und durch Colchicin ausgeli:iste 
pohploide Mutanten dei Aulammnium androgynurn (L.). Arch. Julius 
Klaus-Stitt. 20:111)-25. 1915. Ober "Colchicinmuster." 8. Jahresher., Schweiz. 
(;es. Vererlmngsforsch. Arch. Julius Klans-Stift. (¾), pp. 497-99. 19t8. 
JAKOll, H. Influence de la colchicine sur le developpernent de certaines algues 
d'eau cloucc. C.R. Acad. Sci. Paris. 230:1203-5. 1950. Action de la colchicine 
snr certaines algues d'ean douce et comparison avcc !'action des substances 
metaholiques en provenance d'algnes. Rev. Gen. Bot. 58:348-52. 1951. 
J1-:x'IISO'I, N. The inactivity of colchicine for bacteria. Jour. Bact. 39:20-21. 
19!0. 

67. K·\LI.10, P. The significance of nuclear quantity in the genus Mi,mslerias. 
Ann. Bot. Soc. Zoo!. Bot. Fenn. 2·1:1-122. 1951. 

Ii~. KARTASIIO\'A, N. Treatment of vegetable cells with colchicinc. C. R. Dokl. 
.\cacl. Sci. URSS 16:372-74. 191!>. 

ii\l. KA YSFR, F., ANn BF.ssoN, S. Action of sulfonamides and colchicine on develop
ment of pea roots. C.R. Soc. Biol. Paris. !42:8,1-86. El-18. 

70. K1-.G, C:. Changes of carbohydrates of germinating wheat seeds in manganese 
sulfate, inclo1eacetic acid and colchicine media. Bot. Bull. Acad. Sinica. 1 :9-24. 
19!7. 

7 I. K1-.c, R., A'lll BEAMS, H. Comparison of the effects of colchicine on division 
in protozoa and other cells. Jonr. Cell. and Comp. Physiol. 15:252-54. 1940. 

72. KosToFF., D. Induction of polyploidy by pulp and disintegrating tissues from 
Colchirnm sp. Nature. 143:287-88. 1939. 

7:l. KRYTIIF, J. The effect of colchicine on the anthers of Carth,111111s tinctorius 
L Proc-. Acad. Sci. Amsterdam. 4,j:283-87. 19,12. 

i L LA:-.G, K., el al. Ober die Hemmung von Desoxyribonucleotide spaltenden 
Fenn en ten du rd, Colch icin. Experientia. 5:-1-19. I 949. 



136 Colchicine 

75. LAUR, C. Experimental study of the action of colchicine on certain phases 
of cellular development. Ann. Anat. Path. 15:792-99. 1938. 

76. LEF., T., A'.'lll HwAr-:c, T. Growth stimulation hv manganese sulfate. indok-
3-acetic acicl and colchicine in pollen tube g-rcmth. Acta Brev. Sinensia. 
8:21-22. 1944. 

77. LFFE\'RE, J. Actions similaires sur Jes mitoses ,i,g-{·tales cle L111{·thol et des 
substances clu groupe de la colchicine. C. R. Soc. Biol. Paris. 133:(il6-IR. 
1910. 

78. LETTRE, H.Oher !\fitosegifte. Ergehn. Plnsiol. Jti::17'l-l'i2. l!l'iO. Che, 
Synergisten von Mitoseg-iften V. Mitt. Versuche zur Aufhehung- der svnerg-isti 
schen \Virkung- durch l'hosphag·en. Natun\'iss. :18: l:l. 1%1. 

79. LEVAN, A. The effect of colchicine 011 meiosis in Alliw11. Hereditas. 2"1:!l-26. 
1939. The effect of ac:enaphthene and c:olchicine on mitosis of Alli11111 and 
Colchicurn. Hereditas. 26:262-76. l!llO. The macroscopic colchicine effect -
a hormonic action? Hereditas. 28:211-15. 1912. 

80. ----, AND Lfl'RINC, T. Some experiments on c-mitotic reactions \\'ith 
Chlorophyceae and Phaeof;hyceae. Hereditas. 28:400-108. 1912. 

81. ----, AND LnTFY, T. Naphthalene acetic acid in the :ll/i11111 ft•s/. Hereditas. 
35:337-71. 19-19. 

82. ----, AND <)sTERCREN, G. The mechanism of c:-mitotic action. Ohset
vations on the naphthalene series. Hereditas. 29::181-113. 1913. 

83. ----, ANll SANOWALL, C. Ouantitative i11,·estigatio11s on the reaction of 
yeast to certain biologically active substances. Hcieditas. 29:161-78. 1913. 

84. ----, A:'\O STEINI-:r.GAR, I!. The resistance of Colchic11111 and /i11/11ocodiwn 
to the c-mitotic action of colchicine. Hcrcditas. 33:552-66. 1!117. 

85. LEVINE, M. The effect of colchicine and acenaphthene in combination with 
X-rays on plant tissue. Torrey Bot. Club Bull. 72:563-7-1. I !ll'i. Action of 
colchicine 011 cell division in human cancer, animal and plant tissues. Ann. 
N. Y. Acacl. Sci. 51:136:,-H06. 1951. 

86. ----, ANO LEIN, .J. The effect of various growth substances on the 
number and the length of roots of A Ilium cej,a. Amer. .Jour. Bot. 2H: 163-liK. 
19,11, 

87. Loo, T., AND TANr., Y. Growth stimulation liv manganese sulphate, indolc-
3-acetic acid. and colchicine in the seed germination and early g-roll'th of 
several cultivated plants. Amer. Jour. Bot. 32:106-1 I. l!H'i. 

88. MAIROLn, F. Studie11 an colchicinierten l'flanzen. l'rotoplasma. ,17:-1 Fi-',21. 
1943. 

89. ---- ANO \V1-:111-:R, F. l\fatrirnria rha/1101//illa durch Coldiizinierung ohne 
Strahlenblilten. Phyton. 2:271-7!,. 1950. 

90. MANr.ENOT, G. Substances mitodasiques ct ccllules v{,g-i,tales. f.:tat actucl 
de Ia question d'apri·s Jes travaux puhli<'·s jusqu';', la fin de 1910. Rev. Cvtol. 
et Cytophysiol. Veg. 5:169-264. 1!111. Action de la colc:hicine sur Jes racines 
d'Allium cepa. Hermann and Cie., Paris. 120 pp. 1912. 

91. ,\fARTIN, G. Action de la colchicine sur les tissus de topinamhour n1lti,c'· i11 
vitro. Rev. Cytol. ct Cytophysiol. Veg. 8:1-31. 191!,. 

92. MARTINEZ, L. Influence of various alkaloids m1 the growth of \\'heat seedlings. 
Farmacognosia. Madrid. 9:231-·16. I 949. 

93. MASCRE, M., AND Dt-:YSSON, G. Les poisons mitotiques. Biol. 1\led. l0:1-0-1. 
1951. 

94. MEIIRA, P. Colchicine effect 011 the mitotic division of the hody nucleus in 
the pollen grains of some J,;jJhedra Spp. Proc. Nat. Inst. Sci. lndi,i. 12:'l'.l'.l-lO. 
1946. Colchicine effect and the production of ahnonnal spcnnatowids in the 
prothalli of Dryopteris subjm/Jescens (Bl.) C. Chr. and Co11iof1tnis prolifern 
Roxb. Ann. Bot. 16:49-56. 1952. 

95. Mm., \V. DE. Colchicinc treatment of Seil/a to produce polyploids. Papers 
Mich. Acad. Sci. 35:3-7. 1951. 

96. :\iur-,TZING, A., A'.'IB RUNQUIST; E. l\'ote on some colchicine-incl11ced polyploids. 
Hereditas. 25:491-95. 1939. 

97. l\'AU'.'IDORF, G., AND HAASE, E. The auxin metabolism of poll'ploid plants 
after colchicine treatment. Naturwiss. 31:570. 191:l. 



Cellular Growth 137 

'lR. :\°FBFL. B. Cytological observations on colchicine. Collecting '.\let. 12:130-31. 
193i. 

\19. ---- A'ln Runr.r. I\L /\ction of colchicine on mitosis. Genetics. 
2,l:161-62. 1938. 

JOO. :\r\\·co,1FR. E. Cokhicine as a growth stimulator. Science. 101 :677-78. 1945. 
IOI. :\1cKFLr., L. Effect of certain plant hormones and colchicine on the growth 

and respiration of virus tumor tissue in Rwnex aretosa. Amer. Jour. Bot. 
'li:829-35. 1950. 

102. :\"11101rs, :\I. Toxic effect of aqueous solutions of colchicine on the germi
nation of Pirn111 sati,,11111. C.R. Soc. Biol. Paris. 138:128. 1944. 

103. :\"oRTJtF:\, H. Altet'ations in the structural viscosity of protoplasm by colchicine 
and their relationship to c-mitosis and c-tumor formation. Amer. Jour. 
Bot. 37:705-11. 1950. 

101. O!l\TO:\, F. Influence de la colchicinc sur le ckveloppement de Photo
/)(lcfl'riwn j,hosj,horewn. C.R. Acad. Sci. Paris. 208:1536-38. 1939. 

10:i. 01.1.n·1rn, H. f:tude cyto-toxicologique de !'influence de divers agents physiques 
ct d1imiques sur les plantulcs de 1,1(·. Rev. Can. Biol. 7::l!'i-159. 1948. 

JOii. O':\IARA. J. Observations 011 the immediate effects of colchicine. Jour. Hered. 
'.HI: '.l:,-,li. 1939. 

1117. 0Rst,t, :\I., AND l'A:\SKY, II. The natural resistance of the golden hamster to 
rnkhicine. Science. 11:,:HH-89. l9!i2. 

!Ox. <>sTFRGRF,, C. i\arcoti1ed mitosis and the precipitation hypothesis of nar
cosis. :\lecanisme de la Narcose. Colloqucs Internal. Centre ;\'at. Recherche 
Sci en t. 2fi: 77-8i. 

109. PARR, I.. ,\ new "mutation" in the coliform group of bacteria. Jour. Herecl. 
2\l::lHl-81. 19:lH. 

1111. l'xtro,, R., A:\D :'\FBFI., B. Preliminary observations 011 physiological and 
n tological cffens of certain hvdrocarhons on plant tissues. Amer. Jour. Bot. 
2i:li0!1-l'L I 'IIO. 

111. PnrrnF. L. Anion of rnkhicine on plants. C.R. Soc. Biol. Paris. 131: 109!i-97. 
l'l'.l!l. 

112. l'osT.\L\, \\'. Opcrmerki11gc11 mer de cytologic van normale e11 van met co]
chicinc l,chanc!cldc Cm111a/,is-plante11. Erfclijkheid in l'raktijk. 4: 171-7'!. 1939. 

11'.l. l'oTTZ. (;. Effects of rnkhicinc on bacteria. Proc. Okla. Acad. Sci. 22:139-41. 
1\111. 

I 1-1. l'RA.\KFN, R., Ar\ll LnAN, A. ;\'otes on the colchicine meiosis of A Ilium cenwum. 
Hcrcc!itas. 32: 123-2/i. 

11',. Rns~. C. Beitriigc 111r Wirkung des Cokhicins bei der Samenhehandlung. 
Planta. ,lH:!121-7/i. 1950. 

I Iii. Rtc:tL\RllS, 0. Cold1icine stimulation of yeast growth fails to reveal mitosis. 
Jour. llact. :l(i: I H7-'l!i. 1938. 

117. Rost-:.'l>Altt., C. Vcrsuchc zttr Er'l.cugung von Polyploidie bei Farncn durch 
Colchicin-hehundlung sowic Bcobachtungen an polyploiden Farnprothallien. 
l'lanta. ,ll :597-(i37. 1911. 

111'. R1·111, ll., et al. Studies in human malaria. XIV. The ineffectiveness of col
chicinc, S. 1\. 12,080, S. N. n66 and S. :s/. 8557 as curative agents against St. 
Elisahcth strain vivax malaria. Amer. Jour. Hyg. 49:361. HM9. 

I l'l. SA:\SO\IF, E., Ar\ll BA,.,ors, L. Colchicine ineffective in inducing polyploidy in 
Fe11i,.il/111111 110/a/11111. Lancet. 251 :828-29. 1916. 

120 . .\.\'-L\\'Y, F. Polarografie a spcktrografie kokhicinu a jeho dcrivatu. Puhl. 
Fae. :\led. Brno. 19: 1-19-72. I !M,,. 

1:21. s,ss, J., AND GRFFN, J. Cytohistology of the reaction of maize seedlings to col
chiunc. Bot. Ga,. IO(i: IH3-88. 1915. 

I'.!'.!. S.,ro, D. The effect of colchicine on meiosis in Aloi111u'. Bot. l\fag. Tckyo. 
:i,l: 200-7. I 9,l9. 

l2'l. Sun:urr, E., AND (;orn.IFB, D. Colchicine as a mutagenic agent for Slrepto-
111Y<<'S gris1'1LS. Ill. Acad. Sci. Trans. 43:!il-52. 1950. 

124. S111,1.n1uRA, T. Effect of acenaphthene and colchicine on the pollen mother 
cells of Fritillaria wild var. Thun/Jergie Baker. Jap. Jour. Genet. 15: li9-80. 
1939. Studies on the effect of centrifugal force upon nuclear division. Cyto
logia. I0:186-211i. 1910. 



138 Colchicine 

125. SIEBENTHAL, R. A leucophytic clone of Hormidium derived from a culture 
treated with colchicine. C. R. Soc. Pins. et Hist. ;\at. Gcnhc. :,K: I.~i-'12. 
1941. 

126. S1NOTO, Y., AND YUASA, A. Karyological studies in Sncrharnnl\'Cf'S rcu·,,,rnll', 
Cytologia. 11 :164-72. 1941. 

127. SxrITH, P. Studies of the influence of colchicinc and ,l-indole acetic a, id upon 
some enzymatic reactions. Proc. Okla. Acad. Sci. 21: 105-8. I') 11. Studies ot 
the growth of pollen with respect to temperature, auxins, colchicine and , ita
min n,. Amer. Jour. Rot. 29:56-66. 1912. 

128. SoYAXO, Y. The hypertrophy in roots induced I,y se,,eral chemicals. Bot. \lag. 
Tokyo. 31: 185-95. 1940. 

129. SPAR.ROW, A. Colchicine-induced univalents in diploid A11tir1hi1111111 ""'ju, L. 
Science. 96:3(i3-fr1. 19·12. 

130. SREENIVASAN, A.' AND \VAl':IlREKAR, s. Biosynthcsis of vitamin C: during· ger1111-
11ation. I. Effect of various environmental and cultural factors. Proc. lnd;a11 
Acad. Sci. 32B:113-63. 1950. 

131. STALFELT, M. Effect of heteroauxin and colchicinc on protoplasmic ,,iscmil\. 
Proc. 6th Internal. Congress Exp. Cytology (1917). Exp. Cell Res. SuppL 
I :63-78. 1919. 

132. STFJNRFRC, R., AND THOM, C. Mutations and reversions in rcproduct i, it, ot 
Asperp;illi and nitrite, colchicine and d-lysine. Proc. !\'at. Acad. Sci. 26 1fi•: 
363-66. 1940. 

133. Sn:INEr:r:AR, E., AND LEVAN, A. The cytological effect of chloroform and col
chicine on Allium. Hereditas. 33:515-2.5. 1917. The c-mitotic qualities of rnl
chicine, trimcthyl colchicine acid and two phenanthrene deri,·atiH~s. Hercdiu,. 
3,1: 193-203. 1918. 

134. STF.RZL, J. Morphological variahility of the nuclear substance and genetic 
changes induced hy colchicine in "Esrhaichia roli." \;atu re. lfi3:2~. l 'l 1\1, 

135. STRAUB, J. Quantitative und qualitative Verschicdenheiten innerhalb von po1'
ploiden Pflanzenreihen. Biol. Zentralbl. (i0:(i59-G9. 1910. 

136. STURTEVANT, F., ct al. Effect of colchicinc on regeneration in l'c/11111/0/1\drn 
oligactis. Science. 111:241-42. 1951. 

137. Sl!ITA, N. Studies on the male gamctophyte in angiosperms. \". Colchicine 
treatment as a proof of the essential function of the spindle mechanism i11 
karyokinesis in the pollen tuhe. Jap. Jour. Genet. 15:91-95. 1939. 

138. TAKF.NAKA, Y. Notes on cytological observations in Culchicum, \\"ith reference 
to autotoxicosis and sterility. Cytologia. 16:95-99. 1950. 

139. T0Nz1c, S., AND OTT-CANDELA, A. L'azione della colchicina stdio s,iluppo 
deg·Ii apparati stomatici. Nuovo Gior. Bot. Ital. 53:535-47. 1946. 

140. Tsc11ER:VIAK, E. Durch Colchicinbehandlung ausgeliiste Polvploidie bei de, 
Griinalge Oedop;oniu111. Naturwiss. 30:638-81. 1912. 

141. UBATUBA, F. Inhibition of growth of oat rootlets. Rev. Brasil Biol. 5:263-71. 
1945. 

112. lJMRATH, K., AND \VEBER, F. Elektrische Potentialc an durch Colchicin ode, 
Heteroauxin hervorgernfenen Keulcnwurzcln. Protoplasma. ,17:522-26. l<il'.l. 

143. VAARAMA, A. Permanent effect of colchicine on Ri/,cs 11ig111111. Hereditas. 
Suppl. Abst. 680-81. 1919. 

144. VAl':DE:S.DRIES, R., AN!) GAVAllllAN, P. Action ,le la colchicinc sur quelqucs orga
nisrnes infcrieurs. C:. R. Acad. Sci. Paris. 208: 1675-77. 1939. 

145. VA:-.IDF.RWALLF., R. Observation sur !'action de la colchidne cl autrcs sub
stances mitoinhibitrices sur quelqucs champignons phytopathog<·nes. Bull, 
Soc. Roy. Bot. Belg. 72:63-67. 1939. 

146. VIETEZ, E. Palynological observations 011 some Spanish honeys. Tone, Bot. 
Club Bull. 77:495-502. 1950. 

147. \VADA, B. Lebendbeohachtungcn iiber die EinwirkuJJg- des Colchicins auf die 
Mitose, insbesondere iiber die Frage cler Spindelfig-ur. Cytologia. 11:93-116, 
1940. 

148. \VAi.KER, R. The effect of colchicine on microspore mother cells and micro
spores of Tradescantia paludosa. Amer. Jour. Bot. 25:280-85. 1938. The 



Cellular Growth 139 

effect of colchicine on somatic cells of Tradescantia fJaludosa. Jour. Arnold 
.\rb. 19:158-62. 1938. The effect of colchicine on the developing embryo 
sac of Tradescantia paludosa. Jour. Arnold Arb. 19:H2-45. 1938. 

I l9. \\'Al.KER, A., A:s;o You~tANS, G. Growth of bacteria in media containing col
chicine. Proc. Soc. Exp. Biol. and :\Iccl. 11:271-73. 19-10. 

150. \VA:s;G, F. Effects of auxin, colchicine ancl certain amino acicls on the germi
nation of Lotus corniculatus pollen. Biochem. Bull. China. 38: 1-3. 19-H. 

151. \\"nu:R, F. Spaltiiffnungsapparat-anomalien colchicinierter Tradescantia-b!at
ter. Protoplasma. 37:556-65. 1913. 

I .>2. \\'uc11sF1., G. Polyploidie, veranlasst durch chemische l\Iittel, insbesondere 
C:olchicinwirkung hei Lehuminosen. Zuchter. 12:25-32. 1940. 

I.",'.l. \\"EissF.xnocK, K. Stlldien an colchizinierten Pnanzen. I. Anatomische Unter
suchungen. Phyton. 1 :282-300. I 919. 

151. Wrn:-.rn, G. Untersuchungen iiber die i\foglichkeit der Erzeugung polyploidcr 
Kulturpllanzen <lurch Colchicinbehandlung. Zuchter. 11:51-71. 1940. 

1:i:'i. \\"1-:YI.AND, H. The action of chemicals on plants and its significance in medi
cine. Z. Krebsforsch. 56: J.18-(il. 1918. 

156. \\"1TKt:s, E., AND 1\1.ju;ER, C. Induced vascular differentiation. Torrey Bot. 
Club Bull. 77:301-5. 1950. 

157. \\"ou:orr, G. The effect of colchicine on a hepatic. Jour. Hered. 32:67-70. 
I 911. 

158. YA~IAHA, G., AND lJJ.:nA, R. Ober die Wirkung des Kolchizins auf Spirogyra. 
Bot. and Zool. Syokuhuta Oyobi Dobuta. 8:1709-14. 19-10. 

159. L\MBRu:-.;o, D. Azionc della colchicina, della narcotina, e dell'androstendione 
sulla moltiplicazionc dclle Staf,hylococcus aureus. Giorn. Batt. Jmmul 
,ll:'i5-57. 1916. 



CHAPTER 5 

Sources of the Drug 

5.1: Scope of Study 

In this chapter we shall discuss the phannacognosy of Colcl1irn111 
and other plants that produce colchicine. Origins, geography, his ton. 
commerce, cultivation, preparation, and applications to biolog, are 
explained in greater detail for Colchicum than is usual in standard 
works for pharmacists. 

The Greek words phrnnudwn, meaning drug or 111edici11e. and 
gnosis, a knowing, are combined to form the term p!tamrncog11ns\'. 
Literally, the meaning is a knowledge of drugs. This word is not so 
old as the study of drugs since it was introduced in 1815 by Sen!!n 
through his work, Analecta Pharmacognostica. A much older name 
for this subject is materia medica, and while this is still preferred in 
medicine to pharrnacognosy, pharmacists prefer the latter word. The 
two are not entirely synonymous, for the newer term has a more 
limited meaning. Biologics, such as vaccines, sera, and similar com
pounds, do not fall within the scope of pharmacognosy but arc a part 
of materia medica. On the other hand, compounds such as waxes, 
gums, oils, resins, spices, and fibers are included with drugs. 

There was much discussion in centuries past as to whether Colclti
cum should be an official drug in the standard formularies of ,arious 
nations. At certain times Colcl1icum was made official, then dropped. 
only to be taken up again in a later issue of the formulary. 1h ex
tremely poisonous nature and the lack of proper methods to assa, the 
drug caused much of the trouble. lt was realized that Colcltinun ,ras 
a good cure for gout. Medical men also realized the danger associated 
with administering the drug. The expressions official or 110110/f ici11l. 
acceptance or rejection, are based on the inclusion of a drug in 
standard pharmacopeias of a particular government. The drug ma, 
be official for one country and not another. Today, the standardiza
tion of colchicine is accurate, and the drug is official in every national 
work on pharmacy.80 Because of its availability, Colchic11111 /11tn1111 

[ 140] 



Sources of the Drug 141 

is permitted as a substitute for r:. rwtumnale in Jndia. 11 The stand
anls or the Brit isl, Pharmacopoeia do not permit the use of C. luteum, 
because the amount of colchicine in raw material is not high enough. 

5.1-1: Grogrnphical dist1·ib11tim1. Figure 5.1 gives the location of 
the important species of the genus Colchicwn, outlining the main 
areas where species are native. Taxonomists recognize 65 species in 
this genus,n-~ but during the earlier centuries all autumn-flowering 
species were grouped in the C. autumnale type. Actually, the official 
species is distributed over Europe; line 55 outlines this area on the 
map (Fig. 5.1). The majority of species described on the map Hower 
in the fall and produce seed in the spring. Another species known to 
antiquity is C. variegatum, number 6 I. The distribution of C. luteum, 
number 1, is the easternmost representative. All are limited to the 
:'\orthern Hemisphere and none are reported in the Americas. 

5.2: Problems in Pharmacognosy 

~Iaintaining quality, protecting the consumer, preventing fraud, 
and regulating traffic become the responsibility of trained pharma
cognosists.rn, rn During earlier centuries, physicians had to use Colchi
rn111 according to their judgment. At times this duty was a heavy 
responsibility (cf. Chapter I). Even today the problem is not com
pletely solved, for it has been discovered that U.S.P. colchicine may 
contain another compound, desmethylcolchicine. 24 The substance has 
biological activity; therefore, purification of so-called pure colchicine 
is recommended if carefully controlled experiments are to be under
taken. 

The preparation of the drug from the fresh state before drying, 
or through processes of drying, must be correct in order to avoid 
changes in these complex compounds. Colchicine in solution must 
not be exposed to sunlight. Slicing, washing, and exposure to insects 
or bacteria can also introduce changes. 

Four principal techniques arc used to evaluate drugs. These are 
(I) organoleptic, (2) microscopic and rnicrochemical, (3) physico
chemical, and (·l) biological methods. Each particular test is de
scribed in the formularies or standard works on assay of drugs. Many 
or the methods have been applied to cokhicine. 

5.3: Plants Containing Colchicine 

One species is famous in every pharmacist's handbook for the 
production of colchicine. There are many other species that have a 
capacity for synthesizing the compound in parts of plants. All species 
of the genus Colchicum analyzed to date yield colchicine.~- 27 , 70 An 
extensive list of them has been collected (Table 5.1) . Two genera, 
,\Inn1dna and Colchic11111, have been used interchangeably. Species 
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Fig. 5.1-The 
all others are 
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51 

geographical distribution of 
autumnal flowering types. 

1-C. luteum 
4-C. robustum Stef. 
5-C. szovitsii 
9-C. ritchii 

15-C. nivale 

53 
64 

important species of Colchicum. Those numbered between l and 15 are spring flowering and 
The following are included on the map: 

30-C. vernum 48-C. kotschyi 60-C. turcicum 
31-C. montanum 51-C. longifolium 61-C. variegatum 
32-C. cupani 53-C. lingulatum 63-C. speciosum 
46-C. umbrosum 55-C. autumnale 64-----C. bivonae 
47-C. laetum 56-C. lusitanum (After Stefano/fl 
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of each are found in the northwestern Himalayan area. Both drugs 
arc on sale in the bazaars of the Orient.17 

Jsolated substances from C:olchicwn autumnalc and related species 
have been studied extensively by Professor F. Santavy and his 
colleagues at the Medical-Chemical Institute of the Polacky University 
of Olomouc, Czechoslovakia. An up-to-date summary was prepared 
by Professor Santavy exclusively for this book. Accordingly Tables 
5.:2 and 5.3 combine the significant details from their numerous 
published and unpublished works. 

The chemical structure of substance F as listed has been de
termined as desacetyl-N-methyl-colchicine, and differs from colchicine 
lJ\ the Joss of the carboxy-group attached to the nitrogen ring as can 
be seen in the structural diagrams of Chapter 6. Since this compound 
F has strong c-mitotic properties and is less toxic than the parent 
alkaloid when used with animals, the further examination of related 
substances would appear to be worth considerable exploration. A 
compound "Demecolcin," marketed by Ciba of Basel, Switzerland, has 
been studied extensively and a preliminary survey shows useful appli
cations to some types of malignant growth. These data are found in 
references to papers by Bock and Gross (1954), ·Meier, Schar, and 

TABLE 5.1 

PRINCIPAL PLANT SouRCES OF CoLCHICINE 

-- -- -- ---- =-===~ 
Co/chicum autumnale L. 

C. montanum L. 

C. arenarium Waldst. and K. 

C. neapolitanum Ten. 

C. alpinum DC. 

C. luteum Baker 

C. multiflorum Brot. 

.\ferendera bulbocodium Ram. 

.\[. caucasica Biel. 

.\[. prrsica Bois and Katsch. 

Gloriosa superba L. 

. \ferendera sobol[fera Fisch. 

Bulbocodium ruthenicum Bung. 

Tofieldia glacialis Gaud. 

T. calyculata Whlnd. 

Vera/rum album L. 

V. nigrum L. 

Anthericum ramosum L. 

l-lemerocallis fulva L. 

Ornithogalum umbellatum L. 

0. comosum L . 

Tulipa silvestris L. 

Asphodelus a/bus Willd . 

Fritillaria montana Hoppe. 

Lloydia serotina Salib . 

M uscari /enuiflorium Tausch 



TABLE 5.2 
SURVEY OF PLANTS EXAMINED FOR THE PRESENCE OF Cm .. CHICINE AND RELATED SnBSTANCES 

SliM1iARIZED BY DR. F. SANTAVY 

Plant 

Colchicum autumnale L. 

C. speciosum Stev. 

C. arenarium W.K. 
C. cilicum Hayek 
C. variegatum L. 
C. vernum Ker-Gaw! 
C. agrippinum Baker 
C. neapolitanum Tenore 
C. montanum L. 
C. alpinum D.C. 
C. multif lorum 
C. luteum Baker 
C. kesselringii 
C. hierosolymitanum Feinbr. 
C. ruthrnicum 
C. bommuellrri 
C. autumnale album 
C. a11t11111nale major 
C. aulumnale mil1or 

Starting Material 
and References 

seeds 61,63,84,85,ss,100. 
101,106 

bulbs" ,s3 ,89,93 ·" 
flowers51 ,61 ·" 
leaves, pericarp24 • 

33,90,98 

bulbs'·••, 10,82,8s,81 
flowers87 •90 

bulbs64 •92 

bulbs64 
bulbs'" 
bulbs33 •95 

bulbs95 

bulbs92 

bulbs" 
bulbs92 

bulbs" 
bulbs90 
leaves38 

bulbs90 ·105 
lcaves33 

bulbs64 
bulbs" 
bulbs"' 
bulbs"' 

Substances Isolated or Otherwise Identified 

Substances of N~utral and Phenolic 
Properties 

Substances of 
Basic Properties 

Substances of 
Glucosidic 
Properties 

1-------- ------,-----1-- ---- ----1-----,--

1 
Colchi- I Colchi

cine B C D E1 I ceine F S u Ta 
Colchi
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------ - ------____ ,___ -- --- ------ --
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+ 
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+ 
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+ 
+ 
+ 
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+ 
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+ 
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+ 

+ 

+ 
+ + 
+ + 

+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ + + 
+ + + + 
+ + 

+ 
+ 

M 

+ 



Plant 

C. autumna/e var. 
Lilac Wonder 

C. autumnale var. 
The Giant 

C. rmtumnale var. 
Violet Queen 

.., C. autumnal-, flare plenn 
"' .Uerendera sobolifera C.A.M 

Jf. attica Boiss et Sprun 
.\1. bulbocod,um Ram 
.\1. robusta 
Jf. ca1Jcarica Sprcn~ 
Andror;mlium gram111eum 

McBridge 

Glvr:osa superba L. 
G. rnthschildiana O'Brien 
G. cimple.t 
Tulipa sifrestris L. 
J-hmrrocallis fulva 
Orn;thngallu;, caudaturr> Ait, 

Starting Material 
and References 

bulbs61 

bulbs" 

bulbs" 
bulbs90 

bulbs'o.,5 
bulbs95 

bulbsH 
leaves38 

bulbs90 

bulb,.,,.,o 
flowers, leavcs90 

bulbs"·"· 10,. 101 

bulbs6 •94 

bulbs" 
bulbs33 •95 

bulbs33 •64 

bulbs33 •90 

!'ABLE .5.2 lco11ti111mll 

Substances Isolated or Otherwise Identified 

Substances of Neutral and Phenolic 
Properties 

Colchi
cine 

1--:- ~- ·-n- ~~ . 
----'---

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 

Colchi
ceine 

Substances of 
Basic Properties 

Substances of 
Glucosidic 
Properties 

F 

+ 
+ 
+ 
+ 
+ 

+ 

s 
Colchi-1-- - -

U Ta _coside_ To 1\1 

1 These plants do not contain other substances with a tropolonP ring. 

NOTE; Due to the lack of startin~ material, a number of plants could not be analyzed by us for the presence of all the substances 
idcntiiicd in meadow saffron. 
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outisiANCES 1suLATED .l:'ROM !VlEADOW ~AFFRON (Co/chicum autumna[e L.) AND THEIR MosT IMPORTANT PHYSICAL AND CHEMICAL PROPERTIES 

SUMMARIZED BY DR. F. SANTAVY 
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~-0 c2 ~ 
..c: u 
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Acetyl Derivative .g C 0 

" 150 150 ~ 
[a]v " 0 ..0 ,... ~-1-~ Isolated M. in 

u u Cl. a a a " [alD in Starting Material " C C b£ 

~P. CHCl,, " C ,... ::l ::l ::l 
Compounds Formula P. CHCl 3 ~u f--, z z z ~ Formula and References 

:",'eutral and Phl?nolic Compounds 

~-------- -----· -- ----------- -- --------- - - ---- -- - - - - --- - --

Colchicine C22H2aO,N 157° -121 ° yellow 1 4 ...... whole plant61 •63 •93 ·96-101 

B C21H2,O,N 266° -171° yellow 4 1 * .. whole plant61 ·93 •96- 101 
C C,1H2aO6N 180° -132° yellow -j- 3 1 C,3H,,O,N 231° _920 seeds24,61,100,101 

bulbs61,,a,,, 

D C21HesO,N 236° +294° red-violet 3 C23H25O7N 232° +2s3° whole plant•i.93,96,97,99-101 

E1 C,11--I,,o,:--; 180° -130° yellow 3 C 23H,sO1N 194° -125° flowers" ·99 

leaves98 

pericarp61 •98 

I C22H,.,O6N 186° +307° orange 4 .. whole plant•i.,,.,,.,1.,,-101 

J C22H2;O6N 2}8° -445° orange 4 .... whole plant''·"·"·'1.,,-101 
Ka ? 214° -140° yellow ..... seeds101 
l\' ? ... yellow + 229° -110° flowers99 

0 C22HesO,N(?) 256° -143° colorless 4 . flowers99 

p ? 229° -226° orange 4 .. bulbs96 
R ? 198° yellow + bulbs96 

Colchiceine C21H,,O,N 177° -256° yellow + 3 C,.1H,.,O,N 124° -260° flowers, 99 bulbs" 

---·------

Basic Comr-01:nds 

-- -- ----

F C,,H,,,O,,N u;() -127' vc-lluw -t 4 C,,,H,,O6N 231° -240° \Vhok plan(fi! .r.a.:i:{.iio.:i7 ,9:i - IOI 

(lkn1C'colcin) 
H 3 ? l 8S'' yellow + bulbs'"; 
s ( :,of 1,;i(),,N 138'' -117 vcllow -t ) ( :,,1 b,( ),;:",i 2()2" -218' \vholc 1>lanti;:i.111;.i1),,,'J'J.101 

[ I (:",I!,,< >:,N \Tilow j ) (:,:.11,,,0,N 2:2()" - '!Y' wl1ole planfu;,:i:•· 101 

Ta (:,,I l,;,(),,Ni?I I 'l'1" -211 yellow I :, l,11lfis"O 

----------
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Isolated 
Compounds Formula 

Glucosidic Compounds 

' 
Colchicoside IC27 H 33011N 

M C2,H13O11N 
To lc26-27Ha,-aco.N (?) 

I 

[_a]n 
M. Ill 

P. CHCI, 

218° -360° 
(water) 

314° ...... 
234° - 65° 

(pyri-
dine) 

--- ---- ------------

Other Compounds 

Apigenin 
Phytosterol-mixture 
Benzoic acid 
Salicylic acid 
2-Oxy-6-methoxy-

benzoic acid 
Fatty acid-mixtures 
Saccharose 

Asparagine 

• Formyl 

350° 
136° - 36° 
122° 
156° 

133° 

187° + 67° 
(water) 

TABLE 5.3 (contmutd) 
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Acetyl Derivative 
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CHC13 

Starting Material 
and References 

185° 

- 57° seeds83 

- 244 ° flowers99 

...... bulbs96 

. . . . . . flowers,99 bu! bs •• 

. . . . . whole plant61,93,96,97,99-101 

: : : : : 1 whole plant•1.93,96,97,99-101 

.... j 
seeds18 

bulbs, seeds•' ,93,96,97,99-101 

...... bulbs102 
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Neipp (195°1), Moeschlin, ]\feyer, and Lichtman (195➔), and Santan. 
Winkler, and Reichtstein (1953) .* 

Probably the best method of detecting colchicine is the polarogra
phic technique used to great advantage by Santavy and his col
leagues.U1 By these newer methods, other compounds h:ffe been 
identified in the seed, corm, and flowers. A section is denited to thi, 
problem. 

5.3-1: Colchicum aulumnale L. \Ve mentioned earlier the un
usual character of this autumn-flowering crocus. Not manv plant, 
,bloom in the fall and mature seeds the following spring. Since the 
flowering and fruiting cycle is directly correlated with developrnen t 
.of corm and seed, and since colchicine production is related to the,e 
processes, knowledge of development is important. The content of 
colchicine will vary from season to season, and with different cn
vironmen ta! conditions. Seeds are a rich source of colchici ne alter 
maturation. The corms reach a peak of colchicine about June m 
.July. A vast amount of information has been reported over a period 
of 20 centuries, yet it is surprising to learn how few textbooks bring 
together a complete report on comparative morphology. anat01m, and 
physiology in relation to drug production. ]\fore than passing atten
tion will be given to such details in this chapter.:14 

The corm has two coverings when dug in early summer, the outer 
brown membranous and an inner reddish-yellow layer. Beneath the~e 
coats lies a yellow body that composes the bulk of the conn and most 
of the tissues that yield colchicine. The conn is conical, some,rhat 
rounded on the surface, and llattened on one side. At the base of 
the flattened area a smaller corm, or bud, fits into a groove or de
pression. When this young bud begins development, the larger. 
parental corm usually carries the maximum colchicine per dry \\·eight 
of body. 

A bud develops in .July, and during August or September stalk, 
of flowers appear. Floral activity is the first index that the voung 
corm has been active. Violet and reddish flowers in a cluster ranging 
from two to six break through the membranes of the corm ju-;t de
scribed and appear. above ground. Corms that are not placed in the 

* H. Bock and R. Cross. "Lc11kiimic 1111d T11morhchandlt111g; mil eincrn :--;c1,e11al
caloid aus Cold,inw, 1111tw1111!1lf' (lkmecolcin) ... . ·lc/11 H11n1111to/. 11 :'.ZxO-'.Hlll. I •1:-, I. 

R. Meier, n. Sc:har, and L. c\lcipp, "Die \\'irkung nm llcmccolceina111idc11 "" 
Zcllen in vitro." Experienlia. 10:71-i(i .19'i1. 

S. Moeschlin, H. Meyer, and A. Lichtman. "Ein ncues Colchinnn-:--;el,en:ilciloid 
(Demccolcin Ciba) ;ils· cytoslaticum myeloisc:hcr l.cukiimicn." Sd11rci1. \led. 
Wschr. 83:990. 19'i3. 

f'. San lary. R. \Vink ler. and T. Reichstci n. "711 r Ko11s1 illt tion ,on llenH·< olci n 
(Substance Fj aus Co/cl,inu11 1111/111111111/c L." Hclretic;i Chim. Acta. '.lli: I :ll (I-'.! I. 

1953. 
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,oil develop flowers when the time is right. They do so without 
attention as 10 water or nutrition. For this reason unusual attention 
is given to the corm for ornamental purposes. 

Each flower measures IO to 20 cm. from base to tip of petal. The 
six stamens and six floral parts are united in a tube from the top 
to the carpels below. Three carpels of an ovulary show the relation 
to the liliaceous group. At the base of the long tube is the superior, 
s, ncarpous ovulary. Regularly, the corm is deep enough in the soil 
so that about one-half of the flower is above the surface; thus, the 
ovulary is well beneath the soil surface. Following fertilization, the 
ovules begin a development that proceeds during the entire winter. 7 

A progression of development and colchicine content was noted over 
the long period of time that elapses from fertilization to maturation. 
Pollination development begins soon after, but the content of colchi• 
cine is low. There is not much increase during the early stages. In 
other words, the increase in the winter is very small compared to 
the gain that occurs in content of colchicine as seeds mature. The 
total time studied extended from August of one year to April of the 
next.7, H. ,;~ 

In early spring the fruit capsule rises out of the soil. Expanding 
lcan·s accompany the fruit development. In the vicinity of Olomouc, 
C,echoslovakia, the green capsules contain small, watery ovules until 
about the middle of May. From May to July the content of colchi
cine increases from 0.2 to 0.5 per cent. As capsules mature, the walls 
split and seeds fall out. 7 

;. ,-2: Colrhirnm lutc11rn Raker. Because of its availability in 
India, the Indian pharmacopeia accepts this spring-flowering species 
a, a source for colchicine. 11 , 4 :.. M 

The product called colchicine is Surinjan-i-talkh. Undoubtedly 
this drug has been used for many years, certainly before the present 
studies of phannacognosy were conceived in their present level. Col
lection of the conn for cokhicine must he coordinated with the flower
ing and fruiting cydcs. Each corm is inclosed in membranous layers, 
under which lies a hanl, white bud. The daughter corm that pro
duces the next season's plant is found in a groove at the base of the 
parent corm. 

At altitudes of 7000 ft., the buds develop early in March or late 
February. Flowers appear when the snow melts; the plant is one of 
the earliest to flower in the area. The common name for the species 
is J-.:ash111ir hennodactyf. 

, \ scape bearing golden flowers, two or three per cluster, emerges 
from the corm. Fruiting stalks develop soon after pollination. The 
capsules mature, and leaves form. Finally the seeds mature, and a 
cyde is thus completed within one season, from March to May. 
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5.3-3: Other sources for colcl1ici11r. Numerous sources of cokhi
cine exist in nature (Tabk S. I), and undoubtedly more will he dis
covered. A notable case is Gloriosa superba producing 0.3 per cent 
colchicine compared with O.S per cent for C. autumnall'. The un
usual demand for colchicinc made by plant breeders should stimulate 
search for other sources."4 These arc the problems that pharma
cognosists are surveying, particularly in areas where plan ts have not 
been thoroughly studied. 

When colchicine is extracted from Colchicum, other compounds 
appear in the residue, some of which have proved to be valuable. :\"e"· 
products of biological interest might well be revealed through ex
amination of the species that yield colchicinc. By new methods of 
analysis a large amount of important work has been done in recent 
years with compounds of colchicine and its derivatives.flt 

5.4: Cultivation, Collection, and Preparation 

An important source of raw material has come from the plants 
growing in natural habitats." A large area in southeastern Europe 
supplied much raw material that was purified into colchicine and 
distributed throughout the world. About l 939 the sudden demand 
for large portions to be used by geneticists in creating pohploids 
created a shortage in the market. Almost simultaneously, the '"ar 
interrupted production and trade in Colchic11m. The prices in
creased and colchicine was difficult to obtain. 

There are standard practices for cultivating most drug plants. 
and similar work has been done with Colcl1ic11111.~ 1 A general pro
cedure is as follows: Seeds are sown in September, in moist, shath 
locations and arc covered with a thin layer of soil. After germination 
the next spring, seedlings are set out 60 cm. apart. Cultivation 1nac
tices are continued for three years. Corms arc dug and prepared for 
the market. 

If seed supplies are to be made from cultivated plants, four wars 
of propagation are necessary. Actually a five-year cycle is required. 
A common practice involves the use of seeds produced in natural 
habitats. Seeds are collected by hagging the ripening capsules. 

Another method for producing raw material under cultivation is 
to set out the corms that come through the regular corm and bulb 
markets. Or the corms may be dug in the wild state and transferred 
to a field for intensive cultivation. Production of colchicine is in
fluenced by environment. A survey from 111 localities in .\Iora\ ia 
showed that colchicinc produced by seed varied from O.fi to 1.2;{ per 
cent. An average of 0.8 per cent colchicinc was obtained. 7 - ·'· ti 
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Drug production can be increased by the application of fertilizer. 
Increases in colchicine per conn were made when P2 Or, was added.60 

Th~· methods for adding the fertilizer to soil and details of these 
tests have not been repeated or confirmed. These data are correlated 
with a Yariability in production of colchicine found for different 
localities. 

Variation in production of colchicine appeared to be a function 
of site of seed (Fig. 5.2). The number of seeds per gram varied from 
18'.-l to "40G. As the number of seeds increased, there was an increase 
in the percentage of colchicine per 100 grams of raw material. The 
site of seed is a response to environmental condition, and in turn the 
production of colchicine is changed by the seed form. Standards set 
for content of colchicine must account for variation in raw samples 
of Cnlchirnn1. Not enough attention has been paid to the relation 
between environmental conditions and production of colchicine.69 

Colchicurn lutemn is collected from natural sites exclusively. The 
corms, rather than the seeds, serve as a source of colchicine. There 
are large areas of the northwestern Himalayas, notably in the grass
lands, where the plants are abundant. Their locations are at levels 
from "1000 to 7000 ft. \,Vhile the total content of colchicine is not as 
high for C. !11te111n as the officially recognized species, enough can be 
gathered to make this a valuable drug plant. 

The dried whole corms arc collected from March to May. By 
this time the fruits have matured and leaves have dried down. The 
corms are dug and prepared for market according to practices estab
lished by collectors who have been working at this trade for many 
years. 

Altitude influences the production of colchicine in the seed more 
than in the corm, according to a study made in the European Alps 
for C. a11t11mnale. Collections were made beginning at 50 m. and 
continuing in locations up to 2200 m. The content of colchicine in 
the seed sample was found to diminish with increasing altitude. The 
differences were not so great for the corm.74 

5.5: The Crude Drug 

Dried corms and seeds of Colchicurn are official in standard 
phannacopeias.41 Since 194G, C. luteurn has been accepted in the 
Indian standards. Dried corms arc bitter and have a disagreeable 
odor. There are two drugs in the Himalayan collections known as 
the bitter and the sweet surinjan; the former is C. luteurn. 

Collections are made and corms sliced 2 to 5 mm. thick after 
drying. Each piece should be about 3 cm. wide. A black layer along 
the side becomes prominent. In transverse section the ground tissues 
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Fig. 5.2-Size of seed can be correlated with percentage of colchicine per gram. The 
smaller seeds yield more colchicine per gram of raw material. Environmental conditions 
influence the size of seeds. Larger yields occur when number of seeds per gram exceed 
300. (Adapted from Buchnicek) 

appear grayish at certain points; these mark the vascular bundles of 
the corm and are distinct features. In the apical and basal regions 
the pieces are subconical and piano-convex, respectively. The use of 
specific marks of identification help to prevent the substitution of 
material not genuine. 
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Histologically, the crude drug can be identified by the presence 
of typical cells. Epidermal cells arc rectangular and polygonal, meas
uring (iO micron., on the average. The walls are brown and thickened. 
Ground tissues are full of starch grains, usually simple; if compound, 
the components arc from two to three parts. Vascular bundles run 
longitudinally through the corm and are of the collateral type. Xylem 
vessels arc narrow, spiral, or annular, and about 30 mm. in diameter. 

Seeds of Colcl1ic11111 arc subspherical, 2 to 3 mm. in diameter, hav
ing a dark brown and rough seed coat. A large, hard, yellow endo
sperm surrounding a slllall embryo is embedded near the surface of 
the seed. Strong HC! colors the endosperm yellow, indicating the 
presence of oils. 17 , 18 The seeds are bitter, but they do not have the 
same disagreeable odor found with corms. Large enough amounts of 
colchicine arc contained in seeds that poisonous effects can be pro
duced if warm-blooded animals eat a certain quantity. 

5.6: Compounds Isolated From Colchicum 

From 1901 to 1919, many reports have been made to establish the 
amount of pure substance to be expected from a given amount of 
dried raw material. The conn, seed, fruit, and flowers have been 
st udicd, and variations reccirded.~a. irn. n7 Solllc of the basic reasons for 
,ariation have been mentioned. There arc sources of variation that 
occur because different methods of extraction and assay have been 
used. 4 • so A survey of so!lle of the literature shows the variety of 
lllethods that have been advocated and used.~,~."· 11 , H, rn, 18 , l!l, 22 , 

::1. :::i. :;~,. :n, .i1 • .i~ • .i:1, ri~. 1:1:. ,a Improvements in methods have come 
through the use of polarography and chromatography.:12, 61 , nri A 
large held of chemistry of plant products has been opened by the 
application of these new tcdrnics to drug plants. The idea that 
Colcliin1111 produces only cokhicine must be changed in light of the 
important compounds that appear with pure drug.81 

The treatment of corms with boiling water during preparation 
for market causes water-soluble portions to leach out. Different solu
bilities and physical properties show that even the so-called pure 
drug is not a single compound. These impurities have been detected 
in pollen germination studies. Obviously very few biological experi
ments have been performed with pure colchicine. There are dif
ficulties in making absolutely pure rnlchicinc in large quantity. 

In addition to the compounds obtained from the raw material, 
there are derivatives made in the laboratory by degradation work 
from the drug. Enough has been done to prove that specific chemical 
substances related to colchicinc arc obtainable. The details of such 
"·ork are extended in the chapter dealing with chemistry of colchi
nne. 
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Santavy and his colleagues have isolated compounds from the 
corm, seed, fruit, and flowers. Their general method involYes the 
extraction from dried powder of particular portions of the plant. 
Fats are extracted by petrol ether, followed by alcoholic extraction. 
The use of water, then ether, and finally chloroform brings out an 
extract demonstrated to have reducible substances when subjected 
to polarographic analysis. By chromatographic differentiation, specific 
and identifiable compounds have been reported. Details of the pro
cedures are given in papers written by Santavy and his associates." 1 

Isolated substances, the chemical and physical properties of ,rhich 
have been observed, arc tabulated in Table 5.3. The work by F. San
tavy and his group extends greatly our knowledge of the specific chem
ical components that may be obtained from the Colchic11111 plant. 
Classification is made by grouping substances as neutral and phenolic,. 
basic and glucosidic compounds. The particular part of the plant 
used is listed so that others may repeat the isolation of similar com
pounds. 

Substances A, B, C, D, E, F, G, J, and I have been derived from 
the corm, seed, fruit, and flowers. In some cases the substances haYe 
been found only in certain parts. Pure colchicine is identified a, 
compound A. Desmethylcolchicine appears to be similar to compound 
C. Another material, colchicerin 3, corresponds to compound G. Bio
logically, these compounds have different toxicities and produce dif
ferent effects upon mitosis. Compound F is less toxic than colchicine 
yet more active in blocking mitosis. 

Sunlight induces changes in a solution of colchicine.6·3 Irradiation 
changes the structure of colchicine to a product known as lumicolchi
cine. At present two kinds of lumicolchicine, I and II, are obtain
able. Lumicolchicine I is identified with substances obtained from 
the seed and flower. Lumicolchicinc II is similar to compound .J. By 
irradiation and also through chemical treatment, compounds may be 
converted from one structure to another. These tests show that the 
stability of pure colchicine must be regarded as a possible source of 
variation in biological experimentation. 

Only a small portion of this important development in pharma
cognosy has been given here. The possibilities of undiscovered identi
fiable and active compounds open new fields for experimental ,rork. 
Colchicinc has proved to be a very unique substance. The discovery 
of related compounds synthesized by the plant is even of greater 
interest. 

REFERENCES 

I. ALBO, G. Sur la signification physiologique de la colchicine dans Jes difft'·rentes 
espi:ces de Colchicurn et de Merendera. Arch. Sci. Phys. Nat. 12:227-'.lG. 1901. 

2. ANDERSON, A., et al. Modified assay methods for crude dn1gs inyo]ying the rc
rnoYal of interfering substances by cnzyrnic digestion. I. :\fodified assav method 



Sources of the Drug 155 

for Cn/chicu111 corm and seed. Jour. Amer. Phann. Assoc. Sci. Ed. 37:319-21. 
]!)18. 

3. BFrn, ,\., et al. Chemical study of Cn/chicwn sjJeciosurn Stev. C. R. Dok!. Acacl. 
Sci. lJRSS. 67:883-84. l'Jl9. 

-+. Bn.u:Au, B. The hiogenesis of colchicine. Experientia. 9: 178. 1953. 
5. Jk,zFK, Z., A:-iD S1.01JF, A. The examination of the Cnlchicum seeds, fruits 

and Iea,·es of the domestic origin. Hortus Sanitatis. 2:68-74. 1919. 
1;. BRYA:-, J., A:-n LAtJTFR, \V. A note on the alkaloid content of Glnrinsa rnth

childiana O'Brien. Jour. Amer. Phann. Assoc. Sci. Eel. 40:253. 1951. 
, . B1:c11:-IcFK, J. Colchicin in reifenden Herhstzeitlosensamen. Ph arm. Acta 

Hclv. 25:389-101. 1950. 
8. ----, A'.'.D SANTAVY, F. l\lnozstvi kolchicinu v semenech ocunu zeme '.\fora

,skoslczske (Content of colchicine in the seeds of meadow saffron from Moravia 
and Silesia). Acta Acad. Sci. Nat. l\foravo-Silesicae. 20:1-16. 1948. 

9 ----, AND HEJTMANFK, M. Toxicita kolchicinu studovana na lebistes 
retirnlatus. Zvlast. Otisk z Casopisu Biologicke Listy. 31:122-29. 1950. 

10. C.~lTEI.AIN, E. La colchicine alcalo1de du Cnlchirurn aulwnnale, extraction, 
propri(·t(·s, constitution. Jour. Phann. et Chim. 3:162. 1926. 

11. CHOPRA, R. (see Ref. '.'Jo. 7, Chap. I. 1933). 
12. CI.E\\'FR, H., et al. The rnnstituents of Glorinsa superba. Jour. Chem. Soc. 

I0i:835. 1915. 
13. CooK, J., AND LOUDON, J. (see Ref. No. 9, Chap. I. 1951). 
I!. D-\\IFS, E. The assay of Cnlchicwn by the phosphotungstic method. Pl:,arm. 

fcur. 106:180-81. 1921. 
I',. 

Iii. 

Ii. 

19. 

21. 

23. 

:!ii. 
27. 

~9. 
'.lO. 

31. 

33. 

----, AND GRIER, J. Colchicine, its assay, isolation and special properties. 
Phann. Jour. 109:210-11. 1922. 
Dorr, D. The British Pharmacopoeia 1932. Phann. Jour. 132:83-84. Chemist 
and Druggist. 120: 102-3. 1934. 
Fm'R\IFNT, P., AND ROQUES, H. Mcrendera /Jul/Jncodiurn Ram. Maticre meclicale, 
localisation et dosage de la colchicine. Bull. Soc. Phann. Bordeaux. 65:26-31. 
192i. 
Gur,, G. The fatty oil of seeds of Colchicum autunmale L. Tarsasag Ertesi
tojc. 6: l 19-G7. 1930. 
GRIER. J. ln\'esti;;ation of Cnlchicum and its galenicals. Pharm. Jour. 111:87-89; 
125-26. 1923. 
CRI\DIE. C. The alkali and oil content of the seeds of the meadow saffron. 
Phann. Zentralhalle. GI :!',21-21. 1920. 
Gi:n:R, R. Cultivation of medicinal plants in Scotland, past and present. 
Phann . .Jour. 106:116-•19; 168-71; 190-92. 1921. 
H1-:mcsc11KA, A., AND l\.h:ISNFR, N. Microchemistry of the alkaloids. Arch. Phann. 
'..'iil:102-17. 1923. 
HooPLR, E., AND KIN<;, K. The international standardization of Cnlchicwn 
preparations. Phann. Jour. I I I: 101-G. I 923. 
HoRo\\'ITZ, R., AND lJLLYOT, G. Desmethvlcolchicine, a constituent of U.S.!'. 
colchicine. Science. I l!i:216. 1952. · 
J.~:--or, '.\I.. A:\D C11AICNEAtr, l\.l. Sublimation of alkaloids under reduced pres
sure. C.R. Acad. Sci. Paris. 225:1371-73. l'Jl7. 
JLR\ISTAD, A. Preparation of tinctures. Phann. Acta Hclv. 9: I 29-40. 193,1. 
KARAPETYAN, S. Dynamics of alkaloid transformation in Colchicwn sJJeciosu,n. 
C.R. Dok!. Acad. Sci. lJRSS. 71:97-99. 1950. 
KARIYO'.'.E, T .. AND l'wA-TUNC, L. Crude drugs in Southern Asia. I. The use of 
areca alkaloids. Jour. Pharm. Soc. Japan. 61: No. llA, 67. 19H. 
K.\RS\IARK, K. Tinctura colchici. Svcnsk. Fann. Tids. 28:97-100. 1924. 
K,ss:--1-:R, H. Comments on some tests and assays of the C.S.P.X. Jour. Amer. 
Phann. Assoc. 19:135-'11. 1930. 
KI:--c, J ., JR. A colorimetric method for the estimation of colchicine. Jour. 
.-\mer. Phann. Assoc. 40: 124-27. 1951. 
KIRKPATRICK, H. l'olarographic study of alkaloids. Quart. Jour. Phann. and 
l'harmacol. 19:526-35. (CA 41 :3261) 1946. 
K1.u:-1, G., AND PoLLAUF, G. Microchemical detection of alkaloids in plants. 
The detection of colchicine. Oesterr. Bot. Z. 78:251-56. 1929. 



156 Colchicine 

:l4. Ko1.1M, .J. Exnetion of drngs in the milk. II. Biol. List,. 12:2'.lli-li7. l'121i. 
35. Kor:nwFF, I. The dissociation c011s1an1s. soJL1iJiJin· prndL1c1 and 1i1r;11ion of 

alkaloids. Biochem. Z. J62:289-3'i3. 1925. 
36. KUHN, A .. AND SCHAFER, (;. l)istrilwtion of plant rnns1i1ucn1s in the capill;11, 

pictl!re. IV. Capillary pictures of seed and fruit. l'hann. Zig. 82:'ll-cll. 1'1.'l7. 
37. LAU,,OY, L. Sensitiveness of the genera] method for extracting alkaloids frmn 

ll'aler. C. R. Acad. Sci. J'aris. l/i5:!Ui0-li2. 1917. 
38. LAZllREVSKlf, G., ANll l\L,s1.1-:.'-'.'-'lKO\'A, V. Investigation of cold1icinc-con1ai11-

ing plants in Middle Asia. C.R. Dok!. Acad. Sci. LRSS. 63:119-50. l!llk. 
39. LIPTAK, I'. Localization of alkaloids in the seed of Colc/1i,·11111 a11/1111111a!t· l.. 

!'harm. ,\lonatsh. 8:125-26. 1927. 
•10. LouooN, .J., AND SPEAK,\IA."\, .J. The soluiiilit\ of cokhici11c in 1\"atcr. Rcscard1. 

London. 3:'i8,l-81. l !l'i0. 
41. LYONS, /\.. Assav of Colchic11111 corn1. Amn. Druggist. Feli. Phann . .Jotn. 

82:270. 190!~ ' 
•12. MACK, H., A,"\ll FIN,, E. A calorimetric method for the estimation of cold,i,inc 

in phannacel!tical preparations . .Jol!r. Amer. Phann. Assoc. ,l!l:0'.l2-cl I. 1'1,iO. 
43. \IARTINI, A. Contribution to the microd1emistry of cold1icinc and atrnpcn. 

Anales Asoc. (l11im. Argentina. cl I :li2. 191:l. 
IL MASC:RE, 1\1., A"\ll llt•\SSON, (;. Action mitodasiqllc de la desmc1lnkold1icine 

comparfr it cclles ell! colchimsidc ct de la rnlrhicine. C. R .. \cad. Sci. P;11i•. 
234:2480-82. l!):,2. 

,JS. l\1FHRA, P., AND K11os1100, 'J'. ()i>scrvations on so1ne cold1irine-ro11taining 
plants . .Jour. Phann. and Pharmaml. :l: !Hli-'lli. 19:il. 

46. /vioKRANTZA, l\f. A ne11· reagent for the identilication of ,arious alkaloids. Billi. 
Soc. Chim. Rav. Yougoslav. 3: 171-7/i. 19:l2. 

47. l\[ORRlSON, J. Preliminary examination of the nystal slr11ct11res of colchiceinc 
and its copper salt. (l!ni,·. Glasgow.) Acla Cnst. -1:li'l-70. l'l:,I. 

,18. l\!11111.FMA:\N, 1-1., AND Tom.FR, R. Chromatographisd1-ti1rimctrische .·\lkaloidge
haltbestimmung vol! Tinctura Colchici. Pl1. 1-1. V. und Semen Cokhici Ph. 
1-1. V. !'harm. Acta Hclv. 21:31-,tli. l91(i. 

019. NAKAYA.\IA, K. Habit and culture of Co/r-/1in1111 as the pharn1acc111ical plant. 
Agr. and Hort. Tokyo. 21:639-42. l'll'l. 

'i0. National Fonnulary, 8th eel. Arner. Phann. Assoc \\'ashillgton, ll. C. l'llli. 
'ii. NIEMANN, E. Experiments on the use of flowers of Colchinun a11/1111111a/c in 

place of semen colchici. Phann. Acta Hclv. 8:92-107. l'l,l'l. 
52. NORTH, E., AND BEAL, G. The preparation, properties and uses of silicodllo· 

tungstic acid . .Jour. Amer. Phann. Assoc 13:HWl-'lH; 1001-(l. 11121. 
53. Osor., A., AND FARRAR, G. U.S. ])ispensaton, 21th ed. J. B. Lippinrntt. l'hila

delphia, Pa. EM7. 
54. l'ARTI-IASARATIIY, N. An lndian source for colchicine. Cun. Sci. Ballg;tlore. 

10:446. 19H. 
55. i'ASCHKIS, H. Pharrnakologische l!ntersllcllllngcn iiher Colchicill. \led . .Jahrl,. 

Vienna. Pp. 257-58. 188,l. 
56. PERROT, E. line plante nouvelle ;'1 colchicinc, le lofollt lilacee saharicnne. C. R. 

Acad. Sci. Paris. 202: 1088-89. ]!),%. 

57. ROBERG, M. Occl!rrel!ce and distribution of saponins in seed drugs. Arch. Phatm. 
27 5: ;)28-%. l 9.17. 

58. ROJAIJN, c., AND 1-IERZOC, 1-1. Decrease ill contcllt of alkaloidal s;ilt sollltions 
and pharmacelllical tillctl!rcs in sun and ultra violet light. Phann. /cnlralhalle. 
73:,JOI-JO. 19.12. 

59. RosENTHALER, L. Microchemical hcha,·ior of the official alkaloids .. \mer . .Jrnir. 
Phann. !OJ :821-29. 1929. Economic drug testing. XI I. Pharm. ltg. 71i:'.!,S8. 
]931. 

60. SALGUES, R. Influence of fertilizer on the yield alld composition of some cul
tivated plants (medicinal plants). Ann. Agron. 8::i/17-:il. 1938. 

61. SANTAI-Y, F. Polarografickc stanoveni kolchicinu a kolchiceinu. /,last. Otisk 
z Cas. Lek. C:es. 81 :I Hi0-(i7. 1!)12. Polarografie a spektrografie kolchicinu a 
icho derivatu. Puhl. Fae. Med. Brno. 19:H9-72. l!M:i. Isolace nonch Litd 
~ ocunu jesennino. Chem. Listy. Rocnick. 42:177-80. l!l18. Sllr la 1:ariabilite 



ii'.L 

Sources of the Drug 157 

de la teneur en cold1ici11e des seme11ees de colchique. Phann. Acta He]v. 
2'.l:'IKO. I !l 19. Polarography and spectrography of colchicine, colchiceine, and 
similar suhstances. Collection C:zechoslov. Chem. C:ommans. ]-!:ll!i-!i5. 1949. 
Isolation of new s11hsta11ces from the !lowers and pericarps of meadow saffron. 
Colchirn111 a11/1111111al,• L. Coll. Czech. Chem. Corn111. 15:!i!i2-69. 19!i0. 
----, ·"" Bt!f:11,1cFK, J. Snr la variahilit{, de la teneur en colchicine des 
se11H·nces dn colchi<[lle. (Co/d1i1·11111 a11/w111l!de L.) Substances tir{,es dn col-
d1ique et kurs d{·riv{,s_ 9c Comm. Phann. A<eta Hclv. 2-l:20-'.lO. 1919. 
----. A'-ll R1-:1c11sn:"', T. Alkaloidc der Herhstzeitlosenzwieheln wahrend 
deren Entwicklung: S11hsta111e11 der Herhzeitlose und ihre Derivate. XXV. 
l'hann .. \eta Hel\". 27:71-76. 19!i2. 
----, !'/ al. Substances of Colchic111/l 1w/1111111ale and their derivatives. XXI. 
Isolation of substances from the corms. Ann. Phann. Franc. 9:'i0-!i9; cf. 
Chem .. \hst. 1:i:l'll:la, IKHHa. l!l!il. 
Sc:111·111.FR, H. Spectral and physiochemical properties of colchicine. C:. R. Acad. 
Sci. Paris. 210: 190-93. El 10. 

lifi. Su.F, I'., .\',ll CoRFIFLI>, C. Determination of colchicine in Colchic11111 corm and 
seed a1HI the official Colchiriu!l preparations. Quart. Jour. Phann. and Phar
marnl. '\::117-!i(i. 1932. 

Gi'. SHFl·RT, R. Determination of colchicine in the drug and tincture. Deut. Apoth. 
/tg. 'iK:77-78. 1913. 

Ii.~. S ITF.\',OFF, B. (see Ref. '.\lo. 11, Chap. I. I 92(i) . 
li\1. Stzt·K.\, 0., ANll SAWAK, K. A study on the tetraploid Datura s/ra1111miwn L. 

induced hy rnlchicine . .Jap . .Jour. Pharmacog. l:14-17. 19!il. 
70. TARA'-, E. Chemical study of some alkaloid-hearing plants. IV. Alkaloids of 

Caucasian Colr-hicum s/1nios11111 Stev. Farmatsi,a. No. 9-10, 38-,10. 19-lO. 
71. IRAl'B, H. C:olchicine poisoning in relation to Hn11cmrnllis an,! some other 

plants. Science. I 10:(iK{i-87. 1!119. 
72. l ·1-TFI.IF, 0. The determination of cokhicine in Colchinun seed. Phann. 

\\"cckhlad. Kl:119-2(i. 19Hi. 
7~L l "\t'\FY, J. \:otcs on Colchinu11 seeds. Phann. Jour. 9:J:39;J, 191:J. 
i' I. ,., ,n RI, \'. Colchicine content and toxicity of Co/chicurn seeds and corms 

rnllcr1ed at different heights . .Jonr. Phann. :i"nd l'hannacol. 2: 17-19. 19'\0. 
7.i. \'1.1-:s, F. Oxidation reduction potentials of nucleic-acid-colchicine mixtnres . 

. \nh. l'll\s. Biol. I 7:Suppl. !i0-!i2. 1911. 
iii. ----, A'-ll Sclll!I.FR, H. Interpretation of the ultrayiolct spectral absorp

tion curve of rnlchicine. Affh. l'll\s. Biol. Vol. 99 and 100. 
, ,. \\'t·"-1.A'-ll, R., .-\Nil HuNZl.1-R, J. \ new reagent for alkaloids. Sueddcutsche 

.\poth. /tg. GI: Hi. 1'122. 
'"· \\'ussv, (;_ \'., A,n Ln·y, 1\1. Determination of the dissociation constants of some 

alkaloids. Jour. Chim. Phys. 1 l:2til-Hl. 19Hi. 
7\1. \\'vRt.F, E., A',I> Poi-:wt-:R, F. ~lonoamine oxidase in plants. Biochem. Z. 320:298-

'.lOI. 1950. 
xn. \\"FRTII, E. Crocus llll(l Cold,i,·11111, 111·ei hliitenhiologische Paradoxa. Dent. 

Bo1. Gesell. Ber. ti'l:82-87. 19!i0. 
/'ii. /.J1111·1si-::-., H. Phvsical properties of some alkaloids. Arch. Exp. Path. !'harm. 

Kid 12-72. 1920. 

ADDITIO-NAiL REFERENCES FOR TABLES 5.2 AND 5.3 
NOT CITED ABOVE 

IIHR, .\ .. \.: C. R. llokl. Acul. Sci. liRSS. 69::Hi!l. l!ll!I. Chem. Ahst. -l!:2178 
µ;. I ~):~,O. 

Bu.I.FT, \I. P .. \nn. !'harm. Franc. 10:81. 19!i2. 
C1-1c1.R, P. L. .\1111. Chem. Phann. (later, l.iehigs Ann.) 7:274. 1833. 
Hm ni:, .\.: C:. R . .\cad. Sci. Paris. ()8: 1112. 188 I. 
h1ss1-uw, \\'. \\"., \IJ.::-.sc111Kow, G. I'., AND Bt-:FR, A. A. C:. R. Dok!. Acacl. Sci. 

l"RSS. 87:227. l\l!i2. 
\l.\s1,m·A, \'., AND SAl\TAVY, F. Chem. I.isty. In press. 
0111R1.1.,. L. Ann. Chim. Phys. [:I] !i0:I08. 18!i7. 



158 Colchicine 

89. PELLETIER, P. J., AND CAVENTOU, .J. Ann. Chim. Phys. 14:69. 1820. 
90. Pon:sILOVA, H., BARTosovA, I., AND SANTAVY, F. In manuscript. 
91. RAFFAUF, R. F., FARREN, A. L., AND lJLLYOT, G. E . .Jour. Amer. Chern. Soc. 

75:3854. 1953. 
92. ROCHETTE. Union Pharm. 17:200. 1876: cited in Dragendorff, Die Heilpfla117e11. 

p. I14, Stuttgart, 1898. 
93. SANTAVY, F. Pharm. Acta Helv. 25:248. l!Vi0. 
9·1. ----, AND BARTEK, .J. Die Pharmazie. 7:595. 1952. 
95. ---- AND CouFALIK, E. Coll. Czeck. Chem. Comm. 16:198. 1951. 
96. ---- Hosc:ALKOVA, Z., PomvINSKY, R., AND Pon:s1LO\'A, H. Chem. List,. 

In press. 
97. ---- LANc;, B., Al\D MALINSKY, J. Arch. Int. Pharmarndyn. H2::l21. 1950. 
98. ---- Lil'OVA, ]., AND CoUFALIK, E. Ceskoslovenska }'a1:macie. I :2,l!J. 1952. 
99. ---- AND MAcAK, V. Chem. Listy. 47:1215. 1953. 

100. ---- AND REICIISTEIN, T. Helv. Chim. Acta. 33:1606. 1950. 
IOI. ----, AND TAI.As, M. Chem. Listy. 47:232. 1953. 
102. STEIGER, A. Z. Physiol. Chem. 86:2·15. 1913. 
103. Su11BARATNA~1, A. V. Sci. Ind. Res. 11 :416. 1952. 
104. ----. Die Pharmazie. 8:IMI. 1953. 
105. WEIZMANJ\, A. Bull. Research Council Israel. 2:21. 1952. 
106. ZEISEL, S. Monath. flir Chem. 7:557. 1886. 



CHAPTER 6 

Chemistry 
by James D. Loudon* 

6.1: Extraction and General Properties 

Colchicine is commonly extracted from the seeds and corms of the 
autumn crocus, Colchicum autwnnale, Linn., but it is also present in 
numerous species of Colchicum (Albo1) as well as in other Liliaceae 
(Klein and Pollauf~). Extraction is effected by alcohol (Zeisel; 3 

Chcmnitius4 ) and the concentrates after dilution with water are 
freed from insoluble fats or resins. The aqueous solution is then 
repeatedly extracted with chloroform and the colchicine is recovered 
in the form of a crystalline addition complex with the solvent. From 
this the chloroform is distilled off in steam or alcohol and evapora
tion of the residual solution yields amorphous colchicine which may 
be crystallized from ethyl acetate as pale yellow needles (Clewer, 
Green, and Tutin"'). Chromatographic purification of the chloroform 
solution on alumina greatly facilitates the procedure (Ashley and 
Harris';). 

Pure colchicinc, C~~H~riOuN, forms fine, practically colorless needles, 

m.p. 155°; [a]~3 - 119.9° (c = 0.878 in chloroform), as determined 
by :\Ir. T. Y . .Johnston at Glasgow. It is readily soluble in alcohol, 
chloroform, or in cold water, but is less soluble in hot water or in 
cold benzene and is almost insoluble in ether. From these solvents 
there is a tendency to crystallize with solvent of crystallization which 
may markedly affect the melting point. Concentrated aqueous solu
tions deposit crystals of the sesquihydrate which, despite its relatively 
sparing solubility in water, does not crystallize from more dilute 
solution unless induced to do so by seeding (Loudon and Speak
man7) . Dilute mineral acids and alkalis color colchicine an intense 
yellow, while nitric acid (d,1.4) produces a violet color which slowly 
changes to yellow and finally to green: other color-reactions are de-

• Lecturer in Chemistry, University of Glasgow, Scotland. 
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scribed by ZeiseJ.3 Although under suitable conditions colchicinc 
forms precipitates with many of the usual alkaloidal reagents? it, 
classification as an alkaloid is questionable. It is essentially a neutral 
substance with a hornocycl ic ring-structure: on the other hand. it is 
associated in the plant with compounds of allied structure, some seven 
crystalline and kindred alkaloids being known (Santavy and Reich
stein8) . 

6.2: The Functional Groups 

Hydrolysis of colchicine by boiling with very dilute hydrochloric 
acid yields methyl alcohol and colrhireinr', C21 H 2aOi;N, which is 
acidic, gives a deep olive-green color with aqueous ferric chloride 
(distinction from colchicine), and on further hydrolysis with more 

concentrated acid yields equivalent amounts of acetic acid and tri
rnethylcolchicinic acid, CrnH 21 Or;N (ZeiseJ!'). This last compound is 
amphoteric and contains a primary amino-group (Johanny and 
Zeisel1°); hence the two-stage hydrolysis may be represented as follcms: 

CrnH18O 4 (OMe) (NH.COMe) 
- MeOH + CrnHrnO4 (OH) (NH.COMe) 
- MeCO2 H + C19 H18O4 (OH) (NH2). 

Trimethylcolchicinic acid contains three methoxyl groups \\·hich. bv 
prolonged hydrolysis, are demethylatecl and rolrhirinir acid, C 1,;H 1 ,, 

Or;N, is produced. Correspondingly in colchicine itself the presence 
of four methoxyl groups is shown by the usual Zeise! estimation_!' 

The four methoxyl groups and the acetylamido-group together 
account for five of the six oxygen atoms of colchicine. Since the sixth 
oxygen is unresponsive to carbonyl reagents, it was at one time 
thought to be part of a carbomethoxy group (-CO.O\fe) or of an 
oxygen ring system. The former view is in harmony with the re;1ch· 
hydrolysis to colchiceine which has acidic character but which, on 
the other hand, also shows definite enolic properties and when methd
ated by diazomethane, yields two readily hydrolyzable 0-methd 
ethers, namely colchicine and isornlchicine (Meyer and Reichstein: 11 

Sorkin12). Similarly trimethylrnlchicinic acid reacts with be111ene,ttl
phonyl chloride to give two di (benzenesulphonyl) derivatives (\\'i11-
daus1:i), in each of which one of the acyl groups is attached to nitro
gen while the second appears to be attached to oxygen since fairh 
mild hydrolysis converts both compounds into the same X-benzene,ul
phonyl trirnethylcolchicinic acid. This duplication of O-deri \ a ti\ e, 
strongly suggests that in colchicei11e and in trimethylcolchicinic acid 
there is a tautomeric enol system capable of giving rise to paired 0-
derivativcs which are either steric or structural isomers. ,.\ccorcli ngh 
the sixth oxygen atom is considered to reside in the carbom·l group 
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of an enolone system in colchiceine and of a corresponding enolone
methyl-ether system in cokhicinc . 

. \!though neither colchicine nor colchiceine reacts with the usual 
carbonyl reagents, hydrogenation results provide evidence of the 
presence of a carbonyl group in each. Bursian14 found that with a 
platinum catalyst both compounds absorbed three moles of hydrogen 
and that thereby colchicine gave a mono-alcohol while colchiceine gave 
a diol. In each case therefore a new hydroxylic function has been pro
duced and may well arise from reduction of a carbonyl group by one 
mole of hydrogen. The absorption of two further moles of hydrogen 
shm,,s the presence of two olefinic groups, while the presence of yet 
a third olefinic group, which resists hydrogenation, was indicated by 
the interaction of hexahydrocolcl1icine, C~~H:nOnN, with perbenzoic 
acid 14 or with monoperphthalic acid (Tarbell et al.1") to form an 
oxide, C~~H:nO 7 N. 

Summing up: The evidence suggests that colchicine is the methyl 
ether of an enolone which contaim three additional methoxyl groups, 
an acetylated primary amino-group, and three non-benzenoid double 
bonds: 

CrnHH (OMe) 4 (NH,COMe) (:0) (=) :i· 

6.3: The Structural Problem 

The saturated hydrocarbon, CrnH~~' which corresponds to this 
assemblage of groups, fall short. of the paraffin, CrnH:H• by six hydro
gen molecules each of which in default indicates the presence of either 
a carbon ring or a benzcnoid type of double bond. Four of the miss
ing hydrogen molecules arc at once accounted for by the dernon
,trable presence of a benzenoid ring; the remaining two must there
lore denote two further ring systems. Colchicine is accordingly tri
ndic and the respective rings, both in the alkaloid and in its 
degradation products, are designated by the letters A, B, and C. 

r,.3-1: Rinf{ A. The presence of the henzcnoid ring (A) is shown 
by the formation of :l:cl:5-trimethoxyphthalic acid (I), or its anhy
dride, from colchicine and many of its derivatives on oxidation with 
hot alkaline permanganate (\Vindausrn, 17). 

6, 1-2: Ring B. The most penetrating insight into the molecular 
structure of cokhicine is obtained through a series of degradation 
products (\Vindaus17 , ix) derived from N-acl'lyliodocolchinol, C:.! 0H 22 

O 0,:\T This compound is formed from colchiceine by the action of 
icdine in the presence of alkali. It is definitely phenolic and is re
duced by zinc and acetic acid to N-acetylcochinol, C~0 H:.!:iOc,N, which 
011 methylation affords N-acetylrnlcliinol methyl ether. The latter still 
contains the acctylatcd primary amino-group and may be deaminated 
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in several ways: (1) directly, by heating with phosphoric oxide in 
xylene (Cook and Graham; 19 Barton, Cook, and Loudon~0) whereby 
two isomeric compounds, CrnH21 0 4 , arc formed and arc named de
aminocolchinol methyl ether and isodeaminocolchinol methyl et her. re
spectively; (2) by hydrolysis to the primary amine, colchinol methyl 
Plher, followed by reaction with nitrous acid to form a carbinol 

!t1e0 

( I ) 

(Cohen, Cook, and Roe21 ) which on dehydration20 yields the same 
pair of isomeric products; (3) by Hofmann degradation of colchinol 
methyl ether whereby only deaminocolchinol methyl ether has been 
isolated (Windaus22) • 

Barton, Cook, and Loudon20 established the structure (II) for 
deaminocolchinol methyl ether and the structure (III) for the iso
compound on the following grounds. Both isomers afforded the same 
dihydride when hydrogenated in acetic acid with a palladium cata
lyst; they must therefore differ only in the location of a double bond 
which must be ethylenic in type. Dcaminocolchinol methyl ether was 
oxidized with sodium dichromate in acetic acid to 2:3:4:7-tetrametho
xyphenanthraquinone (VIII), together with a by-product which "·as 
recognized as an unsaturated ketone, C10H 180t,· 

Formation of the quinone, which was identified by synthesis, 
establishes the presence of a (bridged) diphenyl system and fixes the 
methoxylation pattern. The nature of the three-carbon bridge in 
deaminocolchinol methyl ether (II) was next determined by oxida
tion with osmium tctroxidc to a glycol (IV) which, by scission \\·ith 
lead tetra-acetate, yielded not the normally expected di-aldehyde (\') 
but a mono-aldehyde (VI) formed from (V) by internal condensation. 
This mono-aldehyde - later synthesized - was identified by oxidation 
to 2: 3: 4: 7-tetramethoxyphenan threne- 10-carboxy lie acid which was 
also synthesized. Similar stepwise oxidation of isoclcaminocolchinol 
methyl ether (III) gave 2:3:4:7-tctramcthoxy-9-phenanthraldehyde 
(VII), identical with a synthetic specimen. 

These results leave little room for doubt that deaminocolchinol 
methyl ether and its iso-cornpound are correctly formulated. ~forc
over, Cook, Dickson, and Loudon 2:1 ha\"C shown that the synthesized 
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parent hydrocarbon corresponding to (II; H for OMe) reproduces in 
all essentials the behavior just described and, further, that this hydro
carbon is isomerized to 9-methylphenanthrene by successive heating 
with hydriodic acid and zinc dust. Such isomerization accounts for 
the isolation of 9-methylphenanthrene by \Vindausn during an at
tempt to demethoxylate deaminocolchinol methyl ether, and it con-

Mc 

c:o 

CHO 
I 
i 

(IX) 

( X) 

tributed to his formulating· the latter compound as either 2:'.L4:li- or 
2:3:4:7-tetramethoxy-9-methylphenanthrene, each of which, when 
synthesized by Buchanan, Cook, and Loudon?4 proved to be distinct 
from the degradation product. Tarbell, Frank, and Fanta7' who pre
pared dearnino-iodocolchinol methyl ether from N-acetyliodocolchinol 
and oxidized it to a derivative of homodiphenic acid, likewise con
clude in favor of a 7-membered ring Bas in (II). 

The first synthesis of a significant derivative of (II) was effected 
by Buchanan, Cook, Loudon, and l\lacl\fillan.~n The sequence of re
actions used for the ring-contraction (II)- (IV) was applied in the 
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opposite direction to expand the central ring of 2:3:4:7-tetramethoxy-
10-methylphenanthrene (IX). This took advantage of the known 
reactivity of the 9: IO-double bond in phenanthrenes and hydroxyla
tion, scission, and renewed cyclization led to an unsaturated ketone 
(X) identical with the one produced, as already mentioned, by oxida
tion of deaminocolchinol methyl ether. Moreover, by applying the 
same series of reactions to 2: 3:4: 7-tctra-methoxy-9-methylphen
anthrene (XI) Cook, Jack, and Loudon 27 obtained an isomeric un
saturated ketone (XI I). This was reduced to the saturated ketone 
(XIII) and thence by oxirnation and renewed reduction was con
\crted to the (±) -amine (XVI). Optical resolution of this amine, 
through its salts with ( +) -6:6'-dinitrodiphenic acid, afforded the 
(-)-base and hence the (-)-acetyle derivative and these respectively 
were identical with colchinol methyl ether and its N-acetyl derivative 

(XI) (XII) 

( XIII ) (XIV) 

as obtained by degradation of colchicine. 2 ' By a different route start
ing from the 9-monoxime of 2:3:4:7-tetramethoxyphenanthraquinone 
Rapoport, Williams, and Cisney also synthesized the (±)-amine 
(XIV) and showed it to be identical with raccmized colchinol methyl 

ether.~H 
A second series of degradation products has a bearing on the struc

ture of ring B. Windausi:; found that N-benzoyltrimethylcolchicinic 
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acid (prepared by di-benzoylation of trimethylcolchicinic acid and 
preferential hydrolysis of the O-benzoyl group) was oxidized by cold 
alkaline permanganate to two products, namely N-benwylco!chinic 
anhydride, C23 H 21 O 7N, and a corresponding lactone, N-benzoy!co!
chide, C23 H 230r;N, which he formulated22 as derivatives of I :2-
dihydro-2-methylnaphthalene. With the recognition of ring B as 7-

//// ___ // NHBz 

MeOI II I 
I 11 I 

Meo~ // // 
'\/ // co 

Meo I I 
co--o 

(xv) 

Meo co 

( XVIII ) 

--------* 

(XVI) 

/'"//-
Meor II I 

MeO~/)"'",/L 
McO r co 

I 
co---o 

(XVII) 

membered in the colchinol series, it was at once evident that N
benzoylcolchinic anhydride might be better represented by formula 
(XV) and N-benzoylcolchide by a corresponding lactone structure. 
To test this view, Cook, Johnston, and Loudon:rn deaminated the 
anhydride and showed that the resultant deaminocolchinic anhydride 
was not identical with 6:7:8-trimethoxy-3-methylnaphthalene-l :2-di
carboxylic anhydride - as it would be on the Windaus formulation -
nor indeed could it be a naphthalene derivative since it showed 
ethylenic behavior towards reduction. From the reduction products. 
Horning, Ullyot, and their colleagues31 isolated a dihydride and 
established its structure as (XVII) by synthesis and cyclization of the 
oxaloacetic acid (XVIII). Thereby the 7-membered rings in N
benzoylcolchinic anhydride (XV) and its deamination product 
(XVI) are unequivocally proved. 

Accordingly both lines of degradation - the first, through N
acetylcolchinol, involving a process which makes ring C benzenoid; 
the second producing N-benzoylcolchinic anhydride apparently by 
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direct oxidation of ring C -· consistently lead to the conclusion 'that 
ring B of colchicine is 7-membered. 

6.3-3: Ring C. It will now be evident that the enolone properties 
of colchiceine derive from the third ring, namely ring C, and that the 
structure to be assigned to this ring must also interpret the conversion 
of colchiceine into N-acetyliodocolchinol. This transformation 1s 
empirically expressed by 

C21 H 33OuN + I - C2OH22O 5 NI + [CHO] 

and the colchinol derivative so produced may be formulated as (XIX) 
\\'hirh is in harmony with the observation that its methyl ether yields 
1-iodo-5-methoxyphthalic acid on oxidation.18 , 32 Two further links 
bct\\'een the structure of the alkaloid and that of colchinol are known. 
Cech and Santavy33 obtained N-acetylcolchinol directly by oxidizing 
rnlchireine with alkaline hydrogen peroxide. Again, colchicine (but 

(xx) 

not colchiceine) is isomerized when heated with sodium methoxide 
in methanol (Santavy; 34 Fernholz3r.) forming the methyl ester (allo
rnlchicine) of a carboxylic acid (allocolchiceine) ; and Fernholz35 

converted this acid into N-acetylcolchinol by the standard procedure: 
RCO2H- RNH 2 - ROH. The structure of allocolchicine is there
fore securely fixed as (XX). 
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Even before all of these facts were available, Dewar:rn suggested 
that ring C of colchiceinc was tropolonoid and on this basis the struc
ture of colchiceinc is represented by the tautomeric system (XXI) ~ 
(XXII). The validity of this formulation is now generally accepted 
and an earlier formula, proposed by \Vindaus,22 need not be dis
cussed here. 

6.4: Comparison With Tropolones 

It is necessary, however, to refer briefly at this stage to some of 
the more general features of tropolone chemistry (for more compre-

OH 

( XXI) ( XXII) 

hensive treatment, see Cook and Loudon:17). Tropolonc (2-hydro
xycycloheptatrienone) and its derivatives have aroma I ic properties, 
the reactivity of the ethylcnic and carbonyl functions being sup
pressed. Thus the compounds are substituted by electrophilic reagents 
but do not react with carbonyl reagents. The hydroxyl group is 
markedly acidic. Salt formation is accompanied by development or 
intensification of color, and coordination complexes arc produced 
with ferric or cupric ions. Tropolone itself exhibits feebly basic 
properties and yields a hydrochloride and a picratc. Tropolonc 
ethers resemble esters in their ready hydrolysis. With varying ease 
individual tropoloncs (or their ethers) are isomerized by hot alkali, 
the 7-membered ring undergoing contraction to the benzenoid struc
ture of an appropriately substituted bcmoic acid (or ester). Catalytic 
hydrogenation of tropolones is seldom simple. When complete, it 
yields octahydrides which are I :2-diols, but it may involve loss of 
oxygen, and ketonic intermediates are frequently detectable. 

The general analogy with colchiccine, implicit in this account of 
tropolone behavior, is borne out by more specific comparison. Like 
unsymmetrically substituted lropolones, colchiceine is known only as 
a single substance which yields two isomeric methyl ethers, colchicine 
and isocolchicine, corresponding to the tautomerides (XXI) and 
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(XXII). The ester-like properties of these ethers arc revealed in their 
rapid hydrolysis to colchiceine and in their reactions with ammonia 
and amines whereby colchicamiclcs are fonncd,:18 the reactive methoxyl 
group being replaced by an amine residue. Hydrogenation of colchi
cei11e, or of colchicine, is complex, 14 • rn. :i~. 40 , 41 but there is evidence 
that hexahydrornlchiceine is a 1: 2-diol, 1"· 42 and less fully hydrogen
ated material shows ketonic properties.an Polarographic measure
ments made by Santavy and by Brdicka,4 :i and infrared absorption 
studies by Scott and TarbcllH rnnfirrn the similarity between colchi
cci11c and tropolones. Moreover, n/locolchicine (XX) is at once seen 
to be the hcnzenoid isomerization product of a methyl ether derived 
from either (XXI) or (XXII). Its production corresponds to that 
of methyl benzoate from tropolone methyl ether (Doering and 
Knox4 ~') and explains the origin of the trimellitic acid (benzene-I :2:4-
tricarboxylic acid) which vVindaus obtained from cokhicine by suc
cessive alkali fusion and oxidation. 16 

6.5: Structure of Colchicine 

The tautomeric nature of colchiceine allows two possible formula
tions of colchicine, its methyl ether. It is not easy by chemical means 
to distinguish between these alternatives but the distinction can be 
lllade by X-ray crystallographic analysis. King, De Vries, and Pepin
sk y4ii in this way examined an addition complex of colchicine and 
lllethylene di-iodide and not only confirmed the tricyclic structure 
with its two fused 7-membered rings but also showed that colchicine 
is the particular methyl ether (XXIII). lt follows that isocolchicine 
has the methyl ether structure corresponding to (XXII). 

6.6: Miscellany 

So far in this chapter discussion has been directed primarily to 
the evidence on which the structural formula of colchicine rests. 
There remain to be noted several reactions and items of chemical 
interest, which are either at present incompletely evaluated or only 
indirectly related to the alkaloid's structure. For instance it is known 
that nitration of colchicine yields a rnononitro-colchicine, reducible 
to an aminocolchicine, but the seat of substitution in these derivatives 
is not yet definitely ascertained (Nicholls and Tarbell41 ). Brornina
tion of rnlchicine yields mono-, di-, and tribromo derivatives (Zeise! 
and Stockert47). Brornination of colchiceine yields a tribrorno acid 
which Lettre, Fernholz, and Hartwig48 formulate as (XXIV) by 
analogy with the bromination of tropolones4n and because the corn- · 
pound is readily decarboxylated to a tribromo derivative of N-acetyl
cokhinol. Oxidation of colchicinc with chromic acid in aqueous solu
tion yields a ketone, namely oxycolchicine, C~~H2;i0 7 N, in which a 
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methylene group of the alkaloid has been oxidiled to carbonyP2 · :;o 

Molecular rearrangement is almost commonplace in colchicine·s 
chemistry. It is inherent in the changes, already described, by which 
the 7-rnembered rings of the alkaloid or its derivatives become con
tracted to 6-membered rings. It is also encountered in formation of 
the carbinol (6.3) by the action of nitrous acid on rnlchinol meth '1 

( XXIII ) 

( XXIV) 

ether and is again found in dehydration of this carbinol whereb, 
deaminocolchinol methyl ether (and its isomeride) is produced. Both 
of these reactions are known to involve Demjanow-type rearrange
ments (Cook, Jack, and Loudon"1) and through them ring B, initialh 
7-membered, is contracted and re-expanded in successive steps. ~Iore
over, colchicine itself is sensitive to ultraviolet light and is isomerized 
in aqueous solution by sunlight. Thereby three isomerides, nameh 
a-, (3-, and y-lumicolchicine are formed (Grewe and vVulf;aSanta,·y~•:l) 
but their molecular structures remain undetermined. 

Synthesis - the ultimate challenge of a natural product to the 
organic chemist - has still to be achieved for rnlchicine although, at 
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the time of writing, preliminary work in this direction is engaging 
much attention.'' 4 ,,n The colchicinc structure is novel chiefly in re
,pect of the two fused 7-membered rings of its tricyclic system. These 
rings are retained in a compound, CrnH~,;O:1, which Rapoport and 
\\'illiams:is prepared from colchicine by a series of hydrogenation 
reactions. In this product ring A of colchicine is unaltered, but rings 
B and C arc fully reduced and devoid of substitucnt groups. Syn
thesis of this compound is potentially more simple, although also less 
significant, than that of colchicine itself. But even total synthesis of 
the alkaloid, when achieved, is unlikely to have more than academic 
importance: synthetic colchicinc will not soon provide an economic 
replacement of the natural product. Here another issue is joined, 
for it may be possible from a study of the alkaloid and its immediate 
derivatives to discern some pattern of atoms or groups, which is as
sociated with colchicine's effect on mitosis. By incorporating this 
molecular pattern in simpler and more accessible compounds it 
would then be possible to search on a rational basis for synthetic 
substitutes. Already several attempts have been made to achieve this 
end and some success has been claimed for compounds modeled on 
the earlier, partly erroneous formula of vVindaus (sec work by Lettre 
discussed in Chapter 17). As would be expected, tropolone deriva
tives have been investigated for their effect on cell mitosis. For in
stance, j>-acetamidotropolone (XXV) - a compound possessing obvi
ous structural similari tics to colchiceine - was examined, in Trades
rn 11! ia cells in vivo, by \Vadaflo who records a strong radiomimetic 
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( XXV) 

action and regards the compound as a possible mutagcnic substance. 
I ts effect, however, does not appear to be identical with that of colchi
nnc . 

. .\s an aid to biological studies Raffauf, Farren, and Ullyot!il have 
prepared C14_labeled derivatives of colchicine by mcthylation of col
chiceinc with labeled diazomethane and by acetylation of desacetyl
cokhicine with labeled acetyl chloride. 
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Mention was earlier made of congeners of colchicine (G. l) . These 
include a demethylcolchicine - or "substance C" - in which one of the 
three methoxyl groups of ring A is demethylated. Horowitz and 
Ullyotn~ find what is probably the same compound present in C.S.P. 
colchicine to an extent of some 4 per cent. It is also interesting that 
Belletn::-nG has isolated a glucoside, namely colchicoside, C~7 H:i:iO 11 ~, 

from C. autumnale and that this glucoside may be hydrohzed to, and 
synthesized from, "substance C" and glucose. The glucosidic link 
probably involves the oxygen atom which in ring A is adjacent to 
ring B. Santavy and his colleagues have improved the technique of 
isolating colchicine from C. 1111t11m11ale and have examined its sea
sonal variation in the plant.'rn They also surveyed various C:olchin1111 
species for alkaloid content and found C. are1111ri11m \V.K. to be par
ticularly rich in rnlchicine. Finally they have made considerable 
progress towards elucidating the structures of colchicine's co-alkaloids 
8 , nH and it is already apparent that at least several of these are simple 
modifications of the structural pattern of colchicine. 
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CHAPTER 7 

Pharmacology 

7.1: Colchicine in Medical Therapeutics and Forensic Practice 

The nineteenth century medical literature contains many references 
to Colrhin1rn preparations.18 These were widely used in the treatment 
of gout, a disease in which severe pain is associated with the deposition 
of uric acid crystals near the joints. It was logical to attempt to cure 
other painful joint ailments with the same drug, and references may 
be found dealing with the treatment of various types of "rheuma
tism ... The medical interest in the drug had two very different conse
quences. Scientists took up precise pharmacodynamic experiments in 
order to reach a better understanding of the therapeutic effects of col
chicine. Various animals and organs were treated with the drug, and 
important new facts were proclaimed in learned papers. A typical 
paper of this type is that of Jacobj, which summarizes all that was 
known of the drug in the 1890\.:15 Frequent reference will be made to 
it, and to a chapter contributed by Fi.ihner27 in Heffter's textbook 
of pharmacology. l\fost of the contributions of the last century are now 
onh· of -historical interest and will not be reviewed in this chapter. 
Today interest in colchicine pharmacology has been revived,23 and it 
is apparent that many conclusions will have to be changed in the 
light of modern work. In 1952, it was stated that the mechanism of 
action of colchicine, from a pharmacological point of view, was "largely 
unknown." 23 

Another and more redoubtable consequence of the use of the drug 
against gout in the nineteenth century was the increasing number of 
cases of fatal human poisoning.74 • 44 While one author is claimed to 
have taken as much as 20 mg. of colchicinc in an experiment to study 
the toxic rcactions,67 there arc reports of severe physiological dis
turbances and even death in patients that had absorbed only a few 
milligrams of the drug. 15 It is quite difficult to compare all these 
findings, for the preparations of Colrhicurn may have been different. 
Even after the crystallization of the alkaloid by Houde, preparations 
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were not standardized. Recent work reviewed in other chapters indi
cates the complexity of the alkaloidal content of Colchirn111 and the 
great differences in toxicity of substances chemically very close to 
colchicine. 

Forensic medicine quite naturally was often interested in the prob
lem of human poisoning, accidental or criminal. A vast amount of 
literature on this subject exists, but it has not been found necessan to 
include it in this book. However, one most important fact made clear 
in this field is the long persistence of the alkaloid in the bolh after 
death.n The problems of the metabolism of colchicine will be taken 
up further in this chapter. 

All work on colchicine before 19:34, excepting only that on blood
forming tissues and blood cells, which will be discussed later, \\',1' 

confined to pharmacological methods and chemical testing. :'\ o studv 
of the morphological changes was made, and these remained unsus
pected for a long time. The aim of this chapter is not to give a detailed 
study of the pharmacology of colchicine, but to place it in a ne\\· per
spective, that of spindle-poisoning. The significance of this in a field 
apparently so distant from cytology can be illustrated by n1odern 
descriptions of death from colchicine poisoning. These will sho\\· some 
of the complexities of the pharmacology of that very ancient drug. 
Colchicum. 

7.2: Colchicine Poisoning in Man 

The junior author happened to make the first detailed post-mortem 
study after the discovery of the action of colchicine on cell di\·ision.22 

In 19,11, a woman of 42, attempting suicide, swallowed (iO I-mg. 
pills of colchicine "Houde." She lived eight days after this very 
high dose; delayed lethality is nearly always found in colchicine poi
soning. Vomiting and diarrhea were prominent, the blood urea in
creased to 1.5 gm. per thousand, and there were nervous troubles which 
were considered to be evidence of polyneuritis. ;\11 important decrease 
in the number of white blood cells and of platelets was noticeable. 
A bone-marrow study was performed only two hours before death, that 
is to say, eight days after colchicine had started to act. The abnormal 
percentage of metaphases, mainly of the star type, illustrated that 
spindle activity had not yet entirely recovered (Fig. 7. l) . 

l\!Iicroscopic evidence of this was found at the post-mortem exami
nation.22 Arrested metaphascs could be seen in lymph glands. in the 
spleen, and in the Lieberkiihn glands of the intestine. The histological 
changes in the liver were remarkable. Here, 4 per cent of all linT cells 
were in a condition of arrested metaphase .. \bout 15 per cent of these 
mitoses were ball meta phases, while the others showed scattered 
chromosomes. Other findings interesting from the point of \icw of the 
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general action of the alkaloid were hypertrophy of the adrenal cor
tex, where no mitoses were to be seen, hypertrophy of the Langerhans' 
islets, and hyperbasophilia of the anterior lobe of the pituitary. These 
were considered to bring evidence of an "alarm-reaction," that is to say, 
a nonspecific pituitary-adrenal stimulation. The kidneys did not 
,ho\\· any particular changes, with the exception of a very small 

p M A+T p M A+T 
Fig. 7.1-Colchicine poisoning in man. Metaphasic arrest in the bone marrow. Left, 
granulocytes; Right, erythroblasts. The shaded areas indicate the normal repartition 

and variation in the percentage of each stage. (After P. Dustin"') 

nu111ber of mitoses. Mitoses arrested by cokhicine could be found 
both in exocrine and e!'ldocrine tissues of the pancreatic gland. 

The principal findings were (I) the persistence of mi to tic changes 
long after the ingestion of cokhicine, indicating that this substance 
is onh slowly metabolized, (~) evidence of a general toxic reaction, 
and (:3) considerable changes in the liver, where the proliferation of 
hepatic cells was made evident by the mitotic "stasis" produced by 
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spindle destruction. These changes were considered at the time as 
evidence of mitotic stimulation by colchicine (cf. Chapter 9) : the, 
arc probably only an indirect effect, the alkaloid having destrm eel 
hepatic cells and later arrested the mitoses needed for regeneration. 

One other similar pathological description has recenth been 
publishccP8 This was a case of acute poisoning. A fiyc-year-old girl 
swallowed an unknown number of seeds. These were later identified 
as belonging to the genus Colcl1ic11111. Repeated n>miting and ab
dominal pain were the first signs of toxicity. The central temperature 
rose and the pulse became fast. Death followed in 38 hours. Cerebral 
edema was conspicuous. Small hemorrhagic clots were seen on the peri
cardium and the peritoneal serosa. The duodenal mucosa was s,rollen 
and dotted with many hemorrhagic zones. 

Evidence of mitotic poisoning was visible in the liver, where some 
cells were in a condition of arrested meta phase. Others showed e, i
dcncc of degenerative alterations. Arrested metaphases were con
spicuous in the bone marrow; a small number could be found in the 
duodenal mucosa. Pycnotic destruction of lymphocytes in lnnph 
glands, Peyer's patches, and the thymic cortex was probably the result 
of the combined action of the mitotic poison and of the general alarm
reaction.(1!! 

Colchicine was detected by a biological method, while chemical re
actions remained negative. Large quantities were found in se,eral 
organs, in particular the liver, the kidney, and the brain. Extracts 
from these tissues displayed a typical spindle-poisoning effect ,d1rn 
brought into contact with chick fibroblast cultures. 

In the complex changes which take place when a large dose of 
colchicinc is absorbed in man, it is evident that some arc related to 
the poisoning of cell division, for instance bone-marrow inhibition.!'·,;, 
while others, such as the destruction and regeneration of Ii, er cclb. 
and the evidence of stress, arc of a more complex nature. \'0111iting. 
which may appear shortly after the drug is taken, is one major ,ign 
of a series of disturbances which dearly have nothing to do ,rith thL· 
cytological effects which have been studied so far. These will no"· be 
described from data on various mammals and vertebrates, before 
analyzing the changes possibly related to spindle inhibition. The 
important problem of the metabolism of colchic:ine in the boch \l'ill 
be discussed in a later paragraph. 

7.3: Disturbances Unrelated to Mitotic Poisoning 

Vomiting, diarrhea, bloody stools, and a progressive parahsis ol 
the central nervous system arc the most evident signs of toxic:itv. Death 
occurs within several hours in warm-blooclecl animals, or se,-cral cLn, in 
cold-blooded vertebrates, after injections of the largest closes. In l 9()(i. 
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colchicine was called "this most remarkable slow poison." 20 Progres
sin· ncnous paralysis leading to respiration arrest, appears to be the 
main cause of death, whatever the animal tested. Recent research has 
brought new emphasis on this nervous action of colchicine.23 

i-J-I: Se1t.1()1IS system, central and pcri/1hcral. An experiment 
performed nearly 50 years ago gives a remarkable demonstration of 
the sensiti\ity of the nervous system towards colchicine. \Vhile the in
jection of even the largest doses killed a cat only after several hours, 
the intracerebral injection of the drug had a spectacular and rapid 
action. Very soon the blood pressure was found to increase, and the 
respiration became rapid and deeper. After 35 minutes, a sharp fall in 
the blood pressure indicated vasomotor paralysis. One hour after the 
injection, the animal died of respiratory paralysis. 20 

:\n important series of findings in rats and cats points to the 
neJTous system as one of the principal causes of the various effects of 
rnlchicine poisoning. This work can only be summarized here.23 

Some of the most significant observations are listed. Vomiting cannot 
he. as was sometimes thought, the consequence of pathological modi
fications of the gastrointestinal tract brought about by mitotic arrest. 
The ,a1ne is true for diarrhea, a frequent symptom, which would 
;1 ppcar to he a consequence of intestinal congestion and ulcerations. 26 

'.\o diarrhea and almost no vomiting is found in animals injected with 
barbiturates, even when the dose of colchicine is lethal. 

The central temperature falls sharply after colchicine. This may 
be partly a result of stress and nonspecific toxicity14 • 6H (Fig. 7.2), but 
the curves indicate that the decrease taking place in the first ten hours 
has another cause. This is now believed to be a central nervous effect.2:l 

Another fact points in the same direction: Animals treated with 
rnlchicine display an increased sensitivity. \Vhilc unanesthetized cats 
die only after eight to ten hours, the same dose of colchicine brought 
death in less than two hours when the animals had received barbi
turates pre\·iously.2:1 Barbiturate or ether anesthesia also proved to 
be almonnally dangerous in animals which had received the alkaloid 
first . 

. -\rterial constriction leading to high blood pressure has been men
tioned. Experiments of brain transsection in the cat demonstrated that 
this also was a consequence of a central nervous stimulation.2:i 

However, other territories of the nervous system are affected by 
colchicine. The neuromuscular apparatus appears to be the most 
semitin·, though only after repeated administration of the alkaloid 
can the modifications be detected. An atrophy of the hind quarters 
of cats injected daily with 0.05 mg. per kg. of body weight was observed 
after two weeks. The leg muscles were converted into thin strands. 
There was no evidence of muscular damage. Abnormal responses to 



180 Colchicine 

acetylcholinc were observed. There was no true neuromuscular block. 
Anesthetic properties have also been described; these arc probahh 

of central origin. Death often follows a period resembling narcosis. 
In the dog, this appears before the muscle paralysis. In cold-blooded 
animals, the nervous changes may be very slow to appear. In frog, 

RECTAL TEMP. 

98°F. 

36°C. 
97° 

35° 95° 

94° 

COLCHICINE: 2 MGM. PER KGM. 

CORTIN 

NaCl+NaCit 

10 20 30 40HRS. 50 
Fig. 7.2-Action of cortin and sodium on the temperature fall of rats after colchicine 

intoxication. (After Clark and Barnes 11) 

kept at low temperature, reflexes disappear progressively. the corneal 
being the last, and this not until se,,eral weeks after an injection ol 
colchicine. 27 

7.3-2: Striated muscle. Recent studies of the frog's sartorius muscle 
have brought new evidence of a muscular action of colchicine. I II I 87:i. 
irreversible changes in striated muscles of frogs injected with a large 
close were first rcportecl.~7 Later "oxycolchicinc" was shown to he 
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extremely toxic in frogs.:15 If the injected animals leapt within a few 
minutes after the drug took effect, their legs remained stretched and 
exhibited fibrillary twitchings. The rectus abdominis muscle of the 
frog was also modified by colchicine, and contracture appeared after 
repeated stirnulation.4 :i This was considered to be a "Lundsgaard 
effect ... identical with that induced by many substances interfering with 
glycolysis. 

:\ detailed analysis of the sartorius muscle of frog treated with 
especially purified preparations of colchicine has brought to light many 
facts. ,d1ich will be summarized here and which arc illustrated by 
Figure 7.3. The curarizcd muscle preparation was subjected to supra
maximum electrical stimulation. Colchicinc concentrations above I0-3 

JI produced a sustained increase in contractile force, which reached 
more than 60 per cent with l.6 X J0-2 M. Larger doses resulted in 
contracturc and failure to respond to stimulation. The increased con
tractility was paralleled by an increased demand for oxygen, which 
mav be the double of the controls after two hours. Caffeine appeared 
to act synergically on this increase in oxidative processes, while meta
bolic inhibitors such as azidc, fluoroacetate, and malonate prevented 
this action of colchicine. The rate of glycolysis was increased two to 

three times with colchicine concentrations of 6.4 X J0-2 M, as evi
denced by the amount of lactate produced. Hydrolyzable, but not in
organic, phosphorus was also increased. These facts do not appear 
to point towards a change in ATP utilization. They resemble closely 
those of caffeine. The action of colchicinc in increasing the available 
energy is called "relative rarity," and thus one more curious effect of 
the alkaloid appears to have been discovered.23 

1.3-3: Smooth muscle and intestine. Conflicting reports have 
been published on this subject. The discovery that diarrhea is of cen
tral origin may be the explanation. A strong increase in the intestinal 
rnovements has been described in animals under ether ancsthesia.35 

. .\ similar effect has been found in frogs. 20 It was abolished by atropin. 
Increased tonus and automatic movements have also been described 
in spleen, uterus, and bronchioli. In the dog, the action on smooth 
musde has been said to be immediate, resembling that of pilocarpin, 
and to be antagonized by atropin.21 Quite different results have been 
reached by other workers on isolated intestine.27 , 59 The immediate 
effect was one of depression. The reactions towards adrenalin and 
atropin were not altered. 

The local action on the intestine is paralytic, and was found to be 
related to the changes taking place in the mucosa, especially hernor
rhage.26 In a cat, injections of colchicinc (1 mg. in saline) were made 
in ligated segments of the small intestine. A strong congestion and 
hemorrhages arc to be seen locally within 21 hours. With larger doses, 
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up to 5 mg. cokhicinc, the hemorrhages arc apparent after 8 hours. 
This docs not appear to be in any way related to a release of his
tamine? which is one of the toxic actions of colchicinc locally applied 
on the skin.=10 

Recent work~:i indicates that colchicine has no direct action on 
the smooth muscle of the intestine. 

1.,-r Heart r111d circulation. The heart is apparently in
sensiti\-c to colchicinc, either in frogs or in mammals. The isolated 
heart of the frog may beat in a 4 ·per cent solution of colchicine.26 

In mammals, the heart may go on contracting regularly for as long as 
t"·o hours after death by colchicine poisoning.n1 As a consequence, 
blood pressure is only depressed immediately before death. 

There is no general agreement about action on vasomotor nerves. 
\\'hile having no action on the heart's sympathetic fibcrs,:rn colchicinc 
has been found to increase the hypertensive action of epinephrine 
in the rabbit under urethane ancsthcsia. 1 ~ In a clog under chloralose 
anesthesia, a similar potentiating effect could be measured by changes 
in blood pressure and intestinal contraction."8 This latter observation 
has not been confirmed, and only the excitatory actions of epinephrine 
on the vascular bed appear to be well provccl.2~ 

7.4: Disturbances Possibly Related to Mitotic Poisoning 

Sen-ral remarkable effects of the alkaloid will be gathered under 
this heading. Our purpose is, when possible, to relate pharmacological 
effects to the histological changes resulting from spindle destruction. 
Ho\,-cver, this is obviously far from being simple, and this paragraph 
,hould only be considered as a tentative grouping of cellular reactions. 
It will be not iced that the leukocytosis-prornoting effect of colchicine, 
"·hich nearly led to the discovery of its action on rnitosis,2°, 21 is 
probably only remotely linked to mitotic arrest. Its origin may be the 
anion of the drug on the central nen,ous system. However, it is associ
ated ,rith some of the first descriptions of tissues altered by colchicine, 
and has often been quoted as the origin of modern cytological work 
in this field. For this reason, the problem will receive more attention 
here. 

1.-1-1: Action 011 the blood. A substance that arrests for some 
hours the mitoses taking place in the bone marrow and destroys many 
of them, would be expected to depress blood formation. Extensive 
cellular destruction has been found in the bone marrow of mice.47 

Considerable congestion and a decrease in the number of nucleated 
cells arc the consequence of this destruction. In some experiments, 20 

Fig. 7.3-Action of colchicine on the isolated Sartorius muscle of the frog. Broken 
lines: controls. The oxidative activity and anaerobic glycolysis are measured on caf
feinated muscle (1.9 x 10-"M). The lactate concentration is expressed in microgm/gm 
of muscle. (After Ferguson,24 slightly modified) 
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per cent of all the nucleated cells of the marrow were arrested at 
metaphase.77 That this actually decreases the output of young red 
blood cells was made clear by reticulocyte counts in the blood of 
rabbits. Normal animals and rabbits with phenylhydrazine-incluced 
hemolytic anemia were utilized (Fig. 7.4 and 7.5). A sharp but 
transient fall in the percentage of reticulocytes is a convincing demon
stration of the inhibition of blood formation. 22 
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Fig. 7.4-Blood changes in the adult rabbit. Colchicine-leukocytosis and sharp fall of 
the numbers of reticulocytes (immature red-blood cells). The importance of the mitotic 
disturbances of the erythroblasts is evidenced by the slow return of the reticulocyte 
number to normal, and by a slight anemia. (Unpublished, after P. Dustin'") 

On the other hand, Dixon and Malden~1 discovered that in rabbits 
and dogs an injection of colchicine was followed by a considerable in
crease in the number of circulating white blood cells (Figs. 7.6 and 
7.7). These authors, while reporting this curious effect, mentioned 
that 12 hours after the injection, the bone marrow of rabbits appears 
empty of most of its nucleated cells. This is in agreernrn t 11·i th 
observations of bone-marrow aplasia, sometimes fatal, which have 
since been recorded in the medical literature (cf. Chapter I 0). 

The British authors21 expressed their conclusions in a rather mis
leading way, to quote: "evidence is conclusive that colchicine is a p<m·
erful stimulant to the bone-marrow, since it turns out into the circu
lation all the elements including the crythroblasts, and leaves the 
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Fig. 7.6-Modificotions of the leukocyte count in the blood of a rabbit injected 7.8 
mg/kg colchicine, ofter 5.2 mg/kg atropine sulfate. (After Dixon and Malden") 

marrow relatively denuded of corpuscles."* This is 110 true sti1nu
lation, and the authors are more precise when in the same papc1 
they mention that the cells "arc swept out ... of the bone-n1arro"· ... 
into the circulation" (sec Table 7.1) .t 

It appears evident, however, that these authors did obscnT sornc 
of the facts of mitotic arrest. But not being histologists, thn failed 
to appreciate the exact significance of the facts. In l90!i. Dixon~" 
wrote: 

A further effect of cokhicine is to excite karvokincsis. This action 011 the 
marrow cannot be adequately determined at JH'esent, but it should not lie 
regarded as specific to the leukocytes, but rather a type of the action "·hid1 
goes on to a greater or less degree in other tissues of the body. but i, 
necessarily more easily investigated in the wandering cells of' the blood.:j: 

*\V. Dixon and \V. '.\faldcn, "Colchicinc, \Vith Special Reference to Its \lode of 
Action and Effect on Bone-\larrow," ]our. Pltysiol., 37 (1908). p. 73. 

t Ibid., p. 62. 
:j: \V. Dixon. A Manual of Pltan11arologv (London: :\mold, 190li). p. !lli. 
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(After Dixon and Malden") 

In a later paper.~1 it is mentioned that after repeated injections of 
colchicine in rabbits, "sections of smears of the bone-marrow ... 
exhibit proliferation ... : J1le11tiful mitotic forms can occasionally be 
n/Js1T1•ed" [ our italics].* 

There can be no doubt today that the significance of these his
tological changes was not grasped. These publications on colchicine 
pharmacology were widely quoted, and for 2(i years text books 

• Ju111'. Pi1ysiol., :37 (1908), p. 76. 
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mentioned that colchicine increased the numbers of leukocytes. =--: o
body appears to have been interested enough to study more precisely 
the bone-marrow changes, and it is only in 193,1 that this was done.17 

Colchicine-mitosis was then discovered at once, for in the laboraton of 
A.P. Dustin, Sr., problems of mitosis and mitotic stimulation had been 
studied for many years, and the proper techniques had been developed. 

TABLE 7.1 
EFFECT OF CoLcHrc1NE ON Br.oon CouNT IN RABBIT* 

(Injection with 0.02 gm. colchicine made at 1 :05 P . .,.) 

(After Dixon and Malden) 

Cellular Types I P,.,_ 

Total leukocytes per cmm .. 8850 

Granulocytes (%) 
(pseudoeosinophils) ... 37 

Eosinophils. 

Time of Blood Count 

4600 6700 

16 50 

5:00 

9650 

36 

0 5 

Mast cells .. 7 4 7 6 .5 

Myelocytes ... 3 7 .5 

Monocytes ... 10 4 7 4. 5 

Lymphocytes. 45 75 32 45 

Erythroblasts 
(per cent leukocytes) . 5 4 8 

·- ------

* Weight of rabbit, 1800 gm. 

9:15 

I 20.0(1() 

16 

71 

17 

\Vhile the changes occurring in the blood-forming tissues \HTC 

then described, first in marnmals;17 then in amphibia, 17 the Dixon 
and Malden experiments were repeated in rabbits by another author, 
unaware of the problems of mitotic regulation and poisoning.1H The 
effect of repeated small (from l to 5 mg.) daily injections was studied. 
Immature white and red blood cells were found in the blood stream. 
The percentage of hemoglobin and the number of red blood cell, 
progressively decreased. The marrow was very cellular, with lcukoblas
tic areas far in excess of the crythroblastic ones. The following con
clusion was reached, to quote: "Colchicinc, undoubtedly, stimulates 
the formation of new cells in the marrow, and induces immature 
cells ... to appear in the peripheral blood, but .. .its destructive prrn·ers 
outweigh its stimulant effect."* Herc again, the action on the mitotic 
spindle was missed.Iii 

*C. R. Das Gupta, "The Action of Leucopoictic Drugs," lndirm four. Med. Res .. , 
26 (1939) p. 997. 
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.\t present, 110 clear relation can be discovered between the in
hibition of mi to tic growth and the colchicine-lcukocytosis, and clearly 
new work is badly needed in this field. Some facts are of interest 
however. 

It has been discovered that in leukemic patients and in normal 
men a single dose of colchicine (2 mg.) may increase considerably the 
number of platelets. The bone-marrow mcgakaryocytcs do not change 
in number, but there is evidence of a greater platelet-building activity 
by their cytoplasm_:n, .n In essential thrombopcnia, where megakaryo
c, tes arc present but appear to be unable to produce platelets, this 
effect of colchicine was not found. It is evidently not related to 
mitosis, but may be similar to some other membrane changes induced 
by the alkaloid (Chapter 4) . 

Some recent work attempts to relate the bone-marrow changes and 
leukocytosis. This is often preceded by a transient period of leuko
pcnia, which appears to have 110 causal inHuencc on the leukocytosis.77 

Bone-marrow studies in mice and rabbits all confirm the increase 
of arrested mctaphascs, which is about 15-fold in the rabbit after 15 
hours. The erythroblastic cells become progressively more numerous 
than the granuloblastic; the increase is from 10-15 per cent to more 
than GO per cent in mice. The immature cells increase in proportion, 
because the adult cells leave the marrow. There is no visible relation 
between this phenomenon and the mitotic changes.77 However, re
peated daily injections of 12 µ.g. of colchicinc increase considerably 
the number of leukocytes in the blood of mice (more than 250,000 per 
cmm.) . It has been suggcsted77 that these changes may be the con
sequence of a central nervous stimulation of the bone marrow. This 
is in line with more recent pharmacological data (see above) and 
merits close attention. 

The following changes of blood cells after colchicinc may be 
mentioned here, though an explanation is not evident. Young rats, 
aged 1 and 3 days, develop anemia, and a single injection decreases 
the reel blood cell diameter.7 1 These two facts may bear some relation 
to the decrease in the numbers of reticulocytcs, which have a larger 
diameter than average red blood cells. An increase of "monocytoid" 
leukocytes in a case of fatal human poisoning:rn parallels the ob
scnation of abnormally great numbers of histiocytes in guinea-pig 
tissues after repeated injections."n Several important data on blood 
cells studied by culture in vitro with the help of colchicine will be re
ported in Chapter 9. 

,.J-2: Shin, hair, and ft'alhcrs. Colchicine arrests the mitoses in 
the hair follicles in mammals. Inhibition of hair growth can be seen 
in rats i 11 the vici 11 it y of colchici 11e injections, and loss of hair has been 
found in human intoxical ion.44 ln birds, similar changes may be ex• 
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pected to exist, but the following results are not necessarih the con
sequence of mitotic poisoning. 

In hens, 1.5 mg/kg of colchicine causes death in % to 4~ hours. 
The symptoms are those already described: diarrhea, vasomotor dis
turbances, and nervous para! ysis. Inject ions of 1.2 mg/ kg are not fat a I. 
They cause a shedding of the feather buds in places where the feather, 
were removed 15 days previously.2 The feathers which gnnr next ha,c 
a white extremity. Two similar injections, 7 and M days later. give 
to these feathers a deep black barring. The other feathers of the 
animals darken. An analysis of the rate of growth of the feather, 
demonstrates that colchicine acts immediately and that it modifies the 
feather growth for 48 hours. It was demonstrated later1:1 that the 
section of the spinal nerves could bring about similar changes of color. 
The authors are led to the conclusion that rnlchicine may act bv affect
ing the nervous system, a conclusion remarkably in line \l"ith latn 
research. 2~ 

7.5: Nonspecific Toxic Changes 

In considering the modifications of an orgamsm which has been 
injected or which has received by any route a substance as toxic as 
cokhicine, nonspecific changes must be taken into account.@ These 
may be difficult to separate from effects of the drug itself, and onl) 
future work will enable this aspect of the subject to become clearer. 
For instance, while the infiuence of the pituitary-adrenal svstem i, 
known to be great in all types of "stress," there arc only two papers 
on the action of colchicine in adrcnalcctornized animals.~4 - 42 It 11"<1, 

demonstrated that an important number of the nuclear pycnose, of 
thymus and lymphoid tissue arc only indirectly the consequence of 
mitotic poisoning. Pycnosis is much less apparent in adrenalcctomized 
animals.42 No work has been reported on the general effects of the 
alkaloid after hypophysectomy. This should be important. consider
ing the possibility of the pituitary gland taking part in some central 
nervous stimulation of leukocytosis. 

The facts assembled here may only have a distant relation to stress 
and the alarm-reaction. Jt is known, however, from experimental 
work38 and from human pathology2:i that this reaction can appear 
after colchicine. Also, several of the changes reported have also been 
observed after other mitotic poisons, chemically unrelated to col
chicine.73 It is logical to believe that they belong to the vast group ol 
nonspecific tissue changes.nu 

7.5-I: The "hormone-mimetic" actions of colc/1i1ine. The idea 
of colchicine having some direct hormonal action was put ionrnrd b, 
botanical work.32 Jt led to some curious experiments which are im-
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portant to consider when one knows how often the alkaloid has been 
used for the detection of hormone-stimulated growth (Chapter 9). 

During the breeding season, the fish Rhodeus amarus displays 
brilliant reel "nuptial colors," which arc related to the expansion of 
chromatophores and to local hyperemia. These colors appear in 
animals treated with male hormones. Colchicinc alone has the same 
dfects.:1~- :;:: :\'uptial colors arc displayed by fish subjected for 10 
minutes to a 1.!J/1000 solution, or for 35 minutes to a concentration of 
0. 7 5 /I 000. Colchicinc and hormones add their effects, and the full 
skin changes could be produced in 2 instead of 20 hours with hormone 
alone. The oxygen consumption of the animals was also increased. 50 

Howen:r, the "endocrine" mechanisms of this action of colchicine may 
be questioned. In females of the same species, no increase in the size 
of the ovipositor was noted. 8 The changes of the male fishes, where 
,asomotor mechanisms play a great part, may have been either the 
consequence of a nervous action, or of the general toxicity of colchicine. 

The possibility of stimulating the action of pituitary hormones by 
the alkaloid was strongly suggested by experiments on the ovulation of 
isolated m aries of Rana jJi Jizens. This was considerably accelerated, 
both in whole animals and on isolated ovaries (Fig. 7.8). The eggs 
were fertilizablc, but none ever divided. Colchicine was believed to 
bring a "true potentiation" of the pituitary hormones controlling 
mulation_;,~ In the rabbit, however, no potentiation of the action of 
preg·nant mare's scrum, containing gonadotropic hormones, on the 
rate of mulation could be detected."~ Colchicine had no action on the 
weight of ovaries of mice similarly injected, or on the seminal vesicles 
of rats injected with testosterone."~ Neither do results of experiments 
on silk-won11s:1:1 justify the conclusion that colchicine is "hormone
mimetic.'' The only possibility is that through nonspecific action, 
this toxic drug could stimulate the secretion of hormones by endocrine 
glands, in particular the pituitary. 

1.5-2: Liver and hidney darnagr'. The mechanism of these changes 
is not clearly understood, but it certainly plays an important part 
in the general toxicity of the drug. Though bile secretion has been 
supposed to be increased, severe degenerative changes and necrosis 
have been described in the livers of mice,",; especially after repeated 
injections.~ 0 In mice, the LD,,0 dose induces liver cell stcatosis in one 
hour.(12 Steatosis of heart muscle cells and kidney tubules was also 
noted. Female mice appear to be more resistant to this damage than 
males. 

~Iitoscs of liver cells have been described in human poisoning by col
chicinc. There arc often arrested rnetaphascs, even long after the drug 
has been administered, a fact which is explained by its slow excretion.11 

Three clays after injection of colchicine in mice, normal mitoses also 
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Fig. 7.8-Action of colchicine on the release of eggs from the ovary of the frog, 

treated in vitro with pituitary powder. (After McPhail and Wilbur"2) 

have been observed in liver cells. These will be discussed in the next 
paragraph. After several injections of colchicine, many arrested 
mitoses are to be seen. The stages of recovery lead often to bizarre 
nuclei which may resemble those of megakaryocytes. Cellular damage 
may not be evident at all, and the cause of these divisions is not clear. 
A hormonal stimulation related to stress and the adaptation syndrome 
is possible. 53 
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In chronic intoxication of mice, after daily injections of 12 to 15 
0g. for 20 to 30 clays a great number of liver nuclei are irregularly 
shaped. More than 40 per cent of these contain spherical bodies re
sembling huge nucleoli. These arc diffusely stained by acid dyes. They 
persist I 3 clays after the end of the injections. No mitoses were seen, 
a rather surprising fact. 40 It may be suggested that these intranuclear 
bodies result from arrested mitoses, and represent spindle material, 
similar to the hyalinc globules and pscudospindles (Chapter 3). 

Kidney damage has been mentioned repcatcdly,10 , 62 but has never 
been described in detail. It should be borne in mind while considering 
in Chapter 9 the use of colchicine in studies on the mitotic growth of 
kidney tubules. 

j.:;-;: The "late" mitoses. In many experiments on mitotic 
poisons, and in particular after the injection of trypaflavine (acri
fla, inc), normal mitoses could be found in unusual locations several 
cLl\s after the mitotic poisoning itself.n Colchicine is also effective, 
and this is one of the observations that led to the belief that a true 
mitotic stimulation existed. Actually, things arc probably far more 
complicated. 

In adult micc,47 divisions could be observed in many locations: 
li,er cells and Kupffcr cells, endothelial and epithelial cells of the pan
creas, salivary cells, histiocytcs, and renal epithelial cells. Some of these 
mav be abnormal, but normal mitoses arc usually found in liver, 
pancreas, kidney, and adrenals, from one to two days after an injection. 
\ \'hilc some of the divisions may be of a regenerative character, for 
instance in liver and kidney, the important fact is that this is not a 
phenomenon observed with colchicine alone. It obviously needs 
further investigation, because very few authors appear to have taken 
notice of it. In the light of all recent work on stress, the hypothesis 
that pituitary-adrenal stimulation of cellular division has taken place 
as a consequence of the general toxicity of colchicinc, deserves notice. 

j.:;-.;: Chemirnl d/(wg<:s of //,1, blood. The idea of the alkaloid 
producing a stress effect may help to explain some unrelated facts 
mentioned in the pharmacological literature. The hyperglycemia 
follo"·ing the intravenous injection of I gm/kg of glucose in the dog 
is increased IO to I 2 hours after colch icine.49 The lethal close of the 
drug in this species is I mg/ kg. It decreases the blood sugar and also 
the boc!y tcmpcrature.n•1 The action on the glyccmia docs not appear 
to be related to pancreatic islet activity. The LD.,0 dose has the same 
effect. In pancrcatectomizcd clogs, on the contrary, the glyccmia again 
reaches its normal level within (i to I 4 hours.n" The influence of the 
adrenal cortical hormones has not been studied in these experiments. 
E, idcnce has been presented that the adrenal plays an important part 
in controlling the temperature fall observed after colchicinc poisoning 
(Fig. 7.2). 
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Considerable changes of blood-clotting time h;ne also been re
ported in rabbits injected with large doses of colchicine. This ma, lw 
five times too Iong.48 It will be mentioned elsewhere that hemorrhage 
has been considered an important factor in the action of the drug on 
neoplastic growth.7 One author has found that the direct action oi 
colchicinc, added in 11itro to oxalated blood plasma containing 
thrombin, was to decrease the clotting time from 20 to 15 seconds. 

Much remains to be learned about what happens ,d1cn a complex 
organism is under the influence of such a poisonous chemical. It is 
evident that much of the reviewed work is incomplete, that e,Tn thl' 
exact chemical structure of the "colchicinc" that is injected is not al
ways known, and that we arc confronted with a puzzle in ,rhich spu i
fic effects of colchicinc arc intermingled with general toxic reaction, 
involving hormonal stimulation and metabolic changes. The im
portance of all these apparently unrelated facts emerges "·hen one 
considers colchicine's action in gout, which will be discussed later. Ir 
is first necessary to have some idea of the metabolic changes. if am. ot 
cokhicine within the body. The study of this problem has rcccnth 
received some new light. 

7.6: Metabolism of Colchicine 

Forensic medicine demonstrated long ago that colchicine could hL 
detected, apparently unchanged, in the bodies of patients ,dw had 
died of an overdosc. 27 Experiments on cold-blooded animal-,, "·hich 
can withstand considerable amounts of the alkaloid (Table 7.~), delll
onstrated that this remained unchanged. They also brought atten
tion to the considerable variations in toxicity depending on bO(h 
tempcrature.27 , 63 , rn For instance, a frog is able to withstand an in
jection of 50 mg. of colchicine. For several days the chemical ma, be 
detected unchanged in the urine. If such an animal, two to three 
weeks after the injection, is warmed to 32°C., a temperature in itself 
harmless, death supervenes in a few days. Progressive nervous parah
sis is evident, a typical manifestation of rnlchicine poisoning. Similar 
facts are to be found in hibernating bats, which do not appear to he 
affected by colchicine.31 Once the animals arc warmed and a,rakc, 
the characteristic nervous poisoning becomes visible.:11 

After injection in clogs and cats, colchicine is chemically detected 
in the feces and urine. Similarly in man, it is excreted unchanged in 
the urine. However, only a fraction of the initial dose can be re
covered.27 This suggested to early workers that the alkaloid ,ras 
modified and metabolized in the animal and human boch. The 
striking effect of temperature suggested that some of these changes 
may only be possible in warm-blooded animals, or in artificialh 
warmed amphibians. Table 7.2 shows that the toxicity of colchicinc 1s 
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about the same in mammals and frogs when the latter are kept at 
30-32°C. 

It was also known that solutions of colchicine that had been left 
standing and haYe become brownish, probably as a result of oxidation, 
become far more toxic to frogs, even at low ternperatures.35 ln 1890, an 
attempt was made to separate the toxic fraction of these oxidized 

TABLE 7.2 
RELATIVE ToxICITY OF CoLCHICINF. 

(After Fuchner28 ) 

Species 

Rana esculrnta, l 5-20cC: ... 

Rana esrulenta, 30·-32°C: .. 

\Vhite mouse .. 

Rabbit. 

Dog .. 

Cat .. 

Lethal Doses. After 
Subcutaneous Injection 
(Rm/kg nf body zeeight) 

1.200-2. 000 

0.002-0.004 

0.003-0.010 

0.003-0.005 

0.001 

0.0005-0.001 

preparations, and a substance tentatively named "oxydicolchicine" 
was isolated. This was believed to be made of two molecules of col
chicine linked by an oxygen atorn.:rn Artificial oxidation of colchicine 
with ozone yielded a similar substance. A further experiment at
tempted to prove that the kidney was the organ in which colchicine 
\\·as oxidized to a more toxic product. About 330 mg. of amorphous 
cokhicine were added to defibrinized hog"s blood, and this was slowly 
perfused through the hog's kidney. From this organ 42 mg. of a 
brown substance were recovered. This, like "oxydicolchicine," dis
played a rapid toxic action in the frog, where the symptoms were vis
ible about one hour after the injection of 30 mg. 

These experiments do not appear to have been checked by modern 
methods. This would be interesting now that the chemistry of the 
alkaloid has made such great progress (cf. Chapter 6). No substance 
of the structure assigned to "oxydirnlchicine" has been described. On 
the other hand, experiments with mitotic poisoning are conflicting. 
In mice, solutions of colchicine lose about 20 per cent of their cytologi
cal activity after five weeks of standing.47 

The fate of colchicine in the animal body has been studied by 
modern methods, chemical, biological, and physical. A colorimetric 



196 Colchicine 

method of titration was checked by measuring the mitosis-arrc,ting 
properties of solutions either by injecting them in mice or by stll(h
ing their action on tissue cultures.11 After a single injection the blood 
level in the adult rat decreased rapidly, and remained stable aftn 
a few minutes. The tissues contained less alkaloid than the blood. 
Elimination was by the bile and intestine, and within a kw hour,. 
IO to 25 per cent of the dose injected was to be found in the intestine 
and its contents. Elimination by the urine only lasted a short time. 
while the blood concentration was at its highest. \Vithin Hi hour,. 
50 per cent appeared to have been eliminated. There was neither 
evidence of a change into a more toxic substance, nor of any selccti,e 
tissular fixation. The cumulative toxicity of repeated injections i~ a 
simple consequence of the slow excretion. 

By growing Colchicum in an atmosphere containing radioani, e 
carbon, C 14 , in the form of CO~, a biological synthesis of radio
active colchicine has been made possiblc. 7n The fate of this in 
the body of mice has been tested. One fact of importance is that four 
hours after the injection, no more colchicinc could be detected in the 
central nervous system, muscle, heart, or blood. Most of the radio
active alkaloid was detected in the kidney, the spleen, and the intestine. 
Neoplastic tissue (sarcoma 180) did not contain more colchicinc than 
the liver. An unexplained fact is that while the spleens of control 
animals were a site of active fixation, no more colchicine could be 
found in this location in tumor-bearing micc.4 These obsenatiom 
appear to demonstrate that the alkaloid brings about quite rapiclh 
some change in the brain without becoming fixed in this tissuc. 4 

Evidence will be presented elsewhere (Chapter 9) that colchicine ma, 
be retained for some time in tissues of cold-blooded animals (Xe110Jm1 
tadpoles). 

Further research is also necessary in this field, for there appears 
to be some contradiction between the stability of colchicinc as c, i
denccd from old and modern work, and the biological acti, it\ and 
specificity of this molecule. These problems will be disrnsscd in the last 
chapter of this book. 

7.7: The Treatment of Gout 

Logically, colchicinc pharmacology should be an introduction to 

its use in medicine and should enable us to understand win this 
plant alkaloid is effective in treating a disease of uric-acid metabolism. 
However, as will be noticed, actual data on phannacolog\ arc ol 
small help in understanding the curative properties of Colchin1111. 
Many complicated side-effects have been described, many strange 
properties investigated, but modern medicine is apparently not much 
closer than the Ebers Papyrus in explaining the medical use of this 
plant. 
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Gout, which was still called a forgotten disease in 1946,51 has re
gained much medical attention. New methods of treatment and 
new methods of study have brought this change. Also, the frequency 
of cases of gout may have increased in some countries. The principal 
and painful lesion that affects the joints of gouty patients results 
from deposits of uric acid. This chemical was believed to be mainly 
related to nucleoprotcin metabolism. Studies with radioactive uric 
acid, marked with N 10 , have helped to understand the origin of the 
so-called "miscible pool" of uric acid, which is considerably increased 
in some cases of gout. This has been demonstrated to originate from 
many pathways of metabolism. All proteins, carbon dioxide, ammonia, 
glycine, serine, and carbohydrates may be used as building blocks 
for uric acid. Methods for studying the changes of the "miscible pool" 
of uric acid have been devcloped.2H, :m, 10 

This has been mainly the consequence of the discovery that 
steroid hormones like cortisone,r. and the adrcnotropic hormone of 
the pituitary (ACTH) may play an important part in gout and may 
possibly be used for its treatment.25 , 28 , 29 Now, the nonspecific toxic 
reactions of colchicine poisonings have been described. These would 
result in an increased secretion of ACTH and cortisonc.69 • 57 Could 
colchicine possibly act in a nonspecific way in this disease? 

The considerable amount of work, mainly clinical, which has 
been published these last years on this subject can only be rapidly 
reviewed here.:14 , 4 r,, 4u, r.o, 78 , rn, 8° Current practice of handling gouty 
patients with colchicine has recently been summarized.29 

The doses which elicit in animals the alarm-reaction and ACTH 
secretion arc far larger than those effective in human therapeutics. The 
Thorn test of adrenal stimulation demostrates effectively that in 
patients with diseases other than gout, therapeutic doses of colchicine 
do not stimulate the pituitary and the adrenal. The urinary elimi
nation of 17-cetosteroicls is not modified cither.45 , 4 r. A positive Thorn 
test is demonstrated by a rapid fall in the numbers of eosinophil 
leukocytes in the blood. In one case only was this positive, the eosino
phils falling to 53/crnm. and later rising to the normal number of 
21i9. This, however, was in a man who had taken 24 mg. of colchicine 
in 24 hours, that is to say more than six times the usual dose. 

On the other hand, while ACTH and cortisone may be effective in 
the trea tmcnt of gout, they have by no means taken the place of col
chicinc. This is now used either at the same time or after the injections 
of hormones, and it is recognized that its action is unrelated to the 
alarm-reaction, and to put it shortly, "entirely unknown."~;; 

Some workers believe that the acute crisis of gout, the origin of 
which is by no means clear, is related to allergy. Colchicine has been 
found to decrease the intensity of the anaphylactic shock in guinea 
pigs injected with ovalbumine.1 In patients suffering from diverse types 
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of allergy, such as scrum sickness, Quinkc's edema, or urticaria, col
chicine has been used with results comparable to those of the anti
histamine clrugs."4 • r.u Colchicine, however, docs not antagoni1c hi,
tamine, and this new use in therapeutics now presents further un
solved problems. 
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CHAPTER 8 

Embryonic Growth Ln Animals 

8.1: Action on Gonads and Early Development 

Eggs have often proved to be an excellent lllaterial for colchicine 
research, and in previous chapters results of work on various t,pe, 
of eggs have been mentioned. Nuclear structure is lllodified in T11/1i
fex,22, 23 the nuclear sap becomes granular in the Anodo11ta egg.II 
spindle changes arc lllOSt evident in A r/1a1i11 .~. 41 disturbance, of 
cleavage are noted in Splwcrcchinus,n while curious surface change, 
have been described in both Tubifex 44 and Arl}(/ci11.2,; The siLe of egg 
cells, their conspicuous spindle, and the possible induction of poh
ploidy were factors making them useful in some of the early colchicine 
research. 1t is remarkable, however, that the first paper on this ,uli
ject was written by two botanists. 27 

vVc shall consider here only facts which have not been obse1Ted 
in ordinary cells, and which are related to the special physiolog, and 
cytology of eggs. Since there are few papers on modifications ot 
spcrmatogenesis, it was thought natural to describe some of the re
sults which may prove important for the possible induction of poh
ploidy in animals. This last problem will be discus.sed more 
thoroughly in Chapter Ui. On the other hand, the disturbances of 
embryonic growth related to mitotic poisoning result in some yuite 
peculiar malformations which will he considered later in this chapter. 

8.I-I: The cleavage of eggs. A.II work in this field points tmrards 
the complexity of colchicine actions, which arc not only related to 
the stage of maturation or growth reached by the eggs or the vot!ng 
embryo, but also to the concentrations of alkaloid used. For instance, 
in some of the early work on the egg of Rana J1ipie11s the classification 
of cellular changes proved to be very difficult because of great dif
ferences of sensitivity. 18 A I: I 000 solution suppressed all den-age and 
led to cellular disintegration; at I: 10,000, c:olchicine did not disturb 
the first cleavage, but the next ones were irregular and the groo\·es 
between the cells were only shallow; at I: I 00,000, three cleaYages 
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proceed norrnally, but in many eggs the grooves faded away later. 
[yen when the concentration was only 1: 1,000,000 and when some 
apparently normal embryos grew, abnormal cleavages were visible, 
and on the third day all the embryos were found dead. It was evi
dent that even when nuclear mitosis proceeded normally, cleavage 
could be inhibited. Gastrulation was made impossible, the eggs as
suming a meroblastic type of growth. 

It was soon discovered that in Ar/)(lcia the sensitivity of the eggs 
decreased rapidly after fccumlation; 4 40 minutes later, from 90 to 
I 00 per cent of normal cleavages could be observed. In the sea 
urchin Parncentrotus, before fecundation, the eggs may live only in 
a I :~00,000 solution. Later, cleavage is quite abnormal. If colchicine 
is applied at fecundation, a I :(i0,000 solution does no more than dis
wrb gastrulation. A temperature effect was also observed. Inhibition 
of growth was nearly complete if colchicine had been allowed to act 
at ~5°C., even if the eggs were kept at lower temperatures later. On 
the contrary, colchicine at 15°C. permitted growth to the morula 
stage. or, if the eggs were placed at 25°C. after colchicine, as far as 
the I G-celled stage. This temperature effect was tentatively related 
to permeability changes.~0 

The peculiar behavior of egg cells and the first stages of develop
ment of amphibia have been the subject of a thorough analysis, re
lated in many papers of the French author, Sentein.:H, :i5 Like other 
"·orkers, he found that cleavage disturbances were not closely related 
to mitotic disturbances; precocious cleavage could, in some eggs, lead 
to anucleate blastomeres. The complexities of the action of colchicine 
are revealed by the various cytological anomalies described: poly
ploidy, plurinucleation, asymmetrical development, chromatin bridges 
bet\\·een nuclei, pycnosis, and pluricentric mitoses. The last were 
found during recovery and are comparable to the multiple stars de
scribed in Chapter 3. 

The variable reactions during development were analyzed in 
T1it11111s, Pleurodcles, Bufo, Rana, and Amblystoma.34 After gastru
lation, typical arrested mitoses of the star type are the rule, with 
dumped chromosomes that are progressively destroyed. In the earlier 
stages, however, nuclear changes are quite different. Rather concen
trated, I :500 and I: JOOO, solutions of colchicine were used. How
e,er, the cytological changes were always delayed, as observed by the 
other authors mentioned above.4 , 18 , 41 First of all, cleavage is in
hibited, the nucleus completing its division. The result of this is the 
frequent observation of binucleate blastomeres. The spindle may be 
completely destroyed; large, probably polyploid nuclei are found 
later. However, the normal number of chromosomes is most often 
maintained because the spindle, even in these high concentrations of 
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colchicine, recovers. This leads often to pluripolar spindles, which 
are considered to be an important factor counteracting the poly
ploidizing action of the alkaloid. Recovery is incomplete, and chromo
some counts demonstrated a great variability from cell to celJ.lH 

Another peculiarity of the spindle of amphibian eggs is its asym
metrical reactions towards the depolarization effects of colchicine. 
The hypothesis has been put forward that this may be related to a 
differential sensitivity of the centrosomes, whether of paternal or 
maternal origin. 34 

Similar disturbances of development have been described in Rnnn 
ngilis9 and Rufo vulgnris, where an apparent decrease of cellular res
piration was obscrved. 37 The exact relation between mitotic changes 
and the abnormalities of later development, which will be related in 
the next section, are most difficult to understand. A detailed de
scription of the act.ion of colchicinc on the cleavage and early de
velopment stages of the fish Oryzias latipes cannot possibly he sum
marized here, but should he consulted by embryologists interested in 
chemically induced abnormal growth. 39 

The changes described in the egg of Tubif ex, an invertebrate, are 
remarkably similar to those reported in vertebrates. In I :'.rn,OOO 
solutions of colchicine some eggs are able to divide twice. One of the 
main effects is on cytoplasmic limits, which may disappear after ha,
ing been normally formed at tclophase.4 ·1 

A relative resistance towards colchicine, changes in sensiti,it, re
lated to developmental stages, the absence of p9lyploidy in the em
bryos, and peculiar actions on cleavage arc the main facts which at 
this time emerge from a great amount of obscrvations. 2n. 40 There is 
no doubt that cytologists and embryologists have many more prob
lems to solve and probably new types of colchicine effects to disco,er. 

8.I-2: Afole gametes. There are surprisingly few data available 
on the action of colchicine on spermatogenesis. In mice, aged 22 
days, some arrested mitoses (or meioses?) have been reported in earh 
work.2·1 In adult animals, colchicine brought evidence of nuclear and 
cytological destruction. Arrested mitoses of spennatogonia in rats in
jected with more than 1.1 mg/kg of the drug have been described. 
The spcrmatocytes did not appear to be altered, although '.(! hours 
after the injection the number of mctaphases was somewhat in
creased.32 

Personal observations of the junior author (unpublished) arc tlut 
in the testes of mice injected 1.25 mg/kg, most of the spermatontes 
have no more spindle 21 hours later. Spennatogonia appear to be 
unaltered, and the stages of meiosis arc normal, as long as no spindle 
activity is required. Many spcrmatids with vacuolated nuclei may be 
observed, but this phenomenon is a consequence of the genera I 
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toxicity of colchicine, and has been described under various experi
mental conditions and with other mitotic poisons. 38 With less toxic 
colchicine derivatives, spindle inactivation is apparent in a few hours. 
Depending on the doses injected, recovery is possible, or considerable 
cellular damage may be found. Binucleated spermatids may result 
from the spermatogonial mitoses during recovery assuming the "dis
tributed" type with two nearly equal groups of chromosomes (cf. 
Chapter 2). 

In fowls also, colchicine may induce severe degenerative changes 
in testicular cells. These are followed by regeneration seven days 
later.17 

No polyploid spermatozoa have been reported in vertebrates. On 
the contrary, in the insect Trialoma inf es tans (order: Hemiptera), 
colchicine not only inhibits the spindle function, but as a consequence, 
modifies considerably the size of the spermatids (Fig. 8.1) . This is 
observed after nine days, when all spermatogenetic cells have dis
appeared. The simple numerical relations between nuclear sizes are 
a strong evidence in favor of polyploidy, although the exact inter
pretation of these facts awaits further research.33 

Control 

Colchicine 9 days 

420 842 1677 3073 
Fig. 8.1-Action of a prolonged treatment by colchicine on the nuclear diameters of 
the spermatids, expressed in conventional units, in Triatoma infestans. Several categories 
of polyploid nuclei with diameters in the relation 2,4,8, 16. (After Schreiber and Pelle
grino=~1) 
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In Chapter JG, a technique of inducing polyploidy in vertebrates 
will be discussed. This involves using sperm treated with colchicine. 
It should be mentioned here that the alkaloid has not been reported 
to affect adult spermatozoa.12, 1a 

8.2: Colchicine-induced Malformations 

The artificial production of embryonic monstrosities has recei\'ed 
a great impetus from the work of Ancel and Lallcrnand.1. ~- ~1 Thi, 
was initiated around 1937, and, together with the use of other chemi
cals, has opened a new field in developmental research. A detailed 
survey of this is to be found in Anccl's recent hook, La Cl1imioth-11-
togenhe.1 

Through a small opening in a chick's egg, a minute quantity of 
a solution of colchicine in saline is introduced. The embryo is ob
served, to make sure that no abnormalities exist at the start of the 
experiment. The opening is closed and the egg hatched in an incu
bator. 

One of the most striking results was the production of a malforma
tion which had been described in calves by Curt! (1832) and called 
schistosomus ref lex us. This is a peculiar type of celosomy, that is, a 
total hernia of all the abdominal and thoracic viscera, resulting from 
an absence of the anterior body wall. Leshre, in 1927, used the term 
strophosomy, or body-turned-inside-out, for the rachis and tail are 
strongly bent backwards, the hind limbs located close to the back of 
the head (Fig. 8.2). Such a malformation had never been seen in 
chicks, and naturally aroused great interest in colchicine. Further 
testing of more than fifty substances, several of which induced various 
abnormalities of development, demonstrated that only rici11e and 
abrine could initiate strophosonly. 

Figure 8.3 shows the difference between the formation of celosomv, 
which is much more frequent, and strophosomy; the posterior bend
ing of the caudal part of the spine plays a great part in the second 
type of anomaly. The colchicine treatment of the eggs must be done 
within a quite definite period. The optimal period is after 48 hours 
of incubation; before this time, or after 68 hours, it is ineffecti\'e. 
Only 5 hours after the introduction of cokhicine into the shell, 
the embryo demonstrates an exaggerated forward flexion of the infra
cardiac region. Many of the embryos die at this moment. Some also 
display a dorsal Hexion of the caudal extremity of the rachis; these 
are the ones which will eventually become strophosomic. This mal
formation does not disturb the formation of the embryonic organs, 
and the chicks are capable of living nearly until hatching, the longest 
observed duration being 19 days. A similar condition had been 
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Fig. 8.2-Strophosomy induced by colchicine in the chick. A. Normol chick at 12 days 
of incubation. B. Strophosome at the same age. There is a total hernia of all viscera, 
no abdominal wall, and a backwards flexion of the hind limbs. C. Another stropho
somic chick, ofter 13 days incubation. The animal is seen from the rear, the herniated 
viscera hong underneath, the legs here folded on the bock. (After Lollemond 21 ) 
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A. B. C. 

Fig. 8.3-0rigin of strophosomy in chicks. Injection of colchicine in the eggs ot 48 hours 
of incubation. A. Control ot the time of injection. B. Control, incubated 72 hours. C, 
D. Colchicine-treoted embryos, incubated 72 hours. These ore future strophosomes, os 
indicated by the backward flexion of the toil. E, F. These chicks, similarly treated, will 
only develop celosomy. The toil is bent forward. (After Lollemond21) 

known to exist in calves, which may be born strophosomic after an 
intra-uterine growth of normal duration. 

The caudal bending of the embryo appears quite important, and 
it is to be noted that pycnotic nuclei arising from arrested meta
phases are to be found in this region, mainly in the nervous s, stem 
and the surrounding tissues. Neither the chorda nor the intestinal 
epithelium shows evidence of cellular destruction. 
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The problem of the determination of strophosomy has been fur
ther studied by local applications of colchicine in agar strips.10 In 
embryos with 25-28 somites, the region between the omphalomesen
teric vessels and the hind limb is the most sensitive in regard to this 
malformation. Absence of tail and hypophalangism and absence of 
tail were also observed; these phenomena led to a study of colchicine 
on the expression of the anomaly, polydactyly.10 In other animals, 
colchicine is also a teratogenic agent,8 but the changes mentioned are 
of very different types, ranging from exogastrulation7 to variations in 
pigmentation, cyclopean eyes, abnormal blood formation, and dis
turbances of body flexures.:rn In the frog, many of the reported 
anomalies4 ~, 4:i could also be initiated by X-rays, a fact strongly 
suggesting their relation to mi to tic disturbances. 

One other result is worth mentioning. Local application of a 
I: 7000 solution of colchicine on the posterior limb of Xenopus larvae 
resulted in a decrease in the number of toes.5 With increasing effects 
all but the fourth toe disappeared during development. This is 
paralleled by no other type of regressive evolution of toes in verte
brates. 

8.3: A Tool for the Study of Embryonic Growth 

The use of colchicine for the detection of zones of maximal 
growth and of growth stimulation or inhibition will be discussed at 
length in Chapter 9. The "colchicine method" is fundamentally 
based on the observed increase in metaphases, arrested because of 
the absence of spindle, in growing tissues. Mitotic multiplication of 
cells is made more visible. Some of the difficulties of this method in 
adult animals will be discussed in Chapter 9. It is evident from all 
that has been written in this chapter, that in embryonic growth the 
complexity of the changes brought about by colchicinc is consider
able. '.\Jot only docs the alkaloid inhibit mitoses, it may also com
plctclv alter the normal course of growth. Only a few experiments 
yield facts that are simple to interpret. 

For instance, in chick embryos treated at the forty-second hour 
of development with dilute solutions of colchicine, there could be 
·,bscrved, 2"1 hours later, an "overproduction of cells." 28 The amount 
of neural tissue appeared to be increased, and several neural folds 
"·ere to be seen, even in animals where the number of arrested mitoses 
did not appear to be great. These facts were considered as good 
evidence of mi to tic stimulation and increased neuralization, that is 
to say, a colchicine-induced malformation. Chicks with spina bifida 
have been found in some experiments.1 The number of mitoses 
seemed considerable to the author who observed for the first time 
these neural changes, but no accurate quantitative counting was done, 
nor, in fact, could have been properly done because of the malforma-
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tion itself. It has also been suggested that the apparent increase in 
neural tissue was merely the consequence of abnormal cellular migra
tions, not of modified rnitotic activity. 4" 

Analysis of patterns of embryonic growth is made difficult I)\ 
many facts. One is the varying sensitivity of tissues and stages of 
development. In l\ilolge palmata Schneid., the zones of highest mitotic 
activity are the most sensitive to colchicine;~" in other regions, the 
same concentration may yet enable mitosis to recover and to proceed 
to telophase through star and incomplete star meta phase. In ni.1-
coglossus pictus Orth., some periods of growth are very sensitive to 
the mitotic arresting activity of cokhicine. The fifth day, correspond
ing to the "primary metamorphosis," when swimming is initiated. i, 
one of these periods. In Discoglossis. Rana, and Xrnopus, the meta
morphosis is a period of increased sensitivity. The regions of the 
embryos where the mitoses are the most numerous are, rather natu
rally, the most rapidly altered by rnlchicine. Instances arc the nerH>Us 
system, the olfactory bud, and the germinative region of the eyes.~~. 

These carefully studied facts do not leave much to sav about 
papers which attempted to detect zones of growth by colchicine. 
especially in amphibia,lr.· 2" for the complexities of the problem were 
not properly understood at the time of their publication. Some facts 
emerge, however, from the literature on this subject and are worth 
mentioning, for they may be starting points for further work. In 
young mice, colchicine demonstrated that liver and pancreatic cells 
cease to divide at about 20 days after hirth;~1 the mechanism "·hich 
prevents any further division, except in regeneration (Chapter 9). 
is unknown. ln mice also, ganglionic nerve cells have been found, bv 
the use of colchicine, to divide until three weeks after birth. 2° Colchi
cine has also been used to bring about the death of the litter of preg
nant mice,19 and to induce the formation of tetra- and octoploid cells 
in embryos of the fish Coregonus when the eggs had been treated 
three hours with a 0.5 per cent solution. Hastening of the meta
morphosis of Rana f usrn tadpoles is also reported.14 

The publications which have been reviewed in the last paragraph 
would seem to indicate that colchicine is of little, if any, use in the 
study of embryonic growth. However, it must be recalled that most 
of these results have been published during the early phases of colchi
cine research, before the proper techniques could have been designed. 
Two recent papers show that important facts can be made clear b, 
using colchicine as a tool in embryos.~ 

ln the first one, the problem was to assess the comparative mitotic 
activities of the embryonic megaloblasts (young red blood cells) of 
the chick embryo, and of the megaloblasts of human Addison-Biermer 
anemia (cf. Chapter 9) . These cells resemble closely the embryonic 
ones, though their existence is an evidence of pathological growth 
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related to vitamin B1~, or folic acid, deficiency. A dose of 0.015 mg. 
of colchicine in saline solution was found to arrest all mitoses in the 
young chick embryo. The number of mitoses found after four and 
eight hours was counted. This gives a precise idea of the proliferative 
activity of these cells. In chicks at the sixtieth hour of growth, eight 
hours after colchicine, the number of mcgaloblastic mitoses is in
creased more than tenfold; while in controls, 38.6 cells per thousand 
arc in division; in treated chicks, eight hours after colchicine, the fig
ure reaches 457.9. This increase is markedly greater than that found in 
the bone 111arrow of Bicrmer anemia patients. However, the technique 
being different, the comparison is not quite valid. What is more in

teresting from the viewpoint of embryological growth, is that the 
mcgaloblasts are demonstrated to divide more than the undiffer
entiated connective cells from which they originate. 

A detailed study of the relation between differentiation of the 
red blood cells and cell division in the chick embryo at different 
stages of growth has clearly indicated a decrease in mitotic activity as 
soon as hemoglobin is synthesized. Colchicine has been a remarkable 
tool for the precise study of this problem.3 No doubt, it will not be 
the last contribution in a field open to many types of investigation 
(d. Chapter 9). 
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CHAPTER 9 

Experimental Growth in Animals 

9.1: Endocrinological Research 

One of the most striking features of colchicine, whether injected 
into animals or acting upon tissue cultures?:1 is the accumulation of 
mitoses arrested at metaphase (Fig. 9.1). This is a consequence of the 
absence of spindle (cf. Chapter 3). The increase in the number of 
mitotic cells was soon understood to be most useful for the analvsis 
of growth by cellular multiplication. Several lines of research were 
started in the years 1934-36. At this time, the isolation and the 
synthesis of hormones were proceeding rapidly, in particular, the 
steroid hormones of the sexual glands. These substances have most 
powerful physiological effects, the principal being to stimulate cells 
to increase the rate of appearance of new mitoses. Now, ordinary 
histological techniques give only an instantaneous picture of the 
state of the tissues at one given moment. If the cell divisions proceed 
very rapidly, there will be small chance of observing them in a micro
scopic slide. Colchicine, by arresting all these rapid cellular changes, 
would be able to let the mitoses progressively accumulate in a given 
tissue. Counting would be easier, and easier also the localization of 
regions of maximal growth. 

While several authors understood the usefulness of colchicine as 
a tool for the study of growth, the largest amount of work was done 
in the field of endocrinology. Allen, Smith, and Gardner~ are to be 
credited with the publication, in 1937, of an excellent paper with 
splendid photomicrographs that gave added impetus to research with 
this new technique. They were studying the action of estrogens in 
the mouse. After injecting the still chemically impure hormone of 
that type at their disposal, "theelin," they observed that colchicine in
creased tremendously the visible mitotic action in tissue sections. In 
the vaginal epithelium, they mention "a most incredible number of 
mitoses."* In a single transverse section of the vagina, controls in-

* E. Allen, M. Smith, and \V. V. Gardner, "Accentuation of the Growth Effect 
of Theelin on Genital Tissues of the Ovaricctomizcd !\louse by Arrest of :\litosis 
With Colchicine," Amer. /our. Anal., 61 (1937), p. 324. 

[ 214] 
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jected with "theclin" alone showed 20 to 30 dividing cells. After 
colchicine, this was increased to more than 1500 in about IO hours. 
Jn one experiment in which "theelin" and colchicine were injected 
simultaneously, the authors wrote that "the general impression is 
that approximately every other cell is in mitosis."* These results 
aroused great interest, and marked one of the starting points for 
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Fig. 9.1-Graphical representation of the course of cell division in a fibroblast culture 
treated by colchicine (1 /20,000,000). During the two first hours, no notable changes. 
Later, progressive accumulation of arrested mitoses. Each horizontal line represents 
one mitosis; it is interrupted at the end of metaphase. Any vertical line indicates the 
number of visible mitoses at one moment, that is to say, the mitoses which should be 
seen in a fixed preparation. This number progressively increases under the influence 
of colchicine. The rate of apparition of new prophases is not disturbed with this con• 
centration. There is no mitotic stimulation. (From a cine-micrographic recording. After 
Bucher, 1939) 

colchicine research outside of the Brussels laboratory. Together with 
the discovery of colchicine polyploidy in 1937, this study initiated 
the publication of a great number of papers in which colchicine was 
mainly considered as a tool for making mitotic growth more visible 
and easier to analyze. 

However, any tool has its advantages and its shortcomings. Many 
\\"orkers do not appear to have considered carefully the fundamental 
problems involved in what Allen called the "freezing" of mitoses. 
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Some of the complexities have already been scrutinized in the first 
chapters of this book. A few more considerations about this particular 
problem of multiplying the numbers of mitoses by destroying their 
spindle will be useful for future workers in this field. While the 
number of papers published about the rnlchicine method appears 
to be on the decrease, so far as can be assessed, for colchicine is not 
always mentioned in the titles, much work remains to be done. This 
chapter will point out several unexplored fields. 

9.2: Theoretical Considerations 

l\fost of the American authors, following the first papers of Allen, 
those of Brues1!l, 20 , 21 , 22 on liver regeneration, and the tissue culture 
work of Bucher23 and Ludford,"2 considered colchicine simply as a 
means of stopping any mitosis at metaphase. The complexities of 
colchicine pharmacology (Chapter 7) should alone call for more cau
tion. 

A. P. Dustin, Sr., in a paper published in 19%, but which could 
not have received much publicity, demonstrated the utility of colchi
cine as a tool. 41 He had noticed the increased number of divisions in 
the wall of a parasitic cyst in a mouse, a fact which was the starting 
point for experiments on the healing of wounds, reviewed further on 
in this chapter. In his own words, "colchicine enables the detection 
of the otherwise invisible state of preparedness to mitosis."'~ It 
throws into an abortive division all the cells which arc ready to 

divide, or had been prepared for mitosis, for instance, under the in
fluence of endocrine or other stimuli. This was in agreement with 
the line of thought which had led to the discovery of colchicine's 
action in 19'.H, and which was the study of the regulation of mitotic 
growth. 

The theories of "mitotic arrest" or "arrest after mitotic stimula
tion" arc conflicting. ln work where the location of mitoses is the 
main purpose and where no quantitative data are required, colchi
cine is useful whatever the opinion one has about a possible stimula
tion of mitosis. This problem. however, should not he overlooked. 
For instance, several authors have thought it possible to calculate 
from the number of mitoses found after colchicinc, the average dura
tion of these mitoses, had they not been arrested. This duration is, 
of course, an indication of the rapidity of cellular growth in the 
tissues studied. It should be clearly realized that such calculations 
imply several unknown factors, and they have a precise signification 
only if the following conditions are fulfilled: 
l. Colchicine arrests all mitoses, shortly after it has been injected 

and until the end of the experimental period. 

* A. P. Dustin, "La Colchicine, Rcactif de !'Imminence Caryocinctique," ,-1rcl,. 
Portugaises Sci. Biol., 5 (1936) , p. ,JI. 
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2. The intermitotic period is much longer than the duration of the 
experiment, and is not modified by the experiment. 

3. The arrested mitoses arc not destroyed before the moment the 
tissues are fixed and examined. 

J. The tissue is homogeneous from the point of view of mitosis, that 
is to say, mitotic rates and intcrmitotic periods do not vary from 
one region of the tissue to another. 

5. The mitotic rate does not vary during the experimental period, 
in control animals. 

Such conditions arc not often fulfilled. One type of experiment in 
,rhich they are is liver regeneration; this will be considered further. 
J n mammals, cellular destruction is a factor which cannot be ignored. 
If, however, the above-mentioned causes of error do not exist, the 
average duration of mitosis can be found by the formula A= Mt/X, 
in which M is the mitotic index before colchicinc, and X the index 
found t hours after the injection of the alkaloid. 

1£ this formula is applied to the results obtained in the experi
ments referred to in the previous paragraph,2 it is found that after 
"theelin" stimulation, the average duration of mitoses would be 10 
minutes. This is a remarkably short period, and it may be questioned 
,rhcther mitoses can be completed so rapidly. However, results ob
tained by A. P. Dustin, Sr., in the uterus of the rabbit after stimula
tion by chorionic gonadotropic hormones, are rather similar.41 The 
increase in the number of mitoses was observed in repeated biopsies. 
Figure 9.2 shows that it was considerable, and that in one animal, 
the calculated duration of each mitosis, had it not been arrested by 
colchicine, would be 12 minutes. These results bring some evidence 
for mitotic stimulation, for the prophase mitotic index increased also. 
This indicates that more cells were undergoing prophase than ex
pected; that is to say, a true stimulation took place. This index rose 
from 7.56 to 14.8 in 2 hours, and from 4.8 to 24.4 in 7 hours. It must, 
of course, be supposed here that the duration of each prophase was 
not affected by colchicine. 

Such results are rather complex, for the mitotic index could have 
been modified by the traumatisms of the biopsies themselves, and also 
by the continued action of the hormone. The possibility of a syncrgic 
action of hormones and colchicine cannot be ruled out6n (cf. Chapter 
7). 

The following results2n are all the more interesting, for while 
they apparently could demonstrate such a synergism, a much simpler 
explanation is possible. Table 9.1 gives the results of mitotic counts 
in the seminal vesicles, after stimulation by a single large dose of 
testosterone. There appears to be a veritable "explosion" of mitoses, 
to use the expression coined by A. P. Dustin, Sr. Does this give evi
dence of mitotic stimulation by the alkaloid? The counts of the con-
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trol animals demonstrate that it does not, for it can be seen that be
tween the thirtieth and thirty-fifth hours after the hormone injection 
the mitotic index rises sharply. If colchicine had been injected at 
the thirty-first hour, a mitotic increase from 2.92 to I 08.60 would have 
been observed, and this could not be explained by the theory of meta
phase arrest. This increase is, however, not only the result of mitotic 
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Fig, 9.2-Progressive increase of the numbers of mitoses, in repeated biopsies from 
the rabbit's uterus, after stimulation by chorionic gonadotropins and injection of col
chicine, Calculated duration of mitoses on the assumption that colchicine does noth
ing more than arrest them at metaphase, (From original data of A, P, Dustin, 1943n) 

stasis, but also of the progressive action of testosterone, demon
strated by the fact that in untreated animals the mitotic count rises 
about threefold. Therefore, colchicine alone has increased the mitoses 
only from about JO (2.92 X 3) to 108.GO within -1 hours, which means 
that the average mitotic duration must be about 25 minutes or less, 
This agrees with knowledge of mitotic duration in mammals. 

Such an example dem(>nstrates the intricacies of quantitative 
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work with colchicine. Others will be found in this chapter. Here, 
as in other fields of colchicine work, problems must not be over
simplified, and here especially, the greatest care should be taken in 
all quantitative estimations. It is striking that it is when colchicine 
is considered as a tool that the need for fundamental knowledge is 
the most apparent. 

9.3: Cellular Multiplication in Normal Growth 

Growth patterns in the organs of adult animals can be revealed 
far better after colchicine than with ordinary tissue sections. The 
alkaloid may do more than simply locate the germinative zones of 
organs; under strict experimental conditions, it may solve some 
quantitative problems of growth. Another method, which has brought 
excellent results, is to study the growth of explanted tissues. This 
has been done by the ordinary methods of tissue culture,2 :1, 62 , 88 or 

TABLE 9.1 

MITOTIC ACTIVITY IN THE SEMINAL VESICLES OF CAS

TRATED 80-DAY-OLD RATS TREATED WITH 0.3 MG. OF 

TESTOSTERONE PROPIONATE 

(Abridged from Burkhart29 ) 

19 .. 0 0.24 

23. 0.28 0.20 

27. 5.00 2.04 

31 ... 2.02 7.60 

35 ... 10.68 108.60 

·---~-

by a modified technique in which cellular multiplication was ob
sened only for a few hours after explantation.5 - 8 , 24 - 27 Some of the 
results demonstrating how useful colchicine may be as a tool in such 
work will be summarized here. 

q.3-1: Studies in vivo. Some of the early work in this field was 
done on the ovary. Colchicine, by increasing from 11 to 35 times 
the number of mitoses that could be observed in the germinal epi
thelium of the ovary of mice, demonstrated that this was a region of 
active growth. 1 - :rn, 14 , ,o Similar facts were observed in guinea pigs. 
•"· 77 The relation between the mitotic activity in the ovarian follicles 
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and the estrus cycle were carefully analyzed (Fig. 9.3). In the endo
thelial cells of the theca interna of the ovarian follicles, immediately 
before ovulation, the karyokineses were found to increase about sixty
fold. Arrested mitoses of follicular cells in the rat can be found 
around eggs after they have reached the uterus (Fig. 9.4) .4 Some 
follicles are found to be growing rapidly while others are quiescrn t. 
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Fig. 9.3-Mitoses in the corpus luteum of the ovary of a normal mature guinea pig, 
studied by the colchicine method. (After Schmidt") 

This fact is not evident in control animals, because the number of 
mitoses is too small. 

In the pituitary glands of mice, colchicine increases the number 
of mitoses about threefold. This is an indication that these mitoses 
are normally of long duration. Many data have been gathered about 
the mitotic activity in this organ in various physiological conditions. 
11 , 52 Table 9.2 shows how evident is the action of age on mitotic 
activity when the number of metaphases has been artificia!IY 111-

creased by spindle poisoning.'12 

A quantitative study of cell regeneration in the mucosa of the 
intestine in rats has been made possible by colchicine. It was known 
that the intestinal cells are continuously shed, but how long it took 
for the whole epithelial lining to be replaced was not known. Table 
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9.,l gi,e., the results, with the percentages of dividing cells and of 
mitotic stages in control and colchicinized animals.0° From these 
results. it is apparent that mitotic arrest at metaphase has increased 
in six hours the number of cell divisions by 17.63/3.32. The mitotic 
duration, calculated as indicated in Section 9.2, is 3.32 X 6.0/17.63 = 
1. l!l = I hr. 8 min. 1 t can be calculated from this result that in 
3 7 .7 hours ( 1.57 days) , I 00 per cent of the cells will have divided; 
that is to say, a complete renewal of the epithelium will have taken 
place. This is, of course, only statistically correct, for there must re
main a certain number of stem cells so that growth may persist. 
These cells will divide into one differentiating cell and one stem cell 
identical to the first. A great discrepancy between results obtained 
,rith radio-phosphorus on the nucleic acid turnover and the figures 
?;i,en by the colchicine method as used by the same authors has been 
cliscmered.' 1 This may throw more light on the complex problems 
of gnmth in differentiating tissues. 

The ,kin of small rodents has been excellent testing material for 
the study of growth as analyzed by colchicine. A very extensive series 

Fig. 9.4~Colchicine-mitoses (black dots) in an ovarian follicle {left), and in follicular 
cells surrounding an egg found in the uterus in the rat. (After Allen et al.') 

of experiments has been carried on, especially by Bullough.24- 27 This 
has pro,ided ample material for a precise analysis of growth and the 
fundamental mechanisms of mitosis. Further reference will be made 
to some of these papers in the section on hormonal stimulation of 
mitosis. Di urn al variations, the action of sleep. the effects of blood
sugar len·l and of injections of starch, have led to the most im-
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portant conclusion that carbohydrate metabolism is indispensable 
for mitosis in epidermal cells, and that it provides the energy neces
sary for a cell to initiate division. Once prophase has started, no 
further energy requirements are apparent, and mitosis proceeds as 
if it were an all-or-none reaction.24 , 26 These experiments have also 
shown that the mitotic increase after colchicine corresponds to a 

TABLE9.2 
EFFECT OF Au: o:\/ l\1noT1c AcnvnY 1, TIIE l'nunARY G1.A,ns oF Fi-,uu R,1s 

(Aftc-r Hunt62 ) 

Age 
(dars) 

Pituitary Mitoses 
(prr sq. mm.) 

-------------- --- ------ ---

96. 77.5 

148. 45 

188. 32 

220. 15 

300. 5 

normal duration of about three hours. This is very long compared 
to that of ten minutes mentioned in Section 9.1. The difference may 
be partly explained by the action of hormonal stimulation, which not 
only increases the number of new cells starting to divide but also 
apparently shortens the duration of mitosis. This will be considered 
in a subsequent paragraph. Some other complexities of the ~tuch 
of epidermal growth and of the action of colchicine can be under
stood by the fact that the alkaloid may decrease the number of new 
mitoses,24 and that unless observations are made within six hours 
after the injection of the alkaloid, some arrested metaphases ma, 
proceed to telophase. 

TABLE 9.3 
DIVIDING CELLS (PER CENT) IN THE ILEA!. EPITHEI.IUM OF MALE RATS 

(After Leblond and Stevens'°) 
-- -----------

Controls .... I 
I 

Colchicine. · [ 

Per Cent Nuclei Un
dergoing Mitosis 

(Normal and 
Abnormal) 

3. 32 ± 0. 35 

17. 63 ± 0. 82 

Pro
phase 

24 

2 

Stag es ( per cent) 

-Met~~-1-M~:- 1 -

phase phase 
(Nor- (Degener- ' 
ma!) ating) 

36 

57 

0 

41 

Ana
phase 

5 

0 

Telo
phase 

35 

0 
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These studies of the epithelial growth in mice lead to a most 
interesting development which will now be considered: the study of 
growth in explanted tissues. 

9.3-2: Growth in vitro. Many of the fundamental discoveries 
related to colchicine-mitosis were made on tissue cultures.6 , 23, 610 62 , 

' 4 · "· "" The importance of metaphase arrest in increasing the num
ber of visible mitoses without modifying the mitotic rate has been 
illustrated by Figure 9.1. Other results on the action of colchicine on 
neoplastic cells in tissue culture, and on the mitosis-arresting proper
ties of colchicine derivatives and other mitotic poisons will be related 
in Chapters IO and 17. Tissue culture work offers definite potentiali
ties for further investigation. The utilization of synthetic or semi
svnthetic media and the roller-tube technique are some of the modern 
aspects of tissue culture which could benefit from colchicine. 

On the other hand, most important results have been obtained 
bv simplified methods in which surviving tissues are utilized. Within 
the short duration of the experiments, mitoses proceed normally, and 
problems of bacterial contamination, transplantation, and dediffer
entiation do not arise. These methods have been used in the study 
of the skin and bone marrow of mammals, including man . 

. -\s a consequence of previously mentioned work on the skin of 
the ears of mice, Bullough24 developed a technique of in vitro study 
of the mitotic activity. In vivo experiments had demonstrated that 
glucose~,; and oxygen27 were indispensable for providing the energy 
required for cell division. Glutamate was further demonstrated to 
increase the rate of cell division. The in vitro method should eventu
ally bring forth important new data on the metabolic requirement 
of epidermal cells. Colchicine increases the amount of visible mitoses 
and makes counts simpler. However, because of the long duration 
of cell division in this type of tissue, colchicine does not produce any 
of the spectacular increases which have been seen in other organs . 
. \n important result was to establish that a linear relation existed 
between the number of arrested mitoses and the oxygen tension. 
\Vhik only 0.'1 mitoses could be seen in pure nitrogen, the figures 
were :l.9 for liO per cent nitrogen and 40 per cent oxygen, and 8.3 in 
pure oxygeri.~7 The general significance of these results is made clear 
IJ\ nearly identical findings with bone marrow cells.5 This work has 
been done mainly in Italy. Astaldi and a group of collaborators first 
studied the cokhicine response of human bone marrow.U This is 
readily available by sternal puncture, and colchicine has provided 
a new insight on the growth of this tissue. This growth is far more 
rapid than that of skin; in mammals, bone marrow and intestinal 
mucosa are the tissues which have the highest mitotic index. After 
cxplantation, small fragments were kept at 37°C. in human serum, 
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and their growth could be studied for as long as 36 hours. The 
number of mitoses was considerably increased by colchicine. and 
the authors have indicated that this "stathmokinetic index," as it has 
been called, may throw considerable light on many problems of 
normal and neoplastic cellular division. Some of these will be men
tioned in Chapter 10. 

Very small amounts of colchicine are effective; dilutions of 
1: 1,000,000 were used. The alkaloid may disturb slightly the normal 
maturation of cells of the crythroblastic series. This is only visible 
after 12 hours in vitro, and for most experiments, important data can 
be recorded from 4 to 8 hours after colchicine. The action of em
bryonic extracts7 and that of irradiation with X-rays8 have been 
studied on normal marrow. This has also been compared 11·ith 
marrow from patients suffering from Addison-Bienner anemia (cf. 
Chapter 8), polycythemia and leukemia (Chapter 10), and thalas
semia (Cooley's anemia) .7 

Figure 9.5 demonstrates that the mitotic activity of erythroblasts 
(young red blood cells) is depressed by absence of oxygen. This ex
periment was carried on in a vessel in which a partial vacuum rnuld 
be maintained. It is made clear by colchicine that the younger cells, 
the basophil erythroblasts, arc more depressed than the more 
differentiated ones, which have already some hemoglobin. These 
important results are to be compared to those mentioned above, on 
the importance of oxygen for mitosis in the epithelial cells of the 
mouse's ear.27 This might have passed entirely unnoticed if a tool 
had not existed to increase the number of visible mitoses and make 
counting a simple proposition. It must, however, always be kept in 
mind that control experiments should be made, for it remains to be 
proved that colchicine, which has such a wide variety of pharma
cological effects (Chapter 7) , docs not disturb some mitoses more 
than others. These experiments are, of course, entirely based on 
the assumption that the alkaloid does no more than "freeze" the 
mitoses at metaphase.2 - 23, u2 

9.4: Hormone-stimulated Growth 

A considerable number of papers have been published follm1·ing 
the contributions of Allen, Smith, and Gardner.2 It is not con
templated to review them all here, even if such a task were possible. 
for many papers of cndocrinological interest do not mention in their 
titles that colchicine has been used, and it has become impossible to 
keep up a complete set of references. Table 9.1 gives a summary of 
some of the work which has been published. It is evident that the 
sex hormones have been the most studied, partly because their 1,0-

lation and chemical identification took place in the period 1111-
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Astaldi et al. 8) 



TABLE9.4 
EXPERIMENTS ON HORMONE-INFLUENCED GROWTH 

Hormones 
--------~-------------

1. Pituitary hormones 
gonadotropins 

chorionic gonadotropins 

prolactin 

adrenocorticotropic 
hormone (ACTH)• 

thyrotropic hormone 

anterior lobe extract 

2. Ovarian hormones 
a. estrogens ("theelin," 

estradiol, estrone, etc.) 

b. progesterone 

Animal 

mouse 
rabbit 
guinea pig 

Molge marmorata 

mouse 
guinea pig 
rabbit 

pigeon 

rat 

rat 
guinea pig 

rat 

mouse 

rat 

guinea pig 

woman 
Rhodeus amarus 
rabbit 

rat 

Receptor Tissue and 
References 

uterus (muscle )3 

uterus30 

hypophysis78 

parathyroid78 
adrenals78 

testis (interstitial cells/' 
seminal vesicles; ut<>rus 12 

prostate78 

cloaca] epithelium" 

uterus (glands and muscle)' 
testis (interstitial cells) 53 

uterusao,.11 

crop-sac58 · 59 ·56 

adrenal cortex92 

thvroid50 

thyroid12 •11 t·" 

Langerhans' islets50 · 02 

vagina2 •91 

uterus: glands, 91 muscle' 
mammary gland2 

hypophysis f9•54 

rcctum9l 

ovary91 

skin24 

seminal vesicles 10 

various tissues2·1 

uterus (muscle)' 
vagina73 · 32 

hypophysis55 

parathyroid12 

seminal vesicles 11 •67 

ventral prostate67 ·"' 

nipple89 

uterus (muscle)I,s 
vagina79 ·72 

ovi posi tor18 

uterus (glands) 28 

(muscle) 28 

parathvroid§12 

vagina32 

prostate37 

--------------~---------
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TABLE 9.4 (continued) 

Hormones Animal 

woman 
c. pregnane Rhodeus amarus 

3. Testicular hormones (androgens) 
testosterone, androsterone, 

4. 

5. 

androstenediol mouse 

rat 

guinea pig 
Rhodeus amarus 

androstane Molge marmorata 

Adrenal cortical hormones 
a. desoxycorticosterone rabbit 

b. cortisone mouse 

C. corticosterone, total ex-
tract of cort('x Rhodeus amarus 

0 I her hormones 
thyroxine mouse 

rat 

tachysterinc rat 

insulin rat 

* Non-purified extract of pituitary. 
t Extracted from human urine. 
! Also experiments with stilbestrol. 
§ With estradiol benzoate. 

Receptor Tissue and 
References 

seminal vesicles37 

vagina79 •72 

ovipositor18 

seminal vesicles65,85,s7 ,39,10 

Id. transplanted to female82 

prostate85 
seminal vesicles 12 •85 ·'"'· 67 ·29 
prostate85 •29 

thyroid (in female) 68 

parathyroid (id.)•s 
adrenal69 

skin 
epoophoron18 
ovipositor18 

prostate78 

cloaca! epithelium78 

uterus67 

skin27 

ovipositor18 

adrenal47 

regenerating kidney51 

parathyroid12 

Langerhans' islets33 

mediately following l 937, when colchicinc was taken up as a "fad." 
Endocrinologists appear to have lost some of their interest in this tool, 
and this may explain how such important substances as cortisone 
and ACTH have hardly been tested by colchicine methods. Most 
of the work was on hormones which stimulated mitosis; cortisone, 
on the contrary, appears to have an inhibitory action.24 The useful
ness of colchicine in the study of mitotic inhibitors has not yet been 
fully understood, and further work will undoubtedly demonstrate 
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that this is a tool for the study of mitotic activity, whether stimulated 
or depressed. Results reported in Chapter IO support this opinion. 

9.4-I: Pituitary hormones. Prolactine, the hormone stimulating 
secretion of the mammary gland in mammals, was used in one of 
the first and most spectacular experiments of this type. In birds, this 
hormone stimulates the crop-sac. This organ secretes "milk'' b, a 

TABLE 95 
MITOSIS IN THE CROP-SAC OF TIH: J'ICEON AFTFR l'ROLACTI, S1n1 l'L\TIO'\ 

(Colchicine is injected 9 to 11 hours before the animal is killed.) 
(After Leblond and Allen.-") 

Colchicinc controls .. 

Prolactin control~ ... 

Prolactin-colchicine .. 

Number 
of 

Animals 

2 

6 

2 

6 

5 

Colchicine 
(mg.) 

0. 10-0. 25 

0.40-0.50 

0.10--0. 35 

0.50 

Pro
lactin 
(bird 
uni tr) 

40 

40 

40 

Mitoses per 2000 
Cells (Average, Average 
Smallest, and Mitotic 

Greatest Figures) I ndcx 

12 (9 15) 

46 (8 173) 

15 (9-21) 

27 (11-48) 

534 (210-1075) 

2 

process which has no relation to that observed in mammals. The 
bird's "milk" is made of fat-laden cells desquamating from the thick
ened epithelium of the crop-sac. Table 9.5 shows the increase of the 
mitotic index for this epithelium in pigeons injected with prolactine 
and colchicine.580 59 In one animal, 53 per cent of all epithelial crop
sac nuclei were found to be in a condition of arrested mitosis. The 
average increase of the mitotic index is 37-fold, and calculation based 
on the assumption of arrest only, leads to the result that the pro
lactine-stimulated cells must divide in about 16 minutes. It is not 
certain that such a calculation is correct, because many factors, for 
instance cellular differentiation, are involved. Also, from the pub
lished photornicrographs"n it is not evident that the thickness of the 
control and the colchicinized epithclia are comparable. \,Vhatever the 
significance of these quantitative estimations may be, colchicine 
demonstrated clearly that connective tissue cells, and muscular cells 
of the crop-sac wall also divided under the influence of prolactine. 
This fact had never been observed.56, 57 

The thyroid-stimulating hormone, thyrotropin, also increases the 
cell divisions in the thyroid. This is made much more evident by 
spindle poisoning. In controls 6.3 mitoses were found per I 00 thyroid 
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\'esicles in the guinea pig. This figure was increased to 16.8 by the 
hormone alone, and to 119 by hormone + colchicine.12 A method 
for the detection of increased amounts of this hormone in the urine 
of patients has been proposed11 (Table 9.6). A response is positive 
when more than 4 mitoses per 100 vesicles are detectecl. 11 Other 
authors have confirmed these results, but some abnormal responses 
were attributed to a rhythmic growth response of the thyroid.50 

The gonadotropic hormones stimulate mitotic growth in many 
tissues, and this was studied by means of colchicine as early as 1937.12 

In the uterine glands of guinea pigs, colchicine made clear the 
location of the zones of maximal growth. Action of pituitary hor
rnones on endocrine glands will be considered later. Results of work 
on pregnant guinea pigs may be mentioned however, because they 
bring evidence of many, often unsuspected stimulations of mitosis 
by the increased amount of gonadotropic and other steroid sex 
hormones during pregnancy.33 Especially notable is the stimulation 

TABLE 9.6 
MITOSES IN ONE MICROSCOPIC FIELD IN THE THYROID OF THE GUINEA Pm 

(After Basteniell) 

Substance Injected 

Colchicinc alone ........ . 

Anterior lobe extrart + colchicinc. 

Extracts of urine + colchicine: 

myxedema .... 

myxcclcma aft<'r treatment. 

hypcrthyroidy . 

hypothyroicly of pituitary origin. 

Froelich's syndrome .. . 

A.,Tomegaly .......... . 

Other diseases, without thyroid disturbances ... 

Number 
of Cases 

5 

3 

3 

3 

2 

3 

Mitoses 

0.5-1 

1) 

1-7 

0.1-0. 5 

0.15-0.25 

0.05-0.4 

0. 05-0. 1 

0.2 

0.2-0.4 

------ ·-

of the parathyroids, exocrine glands of the pancreas, and kidney 
t11lmles - changes which would have been unnoticed without col
chicine. This irnportant work does not seem to have been pursued so 
far as colchicine is concerned (Table 9.7). 

The absence of publications on the adrenocorticotropic hormone 
(.\CTH) and colchicine has already been mentioned. 24 It is still 
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TABLE 9.7 
MITOTIC INDEX IN ORGANS OF PREGNANT GUINEA Pw 

I: without colchicine 
II: 9 hours after 0.625 mg./100 g. colchicine 
A: embryos less than 5 mm. long 
B: embryos from 5 to 15 mm. 
C: embryos longer than 15 mm. 

(After Cavallero33 ) 

Controls A B 
---~--- -------- -· --- ---

II II II 
---------- -·---- ------·· 

Hypophysis 
(anterior lobe) ... 0 2 5 17 7 

Thyroid .. 0.2 0 3 2 7 5 

Parathyroids. 0 14 () 7 

Adrenal cortex .. 0 0 2 4 0 4 

Adrenal medulla . 0 0 0 0 0 0 

Langerhans' islets. 0 0.3 5 0 0 

Corpus luteum .. 0 6 6 

Kidney ........ 0 2 2 8 9.5 5 

Pancreas (exocrine) ... 0 0.5 4 0 1() 

Liver ...... 0 0 0 0 0 0 

------ -- ---- ---- -------- ·---

C 
-·--

II 

0 6 

() 3 

() 2 

0 

0 0 

0 0 

* 5 

0.5 18 

0 5 

0 0 

* The figure given in the original paper has been omitted because of a typographi
cal error which it has not been possible to correct (Cavallero, personal communication I. 

more remarkable that the growth hormone, somatotropin (5TH), 
has only been studied with the colchicine method in a single paper, 
which pointed to stimulation of hemopoiesis. 74 This shows that many 
pathways remain open. The results obtained with other hormones 
are good evidence that important and unsuspected findings still re
main before us. 

9.4-2: Sex hormones. These are powerful stimulants of mitotic 
growth. Some of the results with estrogens have been reported in the 
first paragraph of this chapter. 2 , 03 It was not always realized that 
estrogens may stimulate growth in other epithelia than those of the 
genital tract. In his observations on mice, Bullough, using colchicine 
to detect the increased mitotic activity, demonstrated stimulation in 
most tissues, including connective tissue.24 In further experiments, 
this author has called attention to a remarkable effect of estrogens. 
Figure 9.6 shows that colchicine increases the mitotic index of the 
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of female mice, in estrus and diestrus. Controls: dotted lines. The far greater increase 
observed after colchicine during estrus is considered to be an indication that normally 
epidermal mitoses last longer in diestrus. (Modified, after Bullough, 1950'") 
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epidermis of the ear considerably more during estrus than during 
diestrus. The mitoses were counted hour by hour by clipping small 
fragments of the ear. This difference can be explained by a shorten
ing of the time taken for one division, from about 2 hours in diestrus 
to ¾ hour in estrus. This significant result is not discussed; other 
possible hypotheses arc, for instance, synergic action of colchicine 
and hormone, or changes in the duration of interphase. The alkaloid 
is simply considered to stop metaphases. 2 , 2 '1· n2 

Androgenic hormones, also, stimulate mitotic growth. and the 
use of colchicine was advocated in I 9:l7 for the study of the changes 
in the seminal vesicles8", n:., 12 (Fig. 9.7). The acrnmulation of arrested 
mitoses in the prostate or seminal vesicles of castrated mice or rats 
has been proposed as a test for androgens;'" In mice. colchicinc 
helped to prove that the prostate is a more sensitive reactor than 
the seminal vesicles to testostcronc.44 Data about the "explosive·· 
aspect of mitotic stimulation when studied with colchicinc in these 
tissues has been discussed already and presented in Table (),I. 

The quantitative aspects of the seminal vesicle reaction to variou, 
androgens and related horlllones have been carefully investigated_:w. 4" 

Figure 9.8 dclllonstrates how the increased number of mitoses helps 
lo establish the linear relations between the doses of androgen in
jected and the intensity of the reaction. \Vith other horllloncs, such 
as progesterone and estrogens, though the lllitotic index may increase. 
no such relation is found 10 (Fig. 9.!}) . 

Colchicine also brought further evidence that in the female 
guinea pig, the epoophoron reacted to colchicine like the male epi
didymis, of which it is the anatomical homolog. 4H 

9.4-3: 1Witotic stimulation of emlocrinr' glands. Though pituitan 
hormones play a great part in mitotic stimulation in various organs, 
the cells of the pituitary may also undergo mitosis under the in
fluence of hormonal stimuliY, r,r,, 71 Colchicine helped to demonstrate 
that in virgin female rats, ovariectomy did not promote pituitan 
mitoses."" On the contrary, injections of estrogens, natural or s,·n
thetic, enlarge the pituitary as a consequence of mitotic growth made 
evident with colchicine."" It has, however, been shown that castration 
could influence the numbers of c:-mitoses of the basophil cells of the 
anterior lobe of the pituitary. 71 There arc no data about the posterior 
lobe of the organ, which may he an interesting object for future col
chicine work. 

Several papers deal with mitotic stimulation in the cortical region 
of the adrenals.02 , 78 , GH, mi, 47 ln immature female rats, colchicine re
veals a stimulation which reaches its maximum 96 hours after an 
injection of testosterone. At the same time, however, mitotic acti,·itY 
is increased in thyroid, parathyroid, and ovary. This ma\' he cvi-



Fig . 9.7- Mitotic stimulation by testosterone propionate in the seminal vesicles. Above. 
Hormone alone. Below. Hormone + colchicine. (Original photomicrographs from 

Bastenie and Zylberszac") 
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of visible mitoses by colchicine. (After Dirschel et al.'0 ) 

dence of an indirect action via pituitary stimulation.u8 The same ap
plies probably for the increased mitotic activity detected in the thy
roid of female rats injected with testosterone.6!! 

The mitotic activity of the parathyroid glands of mammals is 
usually very low, and is difficult to study; hence, the utility of colchi
cine. Folliculin (estradiol) and progesterone injections in the rat 
result in the appearance of many mitoses.12 This effect may be the 
consequence of hypocalcemia. The contrary, hypercalcemia, proba
bly explains why irradiated tachysterin (Holtz's A.T.10) decreases 
the parathyroid mitotic activity. Testosterone injections increase mi
toses in this organ; this may be an indirect effect mediated by the 
pituitary.Gu 
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In the Langerhans' islets of the pancreas, pituitary stimulation 
92 , 50 and pregnancy increase the number of mitoses, as detected b\' 
colchicine. 

It is surprising to find no paper dealing with mitotic stimulation 
in the interstitial (Leydig) cells of the testes. In guinea pigs injected 
with chorionic gonadotropins, these cells increase in number, but 
colchicinc failed to detect mitoses. It was concluded that the hor
mone-secreting cells originated from ordinary connective cells_:.:i 
Further work on this tissue is obviously needed.46 

9.5: Regeneration and Hypertrophy 

The problem which was under study in the laboratory of .\. P. 
Dustin, Sr., since about I 920 and which led to the discovery of the 
properties of colchicine was that of the regulation of growth and 
mitotic activity in pluricellular animals. In vertebrates, for instance, 
cell division takes place only in some tissues, and then in an orderly 
way. \1/hilc in the adult, nerve cells become incapable of any mitosis, 
other organs, such as the liver and the kidney, while nearly devoid 
of any mitotic activity in normal conditions, may grow rapidly by 
cellular multiplication after surgical excision. In the rodents, and 
in particular the rat, large portions of the liver may be removed 
surgically. The remaining cells start to divide at once, and regenera
tion of the normal liver mass is remarkably rapid. 21 The exact de
terminism of this cellular growth is unknown. This was one of the 
first subjects to be studied with the help of colchicine as a tool for 
a better analysis of mitotic activity.19 , 20 , 21 • 22 Hence, the work which 
had been initiated in order to understand better such problems as 
regenerative growth led indirectly to the discovery of a new tool, 
colchicine, which was rapidly put to use in several countries.rn, :H, 41 • 4 :i 

The problems of cellular division in wound healing, which is closely 
related to regeneration, will be considered in the next section of this 
chapter. This work deserves special attention, for important results 
appear to have been often overlooked. Once again, colchicinc was 
taken up with enthusiasm as a new tool; new discoveries were made 
possible, but only in a few instances was the study pursued long 
enough to come near a solution of the problems."1 This field ap
pears today as one of the most promising for future research. 

9.5-I: Liver. In the rat, as much as 68 per cent of the liver 
parenchyma may be removed surgically. After an initial period of 
edematous swelling lasting about 2·1 hours, cell division takes place. 
This type of growth has been extensively studied, for it lends itself 
to quantitative estimations of the numbers of new cells formed each 
day.2 The duration of mitosis was found to be between 18 and 53 
minutes. After colchicine, many arrested mitoses arc visible. Their 
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number can be explained on the basis of mitotic arrest.HJ, 20 . 21 Some 
show only slight abnormalities, but most are of the exploded type 
(Fig. 2.5). \Vhen up to one-fifth of all the liver cells are in this 

condition, s,vollen and their chromosomes dispersed, the liver be
comes extremely friable. 22 The various stages of restitution after the 
injection of colchicine have been described and illustrated in Chapter 
2. J t is surprising that the regeneration is only slightly slowed down 
by se\'cral injections of the sublethal dose of 50 mg. This has been 
e:-.:plained by the fact that the exploded metaphascs, after building 
cells ,l'ith many micronuclci, regained normal nuclei by the fusion 
of the minonuclei (Figs. 2.7. 2.8, 2.9). These facts remain rather 
dilhndt to understand from a cpiantitative point of view . 

. \part from this work, li\'er regeneration studied with colchicine 
has prm·ided some material for counting the chromosomes. This is 
done readily in the exploded rnetaphases. Diploid, tetraploid, and 
octoploid nuclei were observed, a fact which agrees with karyometric 
data.:::, . \bout the analysis of the differential growth of various liver 
constituents - li\'er cells, Kupffer cells, bile canaliculi, blood vessels 
- hardly anything is known, and there remain ample opportunities 
for further colchicine researd1.·':1. n1. 7 :, The biochemical stimulus to 
mitotic growth after hcpatectomy is also unknown; some unpub
Ii,hed results obtained at Brussels indicate that the ligature of bile 
ducts may increase mitoses, as observed in the liver by the colchicine 
method. 

<1.5-2: Kidncy. The increase of the volume of one kidney after 
re1nmal of the ~ther is closely related to regeneration. It proceeds 
ll\ mitotic growth. This is particularly dillicult to analyze in such 
a complex organ as the kidney, and any tool increasing the number 
of Yisible mitoses is most helpful. 41 • .i;;, :n The great number of mitoses 
obsened in rats injected with 2.5 mg/kg alter unilateral nephrectomy 
and killed IO hours later is apparent from Table 9.8. 

The problems of kidney mitoses in this condition and in other 
expcriments carried on to throw light on the causal factors have 
been the object of se,·eral publications From the Brussels school. After 
uniLtteral nephrectomy, the maximal number of mitoses is found 
during the first four days in the convoluted tubules, then in the 
glollleruli, and on the seventh day in Henle's loops and the Schweig
ger-Scidel tubules. 41 - 1'1 No mitoses are to be found in the epithelium 
of the renal pelvis. Exploded c-mitoses are the most frequent in 
the convoluted tubes. ][ a partial nephrectomy is added to the abla
tion of the other kidney, the remaining tissue shows mitoses in all 
locations, including the pelvis. Ligation of the ureter, without ne
phrcctomy, also stimulates kidney cells to divide, a fact which may 
prO\e of great experimental importance"1 (Fig. 9.10). Another re-
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markable result is found when colchicine is injected into animals 
after one renal artery has been ligated.43 The ischemic kidney shows 
a considerable number of mitoses, mainly in the excretory (Schweig
ger-Seidel) tubules and the pelvis (Fig. 9.11) . Similar facts have 
been observed in kidneys made partly ischemic by the endocrine 
kidney operation of Selye.:i3 The following experiments were aimed 

TABLE 9.8 
MITOTIC INDEX IN THE REMAINING KIDNEY oF ADULT RATS INJECTED WITH CoLCHICI~E 

(After Carnot and May31 ) 

Days After Unilateral 
Nephrectomy 

Controls. 

3 ... 

8 .. 

14 .. 

21 .. 

Cortex 

3 

43.5 

43 

18 

18 

Medulla 
-------~-

External Internal 
Zone Zone 

- ------- -- ~-----

.5 0 

13. 5 0. 5 

9 1.5 

~ 0 

0 0 

Total 

4. 5 

57. 5 

53. 5 

22 

lR 

at finding the possible nature of the mitotic stimulus.51 The number 
of renal mitoses after nephrectorny was decreased by injections of 
thiouracil, a drug which depresses thyroid function. Thyroidertomy, 
however, did not prevent or retard the increase of size of the re
maining kidney in the rat.51 Thyroxin was nevertheless found to 
stimulate renal mitoses as much as would a nephrectomy. \Vhen 
this was carried on and thyroxin injected afterwards, the mitotic 
increase was greater than expected. This may indicate a truly syner
gic action of the two stimuli. The differences in body weight be
tween controls (nephrectomy alone) and the other rats, and the 
fact that the mitotic counts were corrected for 100 g. of body "·eight, 
make these results difficult to interpret and suggests the need for 
further research (Table 9.9). 

The hypothesis which was put forward following these data ,ras 
that thyroxin did not act directly on renal tissue, but that the in
creased protein catabolism resulting from the action of the hormone 
provided the factor responsible for mitosis. 51 Some substance present 
in the urine may be suspected since, as mentioned above, ligature of 
the ureter promotes cell division (Fig. 9.10). However, such mitotic 
activity is mainly located in the connective tissue of the kidney. An 
important fact is that unilateral ureter ligation promotes mitosis in 
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the other kidney also; this resembles closely the changes of com
pensatory hypertrophy (Fig. 9.12). Substances reabsorbed from the 
urine may promote division first in the ligated kidney and later 
in the other one. Research by other workers has suggested that 
xanthopterin or substances of that chemical constitution may initiate 
the kidney hypertrophy. The problems arc far from being solved, 
but the utility of colchicine for the observation of mitotic growth 
has been amply demonstrated. 

9.5-3: Other organs. The following results give an indication 
of the multiple uses of rnlchicine as a tool. In the Langerhans' islets 
of the pancreas, alloxan brings about a selective destruction of the 
so-called fi-cells, which secrete insulin. Regeneration and mitoses of 
these cells are prevented if the animals receive insulin. This proba
bly acts through a pituitary mechanism, for extracts of the pituitary 
gland increase considerably the number of cell divisions in islet re
generation. Colchicine-mitoscs are also observed in the anterior lobe 
of the pi tuitary:1:1 (Table 9.10) . The regeneration of the adrenal 
cortex after unilateral adrcnalectomy in rats has also benefited from 
the use of mitosis arrest. 10 In rats also, colchicine helped to demon
strate that compensatory hypertrophy of parathyroids after partial 
parathyroidectomy does not take place in hypophysectomized ani
mals:17 and that testosterone inhibited the epithelial mitoses in thymic 
regeneration following X-irradiation.49 

TABLE 9.9 
ACTION OF THYROXIN ON RENAL HYPERTROPHY AFTER UNILATERAL NEPHRECTOMY 

NUMBER OF MITOSES IN A MEDIAN SECTION OF THE WHOLE KIDNEY, 
9 HOURS AFTER COLCHICINE 

(Abridged from Herlant51 ) 

Mitoses 
------ ------ ------

Convo- Conncc-
luted Henle's Glo- Me- tive 

Experiment Tubules Loops meruli dulla Tissue Total 
-- ------------- -----------

1. Unilateral 
nephr.-ctomy 
( 4 rats)* ...... 61-125 8-19 0 3 26-87 44-62 163-210 

2. Thyroxin alone 
(4rats)t ...... .. 173-252 3-5 0-2 2-5 3-7 186-250 

3. Unilateral 
ncphrectomy 

315-589 i 
+ thyroxin 

(7 rats)t ..... ... 35-65 2-15 25-152 31-132 523-722 

* Animals weighing 260-360 gm. 
t Six daily doses of 0.25 mg. thyroxin; killed the seventh day after 2 mg/kg col

chicine. Animals weighing 120-220 gm. 
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9.5-4: Regeneration in develojJing animals. T:1e complex actions 
of the Colchicum alkaloid in embryonic development and larYal 
growth have already been reviewed. It is not surprising that in some 
conditions colchicine may actually inhibit regenerative growth; thus, 
it could not properly be used as a tool. In Amblystoma oparnm and 
A. punctatum, 18 to 25 mm. long, limb regeneration was studied 
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Fig. 9.12-Unilateral ligature of the ureter in a rot. Mitoses in ligated and non-ligated 

kidney, detected by the colchicine-method. (After Herlant''1) 

when the larvae were placed in I: l 000 or l :5000 solutions of rnlchi
cine. If this was done at the moment of amputation, all regeneration 
was suppressed. Various degrees of inhibition of the limb-blastema 
formation and of further differentiation, according to the length of 
the colchicine treatment, were described.86 

The regenerating tail of tadpoles of Xrnopus larvis reacts simi
larly.63 In very dilute solutions of colchicine, this material proYided 
some results which appeared to indicate not only that mitoses "·ere 
arrested at metaphase but that a true mitotic stimulation existed. 
Figure 9.13 shows that in control animals the number of mitoses is 
quite small. lf colchicine is assumed to have only a metaphasic arrest
ing action, it is possible to calculate the number of mitoses which 
should be observed at various intervals, for the duration of mitosis 
has been observed and calculated in Xcnopus (Chapter 3). Figure 
9.13 indicates that many more mitoses are found than expected, and 
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Fig. 9.13-Analysis of the mitotic increase in the regenerating tail of Xenopus laevis, in relation to lime after amputation and distance 
from wound. The "calculated" number of mitosis is based on data about the duration of one cell-division in this material, and on the theory 
that colchicine does no more than "arrest" metaphases. The observed data bring evidence of a considerable increase, close to the wound, 
Qn the fifth day. (Slightly modified, from Liischer63} 
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that instead of a gradual rise, there is a steep increase on the fifth 
day. However, the experimental conditions are complex and stimuli 
from other growth-promoting substances cannot be excluded. These 
data with those given in Section 9.2 comprise the best evidence to 
date of possible mitotic stimulation of animal cells by rnlchicine. 

In Xenopus, a short treatment, one hour in a 1:2000 solution, ni;tv 
completely inhibit growth. However, regeneration often proceeds 
normally during the first three days after this "colchicine shock" be
cause cellular migration is not disturbed. On the fifth day, on the 
contrary, when divisions should be taking place, regeneration was 
completely inhibited (Fig. 9. I 4). Some pharmacological conclusions 
are important to mention; they arc the results of an extensive series 
of experiments on this favorable material. Colchicine was demon-

TABLE 9.10 
INFLUENCE OF ALLOXAN DIABETES ON PANCREATIC, PITUITARY, A'.'ld SuPRARE:--,\L 

MITOSES; lNHIIHTION BY INSULIN; STIMULATION BY PITUITARY EXTRACTS 

Days 

1 .... 

2 .... 

3 .... 

4 .. 

5 .... 

9 .... 

12 .... 

I: rats injected with 150 mg/kg alloxan 
II: id. + 10 to 20 units insulin per da) 

III: id. + pituitary extract (about 32 mg. dry powder per day) 
(After Cavallero") 

Mitoses 
------------ - -----------

Anterior Loh<" 
Langerhans' Islets of I I ypophysis Adrenal Medulla 

-- ·---~ --~ --------

II lll II III ll II I 

8 0 3 15 15 24 2 ~ 

7 24 24 1 ') 16 2 7 3 

44 2 n2 54 2 64 0 () 

81 0 185 81 9 1(,4 3 2 0 

31 86 15 14 12 () ') (I 

2 0 8 27 8 10 0 0 () 

7 7 27 22 8 0 7 :?. 

strated to act locally, for 110 inhibition was observed when only the 
anterior part of the larva was immersed in the solution. This is also 
evidenced by the absence of inhibition if cokhicine is applied to 
another wound close to the amputation. Experiments in which the 
tail blastcrna was amputated and growth resumed, demonstrated that 
cokhicine did not penetrate more than 2 mm. from the 1\'0tmd. These 
also showed that colchicine was fixed in the tissues of the "·omHl for 
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at least three days. Such a fixation of the alkaloid in tissues has not 
been described in pharmacological work (Chapter 7). The inhibition 
of regeneration was clearly the consequence of a great number of 
the mitoses, sometimes up to 70 per cent, being destroyed after a 
prolonged period of mctaphase arrest (cf. Chapter 3) .63 Similar re
sults have been reported in Rmrn temjwraria tadpoles. The local 
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fig. 9.14-lnhibition of the regeneration in the tail of Xenopus laevis after a short 
treatment with colchicine. Dotted line: normal growth curve. I. Inhibition af regener
ation for more than 5 days, then resumed growth. II, Ill. Strong and persistent inhi
bition of growth. (After Lehmann et al. 1945, and Luscher"") 

application of a 1 :500 M solution of colchicine for only 20 minutes 
inhibits the regenerative growth of the tail, but has no influence on 
the growth of the tadpole. 1:i 

These facts, apart from the conclusion that colchicine is not 
always a harmless "tool," indicate a remarkable property of the alka
loid of becoming fixed in some tissues. This is surprising for a sub
stance soluble both in water and in lipids. Pharmacologists should 
pav attention to this possibility, for instance in the analysis of the 
action of colchicine on muscle and brain. Nearly all data available 
on colchicine metabolism in warm-blooded animals contradict this 
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idea of a fixation of the alkaloid. One of the purposes of this book 
is being fulfilled whenever similar contradictions between work done 
in widely separated fields of research are brought to light. 

9.6: Wound Healing 

The histological changes found in wounds after injections of col
chicine were some of the most surprising observed by A. P. Dustin, 
Sr.42 They appeared to give good support to the theory that a true 
mitotic excitation followed the injection of the alkaloid. Experiments 
were performed in rats. Two parallel incisions were made in the 
dorsal skin, and alcurone grains inserted as an irritant in the wounds 
before suturing. One of the scars was removed as a control at the 
time colchicine was injected. The dose was 1.25 mg/kg and the ani
mals were killed 9 hours later. This method made available some new 
facts about wound healing and the formation of granulation tissue 
near the aleurone grains. The endothelial cells are the first to di\'ide. 
Extraordinary pictures of capillaries with up to 10 c-mitoses in a 
single section were observed. These cells appeared swollen. The 
rapid mitotic growth was not noticeable without the use of the colchi
cine tool. 42 

In nerve regeneration, the alkaloid, by increasing the numbers 
of mitoses, makes clear that their repartition is different on both 
sides of a section. This may result from the influence of the disintegra
tion products of myelin on the division of the Schwann cells (Fig. 
9.15) .30 
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Fig. 9.15-Colchicine-mitoses in a regenerating nerve of the rat. The shaded zone is 
that of cicatrisation following sectioning. There ore more mitoses in the Schwann cells 
in the peripheric end, at left, than in the central part of the nerve. (After Delcourt'") 
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Bone repair has been studied in rabbits.17 The tibia was cut 
transversely, without damaging the pcriosteum otherwise than locally. 
:\fitoses were counted from day to day, the animals being killed 9 to 
IO hours after 0.G25 mg/kg of colchicinc. The amplification of the 
mitotic changes made estimations of relative growth far easier than 
in control animals (Fig. 9.1 G) . 
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Fig. 9.16-Repartition of mitoses during bone repair, studied after injection of colchicine. 
(After Borghetti and Parini 17) 

These few papers have studied only some limited aspects of heal
ing and inflammatory reactions. Here again, large fields remain open 
for investigation, and it is surprising that more work has not been 
completed. 

9.7: The Action of Chemicals on Mitotic Growth 

Few papers have been published in this section, a surprising fact, 
for colchicine could no doubt help in the study of many substances 
affecting growth. In work on vitamins, for instance, many experi
ments could be imagined. Some results with folic acid antagonists 
will be mentioned in Chapter 10. 

The possibili tics of finding new facts is illustrated by the follow
ing experiments: Young rats were intoxicated with carbon tetrachlo
ride and studied at various intervals by a routine colchicine technique 
(Fig. 9. I 7). Arrested mitoses were observed in the liver cells and in 
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Fig. 9.17-Mitoses in liver and endocrine glands during experimental carbon tetrachlo
ride poisoning, detected by the colchicine-method. (After Cavallero"") 

the Kupfier cells in relation with the progressive cirrhotic changes 
on the liver. No mitoses were observed in bile ducts, though the 
number of these apparently increased.:i:i After 15 inhalations of car
bon tetrachloride, an increased number of reticulo-cndothclial mitoses 
could be observed in the spleen. A systematic: sl udy of the endocrine 
glands revealed evidence of mitotic stimulation in 1he adrenal cortex. 
the pituitary, and later, the adrenal medullary zone. These divisions 
do not appear to be related to local damage, and may be an e\·idence 
of a pituitary stimulus arising from "stress" (cf. Chapter 7). 

Some work on the mitotic stimulation in the thyroid of rats in
jected with thiouracil may be mentioned here. 70 • -i;; The stimulus 
for cell division is not, however, the chemical itself, hut the secretio:1 
of the thyrotropic hormone by the pituitary, as mentioned in Sub
section 9.4-1. Cokhicine has also helped to study, in experiments 
of this type, the mitotic changes which take place in the pituitan·. 1'3 

Results obtained in young rabbits on the influence of thyroidec
tomy and thiouracil on healing of cornea wounds are important to 
consider under this heading, for they throw light on some difficulties 
of interpretation.45 Doses of 5 mg/kg of cokhicine were injected 4 
hours before killing the animals. The results are summari,ed in 
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Table 9.11. It is evident that the mitotic index is more depress::d 
bY thiouracil than by thyroidectomy, but it seems surprising that 
this fact is not at all noticeable without colchicine, thiouracil-inject::d 
animals having a slightly higher mitotic count than the controls. The 
authors think that the count after thiouracil results from a douc!e 
effect, i.e., a decrease of the mitotic rate, which would decrease the 
mitotic index, and a simultaneous lengthening of the duration oL 
mitosis, which would have the opposite effect. 

TABLE 9.11 
CORNEAL MITOTIC COUNTS IN A RABBIT 

(After Fleischmann and Breckler'15 ) 

Controls .. 

Thiouracil-treated . 

Thyroidectomiz('d . 

, 
• · I 

I 

I 

Without 
Colchicine 

92 ± 35 

100 ± 17 
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CH APTER 10 

Neoplastic Growths 
- In Animals and Plants 

10.1: Colchicine in Cancer Research 

.\[itotic changes induced by colchicine in a Crocker sarcoma of 
the mouse were described by Professor A. P. Dustin, Sr., in 193424 

(Fig. l 0.1) . This now recognized classic research marked a new trend 
in the study of cancer. At that time, the toll of life from bacterial 
diseases was declining as a result of the use of the sulfa drugs, and 
the relative incidence of cancer was gaining the impressive figure it 
has reached today in civilized countries. It is not surprising that the 
discovery of a specific action upon mitosis, the metaphase arrest, at
tracted wide attention. This research made clear for the first time 
the possibility of arresting cell division with chemicals acting specifi
cally. Such a relation had, it is true, been demonstrated several years 
earlier in the Brussels laboratory/4 , 2" but colchicine, being such a 
unique chemical, helped greatly in convincing research men of the 
possibility of cancer chemotherapy. A. P. Dustin, Sr., grasped im
mediately the potentiality of this new approach.24 His 1934 publica
tion and the demonstration given by his school at the Second Inter
national Cancer Congress, held in Brussels in I 936, marked a turning 
point and led many people to work on neoplastic growth. 

It is quite remarkable that colchicine, like other plant substances 
used in popular medicine, such as chelidonine,20 may have been uti
lized in cancer treatment long before that date. At least two French 
textbooks of phannacology4n, ;;o mention that Dominici, the great 
French hematologist and radiotherapist who died in 1919, had ob
served favorable effects of colchicine in cancerous patients who had 
received X-ray while under treatment for gout. We have been unable 
so far to discover the original text of Dominici's observation and his 
publication. The idea of some interrelation between gout and cancer 
was mentioned in 1920 in Belgium by A. P. Dustin, Sr.24 Again, 
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Fig . 10.l-Action of colchicine on the Crocker sarcoma in a mouse. All the nuclei which 
appear as black dots ore in a condition of arrested metaphase of the " ball" type , with 
clumping and progressive fusion of chromosomes. There is no hemorrhagic effect in 
this area. Nuclear staining: iron-hemotoxylin. (From an original preparation from the 
collections of the Department of Pathology , Brussels University . A. P. Dustin, 1934") 
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in the first report of favorable effects of colchicine on tumors m mice 
and in one epithelial cancer in a dog,1 made in 1935, the author, 
E. C. "-\moroso, did not mention any of the work done in Brussels, 
but writes: 

Follm,·ing on some earlier observations (unpublished, 1927) which I made 
"·ith the late Prof. M. R. J. Hayes on the beneficial effects of deep X-ray 
therapy on neoplasms in patients suffering from acute attacks of gout, which 
\\·ere being treated with cokhin1m. a series o[ experiments was ... planned.* 

These results are only known in a preliminary form, and no detailed 
paper appeared later. They may have influenced one report on favor
able re.rnlts of the treatment by colchicine of a malignant growth in 
a mare. 7,; The first report in English on the action of colchicine on 
normal and malignant cells in tissue cultures, which was published 
in 19.'lti. 47 acknowledges these rderences and claims not to have been 
influenced by the work done in Brussels.~ 1- H It is, however, surpris
ing that this paper also describes the effects of arsenical derivatives 
on the spindle, for this was discovered in Belgium in 1929 and had 
onh received scant attention.no.~,-, 

.\Iany experiments and also practical applications of colchicine in 
experimental and human tumors were made; this subject has been 
re\·iewed recently. 47 The cone! usion was reached that colchicinc is 
110 cure for cancer. However, much work is now in progress10 · ~~ in 
the search for chen1icals, 11101-c or less related to colchicine, with a 
lcrn-cr general toxicity and a more specific action against malignant 
eel I,,. The study of these wi II be described in the last chapter of this 
book. 

The discovery of cokhicine heralded a greater search for mitotic 
poisons, i.e., substances specifically harmful to dividing cells. This 
,ubjen has become so extensive that is more and more difficult, even 
lor speciali1ed workers, to review it all. 

It has been shown in previous chapters what a unique substance 
colchicine is as a tool for detecting cellular proliferation. It could 
be used as such for the study of carcincgencsis, on the one hand, and 
m;tlignant growth on the other. A surprisingly limited amount of 
research has been conducted in this direction.''4 , G~. GK However, in
teresting results have been obtained recently with the use of colchi
cinc i11 ,,itm. This work demonstrates the quite unexpected fact that, 
;1pparcntly, cells from acute leukemia, a disease in which cellular 
prolilcration was always believed to he extremely rapid, grow much 
more slowly than the nonnal constituents of the human bone mar
r<n\·_:1 

"\ section related to the problem of pLmt overgrowths and tumors 
1, included in this chapter because some careful work has been done 

· E. C .. \111oroso, ··c:olrilici11e and T11111011r (;rm\'lil,"' Sa/11rc, 135 (1935), p. 266. 
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in this field. The basic relationship between the action of colchicine 
and abnormally proliferating plant cells remains unsolved. An in
duced vascularization similar to that referred to in Chapter 4 may 
be related to this problem, and would provide a promising new 
approach. 

The combined action of colchicine and X-irradiation on animal 
and plant materials has been studied in several laboratories. No 
decisive results appear to have been obtained. However, some re
cent research indicating the action of irradiation on metaphasic 
chromosomes, shows that this work is well worth reviewing. 

All the studies on neoplastic cells point towards the same inescap
able fact: Whereas colchicine, as a treatment for gout, may well haYe 
been observed prior to 1934 to have some favorable action against 
cancer, all the papers which connect both have been published since 
1934. This clearly indicates the significance of the cytological work 
published at that time by A. P. Dustin24 and demonstrated at the 
1936 Cancer Congress. 

10.2: Experimental Study of Neoplastic Cells 

Malignant cells, especially in animal tumors, often display "spon
taneous" mitotic abnormalities. These have been compared to those 
induced by colchicine, and it has been suggested that the cells were 
under the influence of some mitotic poison acting like colchicinc. 2n 

It has been suggested that this may be lactic acid.74 However, these 
spindle disturbances often appear to be the consequence of more 
deep-seated nuclear changes, closely related to the cause of malignancy 
itself, and leading to chromosome breakages and rearrangernents. In 
early human carcinomas, however, it has been pointed out that the 
spindle changes appeared first."" The behavior of such cells when 
brought under the influence of colchicine is of great importance, for 
it would be of value to determine whether a specific destruction of 
malignant cells by a spindle poison is possible. 

The effect of colchicine on cancerous growths has been studied 
either by injecting the animals with the drug, or by explanting the 
abnormal cells in vitro and using the methods of tissue culture. This 
last procedure has been followed with a mammary carcinoma7:1 and 
a sarcoma18 of the mouse, and with Ehrlich mouse carcinoma growing 
as an "ascites tumor" in the abdominal cavity.40 , n:i Concentrations of 
100 X 10-n M to 1.25 X 10-6 M inhibit outgrowth from the ex plants 
and arrest cell divisions. This effect is still evident on carcinoma 
cells at a concentration of 0.5 X 10-6 M. In culture containing ex
plants of both tumor and embryonic kidney, the latter showed the 
greatest cellular destruction following the mitotic arrest. Differences 
of sensitivity between various strains of carcinomas were found, while 
the Crocker sarcoma showed fewer arrested metaphases.47 
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The ascites tumor enables colchicine to be brought in direct con
tact with the malignant cells in vivo. The tumor cells float freely in 
the fluid which gradually fills the abdominal cavity. It is possible, 
simply by pipetting cells from the abdomen, to examine all the 
changes brought about by the injection of colchicine.11 , 40 , 63 Growth 
curves of the tumor indicate that on the average each cell divides 
every 2 to 2½ days. After an injection of colchicine, the percentage 
of mitotic cells rises in 9½ hours from 1.2 to 14.2. Thirteen hours 
after injection, it reaches 18.2, and falls to 2.0 after 48 hours. From 
these figures, the normal average duration of mitosis can be calcu
lated as follows: 1.2 X 9.5/14.2 = 1.2 X 13/18.2 ~ 0.8 hours, or 48 
minutes. 

Scattered groups of chromosomes and micronuclei are observed 
in the colchicine-treated tumor cells.11 - 87 Resting (intermitotic) 
nuclei are also affected; their chromatin network becomes coarser.11 

In sarcoma-bearing mice, a series of experiments was carried out to 
determine whether administration of colchicine had any effect upon 
subsequent growth of the tumor cultivated in vitro. 18 Colchicine 
(0.0(H to 0.(Hi mg.) was administered by subcutaneous or intravenous 

inject ion, and fragments of sarcoma were removed for cultivation at 
various intervals after treatment. The growth of tumor tissue in vitro, 
obtained from an animal treated with colchicine, was inhibited to a 
large extent. Colchicine arrested mitoses, both normal and neoplastic. 

In human malignant growth, colchicine has been found useful 
for the study of cellular multiplication. In 11 patients injected with 
1.5 to "1 mg. subcutaneously or intramuscularly, modification of tumor 
mitoses were observed_r.:i Four other patients did not show any re
sponse, a fact which is not surprising, the dose being kept relatively 
small by comparison with doses administered in animal work, because 
of the great toxicity of colchicine in man. In one case of adenocarci
noma of the bowel, the progressive increase of the mitotic index 
could be followed by repeated biopsies. The control specimens had 
an index of 2.6, which rose to 7.3 five hours after colchicine and 
reached 19.6 after 12 hours. This last biopsy demonstrated a con
siderable increase of arrested mitoses. It is regrettable that, owing 
partly to the too great danger of colchicine poisoning (cf. Chapter 7), 
no further research of this type has been conducted. Now that new 
and less toxic colchicine derivatives are available10 (Chapter 17), a 
more thorough study of the rate of growth of human neoplasms may 
be possible. This could then be compared with data on normal tis
sues obtained by the same method. 

Colchicine may yet he used on explanted human tissues, and it 
is surprising that only two papers on that subject can be recorded 
up to now. In polycythemia vera, a disease in which the abnormal 
number of red blood cells has often been considered closely related 
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to malignant growth, and which may end in leukemia, the increase 
of metaphases of bone-marrow cells explanted in vitro in a solution 
of colchicine was found not to differ from normal." The striking re
sults obtained with marrow of patients with acute leukemia ha,'C 
been mentioned in Section 10.1.~ 

10.3: Cancer Chemotherapy 

It is evident that the data on the growth of neoplastic cells treated 
with colchicine are meagre. vVorkers were quickly attracted by the 
false idea of finding a cancer cure, and they injected colchicine into 
animals bearing various tumors. Botanists, also, painted plant tumors 
with colchicine. Neither were much interested in the fundamental 
changes taking place. As a result, the cytological data arc often in
complete and only mention "cellular destruction," "nuclear frag
mentation," or "tumor necrosis and hemorrhage." This emphasis on 
the gross changes in animal t mnors has led to a neglect of the funda
mental problem which is at the base of any cancer chemotherapy: 
Are malignant cells more severely damaged than normal ones? This 
is of great importance with a chemical like rnlchicine which affects 
all types of mitoses. The appearance of large zones of he1norrhage 
in tumors treated with colchicine has led some workersn, 47 , 70 to the 
conclusion that this is the main action of the drug and the only 
possibility of obtaining a destruction of the neoplastic growth. This 
problem will be discussed first, though it is quite evident to all en
gaged in cancer chemotherapy that a drug the main action of ,rhich 
would be hemorrhagic destruction, is of no use in medicine. 

rn.3-1: The hemorrhagic effat and me/a{)(){ic c/11111gr's. :.\fany re
ports on experimental tumors in mammals, whether induced by car
cinogens or grafted, showed that cokhicine was unable to prevent the 
neoplastic growth.62 , ""· 18 , n;; In the sarcoma 180 of the rat even the 
largest tolerated doses were unable to arrest all mitoses at meta
phase.14 From the unaffected ana- and tcloph;tses the malignant 
growth resumed its activity once colchicine was discontinued. 

On the other hand, the metabolic changes in tumors treated bv 
colchicine were being investigated. In grafted tumors in r;its the 
metabolism, measured in vitrn, was found to decrease. At the same 
time, the ascorbic acid content of the tumors was considerably lowered. 
and large zones of hemorrhage were secn.n This last change was be
lieved to play a great part in the regression of the tumors. Similar 
changes could be observed after the injection of B11cill11s tv/1lwrns 
extracts. It was not reported that these bacterial products induced 
any nuclear or mitotic changeY Similar hemorrhages were also noticed 
in other grafted carcinomas, in spontaneous mammary tumors, and 
in methylcholanthrene-induced tumors of mice. They \\'C'l'c most ap
parent 18 to 20 hours after colchicine. The spontaneous tumors ap-
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peared the most resistant towards this new "colchicine-effect." A 
parallel decrease in ascorbic acid content, respiration, and glycolysis 
\\·as observed.U 

The significance of these hemorrhages, which appear only with 
sublethal doses? is not clear. It has been suggested that mitotic 
poisoning of the endothelial cells of the tumor capillary bed (cf. 
Chapter 9) may play an important part.47 Escherichia coli filtrates 
have similar hemorrhagic properties, and add their effect to those of 
colchicine, but the <wer-all toxicity is also increased. The polysac
charide extracted from Snratia marcescens is interesting, for it also 
produces hemorrhages in tumors and has been shown to interfere 
"·ith cell division.•0 

Tumors treated with colchicine become quite fragile. In the Flex
ncr-Jobling carcinoma of rats the injection of distilled water in the 
tumor has a destructive action 15 hours after colchicine. These ex
periments, which were done on a great number of animals, have been 
reported only in a short note.:io 

In a recent review,47 the effects of colchicine on 17 different strains 
of tumors and ,J9 spontaneous mammary carcinomas in mice have 
been summarized. While the effects vary according to age, genetic 
cons ti tu tion, rate of tumor growth, toxicity of colchicine, and histo
logical structure, the hemorrhagic effect was considered to be the main 
factor in tumor regression. 111 highly cellular and soft tumors grow
ing on R11I mice, cornplcte cures were reported. Regression is ob
Ltined only by doses very close to the lethal one and far above those 
that simply arrest rnitosis. Soft and rapidly growing tumors respond 
,rel], "·hile slowly growing and fibrous tumors are resistant. 

This conclusion applies only to the experience of one group of 
authors, and instances can he found of malignant growths which re
spond to cokhicine without any hemorrhage. Such is the case of a 
benzopyrene-induced sarco111a (HL tumor) in albino rats. 7 The re
gression appeared here to hear some relation to a decrease in the 
pyrophosphatase of the neoplasm, while liver and kidney pyrophos
phatasc were not affected. 

Further examples will be given of favorable effects unrelated to 
he111orrhage, which is clearly related to very toxic doses and is of no 
pr;1ctictl interest in chemotherapy. The hemorrhagic effect is one 
more of the riddles of colchicine, hut to insist too much on it as the 
main 111ode of action of the drug on tumors is to discourage any 
further work on nontoxic derivatives with mitosis-arresting proper
ties. 

Io.3-2: Animal !11mon. One of the most striking effects of colchi
cine noticed in the first experiments on animals44 was the destruction 
of lymphoid and thyrnic cells following the metaphase arrest of their 
mitoses. This action is certainly related to the general toxicity of 
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colchicine and to a "stress" releasing cortisone and other lymphocyte
damaging hormones from the adrenals (Chapter 7) . It led to the idea 
of treating lymphoid tumors in C3H strain mice with colchicineY• 
The malignant lymphocytes, like those of thymus and spleen, under
went a pycnotic destruction after injections of 0.025 mg. repeated 
every third day. The average duration of life of the animals after 
the tumors had been grafted was significantly prolonged. In controls 
it was 31.5 days; in those injected with colchicine, 50.5 days. Histo
logical study showed that the reticulum cells and some of the neo
plastic lymphocytes escaped destruction, and resumed growth ,\·hen 
the injections were interrupted. In another series of experiments4 a 
permanent regression of the 6C3HED lymphosarcoma (in C3H mice) 
was obtained by daily injections of 0.5 to 0.75 mg/kg after the tumor 
had reached a diameter of about I cm. The animals cured from the 
grafted neoplasm became immune to further graftings of the same 
tumor. No similar effects were observed after cortisone. This ap
pears to rule out the possibility of colchicinc acting on tumor grml'th 
by the indirect pathway of the pituitary-adrenal system. In these 
lymphoid tumors, colchicinc destroyed the cells and their mitoses. 
and no mention is made of hemorrhage playing any part in the 
chemotherapeutic action.4 "• 4 

In epithelial tumors the results vary considerably. For instance. 
the Brown-Pearce carcinoma of the rabbit showed some increase in 
the percentage of metaphases after I mg/kg of colchicinc. The re
sponse was, however, so unpredictable as not to warrant further 
study.28 Some authors have reported an important prolongation of 
life in mice bearing the Ehrlich carcinoma,40 while in various other 
tumors of mice and rats no such prolongation could be claimed.''~- n1. "'' 

Studies on virus-induced malignant growths in fowl arc of in
terest. In animals grafted with the Rous sarcoma, doses capable of 
arresting the testicular mitoses did not modify the tumor growth. 
Larger doses killed the birds.16 In avian crythroblasto,is, a dose of I 
mg/kg injected over a period of five days did not alter the evolution 
of the malignant growth of blood cells.r.2 Some inhibition of the 
growth of the Rous virus has, however, been observcd,21 cspeciallv 
when this is cultivated on the chorio-allantoic membrane of eggs. 

It appears that considerable variations in sensitivity towards colchi
cinc exist from one tumor to anothcr, 41 , 4s and that the toxicitv of 
the drug has often limited its use. Further work should dearlv be 
aimed at many different tumors and at the use of the new colchicine 
derivatives, which arc discussed in Chapter 17. 

Io.3-;: The Shope papillornr1 in rn!Jl1its. This is a virus-induced 
tumor, which is very widespread in this species. A closely related 
virus, myxomatosis, has even been advocated as a tool for the ex
termination of rabbits in Australia and other countries. This tumor 
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is benignant, but under the influence of carcinogens it may become 
malignant. A series of papers has been devoted to its possible cure 
by colchicine."7 • 58 , r,n This may be obtained after injections of colchi
cine in the animal."7 While one is always limited by the toxicity re
actions, it was found that the local application of a colchicine oint
ment to the skin tumors could definitly cure a great number of 
animals. A remarkable and rather perturbing fact was noticed.59 If 
both ears of a rabbit are inoculated with the Shope virus, and a cure 
is obtained on one side with the colchicine ointment, the tumors of 
the other ear become more liable to undergo a malignant change into 
carcinomas. The conclusions of these papers are most important for 
they opened a new pathway for the use of colchicine in human 
pathology."9 To quote: " ... these experimental data suggest the 
possibility of using colchicine in human therapeutics ... by local 
applications, to precancerous lesions or benignant skin tumors." * 
The results obtained in tumor-bearing patients will now be discussed. 

10.4: Chemotherapy of Human Neoplasms 

The suggestion of a local application of colchicine, enabling a 
strong concentration to act upon abnormal cells without general 
toxicity symptoms, was taken up in I 941. Colchicine, either in a 
paste or an injection as an oily solution, was applied to metastatic 
nodules of epithelial cancers.n7 The volume of the treated metastases 
dearly decreased. 

However, it appeared more logical to begin with benign growths 
of the skin. Some of these, such as the venereal papillomas or warts, 
may be very extensive. and their treatment by usual methods involves 
large surgical excisions. These are virus-induced growths, compar
able to the papillomas of the rabbit. A colchicine-lanoline paste 
(0.05 per cent) was applied twice daily to six of such cases.11 Re
markable regressions were observed after several weeks of treatment. 
The tumor became more and more resistant to colchicine, and in 
the last stages, had to be removed surgically. This was facilitated con
siderably by the regression of the size and extension of the tumor. 
Colchicine-mitoses can be found in great numbers in biopsies of 
treated papillomas. 8 It is quite evident that the regression of the 
neoplastic growth is a simple consequence of the arrest of its cell 
divisions. No hemorrhage is to be seen. It appears also that the mito
ses of normal skin are less modified by the treatment, for there is no 
skin ulceration, and after the tumor has disappeared, the skin has a 
normal aspect.11, 8 

• A. Pcnon. C. 1'011mca11-Dclillc, and B. LaFay. La tumeur de Shope du 
lapin ct sa sterilisation par la colchicine. Bull. Assoc. Franc. Etude Cancer 26:633. 
1 'l3i. 
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Colchicine has now been replaced in the treatment of such \\·arts 
and papillomas by another substance of plant origin, podophylli11, a 
resin extracted from Podophyllurn sp.:rn This substance is a complex 
mixture of chemicals, the most active being podophyllotoxin and the 
peltatins. These are, quite like colchicinc, mitotic poisons, and the\ 
interfere mainly with the spindle formation.:w The use of the resin 
of podophyll was known in the United States as a popular medical 
remedy; it is remarkable that another plant, known in Europe to 
have good effect on warts, Chelidonium majus, contains an alkaloid, 
chelidonine, which has also been demonstrated to inhibit spindle 
formation in tissue cultures.4° Chclidonine was advocated for the 
treatment of cancer at the end of the nineteenth ccntury.~0 

These empirical remedies, probably centuries old, arc most in
teresting, and it may he recalled that Dioscorides recommended the 
use of Ephemeron, a species containing colchicine, in the treatment 
of some tumors. Colchicine-paste has also proved to be successful in 
the treatment of some skin cancers of the basal-cell type. 11 • 17 In 
ulcerating mammary tumors, interesting results have been obtained. 
A striking fact is that here again the growth of normal skin appear~ 
to be less altered than that of the neoplasm. 11 

In human malignant tumors, the ellect of colchicine has so far 
proved quite disappointing, and from the reports available, it is 
difficult to understand how it could have been observed to be of am 
benefit to cancerous patients.1 lt may arrest tumor mitoses in man,~''1 

but this effect is never powerful enough to stop the malignant growth. 
The toxicity of colchicine is redoubtable. Even in a series of four 
patients, where some favorable effects were noticed, one case of severe 
leukopenia was noted, and another patient lost almost all his hair.":; 
In another series, two out of three patients died of agranulocytosis, 
which was probably the consequence of mitotic inhibition in the 
bone marrow. 12 

In severe neoplastic blood diseases, colchicine has also been tried 
by a few investigators. In lymphoid tumors the results were of no 
practical interest,:30 and intramedullary injections did not change the 
fatal course of acute lcukemia.~H In chronic myeloid leukemia, a 
disease which is known to respond favorably to many mitotic poisons, 
more prom1smg results have been recorded. In one patient, ,rho 
received 0.5 mg. of colchicine three times and later twice daily, the 
leukocyte count was found to fall from 110,000 to :tto0. This un
provemcnt was only of short cluration.:iH, ;;n 

These data, which are very sketchy, may seem to rule out colchi
cine for the treatment of cancer in man. However, recent develop
ments are more promising, though still in an experimental stage. In 
Hodgkin's disease, a neoplastic condition affecting mainly the lvmph-
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oid tissue, excellent effects have been described. Colchicine ad
lllinistered intravenously produced a sharp fall in temperature, which 
in these patients is often very high.~" Substances chemically close to 
rnlchicine but less toxic are being tested; "rnethyl-colchicine" has 
quitl' recl'ntly proved to be of value in the management of cases of 
chronic rnycloid lcukemia.r,i 1t is quite evident that it is too early to 
draw a conclusion about the futurl' of colchicine in cancer therapy, 
and that far lllore work relllains to be done. 

10.5: A Tool for the Study of Cancer Chemotherapy 

The mitotic stasis resulting from spindle destruction can make 
vi.sible small changes in the mitotic rate which would pass unnoticed 
in microscopic sections (d. Chapter !l) . Some promising work has 
been initiated in this field. Urethane, at a dose of 0.5 gm/day, has 
been demonstrated not to modify the number of mitoses, studied with 
the colchicine lllethod, in the \Valker rat carcinoma 256.~7 Azagua
nine,m•. 77 on the other hand, has been proved to be one of the most 
relllarkable chemotherapeutic substances. This antagonist of guanine 
and adenine can be delllonstrated not to affect normal mitoses, while 
strongly decreasing those ol the Brown-Pearce carcinoma. This tumor 
\\·as studied while gralted in the anterior chamber of the guinea pig's 
L'\l'.n:> This type of lllitotic depression is l!lade lllore evident by the use 
ol colch ici nc. 

,\nother type of experiment was planned for the study of an anti
folic drug, aminopterinc. This substance is widely used in the treat
ment ol acute leukemia. \Vhen large closes are injected into mice, 
the cell diYisions in the intestine do not take place any more for about 
18 hours. During this period of mitotic inhibition, cellular and 
nuclear growth are not impaired, and very large nuclei are formed. 
\\'hen thl'se diYidl' again, the mitoses are of exceptional size. Colchi
cine \\'as used as a tool to arrest these mitoses and to provide a greater 
number for study, as a consequence of the mitotic stasis. Also, the 
,hortening of the chromosomes made their counting easier, and ball 
metaphascs provided excellent material for photometric measure-
111ents. These experiments indicated that the increase in nuclear size 
\\·as neither the result of polyploicly nor of polyteny.~G 

10.6: Plant Tumors 

\VhateYer may be the exact relation between tumors in animals
ancl, in particular, cancerous growths - and the \'arious types of gall 
formations induced in plants by Bnrill11s t11mefncie11s, insects, etc., it 
is interesting to compare the effects obtained with colchicine with 
those described for animal neoplasms. In a series of experiments on 
lav10/JIT.linnn {',\/'llll'/1!11tn inoculated with B. tumefnciens, a I: 10,000 
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solution of colchicine, locally applied, decreased the number and the 
volume of the induced tumors without disturbing the growth of the 
plant itself.81 An extensive series of experiments was started shortly 
after on seven species. 10 By injecting colchicine in plants at the time 
of infection by B. tumefaciens, tumor growth was only prevented in 
9 out of 61 plants. On the contrary, to arrest the growth of tu!llor, 
and to destroy them later were possible in most cases by several tech
niques of application of the alkaloid.' In Tag;etes j1atula, these tumors. 
after daily paintings with a 1 per cent colchicine solution, stop grm\'
ing after 7 days and then progressively decrease and die. The princi
pal microscopic effect is a great enlargement of the tumor cells, four 
or five of the colchicinized ones occupying the area of ;{() normal 
ones. This enlargement is the most visible with rather concentrated 
solutions of colchicine (up to 0.1 per cent). The smallest cells are 
64-ploid (1536 chromosomes), the larger JOH-ploid (24.:iOO chrolllo
somes). Some nuclei have irregular shapes and some cells are multi
nudeated. Cellular death is a direct consequence of the extreme de
gree of polyploidy which is reached, the giant cells becoming at sn!lle 
stage quite unable to divide any further. There is no effect on the bac
terial growth. 19 Similar results have been obtained in Prlargo11i11111 
and Ricinus.72 It was supposed that the death of the tumor was the 
consequence of its isolation by a layer of cork. 7~ 

Though animal cells, through failure of centromere division, can
not usually go through repeated colchicine mitoses, it is thought
provoking, however, to compare these effects with those of X-rays in 
animal tumors. Cellular proliferation after X-ray therapy is also 
stopped when cells become gigantic and highly polyploid through 
repeated abnormal mitoses. 

10.7: Colchicine and X-rays Associated 

When the first work on colchicine and tumors was done in I 9Jl. 
ionizing radiations were supposed to have the most harmful effects 011 

mitotic chromosomes, and it was expected that accumulating such a 
great number of divisions, as seen in sarcomas for instance, "·mild 
increase the radiosensitivity of the tumors (Fig. I 0.1) . l\l ost reccn t 
work, however, shows that the sensitive period of the mitotic cycle 
is before prophase, and thus, accumulating metaphases could not he 
expected to increase radiosensitivity since the rate of prophases is not 
disturbed.64 This is confirmed by most work on colchicine and tumors, 
whether in animals or in plants. 

Io.7-I: Animal tumors. X-rays were observed to be considerablv 
more efficient in killing in vitro tumor cells when these had been 
previously treated by colchicine (Flexner-.Jobling grafted carcinoma 
of the rat) .30 Here the test used was the grafting of fragments of 
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tumor, the number of "takes" being decreased. Colchicine (1 mg/kg) 
administered 15 hours before irradiation ( 188 r. twice weekly) in
creased also the effects of X-rays as measured by the size of tumors in 
suniving animals. No similar increase in mice and rats, even with 
large doses of colchicinc, was found. 12 In the Yale carcinoma of the 
mouse, 2 mg/kg produced extensive necrosis and hemorrhage, but a 
border of viable tissue was always seen to persist. 14 The addition of 
2500 r. produced only a slightly higher rate of curability "not signifi
cant to warrant further investigation." :i~ In the Ehrlich carcinoma, 
colchicine was injected every day (5 mg.) and 260 to 300 r. delivered. 11 

Some results seemed to indicate an improvement of the colchicine 
action by X-rays, which alone are not effective. However, if the dose 
of irradiation was increased, the life span of the colchicinized mice 
became shorter than the nontreated controls. From Table 9.2, it is 
clear that no significant improvement is obtained by combining the 
two treatments. It must, however, be pointed out that this is a radio
resistant tumor, not well suited for such studies. 

One paper mentions that in a case of gastric carcinoma, two metas
tases were irradiated with the same dose of X-rays, while one was 
injected with colchicine; the post-mortem disclosed that the latter was 
severely necrotic, a fact which is not surprising in view of a large 
local injection of colchicine and which does not demonstrate a true 
synergism between the two agents. 13 

The action of colchicinc on human tumors has been followed by 
multiple biopsics.4:1 The patients were injected intramuscularly with 
2 mg. of cokhicine. An increase of the metaphase percentage was 
noted, as well as some hemorrhage and cells with highly polyploid 
nuclei. These data, which arc supposed to open the way towards a 
treatment with colchicinc and X-ray combined, were not examined 
critically, and the variations observed may be entirely fortuitous. 

A series of clinical reports have been publishett:13, 49 , 43 about 
colchicine increasing the effectiveness of X-rays, but these results are 
not statistically valid and cannot be accepted without further re
search. Colchicine was used for some time as a routine in irradiated 
cancerous patients at the Cancer Hospital, Brussels, with no convincing 
results (unpublished). 

10.7-2: Plant overgrowths. In plants, experimental work75 brings 
some significant detailed cytological data on the action of irradiation 
on mitoses previously arrested by colchicine, which appear to be ab
normally fragile. Root tips of Pisurn sativum and Alliurn ccpa were 
dipped into a I :2000 solution of the alkaloid, and irradiated (3500 r. 
in one minute) at various intervals later. Prophases were observed 
to be quite resistant, but the c-metaphases were very rapidly modified, 
the chromosomes clumping together and later undergoing katachrc-
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matic changes into apparently norlllal restitution nuclei (6 hours 
after irradiation). The nuclear membrane may give some protection 
to the prophasic chromosomes. 

The results of these changes on the growth of the root tips and 
of the leaves of bulbs of Allimn refHt have been studied.12 Exposure 
to 0.01 per cent solutions of colchicinc induces the well-known root 
tip swelling, the so-called c-tumors, and when the plants arc replaced 
in water, growth is resumed. If the root tips arc irradiated with 900 
or 1500 r. after .JS hours of colchicinc, growth is arrested and leaf 
development is strongly impaired. These effects are greater than those 
obtained by irradiation alone. The action of X-rays appears to be 
independent of the nuclear division stage. After 48 hours of colchi
cine, "some non-recognizable toxic effects in the cell ... sensi tizc it to 
irradiation."* The same author has published detailed results o[ 
investigations on the combined action of colchicine and X-irracliation 
on onion root tips.4 :i lt appears evident that the two actions add 
their effects, but the mechanism is not clear, and docs not seem to 
be related to an increase of mitotic cells at the time of irradiation. 
For instance, the 018-hour colchicine bulbs are more vulnerable to X
treatment, "even though the time of exposure occurred when the 
number of dividing cells had passed the peak of metaphase arrest."t 
Irradiation by 900 r., which has only a temporary retarding effect on 
growth, inhibits completely cellular multiplication and growth with
out any immediate death of the tissues when the roots have been pre
viously treated for ,18 hours with a (l.01 per cent solution of colchi
cine. A long exposure to the alkaloid seems necessary, for, "while 
colchicine causes analogous cytological changes at (i, 12, 18, 2·! and 
18 hours, the larger exposures induce some microscopically unrecog
nizable alterations. This ... arrests growth permanently and com
pletely [ with 1500 r. r+ The optinllllll growth-inhibition dlccts 
were observed after 1500 r. and a more than :l!i hours' cxpmure to 
colchicinc. 

On the other hand, onion hulhs treated for ,JS minutes in a 0.05 
per cent solution of colchicine, then irradiated with 300 r. ancl re
placed in the solution, showed less chromosome rearrangements than 
controls, while the number of breakages was not appreciably altered. 
It is supposed that the short colchicine treatment could not have in
creased the metaphases. but impairment of the spindle function may 
slow the movements of chromosomes. This would leave less oppor
ttmity for the broken ends to reunite into abnormal structures. 13 

* M. Levine, "The ,\ction of C:okhicine on Cell Di,ision in H11111;111 Cancer, 
Animal and Plant Tissues." /11111. N. J" . .4rnd. Sci .. 51 (1901), p. 1100. 

t Ibid., p. I 397. 
:j: l/Jid., p. 1399. 
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It is evident that work in this field is particularly difficult, because 
the interpretation of the results depends on the action of two agents, 
each having a complex nature. It has recently been shown that meta
phase chromosomes could be singled out and destroyed in a beam of 
neutrons. 78 l\fodern cytological and radiobiological methods should 
enable similar experiments to be performed with arrested metaphases. 
The exploded type would be an excellent test object for a study of 
the action of irradiation on isolated chromosomes. 

10.8: The Study of Carcinogenesis 

Chapter 9 has shown how useful colchicine could be in the analysis 
of growth. It is regrettable that more studies have not been done 
on the first stages of malignant change under the effect of various 
carcinogens. For instance, the action of azo-dyes on the liver, and the 
various factors which are known to influence the origin of liver car
cinomas have never been subjected to the colchicine method. From 
the few instances which will be quoted here, there is little doubt that 
the early changes in mitotic activity in the liver would be fascinating 
to study with the colchicine tool. 

l n one of the first modern papers on colchicine, this was de
scribed as a tool for the detection of the increased mitotic rate in 
the skin of animals painted with the methylcholanthrene.24 Shortly 
after, in the 39th Annual Report of the Imperial Cancer Research 
Fund, similar findings were described in mice painted with benzo
pyrene. This British work docs not appear to have ever been pub
lished in extenso. These early results, demonstrating for the first 
time that mitotic activity is increased shortly after the application of 
carcinogens, is in agreement with later findings.n These confirm the 
idea that some subtle cellular change takes place soon after the first 
painting with a carcinogen even when no malignant growth will 
develop for several weeks. Colchicine could evidently be used for 
studying all the intermediate stages between benignancy and cancer
ous growth. 

Another observation published in 1931 is remarkable. 24 In methyl
cholanthrene-trcated mice a great increase in the numbers of mitoses, 
as detected by colchicine, was found in the thyroid, in the salivary 
glands, and in histiocytes. The meaning of this remains unknown. 

A single paper gives a detailed cytological study of the hair follicles 
of micc,"4 in normal skin, in embryos, and in skin painted with 
methylcholanthrenc. Ultracentrifugation studies were carried out to 
study the cellular viscosity. This was not found to be modified, even 
in arrested mitoses. 

There is also a possibility that colchicine may act as an anti
carnnogen. In mice implanted with methylcholanthrene and in-
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jected with colchicine, no skin tumors appeared.n2 This result is 
contradicted by experiments demonstrating that rnethylcholanthrene 
tumors appeared in 30 days in mice injected with colchicine.Hs The 
time for the controls was 100 days. There is no evidence from the data 
of the literature that colchicine ;nay be itself a carcinogen. 
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CHAPTER 11 

The Experimental Polyploids 

11.1: 1937 - Beginning of a New Era in Polyploidy 

Colchicine replaced practically all the techniques used to double 
the number of chromosomes in plants. The procedure was new and 
could easily be fitted to many different kinds of plants. \Vithin a 
short time geneticists became convinced that a very useful tool had 
been discovered, because colchicine methods were more effective and 
more suitable for making polyploids, plants with additional sets of 
chromosomes, than any formerly used. 

Immediate and wide universal interest in colchicine developed 
among botanists, as shown by the rapid rise in popularity that fol
lowed closely upon the announcements of chemical induction of 
chromosomal doubling. 11 • 12- 52 - ri:i, 62 A new era in polyploidy investi
gations began in 1937, the year the cokhicine method was discov
ered.36, 72 

Soon the advantages of colchicine became clear. 0ne out of 600 
cotton plants treated by "heat-shock" became polyploid (1 :600), but 
colchicine procedures applied to a comparable group yielded 50 poly
plaids from among 100 (I :2) of the cotton plants surviving the 
chemical treatment.8 Similarly the superiority of colchicine was dis
covered by workers at the chromosome laboratory, Svalof, Sweden, 
where up to the time colchicine was introduced, elaborate heat
shock machinery, with refrigeration controls, had been used to double 
the number of chromosomes.46 Swedish botanists soon discovered that 
such complicated equipment was no longer necessary.46 A rapid 
change-over to colchicine took place.44, 3, R, 14, rn, 20, 21, 2:1. 2:.. 20, :w. ::2. 41. 

43, 46, 51, 50, 54, r.a, 57, r.H, 59, G3, G4, n~,. an, G!l, 10, 73, 74 The switch to cokhi-

cine in Sweden and elsewhere was so fast that it appeared that the 
colchicine "fad" in research had arrivecl:72 , 28 

As we mentioned in Chapter 2, colchicine was not the first chemi
cal to be tried and used for doubling of chromosomes. Other chemi
cals, heat-shock methods,10 production of callus tissue,40 and other 

[ 274] 
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techniques yielded polyploid types_r.o The reason these methods were 
replaced is found in the two specific advantages demonstrated by col
chicine: First, colchicine was very effective for making polyploids 
"·ith man, different species; and second, the drug was applied easily 
to ,oung growing plants with very little damage being done to them. 

There arc several noteworthy features of colchicine that account 
for its effectiveness as a polyploidizing agent. Hriefiy, colchicine is 
highly soluble in water; rnlchicine is not toxic to plant cells even in 
strong dosages; colchicine is effective in concentrations ranging from 
1.0 to ().01 per cent (1:100 to 1:10,000); and finally, it is soluble in 
lipoids. Furthermore, the effect obtained during a treatment is wholly 
re\ er,ible. Thus the drug is almost "made to order" for changing 
diploids into polyploids. 

_\fter recovery from treatment the new tissue from treated genera
tions (C 0 = generation) and the progeny of succeeding generations 
(C1 = first, C~ = second, etc.) do not show damage of a hereditary 
nature. The usual changes associated with multiplication of chromo
somes, gigantic characters in leaf, flower, fruit, and seed, arc trans
mitted to the next generations; there is no evidence that "deteriora
tion" 47 sets in after colchicine reaches the protoplasm. While the 
treated plants may perhaps have wrinkled leaves, distorted stems, and 
\arious anatomical malformations, such temporary changes disappear 
i 11 cl, c~, and later cycles. 

Gene changes or chromosome repatterning have not been proved, 
::,:. 71 although preliminary tests led to these suggestions. This much 
is certain: Changes comparable to those produced by X-ray have not 
been found, and if we choose to use the word mutation, it must be 
clear!, stated that colchicine does not cause gene mutations. Only in 
the broad sense of mutation, which includes chromosomal doubling, 
ma, "'e use the term in connection with colchicine as a producer of 
111utations.~4 If the definition is limited to gene changes and chromo
sn111r rrjx1tterning (inversions and translocations), colchicine does not 
cause mutations. Hence it is incorrect to classify colchicinc with 
11111t11ge11s, such as p-acetamidotropolone, a 7-carbon compound which 
appears to cause chromosomal breakage.71 

:\fore knowledge about the meaning and use of chromosome num
bers in relation to species relationship formation is desirable. Every 
experimenter before commencing a project with colchicine should 
know the drug is not a chemical fertilizer; it is not a phytohormone; 
it is not a weed killer; it is not a vitamin; it is not a mutagen; and 
finally, colchicine is not merely one more organic substance on the 
present long list now at the disposal of many persons interested in 
plants.~u The drug has specific and limited uses; therefore, reports 
gi\'ing directions to spray a field with colchicine or to soak the soil 
as one would with fertilizing agents, are completely erroneous. 
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In this chapter and the next four chapters the future possibilities,•" 
limitations, and accolllplishments are given. !\firades were predicted 
in the numerous writings in praise of colchicine, but there often 
followed a serious disillusionment for those not infonned in poh
ploidy and cytogenetics.27 A wave of great enthusiasm for colchicine 
in some quarters was succeeded by a loss of interest. Totalh dis
counting colchicine, however, is quite wrong. 

11.2: Terminology 

In the rapidly expanding field of cytogenetics, new terms arc con
stantly being added, while others arc modified as more infonnation 
is acquired. The two terms, auto-syndesis and allo-sy11desis, have been 
used with exactly opposite meanings by two groups. ,\;ow each tillle 
the terms arc used, an explanation must accompany the usage. \Vhen 
autopolyploidy and allopolyploidy were first pointed out by Kihara 
and Ono in 1926,4:1 the distinctions were based on materials at hand. 
When many more examples came into consideration, the difference, 
were not as specific as one might desire for a classification. Terms and 
their meanings often introduce added confusion. The terminology 
and definitions used here have in large part been adapted from Clau
sen, Keck, and Heisey. 18 Extensive work on terminology has been 
done by Stebbins.G6 

Ploidy, in recent usage, means fold (from the Greek j1loos) and 
a combining form lihe (oid). Thus the prefixed word f1olyj1loirfr 
means many-fold. This refers to the number of sets of chromosomes 
for a particular plant or animal. 11101wploid refers to those cells or 
individuals with one set; dijJloid, twofold; lriploid, threefold; ll'trn
ploid, fourfold. Then rmlojJloid means self-fold; amjJ!tij1loid, both 
fold. 

Polyploidy describes a serial relation of numbers in multiple, 
starting from some basic number. H the number is 7, then the poh
ploid s-eries would read 21, 28, ·12, for triploid, tctraploid, and hexa
ploid, respectively. 

Autoploidy is an abbreviated form of the term autoj1olyploidy and 
will be used for those polyploids formed by multiplication of sets of 
chromosomes within the limits of a species. A.dmittedly, the range is 
wide, and complications arise in classification because the autoploid 
with four homologous sets will differ from the one derived from t\HJ 
subspecies, that is, the doubled intraspecific hybrid. 

ArnphijJloidy embraces the polyploids derived from the additions 
of two distinct species. A sterile hybrid AB upon doubling becomes 
the amphiploid AABB. Jf the number of species included increases 
beyond two, a polyploid-amphiploid condition obtains. 
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Sep,me11t1il 111/oj}(Jl)'/Jloid is an amphiploid which shows character
istics of autoploids with respect to pairing of chromosomes, resem
blance to parents, and fertility; yet the amphiploicl exhibits enough 
difference between the genomes contributed by the parents to fall 
"·ithin the scope of arnphiploids. Segmental types are important for 
practical and theoretical reasons. Our discussion of the segmental 
allopolyploid will be included in Chapter 12 (The Amphiploids). 

(;e11mnr' designates the set of chromosomes derived from a species; 
the term may be used to express a relationship between species. Ex
tensin: use has been made of genomes since many interspecific hy
lnids have been made and doubled with colchicine. Among species 
of (;ossyjJi II m the genome concept is related to geographical clistribu-
1 ion of species. The genomes of Trilic11m refer to generic contribu
tions. The original term was introduced by vVinkler in 1920. 

f)y1JJ!oidy refers to a series of polyploids in nature whose basic 
11unilwrs are not nmltiples. A dysploidy is superimposed upon an 
amphiploid series. A good example is found among the Cruciferae, 
"·hctT basic: numbers 5, (i, 7, 9, 11 fall at levels of diploid, tetraploid, 
and hcxaploid status. 

A11c11ploidy is a condition in whic!1 chromosomes are added or 
lo,t from the diploid set ol chromosomes. Aneuploids may or may not 
represent balanced genotypes. The loss or addition may be found at 
pohploid levels. For example, the nullisornic is essentially aneuploid. 

CryjJ!ic stn1c/11rnl liylnidity00 designates a chromosomal differentia
tion in very small segments that does not readily find expression in 
configuration at metaphase of meiosis. Pairing of chromosomes may 
be bivalent and apparently normal, for the segments that are differ
entiated are so small that no opportunity is afforded for abnormal 
configurations during synapsis. For these reasons a structural hy-
1:ridity of this nature may be indistinguishable from the genetic 
ll\ bridity. 

11.3: Cataclysmic Origin of Species 

The origin of a new species by gene mutation or chromosomal 
rqJattcrning (inversions or translocations) is a slow process and re
quires a long time. Surprisingly, there exists in nature, alongside 
these slower processes, a very rapid method that can catapult a new 
species into existence within a generation or two.7 This sudden 
origin is called "cataclysmic evolution." ~4 Ry this process a new plant 
is separated at once from its immediate parents and is destined to 
occupy new environments different from either, or both, of its pro
genitors (Fig. I I.I) .n 
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Fig. 11.1-Use of colchicine to make autotetraploids. Doubling the chromosomes of in
terspecific diploid hybrid. Amphiploids made by hybridizing two autotetraploid species. 

(After Wexelsen) 

This kind of evolution was formulated as the A X B hypothesis 
by Winge in 19 I 7 before any examples were well known, although 
the doubling of Primula hewensis was on record.66 According to the 
A X B hypothesis, a polyploid series with a basic number of 7 would 
read 21, 28, and 42; or triploid, tetraploid, and hexaploid, respec
tively. These can originate as follows: A triploid, sterile hybrid 
arises from the hybridization between the diploid. 2n = I 4, and a 
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tetraploid, ,111 = 28; upon doubling of the 21-chromosome triploid, a 
hexaploid (12-chromosome) species originates.49 In this way species 
hybridization, followed by doubling of the chromosomes, fulfils the 
principle of the Winge hypothesis. Among the wheats (Triticinae) 
there is an excellent chance to show how this mode of evolution 
accounts for speciation as well as the production of mankind's most 
, aluable economic crop species, hexaploid wheat, (12-chromosome 
Tri/ innn aestimnn L.) _4n However, on a purely numerical basis and 
"·ithout a knowledge of the only known case to support his assumption, 
the .·I X B hypothesis was outlined to explain the origin of species with 
high chromosomal numbers. The data which Winge needed were 
published by Digby for Primula hewensis. 66 

The facts of cataclysmic evolution became clearer, for new tetra
p lo ids were d iscoverecP·1 or synthesized continuously from 1926. 
These include Miintzing's synthetic c;a/rnjJsis tetrnhit ;01 Primula 
l1nl'!'llsis, arising under culture at Kew Ganlens; 66 Karpechenko's 
RajJ/l([nobrnssira.~4 a doubled intergeneric hybrid between radish 
;md cabbage. Finally SJ)(/r/i11a townsendii, 1R a new polyploid of recent 
historic times, is a new species which invaded a habitat not previously 
occupied. The mud flats along the channel coastline of England 
abound with this new species, but records show that prior to 1870 no 
plants were present in this area.rn 

Two important condusions emerge from the numerous studies 
de;tling with polyploidy and evolution. (l) Polyploid species are 
abundant in nature; by one estimate as many as !JO per cent of the 
flowering plants are in some duplicated form. (2) Valuable economic 
crop species (food, fiber, and others) are polyploid, e.g., bread wheat, 
cot ton, oats, sugar cane, tobacco, grapes, berries, nuts, and many other 
horticultural and floricultural species. In the first instance our 
problem may be called cataclysmic evolution in nature; in the second, 
cnilution under domestication:18 

Polyploid agricultural species originated through the years in 
nature without man's guidance, hut under his hand and through his 
selection they may have become quite different species than if left 
10 natural processes of selection. \Vhen man eliminates certain types 
and nurtures the environment for his choice plants, the situation is 
not comparable to nature's elimination process and selection that goes 
on competitively without cultivation. Nevertheless, the problems of 
enilution in nature and under domestication48 are very closely inter
related. That is why closer integration of theoretical and practical 
\\·ork seems advisable in polyploidy research. Increasing the in
formation about the origin of polyploids in nature improves our posi
tion in the planning of a new hybridization program.Gu Furthermore, 
the data from countless selections by the practical breeder could be 
valuable for analysis with purely theoretical objectives in mind.67 
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When colchicine was discovered as a Lool for doubling the chromo
somes, it was believed by many that evolution was about to be 
speeded up out of proportion Lo anything known. The tool, col
chicine, did in fact remove a serious bottlcncckGG in permitting a 
doubling of the species hybrid by a new and more efficient method 
than ever before available. Many newcomers to the ranks of new 
species have been produced; this is evident if we compare our list 
of amphiploids produced since 1937 with the list made before that 
date. There is no doubt of a speeded-up tempo, hut unless one 
possesses a broad and deep knowledge of cytogenctics, he will fail to 
sec that the expected "miracles" have been forthcoming. The intro
duction of a new variety of wheat hy ordinary standards require, 
about 15 years.rm To produce a new polyploid variety is as difficult, 
if not more so. 

11.4: Classification of Polyploids 

The two principal classes of polyploids are (I) autoploids deriYed 
from homozygous diploids, e.g., tetraploid maize.no and (2) amphi
ploids, like Raj;hanoln-assia1,24 resulting from hyhridizat ion. Thcsl' 
two types arc not difficult to distinguish. They are extremes with the 
au toploid carrying four sets of homologous chromosomes :L·I ,/A. and 
the amphiploid. two diploid sets AA and BR. The difficulties in 
classifying polyploids arises when dealing with examples between the 
different types, that is, polyploids with both autoploid and amphi
ploid characteristics.mi There are many cases - and more are being 
made continuously- that are intcrgrading types and, as such, arc not 
easily classified into the autoploid or the amphiploid category. 

Problems of classification in polyploidy are similar to those in 
other systematic studies. For example, everyone agrees on "·hich 
individuals of the species belong to the Mammalia and the Sperma
tophyta; however, among the microorganisms a classification problem 
has new difficulties. Since the bacteria are so widely studied in re
lation to human disease, the medical bacteriologists find it illog-ical 
to group them with the fission fungi, or Schizomycetes, of the plant 
kingdom. As a matter of fact, some bacteria do have plant and animal 
characteristics, and so present a distinct problem in classification. 
Likewise in polyploidy, the borderline cases have characteristics that 
are both autoploid and amphiploid. As colchicinc increases thl' 
number of polyploids, the intergrading· types arc increasing at the same 
time. 

The artificially induced hcxaploid Phle11111 nodosum, created b, 
colchicine, 00 may be used as an example of the disagreement 011 clas
sification because the true nature of its autoploidy is in dispute-. 
\1/hcn all the evidence is carefully reviewed in this case, the complex-
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ities of classification become very real. These arc problems requiring 
further study which cannot be resolved entirely in this review. There 
are other cases. In fact, the group between the autoploid and amphi
ploid provides the most interest and perhaps the greatest opportunity 
.'or practical and theorel ical work in pol yploidy. Even though one 
cannot decide definitely on the classification, there is no need for 
concern, for he may utilize the opportunities presented by these 
intergrading polyploids without classifying them. 

One way to explore this group has been opened by an inquiry into 
the special kind of polyploid called the "segmental allopolyploid." 66 

Good reasons were given to justify the establishment of this special 
group. Some types of polyploids have segments of chromosomes so 
closely associated that pairing is between the two parental genomes, 
and therefore they cannot be considered as strictly amphiploid; but 
in other segments, there is enough differentiation to prevent pairing 
of the chromosomes that originate from the different parents. View
ing the chromosomes segment by segment, instead of as whole chromo
somes or even whole genomes, gives one a more critical picture of the 
iiasis for borderline types between the autoploid and the amphiploid. 
Theoretical and practical aspects arc greatest among the polyploids 
that fall between the unquestionable autoploid and amphiploid. 

Pairing of chromosomes is o[ limited value in classifying the 
poh ploids even though this cytological method is one way to point 
out the difference between the autoploid and the amphiploid. Some 
diploid species hybrids may show pairing at the diploid level, but 
this docs not necessarily happen. On the other hand, complete lack 
of pairing at the diploid level docs not insure total bivalents at the 
polyploid stage.42 Less and less reliability is being placed on pairing 
of chromosomes as a measure of homology and a means of distinguish
ing the autoploid from the amphiploid. As more examples come into 
\ iew, the case for pairing is increasingly complicated. Other factors 
must be considered. 

Sterility and fertility characteristics may separate the amphiploid 
from the autoploid. The latter is invariably less fertile than the 
diploid, and the amphiploid changes from a sterile condition to a 
fertile one upon doubling of the chromosomes. In reviewing many 
cases, one can find wide variation in degree of sterility among the 
autoploid and the amphiploid cases. Actually, the causes of sterility 
are so complex that this relationship is of little help in trying to 
classify the two types. Yet basically, sterility may be closely related 
to some basic cytogenetic mechanism. 

The best solution to the classification problem appears to be the 
chart developed by Clausen and his colleagues18 on which they place 
the amphiploids in a relative position depending upon a series of 
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characteristics that place the type closer or farther from one of the 
two classes. Table l 2 of their work is worth considerable attention 
for those interested in the classification of polyploids. As would be 
expected, the known polyploids form an intcrgrading series from the 
extreme autoploid to the amphiploid, which is a completely diploid
ized type. Colchicine-induced polyploids cause increasing inter
gradation as more and more examples appear. 

For purposes of reviewing the colchicine-induccd polyploids, re
sorting to taxonomic authority has served a very useful purpose. If 
the polyploid has been a product of doubling a species hybrid in
volving accepted species, then the type is considered amphiploid, 
while the diploids made tetraploid arc autoploid. Admittedly the 
system is artificial and does not delve into the real problem that 
makes a polyploid what it is. However, with the view of handling 
large amounts of data and many polyploids, this method of classifica
tion is simpler. At 110 time has the basic feature of the segmental 
allopolyploid or its significance been overlooked. Those character
istics that are peculiar to the segmental allopolyploid are important 
practically and in certain eyo]utionan aspects. 

11.5: Principles of Polyploid Breeding 

Within five years, from 19;)8 to l\}12, examples of all the major 
agriculture species of Sweden were converted into polyploids.4 "· ;;n. 1 

In other places throughout the world vast numbers of polyploids 
were created at about this same time. Colchicine accounted for many 
of the new polyploids, but few of these could be used in agriculture. 
73, 65, 49, r.,1, Gfl, r,1, n:J, 3r., n2, 44, 1n, jJ, !!:!, :rn, 3:?. 3, ri, s, 9,1r,, 1r. ~I'his n1ay co1nc a'i 

a shock to practical agronomists. A re-examination o[ the principles 
basic to polyploid breeding was needed. Since so much material was 
at hand, polyploids were used to test a nurnber of points about chro
mosome doubling as a method of plant breeding. The principles enu
merated below have been stated directly as such or indirectly through 
the work of a number of investigators. 

The application of colchicine permitted the production of large 
numbers of polyploids from diploids. One would expect these ne\\· 
polyploids to replace the standard diploid varieties.Go However, 
artificially induced polyploids are, at the beginning, "raw" polyploids 
without exception.4u Such types are generally unselected, so the task 
of plant breeding has only begun after the polyploid has been made.4 '1 

Too many investigations disregarded the principle of raw polyploids 
and tested the tetraploids against the selected diploids. Naturally, 
the tetraploids failed to measure up to diploids in all-around per
formance. What is even more surprising is the condemnation of 
colchicine when tetraploids, apparently as raw polyploids, failed to 
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out pnform the best diploids. Statements that colchicine causes 
"harni .. 47 to the plants arc also difficult to understand . 

. \ second principle well known to practical breeders is the use of 
largl' populations. If one starts with a few plants, his project is 
doomed before a start has been made. Two qualifications should be 
stated in this respect. The self-fertilized species should be used with 
more ,trains and fewer plants from each, while the cross-fertilized 
tYpt·s demand many plants, but these can be taken from fewer strains. 
In both instances, large numbers of tetraploid genotypes must be 
matk a.s the m:1terial for future selection work. 4 fi Naturally, a few 
pLtnts cannot scrye as a substitute for mass production. 

Each successful tetraploid must eventually have genotypical bal
ancl'. Through selection the relation between plant and its environ
ment 111ust he brought into an adjustment. 18 Practical breeders are 
acquainted ,rith the need for the all-around performance of more 
than one characteristic. It is not enough to acquire disease resistance, 
or some other quality. to the exclusion of those equally as irnpor
ta11t.'" The nc,,· tctraploids arc no exception in this respect. The 
tramfcr of a specific gene for disease resistance must not be per
mit tcd at the expense of the whole genotype which may be thrown 
out of balance - that is, if success in a practical way is anticipated. 
Therefore, the opportunities for selection begin with the polyploid, 
a11d the difficulties arc also started as we shall learn in subsequent 
'>LTtions. 

The genetic traits of the polyploid arc an accumulation of those 
contributed hy the diploid. It does not follow that a very good diploid 
\\'ill ahrays give rise to the best polyploids. But there is this rule 
to be observed that a polyploid, like the diploid, is a plant with 
genetic traits that segregate and respond in selection according to the 
same rules as the diploid. 

111 judging the chromosomal numbers of natural species, there is 
:i la"· of optimal numbers above or below which the maximum per
formall(L' or adaptation cannot be expected. The polyploid series of 
Pl1ln1111 i, a good examplc.4 G Those types with best characlcristics as 
pohploids ,re-re found in the numbers 6 X 7, and 11 X 7. One cannot 
expect to achieYe success by doubling a tetraploicl, so the diploid species 
are needed for a start. Chromosomal doubling of natural tetraploicls 
in cotton from 52 to I 01 chromosomes creates very weak and poor 
plants: obviously this exceeds the optimum nurnber.8 There is, how
c\·er, another point to he remembered: If the number of diverse 
gcnotYpcs can he increased during the process of doubling high num
bers \\'ith plants having- g·ood fertility, vigor and growth are possible. 
\ferelv stating that the numbers cannot be above a certain value is 
too limiting. In nature the natural polyploicls are combinations of 
two or more genomes that can be rccog-nizcd. For example, the hcxa-
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ploid wheat combines three genomes, and after this process the optimal 
number of 12 seems to be attained. 

Cross-fertilizing, or allogamous, species arc 111orc pro111ising as a 
group than the self-fertilizing types. This general rule seems to hold 
for a large number of plants included in the Svalof experiments. 
Some qualification needs to be made, for the sa111pling was not as 
extensive as might be desired. The changes from incompatability to 
compatibility upon doubling the number of chromosomes is an in
volved genetic problem, not merely a result of the tctraploid nature, 
but consisting of a combination of events that create the changes_ll; 

The autoploids are almost without exception less fertile than the 
diploids.60 Therefore, seed and fruit yields, if dependent upon seed 
production, will at once suffer in the polyploid stage, at least before 
selection can be done to rectify the situation. The sterility barrier is 
by-passed when a hybridization is included with the doubling; then 
the degree of fertility generally improves, but not always. The prin
ciple of reduced fertility after polyploidy from the diploid should 
always be considered by every one starting a new project. Then the 
changes that might be induced by selection in the later generations 
can be considered along with the sterility-fertility relations. Granted 
that fertility levels can be raised by selection, the danger of introduc
ing other changes constantly attends the selection processes. 

The part of the plant to be used for economic production becomes 
a first consideration, for the root and shoot yields will not be in
fluenced by sterility. Vegetatively propagated plants arc a new prob
lem. They need not pass through the reproductive cycle that is so 
critical to a polyploid at many levels. Perennial plan ts arc favored. 
and plants that produce propagating shoots like the grasses are im
mediately more favorable than the strictly seed-producing annuals. 

A principle of transfer of characteristics from one species to 
another has been mentioned frequently in polyploidy work. Among 
many species the favorable traits are prominent in the wild species. 
There is at once a desire to introduce this character into the valuable 
commercial species. A notable case is the mosaic resistance transfer 
in tobacco. 17 This problem is discussed in greater detail later, but 
it should be noted that the transfer of such a trait is in effect a prob
lem of polyploidy breeding. On a plan in blueprint stage, the idea 
appears relatively simple, but now it is well known that accomplish
ment is quite difficult. One of the greatest obstacles in transfer is 
the introduction of undesirable traits along with the desirable ones 
being sought. 

Combining the good features of two diploid species into the amphi
ploid is another aspect of how hybridization and the doubling of 
chromosomes offer opportunity for future programs of selection. A 
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new species such as the Cucurbita moschata X C. maxima amphiploid 
combines good traits from two diploids. A new species of economic 
potential is apparent. However, interspecific segregations in the fifth 
and sixth generations show that a lack of uniformity can be expected 
(cf. Chapter 12). Such variation is not what the breeder hopes for 
in a true breeding variety. By transfer of whole genomes into a hy
brid the characters of the polyploid can be influenced. If in later 
generations there is pairing between the two genomes that originated 
"ith the two species, the chance for segregation is good. If the segre
gates arc undesirable and if the interchange is so great that the 
original type is lost, all the transfer is circumvented by the after
breeding effects. Transfer in Gossypium has presented a very difficult 
problem, that of introducing the good characters and maintaining all 
the original traits of the cultivated varieties. In spite of the problems, 
the principle of transfer is basic in polyploid breeding.61 

The advantages balanced against the disadvantages are necessary 
for a final cvaluation."1 No tetraploid within a certain species may 
be expected to surpass the diploid in all respects. Therefore, the 
desirable traits balanced against the unfavorable ones should be cal
culated to sec whether the new result is in favor of the tetraploid or 
the diploid. Triploid sugar beets arc not perfect, but there is the 
important fact that the triploids can be grown to a larger root size 
before the percen tagc of sucrose decreases than is the case for the 
diploids.·•x In this way the triploid has an advantage over the dip
loicl. \\·hile for seed production, germination, and growth problems 
the triploid is sometimes at considerable disadvantage beside the 
diploid. Tetraploid rye offers another notable example of balancing 
t\HJ sets of characters.'' 1 

~\II plants arising from treated generations may not be totally 
tctraploicl. The diploid cells may be found mixed with the tetra
ploid, and a mixoploicl condition may pcrsist. 37 Or the layers of cells 
111aY differ one from the other, so that the shoot apex is stratified with 
rc,pect to its ploidy.~:i These arc called pcriclinal chimeras discussed 
in Chapter 11 (The Aneuploids) . ia From the point of view of poly
ploid breeding the rnixoploids and chimeras are very important prob
lems. The reversion of polyploid to diploid is sometimes explainable 
on the basis of a chimera, or sometimes it may arise from cross-breed
ing. 

Stabilizing the polyploid by selection and by preventing the rc
\Trsion to the diploid or through segregation, to some inferior type 
is a problem that confronts the plant breeder after the polyploid has 
been produced. The first and second generations may be quite uni
form, but later generations less so. Or the first generation may have 
defects that yield to selection in later generations. The effectiveness ·· 
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of selection between diploid and amphiploid is one of degree and 
speed rather than absolute difference. Genetic types can be isoLtted 
more quickly in diploids than in polyploids if one can ba,e his evi
dence on a specific character and extend the idea to a "·hole set of 
characters.* Selection as a result of in terspecific segregation <rl'a tes a 
good opportunity for making wholly new lines.°'; 

Regardless of the plant, whether diploid or tetraploid, the testing 
methods are important to success in measuring the gains made. in 
keeping the good qualities, and in raising the standards if possible. 
In tetraploid rye the testing side by side of diploid and tetraploid 
is impossible, and consequently an adjustment must be made ll\ a 
yield factor with another plant."1 This at once complicates naluation 
of the polyploid against the diploid. There are many other prob
lems of testing peculiar to certain plants, and tetraploids are inn>lved 
because the success of the polyploid may depend upon the mode of 
testing rather than the qualities of the polyploid itscll. 

The list of principles is not complete in the above rnne,. but 
a start has been made. l\forc information is needed before the ad
ditional principles of polyploidy breeding can be described in greater 
detail. 

11.6: The Scope of Research 

Colchicine increased the frequency of induced polyploids beyond 
that possible with any other method known up to 19:17. This dis
covery had two major effects upon research in the plant sciences all 
over the world. (1) Polyploidy, already a subject of stud\, "·as in
creased immediately. (2) New programs were started because greater 
reliability could be placed upon this technique and much tillle could 
be saved in converting the diploids into polyploids. The net result 
of these two developments has been an unusually great expan,ion in 
research with polyploidy in many nations.44 • 04 In fact, a detailed re
view of all work with colchicine goes beyond the permissible allot
ment of space in this review. 

One might single out specific cases where certain scientists ha\'e 
had an exceptional influence upon polyploidy and greater than aYer
age progress has been made accordingly. For example, the personal 
interest that Vavilov took in polyploidy led to great acti\'it\' in C\'to
genetics in Russia. 70 In Sweden, Nihlsson-Ehle made special efforts 
to organize laboratories such as the chromosome laboratory at S\'alof 
and other institutes in that country.46 These and other special in
stitutes4;; throughout the world were at work 011 problems in poly
ploidy before colchicine became known as a tool for creating poly-

*Sec Reference :'\'o. JO'l in Chapter 12. 
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ploids. , \'hen colchicine appeared to be usdul, its future possibilities 
\\-ere expressed in several American papers70 published by Chronica 
Botanica in l ~HO. A broad view was taken at this time. 

The progress made in Sweden from I 937 to I 947 was rapid. Scien
tist-, from every nation observed the scope of this work as a result of 
dcrnonstrat ions made before two international congresses, the genetics 
meeting of I !H8 and the botanical meeting of I 950. Obviously, the 
disrnvery of colchicine in 1937 appeared at a very favorable time in 
the history of plant sciences in Sweden. A large amount of work was 
done in Russia from 1937 to 19'17, but less attention has been given 
to this rnntribution. 71 Already in 1 ~MS, Professor Zebrak reported in 
a lecture at the University of California that numerous polyploids in 
the Tritic11111 group had been made, perhaps not exceeded elsewhere 
in the \\·orld. 74 The extensive report on the situation in biological 
sciences in Russia made in l~M8 gives a general survey of the status 
of research with polyploidy before 1917. After 1918 the use of colchi
cine was apparently not encouraged in Russia. 47 There can be no 
doubt that Vavilov had an important influence on the use of poly
ploidy as a research method . 

.Japanese geneticists have made direct and special contributions 
to practical and theoretical phases of polyploidy/54 The triploid 
watermelon. triploid sugar beet, tetraploid radish, and tetraploid 
melon ha,·e been put into agricultural practice since 1937.54 lVIuch 
progress has been made at the Kihara Biological Institute, Kyoto, 
\\·here a number of workers have been able to make their contribu
tions. Furthermore, the influence of this laboratory was directed to 
other institutes in .Japan, Polyploidy has been a familiar subject, and 
there has been close integration of theoretical and practical problems 
undn the direction of one group of workers. 4 :1 

.\crnmplishments in the field of polyploidy by three nations, 
Sweden. Russia, and .Japan, are quite out of proportion to the 
rclatin· number of scientists, and particularly of geneticists, in each 
countn·. In this respect, the progress made in the United States is far 
behind these othns if one compares the total work in plant sciences 
in relation to the progress made in the area of polyploidy. There
fore. one cannot understand why colchicine and polyploidy are 
thought to be tools owned solely by America. They are not. In fact, 
110 nation can claim a priority in the use of colchicinc and in progress 
made h\' its application to polyploidy. The records of the Seventh 
International Genetics Congress show some unbalance, but by the 
time the ~inth Congress was held, there was an equalization, so that 
no single group has dominated the program of colchicine and prob
lems in polyploidy. Historically the situation has been clarified since 
the earh· period of work with colchicine. 
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There is another aspect in the scope of research with cokhicinc 
that tends to be overlooked. Scattered throughout the world, special 
institutes were at work on species whose background was recogni1cd 
to be polyploid, such as Gossypium,k• i;;, a7 , :;:; N icot ia 1111,:1:; Tri I in1111 .1"· 

74 Solarium, and others. Theoretical problems and the practical im
portance of polyploidy were well known before 1937. One outstand
ing case is the British Empire Cotton Reseaffh Station at Trinidad, 
British West Indies, where diploid and tetraploid c;o,\T\'/Ji II m "·as 
studied in detail (cf. Chapter 12). Soon after rnlchicine became 
known, it was applied to the sterile hybrids on hand.U7 The drug "·as 
merely incidental to the whole projecl, and lllany polyploids \H'l't· 
made as a matter of routine in the larger progralll. For these reasons 
research with colchicine did not get prominent notice in their pub
lications. 

The application of polyploidy breeding in Nicotirmn began before 
colchicine was discovered. After I 937 the num her of polyploids for 
this genus was increased.17 A transfer of disease-resistant traits from 
one species to another is an example of polyploid breeding ;md a 
contribution of experimental genetics.17 

Breeding programs with forage species,4 Triticum, 4\1 fruits, and 
flowers arc under way in many places. The state and federal stations 
in the United States alone represent a large program.~~ Polyploith 
is included in many of these programs. Public and private institutions 
throughout the world have put colchicine to work. 

A complete list of research centers and projects using colchicine 
would be large. The bibliography and list of polyploids indicate the 
international character of such research. 
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CHAPTER 12 

The Amphiploids 

12.1: Amphiploidy and Implications 

New species can arise suddenly by interspecilic hybridization and 
doubling of the chromosomes. Such an act in nature separates the 
new amphiploid, a potential species, from its parental progenitors. 
New amphiploid species are able to invade new habitats, an invasion 
not possible by either parent. A new ecological range, as well as re
productive isolation from all other species, is acquired. More data 
are now at hand from amphiploids produced in the laboratory, be
cause colchicine has provided an effective method for making the pc h
ploids after the interspccific hybridization has been made. Principl~s 
of theoretical and practical value can be developed. 

Not all autoploids and amphiploids separate into clear-cut cate
gories since certain of their characteristics tend to overlap.~'.! 1\fam 
amphiploids produced by colchicine show autoploid characteristics.21 

The genetic and cytological changes that take place in later genera
tions of propagation among such amphiploids arc difficult to interpret 
when there is interchange between the two parental genomes. .\ 
classification designed by Clausen, Keck, and Heisey sought to visual
ize how a gradual merger between autoploids and amphiploids obtains 
if a number of cases are compared. Table 12 in their paper places 
amphiploids in positions from the upper left-hand corner to the lmrer 
right, in a gradient from autoploid to amphiploid.21 The conclusions 
incorporated in this chart were made after analyzing natural and 
experimentally produced amphiploids. 

While the limits between some autoploids and amphiploids are 
not clearly defined, the requirements for the success of an amphiploid 
as a new species are extremely sharp, almost to the point of being 
restrictive. Limits appear to be set that cannot he violated, that is. if 
the new plants are to succeed in nature. \Ve should consider whether 
the requirements for success in agricultural situations are not cqualh 
restrictive. The requirements may he somewhat different, hut new 

[ 292] 
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pohploids must meet exacting demands in order to succeed as new 
crop spenes. 

The diploid, intcrspccific hybrid, if it is to become a successful 
pohploid, must have good vigor, excellent growth of vegetative 
characters, and an all-around vegetative cycle that is in harmony with 
its cnvironmcnt.~ 1 Combined with these characteristics, the two 
parental genomes should be incompatible in the diploid hybrid to 
the extent that no interchange can occur between them. There should 
be no gene exchange between the parental sets of chromosomes, 
,rhich 111cans no intergenomal pairing. Hriclly, the diploid hybrid 
acconling to these requirements should be entirely sterile until a 
doubling of the chromosomes occurs. Working in almost direct 
opposition to these conditions, describing the source of amphiploid 
from diploid hybrids between species, arc biological laws that tend 
to prevent achieving the best-suited sterile hybrid. To acquire such 
genome incompatibility between the parents, one immediately moves 
the relationships of the two species farther apart. Usually the farther 
apart they are, the more difhntlt the hybridization will be. Even 
after the hybrid has been made, a more distant relationship often 
results in plants that arc weak, poor in vigor, and lacking in good 
groll'th generally. ;\ poorly growing diploid hybrid cannot be cx
pl·cted to change into a vigorous, successful amphiploid by merely 
doubling the number of chromosomes. 

If hybrids are 111ade fro111 species too closely related, gene ex
changes between the parental sets of chromosomes occur. Then after 
four or five generations, segregations tend to destroy the individuality 
ol the arnphiploid from the parental type.21 Of course, by gene ex
change the transfer of a trait from one species to another at the poly
ploidy level can occur. The moment gene exchanges take place, the 
future of the amphiploid as a distinct and isolated individual becomes 
endangercd.4 Cytological mechanisms may automatically cause the 
plants of later generations to drift to one or the other parental type. 

Experimentally prnduced amphiploids have been studied for 
enough generations to demonstrate that genetic exchanges can take 
place between the two parental sets of chromosomes. From a plant 
IJrcnlcr's point of view this would seem to offer opportunity. Other
wise a strict independence between genomes, like those of RajJhano
/n(lssirn. permits a true breeding type distinct from either parent, hut 
further hybridization with either parental species to improve the 
amphiploid is ineffective.~" If the amphiploid is not like the Raphano
/n(ls.1i1(1 case and intergcnornal pairing docs occur, gene exchange 
leads to segregation in F2 and later generations. Many segregates may 
lie weak, sterile, and poor. Occasionally, new and vigorous com
binations may arise. Certainly a series of new lines can be developed 
when there is exchange between genomes. 7" 



294 Colchicine 

Suppose that lines arc isolated by selection after interspecific 
segregation among progenies of amphiploids. One cannot expect these 
lines to compete in nature as successful independent am phi ploids in 
the same rank as a distinct and differentiated species. From an agri
cultural standpoint these lines need not be new species, and they may 
or may not be valuable as new polyploids. If the transfer of genetic 
traits is made from one parental species to another, and the species 
of commercial importance is improved, the result is not a new poh
ploid.20 For example, mosaic resistance was transferred from X. 
glutinosa to the N. tabac111n genome.111 The characteristics of com
mercial tobacco plants were not changed, hut the disease resistant 
factor was added. Chromosome numbers were finally stabilized b, 
selection after backcrossing at the same number as X. talmn1m ·JH, and 
after specific selection only a few traits were transferred from ,\'. g/11-
tinosa. All but the resistance to disease were eliminated. /\s an am
phiploid then, the new N. tal)(/cl/m with only the disease-resistanc1: 

characteristic added can hardly be considered as an independent l, pe. 
Stability of a new amphiploid is proportional to the gene exchange 

between the two parental genomes. Lack of interchange favors rela
tive constancy; conversely, interchange promotes instability. Experi
mentally produced amphiploids of all gradations from those with 
much interchange to others with very little, oiler excellent oppor
tunity to explore certain basic propositions con trolled and observed 
after selection, 10:1, 4 either in nature or under guidance. 

Doubling of the chromosomes among sterile diploid hybrids may 
be done either through gametic processes, i.e., production of un
reduced gametes, or by somatic doubling. The accidental doubling 
in nature has occurred largely by the gametic processes. On the other 
hand, colchicine is most effectively applied to somatic tissues. The 
differences between these methods of doubling the chromosomes are 
important and should be compared when such comparisons can be 
made. 

12.2: Amphiploidy in the Gramineae 

Economically, the grasses comprise the most important family 
among all plants. Polyploidy is common in many groups including 
agricultural species. Generally, their origin has been through hybridi
zation and doubling of the chromosomes. Autoploidy is limited as 
a method of spcciation"a in grasses compared with amphiploidy. 10·• 

Polyploidy among grasses presents problems''7 , 10 , 11 , r., 70 that in
volve both theoretical and practical aspec:ts.17 , ~3 , 47 , :;u, 3 ;:; •• ~,;. no, 1o1 

The origin of hexaploid wheat108 has many theoretical phases,sr., 1"" 

and no one can escape the practical importance attached to this one 
species, Triticum aestivum L. 11 s 
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12.:2-1: Origin of ltexaploid whent. Bread wheat, Triticum aesti-
1•11111 L. (T. 1111/gare Vil.) is mankind's most important single species 
in rnltivation. l\Jillions of people depend on the annual grain produc
tion of this plant. .\s an achievement in agriculture, the accession of 
this one species alone is man's important contribution as a plant 
breeder. 

Historically, in terms of the long period of agriculture, the 42-
chromosornc wheats are relatively new. Certainly the tetraploid 
wheats antedate hexaploids, while diploid species preceded the tetra
ploids. Xo hexaploids arc known out of cultivation, whereas diploids 
and tetraploids are represented by wild and cultivated species. Full 
knowledge of the origin of bread wheat probably will never be ob
tained, but some phases can he closely inspected by observing the 
experimentally produced polyploids. Colchicine has been a useful 
tool in tracking down certain steps in the origin of the hexaploid 
,pccics. notably Tritir111n sjJe!ta and related spccies.122 

First. consideration should he given to Tritir11m monococcum L., 
a I !-chromosome species, to gain some idea of the oldest species of 
wheat in agrirnlture today. Another diploid, Agropyron triticeum 
Gacrtn., is suspect in the hybridization with Tritic11m which created 
the tetraploid, or 28-chromosome, species.70 , 100 These two parental 
types may be called the A and R genomes, representing Tritirnm and 
Agrn/r','rm1, respectivcly."8 

.\ large group of cultivated tetraploids, having either free-threshing 
or i1wested grains, remain in cultivation as valuable economic species. 
The rmm('r and d11r11111 types play an important role in agriculture. 90 

One of the most interesting tetraploids is the free-threshing Tritirnm 
/Jnsir11m." 8 

Let us return to our hypothesis that Tritirum monococc11m is the 
genome A, and that the diploid genome B came from Agro/Jyro1i 
tritir('l1111. 100 The true contribution made by Agropyron may now be 
so remote that one cannot hope to retrace these steps. Let us assume 
these diploids combined to make the tetraploid wheats. The evolu
tion from tetraploid to hexaploid may be repeated more easily than 
that from diploid to tetraploid. By crossing tetraploid Triticum 
rlimcrnic/('s, 28-chromosomes, with diploid Aegilops squarrnsn, a sterile 
triploid hybrid was obtained.70 - " 8 This plant had 21 chromosomes, 
\\·as sterile, and resembled hexaploid Triticwn spelta, or spelt wheat. 
Fpon doubling the chromosomes, a 12-chromosome wheat was de
,·elopcd. This synthesized hexaploid hybridized with the natural 
hexaploid T. spel/11. The selfed progenies from this hybrid did not 
thro\\· segregates as one might expect from a wide cross. In fact, no 
segregation occurred. Pairing at meiosis among the F 1 hybrid did not 
indicate widely differentiated chromosomes of synthetic T. spelta 
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against natural T. spelta. 100 , 70 On the contrary, a close homology ,ras 
suggested. There was more difference between synthetic T. sjJe/111 
and natural T. spelta when amphiploids were obtained after gametic 
doubling"8 than those from somatic doubling.rn 

Crossing with Aegilops squarrosa so improved the plant and the 
grain that one might expect a naturally occurring fertile plant like 
the resulting hybrid to be recognized as a new variant.70 The geo
graphic range of A. squarrosa should show in general where the 
original hybridization took place.08 This species grows today in the 
northwestern Himalayas, the Caucasian region, and over an area 
where hexaploid wheats could have originated as a result of the con
tact of A. squarrosa with tetraploid species of Triticum. Diploid 
Aegilops, known as goat weed, is a very unpromising agricultural 
plant; 101• yet its contribution to comlllercial wheat by a species like 
A. squarrosa must be very specific and is apparently necessary. The 
genome is called the D genome."7 Therefore, hcxaploid wheats arc 
now identified by genomes A, B, and]), each representing a genus and 
each sharing one-third of the 12-chromosollles.100, 08 , 70 An isolating 
mechanism has been discovered in Tritirnm associated with the ]) 
genome. 08 

Between the dawn of agriculture and some time not too long ago. 
the hexaploid wheat evolved. Exactly when and how many times the 
hexaploid species appeared remain unsolved problems. Let us sa, 
at some time between 2000 and l 0,000 years ago. Or perhaps the 
cross between diploid AegilojJs squarrosa and tetraploid wheat is 
happening today. The amphiploid Triti111111 /1crsin1111 X Ae1.;i/o/1s 
squarrosa, which is very similar to hexaploid Tri tin1111. is a species 
obtained from Russia." 8 If more hexaploid cases could he found in 
the areas where AegilojJs sqwnrosa grows, such additions to our 
knowledge would be of great interest."8 

We know there are parts to the story that must be sketched ,l'ith 
certain reasonable assumptions. It was remarkable that two research 
teams,58 , 70 working entirely independent of each other, came so close 
to each other in an agreement that AegilojJs sq11arrosa is suspected 
as one of the diploid species. 

Evidence that some other diploid species of A egi lops con tribu tecl 
to wheat now becomes a burden of proof by using a cross inn>IYing 
other species, or else by other methods to demonstrate how the hexa
ploid wheats came into existence when they did. For the prcs,·nt at 
least, the independent contributions of J a pancse and .\merican gen ct i
cists that AegilojJs sq11arrosa contributed genome J) still stands. 

An important character of Tritic11m a1'slim11n is the free-threshing 
feature. The synthetic T. sjJelta, like natural T. sjJr:l/11, was an in
vested type. How the free-threshing types such as T. 1u:sti1111111 L 
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en>lved remains for further study. Answering the question whether 
this type arose as a segregate, or directly from a diploid-tetraploid 
hvhridization requires more data.70 , 100 A pattern for research has 
been established.ms 

, \nother method for converting the tetraploid species into hexa
ploids has been reported."" Plan ting the 28-chromosomal species in 
the autumn instead of spring, a regular procedure for these hard 
"·heat types, after two, three, or four seasons the durum spring wheats, 
28-chromosome species, suddenly change into the vulgare or 12-
chromosomal soft wheat species. There was no evidence of hybridiza
tion, and no intergrading forms. This method obviously differs from 
the two explanations given by Japanese and American geneticists for 
the origin of hexaploid species. 

12.2-2: Other mnjJhiploids m1wng Triticinae. The amphiploids 
made from interspecific and intergencric hybridization among Aegi
ln/Js, Tritin1111, and Agro/Jyr011 have increased many fold?· n, n,r,7 , n7 , 74 , 

''· 11111 . 111 1. 11.s. i;n, ,;s, .,n. no. ns, 1 10 since the first fertile Tritintm-Agropyron 
amphiploid was produced with rnkhicine in 193~).~4 A wealth of 
material is at hand to solve the basic problems that determine the 
progress to be made in using amphiploids.10, 120 Since all the cases 
cannot be reviewed, a selection will be made to point out theoretical 
and practical problems . 

. \mong Aegilops, the species have evolved by interspecific hybrid
i,ation and chromosomal doubling."' There are diploid, tetraploid, 
and hcxaploid species represented by haploid numbers, n = 7, n = 14, 
11 = 21, respectively. Since A egilops has contributed to hexaploid 
"·heat, a knowledge of these species is important even though the 
group has little economic value of its own. 

I 11 1913 Cook discovered a hybrid in Palestine involving the Emmer 
Tritirnm dicoccoides and some form of Aegilops. Later, Percival 
pointed to AcgilofJs cylindrica as a contributor of the spelt characters 
in the tetraploid Triticum. Evidence accumulated suggesting that T. 
111'sli1111,n L. arose as a segregate out of a cross between T. dicoccoides 
and A. cylindrirn. The amphiploid (n = 14), AegilojJs cylindrica 

(11 = 11), was synthesized by crossing A('gilojJs caudata (n = 7) X A. 
sq11111To.rn (n = 7) and doubling the chromosomes with colchicine.100 

:\'ow three sets of data come into focus. First, earlier taxonomic 
\\'ork brought tctraploid Tritirnrn and the tetraploid Aegilops cylin
drirn together. Second, the tetraploid A. cylindrica evolved from two 
diploid species, one being A. squarrosa. Third, the synthetic amphi
ploid. Tritinnn dirntcoides var. sf)()n/aneovillosum X AegilofJs squar
rosa is similar to natural Triticurn spelta."8 , 70 In 1931 a speltlike 
sterile hybrid between tetraploid Triticum dicoccum and Aegilops 
sq11arrosa was made by McFadden, but for want of a ready method to 
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convert this sterile hybrid to a fertile one, the necessary evidence I e
mained hidden until fertile hexaploids could be made.100 

The D genome reprcscn tcd in hexaploid wheat and the genomes 
of modern diploid Aegilops squarrosa arc probably very close in their 
homologies. Also, this genome is not found in any species of wheat 
tested that had fewer than 21 chromosomes. Tetraploid wheat lacks 
this genome. Finally, taxonomic characters in A£:gilops sqwnro.111 
correspond to those traits that distinguish the hexaploid wheat from 
tetraploicls.100 These are: the square-shouldered inflorescence, 11011ml' 
stern, and articulation of rachis, differentiating Trilir11m sjJdta from 
the tetraploid Emmer wheats. 70 

Taxonomic characters were used to trace the probable origin of 
hexaploid wheat before cytogenetic evidences were at hand. The 
fact that diploid Agro/Jyrnn triticcmn Gaerln. has features distinguish
ing diploid T. nwnococcum from tetraploid wheat arouses interest. 100 

Discovering more specifically how genome B was contributed and what 
its relation to Agropyron is, becomes more involved. This genus also 
has a polyploid series in its evolu1 ion. The base is 11 = 7 (Table 12.1). 

Some intergeneric hybrids involving AgrojJynm have been made."'· 
11 • 9 Hexaploid T. aestiv11m (n = 21) and Agropyrnn gl1111c11111 (11 = 
21) 88 were combined to make an amphiploid with 81 chromosomes. 
Strong perennial tendencies arise with these high polyploids. In 
another case, vigorous plants with 70 chromosomes were derived by 
adding the hexaploid complements, 012 chromosomes, to the tetra
ploid Agropyron internz.edium, 28 chromoso111es. This particular 70-
chromosome fertile hybrid was the first amphiploid 10 be reported 
from tests with colchicineY~ 

The genus Triticum, represented by three chro111oso111al le\'els, 
n = 7, n = 14, and n = 21, provides much material following inter
specific hybridization. A tetraploid, T. tinwjJheevi, has the genome 
G not common to other well-known species.2n Another free-threshing 
tetraploicl species, T. persicum, produces an interesting series when 
crossed with Aegilops squm-rosa."s Unquestionably, these amphi~ 
ploids have free-threshing hexaploid bread wheat features. 

Within short intervals after colchicine was discovered, more than 
80 different amphiploids, involving tetraploid and hexaploid, as well 
as diploid species of Tri I ic11111 were produced in Russia. 11 s Some 
higher numbers proved to be interesting in their hybridization charac
teristics in subsequent generations. Generally the sterility increased 
when hybrids above the hexaploid ]eve! were created. The ordinan 
wheat, usually self-pollinated, changed into a cross-fertilizing type as 
higher-level arnphiploids were reached. 

The complexity of sterility-fertility relationships appear in the 
in tergeneric and in terspecific hybrids among Tri ticinac. 11 · 10 , mo, 70 , ;;, 
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Chrornosomal pairing in the diploid hybrid, or the lack of pairing is 
not necessarily an index of homology. The intergeneric amphiploid 
AegilojJs 11111l1e/111lata X Rayna/din villo.rn has a reduced fertility. 100 

The particular strain made a difference in pairing; environmental 
and g('netic factors, also, influence pairing of chromosomes. Two dis
tant h re Lt tee! species may introduce physiological upsets that cause 

TABLE 12.1 
DIVERGENT AND CONVERGENT EVOLUTION OF HEXAPLOIDS 

(Adapted from McFadden and Scars) 

Primary Form 
Diploid 

Divergent Form 
Diploid 

Convergent Form 
Polyploid 

Unknown 

/ 

Agropyron genome B '-- AB 

'--T,iticum 
/ tetraploid 

.,... A/ ~ , nt,cum genome ~ 

~A,g;t,p; gcoomc D -· A,g;t,p; / 
diploid 

D 

Triticum 
hexaploid 
ABD 

rneiotic irregularities. 11 The rule cannot be established that uni
' alcnn in the l\ is predictable evidence for obtaining good fertile 
arnphiploids. 

E\<ilution in wheat that finally led to hexaploids may be charted 
as a di,('rgence in the early period following convergent evolution 
gi,ing rise to the tetraploicl and hexaploid species. Some unknown 
diploid form evolved into three basic genera: (I) Agropyron, (2) 
T1itirn111, and (:)) Aegilo/Js. The first two hybridized and gave rise 
to a series of tetraploid species. A second step in evolution involved 
the combinations between tetraploid Triticum and Aegilops. A chart 
is used to help , isualize these evolutionary patterns (Table 12.1). 

Since such valuable species have arisen through combinations of 
genomes, this approach was suggested as a "radical" method of wheat 
breeding. Desirable characters would be transferred to T. aestivurn L. 
by using specific series of synthesized amphiploids. Four were sug
gested. The first series involves the D genome from Aegilops squar
rn.111 added to various tetraploids because the hybrids are more fertile 
than crosses between tetraploids and hexaploids within Triticum. A 
second series involves combinations between tetraploid wheat and 
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AegilojJs other than A. sq11arrnsa. Third, the combined genomes _J 

and D united with various species of Agroj1yro11 would lead to "·a,s 
for introducing genes from the latter genes to the present B genome 
of hexaploid wheat. Fourth, the synthesized B and J) genomes added 
to diploid Triticurn would allow transfer of einkorn characters to the 
hexaploid wheat. Such a program is exceedingly involved; hm,·e,'CT, 
it merits serious attention. (cf. Chapter 11. Ref. No. ·19). 

I2.2-y Triticurn aestiv11m L. X Scc11le n'rnile L.- Triticafr. In 
1876 the first hybridization between wheat and rye was made .. -\bout 
11 per cent of hybridizations between wheat and rye gi,e some idea 
of the success to be expected. Under unusual circumstances a fertile 
56-chromosome F~ can be obtained. An unreduced gamete most 
likely explains the mode of doubling. Since colchicine became :l\ail
ablc, new methods114 have been cle,·elopecl to increase the production 
of Triticales. 18 , 3:., 77 

There are five well-known strains?1 (l) Rimpau 1891, (2) .\feis
ter 1928, (3) Lebedeff 1934, (4) Taylor 1935, and (5) l\Iiintzing 
1936. Since 1936 many more have been made. Actually no accurate 
record can be gi,en because of the number of unpublished cases. 

Biologically the 56-chromosomc plant is of interest because the 
constant number has been maintained in the Rimpau strain after 
more than fifty generations. Hackcrosses to wheat give some index 
of the stability that Tritirnles can maintain. The 5G-chromosome 
plants survive better, arc taller, and maintain a stable genetic 
mechanism in spite of some meiotic irregularities.21 :\t meiosis in the 
F1 very little pairing has been observed, 0-3 pairs; and upon dou
bling, mostly bivalents are seen with as high as 6 unpaired chromo
somes in some strains. There is practically no homology between the 
wheat and rye chromosomes. 21 

Among backcross progenies a pair of rye chrornsomes have been 
substituted for one pair of wheat chromosomes (cf. Chapter 14, Ref. 
No. 37), so there would appear to be slight possibility for gene ex
change under selection. In nature the Triticale could evolve as a nc,r 
species because there is some degree of difference between the strains 
regarding fertility and segregations in the subsequent generations. 
However, the Triticale would remain at the octoploid level, and con
sequently, a group of new species could evolve with 5G chromo
sornes21 (cf. Chapter 1'1, Ref. No. 37, 27, 46, 51). 

Economically these species bring into one plant two of the ,rorld"s 
important bread-producing species, wheat and rye. Since doubling 
the chromosomes can be clone with colchicine, a serious attempt to 
improve Triticale on a large scale should have possibilities. 

An all-out attack on this problem was begun in 1939 in Holland; 
it involved the processing of hundreds and even thousands of combi
nations.114 A new method of clonal division and vegetative propa-
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gation of the F 1 plant was devised so that several hundred plants 
could be obtained in one season. These were treated by soaking the 
roots in colchicine.114 Fertile spikes indicated 56-chromosorne plants. 
The work was progressing satisfactorily until in 1944 the research 
plot became the scene for vVorlcl \Var II. Because of considerable loss 
of material and change in personnel, the original plan had to be 
modified radically. 

It. is encouraging from the viewpoint of polyploidy that Triticales 
arc now regarded as potential breeding material instead of a genetical 
curiosity, as it was for a good many years. 

12.2--1: A rt i ficial and 1111turnl polyploids in Grnrnineae. Large
scale synthesis of polyploids by colchicine can be of use theoretically 
and practically. 10" Newly created polyploids in grasses were placed for 
testing on range, pasture, and untended habitats. Following such an 
introduction, continuing records will show up the potentialities for 
adaptation of the new species, for the competitive success or failure 
\\·otdd become evident after several generations. To a degree, princi
ples governing success apply to polyploidy among intensively culti
, ated situations, as well as in pastures or wild habitats. 10" 

"\mong Tritirnles we mentioned the maintenance of constant 56-
chromosomal plants after fifty generations of culture. Backcrosses to 
wheat always favored the more vigorous 56-chromosomal plants. Ap
parently a stabilizing mechanism operates in the Triticales complex. 
l 'ndoubtedly this is true for many polyploids among grasses where 
70 per cent of the species are natural polyploids. Therefore, new 
polyploids with high numbers and complex genomic additions should 
bring imponant facts to our attcntior1.~1 

Such projects involving artificial and natural polyploids carried 
out by Stebbins and his associates have already added important in
formation.10:;· "2 Further research based on long-range objectives will 
surely advance our knowledge of polyploidy. 

In the valleys and foothill regions of California, agricultural prac
tices have created three ecological situations into which natural and 
artificial polyploids should show differences in adaptation. First, the 
once native grasslands that have been there arc heavily grazed and 
arc now covered with annual species from Europe. Second, ungrazed 
fields nearby are filled with introduced species. Third, there are 
pastures suitable for reseeding forage crops or grasses and for con
trolled grazing. Obviously this is a unique situation representing 
three unstable plant associations. Into these habitats artificial as well 
as natural polyploids can be introduced by seed and/or vegetative 
starts. 10:; 

Large popuLttions of artificial polyploids, both autoploicl and 
amphiploid, were made by colchicine methods.103 One successful 
autoploid, f;/irl111rla Nata, will be discussed in the next chapter. Herc 
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general outline of the amphiploids will be sketched. Polyploids from 
24 interspecific crosses involved six genera: Bromus, Agropyron, 
FJyrnus, Sitanion, l\1elica, and Stipa. Major emphasis ,rns gin·n to 
Bromus because thirteen combinations were taken from this genus. 
Considerable cytogenetical information has already accumulated for 
three out of five recognized sections. Representative species are na
tive to the American continents; perennials and annuals and natural 
polyploidy series exist.10" 

A polyploid with 112 somatic chromosomes invoh·ing B rrnn 11s 
rnrinatus and B. rnrirgindus exceeds the 8·1-chromosome le,el. highl'st 
known for the genus under natural conditions. The artificial poh
ploid into the C4 generation was vigorous, apparently more than the 
F1 hybrid as shown by considerable vegetative growth that occurred 
in the garden. A successful allopolyploid with 112 chromosomes "·as 
a remarkable new case testifying to an effective use of colchicine "·hen 
combined with an appropriate hybridization.100 

Even more notable were the polyploids Jl. cari1111/11s-tri11ii and Jl. 
maritirnus-trinii, which apparently combine the genomes from scYen 
different ancestral diploid species, thereby being 1·1-ploid, rnntaining 
98 somatic chromosomes. The immediate success demonstrated by 
these polyploids is of exceptional interest when viewed together "·ith 
the implications about amphiploidy mentioned in the first section of 
this chapter. The hybrids were very vigorous and meiotic processes 
were irregular after doubling; plants in the C:1 and C 1 generation 
showed seed fertility in the range from 70 to !J.l per cent. In all 
probability this is a successful polyploid.100 

As shown by this work and an increasing number of other cases, 
sterility-fertility relationships cannot be predicted in athance. Of all 
the problems that confront polyploidy breeders, sterility-fertility 
status among the newly created polyploids may well be the most 
significant:i2 The lowered fertility in autoploids has been confirmed 
again and again. A conclusion that amphiploids necessaril, have 
higher fertility can be very misleading. A breeder using :1rtificial 
polyploidy must face the problems of sterility. Accordingly, t"·o fac
tors stand out as deserving primary consideration: vigor and lcrtilitY. 

12.3: Gossypium 

Special methods were devised for treating interspecific. sterile 
hybrids of Gossypium with colchicine.:1• 7 , 27 , :14 , 04 , irn. rn,;, 1111 Since 
fertile amphiploids would be produced at once upon doubling the 
number of chromosomes, a theory of the origin of tetraploid species 
could be tested. Skovsted proposed that the American tetraploids in
volved genomes from an Asiatic diploid and an American "·ild di
ploid species. By hybridization between the Asiatic and ,\merican 
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diploid,. and doubling of chromosomes, a tetraploid species like G. 
!tirsu/11111 arose in nature. Now the test could be repeated experi
mentalh, and those investigators who had been studying species hy
brids at the time promptly applied colchicinc. The synthesis was 
announced independently from two laboratories. 7 , 43 G. arboreurn 
(11 = I:), .\siatic diploid) X G. thm!Jeri (n = 13, American diploid) 
\\·as changed from a 21i-chromosome hybrid to a 52-chromosome amphi
ploid. The plants were cytologically similar to G. hirsuturn. The 
synthetic amphiploid hybridized with natural tetraploids, and sur
prisingly good pairing at metaphase was obtained. A conclusive ex
pcrimellt had been performed. The hypothesis of Asiatic-American 
origin of tctraploid cotton was confinned. 7 - 4 '1 

,-\ useful dassification7 was formulated to bring together data 
;1 bout geographical distribution, morphology, chromosomal pairing, 
numbers, and chromosomal structure differences. The genomes from 
each region were given letters as follows: (1) Asiatic species, A1 and 
A": (2) African diploids, B; (3) Australian species, C; (4) American 
diploid species, /) 1 to D 0 ; and (5) Arabian-India diploids, E. The 
.\siatic species represent a central position with affinities to American, 
.\ustralian, and Arabian-Indian species. They are closer in relation
ship to ,-\fricm species than the other groups. Arabian-Indian species 
are distant to all and particularly farther from the American diploids. 
One ad,·;mtage of this system is the code that can be used for describ
ing amphiploids.7 If the American tetraploids were derived from an 
.\siatic and an ,\merican source, the amphiploid should read 2 (AD) 
"·ith an appropriate subscript to indicate the species of tetraploid . 
. \cconlingly the G. hirsutum would be 2 (AD) 1 • Table 12.2 illustrates 
the use of genomes and some of the important species with their geo
graphical distribution. 

Experimentally produced arnphiploids are potentially new species 
because the duplications made by hybridization of diploids and <lou
bli11g the chrornosornes do not exactly replicate the natural one.15 Some 
kind of differentiation occurred after the first amphiploids arose. A 
spontaneously occurring amphiploid, 1" G. clavidsonii X G. anomalum, 
showed how a new species might have arisen in nature and become 
isolated from other types. A counterpart of this spontaneously oc
curring cotton was made by colchicine. The data for these cases were 
similar. 1"'; 

Problems in polyploidy among species of Gossypium were well 
known before colchicine was discovered.48 Gene systems were con
ceiYed to account for the way in which diploid and tetraploid species 
became differentiated. Ry the use of experimentally produced amphi
ploids, relations between genomes and the problem of speciation could 
he studied more extensively. Specialists in Gossypiurn began to realize 
more specifically that problems remained unsolved. 10G 
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Interspecific hybrids between the two ll'traploid species arc vigor
ous and fully fertile in the first generation. These species, G. /, i rs11 I II Ill 
and G. barl}(/dense, both carry desirable qualities. 1" Attempts to com
bine the best features of each in a new variety have not been as success
ful as one might wish. 100 The second generation ancl subsequent ones 
give rise to weak, sterile, and undesirable types. Backcrossing to 
either parent has not led to new levels of improvclllent. One might 
well ask if the combining of characters from other species, ,rhich are 

TABLE 12.2 
GENOMES 0F Gossypi11m 

(After Brown and Beasley, and Menzel) 
--------- --------------------

Natural Species and Tctraploid 
Tri-species Hybrid 

Gossyj1ium herbaceum L .. 

G. arboreum L .... 

Descriptions 

.. Asiatic 13-chromosome . 

. ....... Asiatic 13-chromosomc .. 

c;cnornc 
Formula 

.2/\, 

. . 2/\, 

G. anomalwn Wawra. and Pcyr. . . . African 13-chromosome. . . 2B, 

G. sturtii F. Muell. . .. Australian 13-chromosomc . . . . 2C, 

C. thurhrri Tod.. . . . . ..... American 13-chromosome. . 2D, 

G. mmourianum Kearney .. _ . . American 13-chromosomc. . 20,_, 

G. harknessii T. S. Brandeg. . . American 13-chromosomc. 2D,_, 

G. dauidsonii Kellogg. . . . . . . . American 13-chromosome . . . .. 2D, 

G. klot;,;chianum Andcrss. . . . . American 13-chromosomc. . ... 2D:i 

G. aridum (Rose and Standley) Skovstcd American 13-chromosomc ........ 2D, 

G. raimondii . .... 

G. stocksii M. Mas: .. 

G. hirsutum L .. 

G. barbadense I.. 

. American 13-chromosomc ... 

. .. Arabian-Indian 13-chromosome .... 2E, 

. American 26-chromosomc. . . . .. 21/\01, 

_ .... American 26-chromosome.... . .. 2(,\f)1., 

Hexaploid G. hirsutum X herbaceum X G. harknessii 2(AD)1A1 X 2D,_, 

Hexaploid G. hirsutum X arboreum X G. harknessii 2(AD)1A, X 2D,_, 

Hexaploid C. hirsutum X anoma!um X G. harknessii 2(AD),13, X 2D,_, 

Hexaploid G. hirsutum X stor!.sii X G. armouriamun 2(AD), E1 X 2D,_, X 2D,_, 
G. harkn,ssii 

Hcxaploid G. hirsutum X .</ock,ii X G. raimnwlii 2(AD1 1 E1 X 2D, 
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possible now that many fertile amphiploids can be produced, will 
1101 face the sa111e difliculties confronting a breeder who tries to com
liim· the characters of the already well-known Upland and Sea Island 
cot tons. 

Il some chromosomal mechanism prevents the recombinations of 
gcm·s contributed by each parent, then merely growing large prog
l'nics and exercising selution can hardly be expected to yield re
sults.1'"' The evolution of the tetraploid from diploids can be ex
plained by the hybridization and doubling of chromosomes. This 
does not explain the differentiation of the tetraploid species after 
they once originated as an amphiploid. An argument supported by 
considerable data 10H asserts that a structural differentiation of chromo
',omes was basic to speciation and this was of the cryptic type, that is, 
in Yerv s111all segments, so that a differentiation could not be ob
sennl by pairing or irregularly arranged chromosomes at meiotic 
n1etaphase. Therefore, a genetic hybridity and a hybridity caused by 
the differentiation of small chromosomal segments could not be de
'ectcd by the ordinary genetic and cytological methods. The nature 
and extent of chromosomal differentiation may be measured by trac
ing marked genes in subsequent generations and recording the rates 
at \\hich the genes are lost by successive backcrossing. Such chromo
,omal differentiation may be important in Gossypium. 106 At least, 
the suggestion has led to reflection on these problems in polyploidy . 

. \mong the second generations of the interspecific hybrid between 
( ;_ l,ir.rnturn and G. /J11r/Jad1'11se, asynaptic genes account for the st.e
rilit\· obser\'ed, notably when certain parents are used.7 Genes for 
asniapsis have been found in both genomes A and D. By the use of 
trisomics, additional data about these asynaptic types have been col
lected. The fully sterile plants eliminate the completely asynaptic 
t\'pes. hut partial asynaptic types are carried along.tr. Some of the 
phenomena attributed to a cryptic structural hybridity might be ex
plained on the basis o( asynaptic and partially asynaptic genes.rn 

Sterility resulting from asynaptic genes is a kind of genic26 sterility 
and may well be important in such sterility that causes failure in 
chromosomal pairing. The extreme sterility at the diploid hybrid 
lc\·el can be oveffome by doubling the chromosomes. But a sterility 
due to asynaptic genes is not cured through doubling the number of 
chnrn1osornes. Later generations introduce new problems in maintain
ing the fertility level as well as the characters brought together in the 
ll\hrid. H bv selection some desirable characters contributed into 
tl;e hybrid ;11:e eliminated and undesirable ones retained, polyploid 
breeding is faced with a difficult task. To incorporate into commercial 
,arieties the desirable characters found in other species can be put 
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down on paper more easily than producing the plants. One step is 
hybridization and the doubling of chromosomes; the next procedure 
requires some new approaches. 

Certain species are totally incompatible.rn The tri-spnics 1'1 ]1\

brids have overcome these difficulties, for some genomes can be 
brought together in a tri-specics hybrid not possible in a regular 
hybridization. Gossypium arboreum and G. harknessii haw not been 
brought together except when the hcxaploid G. hisu/11111 X G. 11ilm
reum was crossed with G. l,arlmf'ssii. In this manner a tctraploid 
brought together genomes (AD) 1 A 1 D~ representing G. hirsu/11111. G. 
arboreum, and G. har!messii, respectively. Six new tetraploid tri
spccies hybrids were developed by this rnethod 10 (Table l~.~). 

From a plant-breeding standpoint, amphiploids incorporating 
genomes of G. anonwlum, G. rnirnondii, and G. l111rlrnf'ssii "·ith the 
commercial strains of hirsutum are promising and represent a new 
attack on the problem of cotton improvement.9 " Increases in fiber 
strength are possible; however, a problem arises when one tries to 
gain in fiber strength and also maintain the good qualities nccessan 
for commercial varieties of hirrnlum. Much cytological ,,·ork is 
needed; integrating the theoretical knowledge with practical testing 
appears to be the outstanding problem at the moment. .\ final prac
tical contribution resulting from the incorporation of characters from 
other species is promising. Numerous amphiploids ha,·e been made 
in a short time. Much has been done with colchicine as a prcliminan 
to the larger work of sorting out, by polyploicl breeding, gains from 
accumulated knowledge. 

Among polygenomic hybrids, mosaics in flower and leaf appcared.i'.! 
Increasing the number of chromosomes shows some increasing tend
ency toward mosaicism, but number alone docs not determine the 
degree. This is a side problem with no specific explanation except 
that the polyploids exhibit such characters. 72 , JG Another side prob
lem is the somatic reduction in numbers of chromosomes 11·ithi11 a 
hexaploid species hybrid. An original plant with 78 chromosomes 
developed sectors that were triploid, having 39 chromosomes. Per
haps the method offers a way to extract useful components from a 
complex hybrid.lG, 12 

Aneuploids in (;ossyjJi11rn arc readily developed because the trip
loids and pentaploids are unbalanced types. Backcrossing and scl('(
tion for trisomics and tetrasomics arc possible among the s, n the tic 
polyploids. Resultant aneuploid types have their effects upon leaf 
texture, color, and structure. New lines with an extra pair of chromo
somes, 54 instead of 52, may include Asiatic or American chromo
somes placed into the opposite germ plasm.rn /ntrnspecific and inter
specific trisomics and tetrasomics were obtained. Such lines mav be 
partially stable, fertile, and morphologically distinguishable. 1" 
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12.4: Nicotiana 

A theory of evolution was experimentally verified when N. digluta 
11·as made in 1925. The parental species, N. tabacum, a natural tetra
ploid with ,18 chromosomes (n = 12), and the diploid N. glutinosa 
were hybridized to make the sterile triploid with 36 chromosomes . 
. \ fertile hexaploid was isolated that had 72 chromosomes. This num
ber was a new and high one for the genus. Previous to the develop
ment of JV. digluta, 118 chromosomes was the highest number.12, 40, 41 
Using colchicine, N. digluta was resynthesized. Since then numbers 
higher than hexaploid have been built into polyploids of Nicotiana. 56 

These polyploids were made by bringing together the proper species 
in hybridizations and doubling the chromosomes of the hybrids. A 
combination of three natural tetraploids included 144 chromosomes 
in one plant.'''1 Another report of 176 chromosomes has been made.60 

The development of plants with high numbers is not the sole 
objective. Of particular significance is the combining of widely diverse 
genomes in order to establish higher polyploid-amphiploids that are 
fertile, vigorous, and relatively stable in later generations of propaga
tion.;;6 The changes that take place in subsequent generations of these 
polyploids show what mechanisms might operate genetically when 
new species at new levels of chromosomal numbers become estab
lished. Furthermore, the effects of selection upon these types are of 
basic importance.103, 4 

An important development that resulted from the synthesis of N. 
cligluta was the eventual transfer of mosaic resistance to the com
mercial varieties of tobacco.111 The necrotic factor from N. glutinosa 
was transferred to the N. ta/u1c11m genome.20 , 38 An example of poly
ploid breeding is illustrated by this program. After full review of 
the 11·ork necessary to make the transfer, one becomes convinced that 
these methods are not short cuts. 

Realizing all that was involved in the requirements for transfer 
and the cytological and genetic data at hand as late as 1943, there 
,ras no complete assurance that the factor for resistance in JV. glu
t inosa could be incorporated in the genome of N. tabacurn.22 Each 
time the transfer was tried, disadvantageous traits were carried along 
with the chromosome contributed by N. glutinvsa. Therefore, the 
problem was one of maintaining the good features of commercial 
tobacco Yarieties and utilizing only the disease resistance of the 
gl11tinosa type. Fortunately, some chromosomal change occurred 
during generations of selection, and a true tobacco type with mosaic 
resistance of the kind noted for N. glutinosa appeared in the cultures. 
The plant had 48 chromosomes and possessed the resistance factor 
incorporated in the tabacum genome.38 Perhaps one might call the 
new variety, N. tabacurn var. virii after a type made by Kostoff.60 No 
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doubt only a small segment of the chromosome from N. glutinosa ,ras 
transferred to a chromosome of N. tabannn. If more than a small 
segment were involved, greater disturbance to the genotypical balance 
of the tabacurn genome might be expected.GO 

Evidence that parts of chromosomes were involved was giYen bY 
the fact that homozygous, low-blooming, mosaic-resistant segregates111 

that were different from the Burley tobacco appeared in backcrossing 
N. digluta to N. tabacurn. These segregates in one case appeared in 
the fifth backcrossing generation. Similar segregates were obtained 
when Gerstcl's 50-chromosome "alien additional race," which had a 
pair of N. glutinosa chromosomes, was backcrossed to N. tal}([cllm. 
The number of chromosomes during crossing was reduced to ·18. In 
the process these homozygous, low-blooming, mosaic-resistant plants, 
that differed from Burley tobacco, appeared much the same as ,rhen 
N. diglula was the starting matcrial. 111 

The assumption may be made that an interchange had occurred 
between the two genomes. In this case a segment was transferred 
from one chromosome of a genome to another chromosome of the 
opposite genome. The exchange was small, and transfer was limited 
to the disease-resistance character. vVhen whole chromosomes of X. 
glutinosa were substituted for a whole chromosome of 1V. t11l;11c11111. 
the differences were such that substitution races differed from regular 
varieties of tobacco.111 

Morphologically and genetically distinct populations were isolated 
among specific amphiploids as well as diploid hybrids. If the selection 
was directed to a particular character, the progress made tm\·anl a 
certain goal was faster at the diploid leYcl than the amphiploid.1'"' 
Generally, the am phi ploid populations were less fertile. The tre
mendous power of selection that is possible among amphiploids can 
be demonstrated if the particular type has some intergenomal ex
change.4 

Among species of Nicotian11 the genetic systems are close enough 
to permit hybridization, yet removed from each other and suflicientlv 
differentiated to provide sterile hybrids between species. Upon 
doubling the number of chromosomes, the am phi ploids are fertile 
and partially sterilc.2 , 6 , l:!, :!s, :i:!, :i:1. H;;, 41 · s:i, rn:!. 11 :1 There is enough 
pairing at the diploid level to indicate that in some combinations of 
species, exchange between genomes can occur. Such exchange leads 
to interspecific segregation in the F:! and subsequent generations. 

Pairing of chromosomes at the diploid !cw! of interspecific hYbrids 
is not a true picture of pairing when the arnphiploid is derived. Five 
cases with some biYalcnts at the F 1 stage had 110 multivalcnts in thl' 
polyploid.56 
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By interspecific hybridizations and doubling of chromosomes, syn
thetic tetraploids have been made that resemble N. tabacurn, yet lack 
the same genotypical balance that exists in the natural species. Even 
r hough the diploid species, N. sylvestris, and certain diploids of the 
tomc11tos11 group may be combined to make a polyploid that re
sembles N. tab11e11111, the exact genetic duplication has not been ac
complished.Go Usually the sterile hybrids doubled somatically are 
female-sterile. Sterility is caused by failure at the embryo-sac stage. 
\\'hen a long procedure of backcrossing was involved, a fairly fertile 
s\lllhetic N. t11b11c11m was obtained.!i0 \Vhen the synthetic was crossed 
"·ith a natural species, the segregation in the second generations was 
like the variability found between varietal crosses . 

. -\ list of the amphiploids made with cokhicine is necessarily 
large. There are more objectives involved than have been out
lined in this section. Nicoti111rn provides some good material for the 
study of polyploidy both from a practical and a theoretical point 
of vie"•- ➔ o, 41, :.!o, ;~s, 10:1, !.!K, :!11, H, 1, :.!, 1:?, a:.!,:{:~. st, s:{, to:.! 

12.5: Dysploidy Combined With Amphiploidy 

\Vithin the Crucifcrae a natural group called the Brnssica com
parium by Clausen, Keck, and Heisey, form a dysploid series as fol
lows: 11=8, 11=9, 11=10, n=ll, n=12,n=l7,n=l8. If the 
artificial amphiploids are added, the series rises to the hexaploid 
lcn·l, i.e., dysploid, 11 = 27 and n = 28. At once some fundamental 
problems can be predicted from what has been said before. 

Some notable historical events in cytogenetics occurred with this 
group. The first cross between radish and cabbage was produced by 
Sageret in 182G. One century later, Karpechenko demonstrated fertile 
Raplwnobrnssica pLrnts.~1 After Sageret's time, the cross was re
peated by others. \;\Tith colchicine, autotetraploid Raphanus was 
crossed with autotetraploid Brnssica thereby repeating the intergeneric 
hybrid by another method.:17 , r.n. 73 Previously the sterile diploid hy
brid was made, and fertile plants were selected after unreduced 
gametes unitcd.44 

Fruit structure in the R.aphanobrassica polyploids is proportion
ally radish or cabbage, depending on the genomes present. Accord
ingly, diploid, triploid, tetraploid, and pentaploid series can be ob
tained with different doses of whole genomes.21 

Judging from the total lack of pairing in the F 1 hybrid at diploid 
k\els along with the independence maintained in the amphiploid, 
gene exchange at diploid level is exceedingly limited. Hybridization 
and the synthetic amphiploids have raised the level above tetraploidy 
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as illustrated by amphiploids of the Brassica comparium.n:i, n. 011 · H, 

50, 19, 36, 37, 124, 125 

Three basic genomes are represented by diploid species of Brassirn: 
B. campestris, n = 10, or a; B. nigra, n = 8, orb; and B. ofrrncrn, 11 = 
9, or c. There is some evidence of homology between a and c, but no 
bivalents arc formed between b and either a or c. The tetraploid 
species B. carinata would have genomes ac cc; B. j1mcea aa bb; and B. 
carinata bb cc. Accordingly, the hexaploid B. chinensis X B. carina/11 
would have aa bb cc as genomes, or 27 bivalents.50 

Economically these genera of the Cruciferac comprise one of the 
most important groups with world-wide distribution. The number of 
amphiploids made at the tetraploid level has increased with the use 
of colchicine. rn, :rn, n, 44, r.o, n, n:i, 1 rn, 111. 1 ~1 

Synthesized amphiploids, comparable to the natural tetraploid 
species of Brassica, can be hybridized readily and show possibilities 
for selection in the succeeding generations. A large number of pro
genies arc under study by Costa Olsson at Svalof, Sweden. 

12.6: Other lnterspecific Hybrids and Amphiploids 

Four species of GaleojJsis, two diploid and two tctraploid, became 
subject to colchicine methods as soon as the drug was announced for 
its polyploidizing action. Since the first Linnean species Galeo/Jsis 
tetrahit L. was produced by hybridizations with the two diploid 
species, following doubling by gametic non-reduction, one of the first 
uses for colchicine was a repetition of Galeopsis tctrnhit L. Ry first 
inducing autotetraploid G. pubcscens and G. speciosa, the amphiploid 
was produced with little difficulty. v\Tithin a short time much poly
ploid material was at hand for this gcnus.7" 

Cross combinations between diploid and tetraploid Galr:opsis 
usually fail, but genomes of diploid species can be hybridized at the 
tetraploid level, using induced autotetraploids with natural tetra
ploids.75 These crosses succeeded. Quantitative conditions control 
the hybridization. More crosses were made to confirm this point."' 

The octoploid number, 64, exceeds the optimum number for these 
genotypes, for octoploid G. tetrahit and G. fnfi,da arc much inferior 
to the natural tetraploids of these species. 7" Basic cytogenetical data 
have been increased many fold with the use of colchicine. 

Cytogenetical data from certain interspecific hybrids among Sola
num suggested that there may be small structural differentiations be
tween chromosomes of diploid spccics.46 Such changes may have 
significance in the evolution of species within So/r11111m. At least, 
considerable data for interspecific hybrids have been accumulated 
already, and more can be expected. 

The case presented for Gossypium proposing "cryptic structural 
differentiation" as a spcciation mechanism was recalled as an inter-
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prctation for problems in Solanum. 46 Certain species of potato carry 
valuable economic traits, e.g., specific resistance to phytophora, and 
these would be desirable to incorporate in the present polyploid 
species, S. tuberosum. 

A study of meiosis in hybrids between S. demissum and S. rybinii 
as well as in haploid S. demissum shows pairing and suggests similar
ities coupled with these observations; the backcrossing of F1 S. demis
sum X S. tuberosum to S. tuberosum showed increased seed set with 
each backcross.40 One is led to recall the well-known elimination of 
donor parent genotypes in certain interspecific backcrosses involving 
Gossyf1ium hirsutum and G. barbadense.106 These species have been 
studied extensively, and recombintions on a gene-for-gene basis that 
would permit transfer from one species to another runs into serious 
difficulty after backcrossing. If a similar situation holds in Solanum, 
then the program of amphiploidy and species hybridization requires 
further analysis.46 

Enough similarity exists between genomes of S. rybinii, S. tubero
rnm. and S. demis.rnm to produce bivalents. By multiple crosses other 
species like S. rmtipoviczii can be crossed to S. tuberosum through the 
amphiploid S. antijmviczii X S. chacocnse. 109 Another case, S. acaule 
and S. ball.iii, can he introduced through appropriate amphiploids 
crossed to S. tuberosurn when the species in question cannot be crossed 
alone. For practical work such an approach appears promising,107 of 
course. dependent upon chromosomal differentiation, which may in
crease the difficulties considerably.101, 109, 63, 4G 

Three arnphiploids can he made within the genus Cucurbita. 85 

These arc: C. maxima X C. fJepo, C. maxima X C. mixta, and C. 
maxima X C. moschata. 11 " The first is self-sterile; the second is 
slightly self-fertile and segregates noticeably; the third is self-fertile 
and cross-sterile with parental species. A relatively stable population 
develops from the third amphiploid with slight segregation. The 
amphiploid carried insect resistance to squash vine borer (Melittia 
satyrinif ormis Hubner), contributed by C. moschata, plus flavor and 
fruit characteristics, contributed by C. maxima. Diploid varieties, 
Buttercup, Banana, Golden Hubbard, and Gregory, represent C 
maxima; Butternut, Golden Cushaw, and Kentucky Field, C. mos
rlrnta. According to tests carried out at Cheyenne, Wyoming, Burling
ton, Vermont, and Feeding Hills, Massachusetts, insect resistance was 
stabilized. The fruits compared favorably with the comparable vari
eties. In general, this particular combination may be reg-arded as a 
"potential new species" with prospects of becoming valuable eco
nomically (cf. Chapter l ~) .8" 

Theoretical problems must not be disregarded.115 A variant like 
C. pepo appeared sporadically in the first and later generations of the 
Eastern material. Taxonomic similarity to C. pepo raises the ques-
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tion of interspecific segregations. Some lack of uniformity showed up 
in the fifth and later generations, where the early stages were uni
form and did not segregate for fruit color, shape, and size. Some inter
genomal pairing may have occurred. A homology between certain 
chromosomes was demonstrated with some pairing in the diploid 
hybrid. Such amphiploids should make excellent material to test the 
principles basic to amphiploidy and their practical possibilitics.11 ~, 

The interspecific hybrid Trifolimn rejJe11s X T. nigresrens ,ras 
made by crossing two colchicine-induced polyploids of the respecti,e 
species involved.14 By special culturing methods the hybrid was saYed 
in the seedling stages. The explanation for incompatibility at the 
tetraploid level can be adapted from the case in diploids. 1:1 Par
ticularly interesting in the amphiploid Trifoli11111 is the fact that the 
incompatibility applied to diploids and to autoploids holds for the 
polyploid that brings the two species together. The loci of genes ,rhich 
determine incompatibility must be at the same place in both species; 
furthermore, intergenomal pairing must occur in order to expLtin 
the genetic mechanism of incompatibility through oppositional alleles. 

A new species, Ri!H:s nigrolaria, was created by the use of colchi
cine and hybridization. Two Linnean species, Rif1cs 11igrn111. the 
black currant, and R. grnssularia, the gooseberry, were the diploid 
parents. Thus genomes from two importalll horticultural species 
were combined. These were developed and are under observation 
at the Alnarp Horticultural Station, Sweden, under the direction of 
Professor Fredrik Nilsson. 

Among these and other cases there should come into prominent 
use new plant breeding materials that combine the genie composi
tion from two or more natural and artificial species. In some in
stances only a specific trait such as disease resistance may be desired. 
The key to a new plateau for plant breeders can be found among
artificial amphiploids. 
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CHAPTER 13 

The Autoploids 

13.1: Autotetraploids 

Oenothera lamarchiana, var. gigas, discovered by Hugo de Vries 
at the beginning of the twentieth century, proved to have twice the 
number of chromosomes found in a related species. After colchicinc 
became known, this classic polyploid was repcated.207 Plants with 
the doubled number of chromosomes arc not considered mutants, 
even though originally the concept of mutation advanced by de Vries 
was in part taken from his experiences with Oenuthera. Increasing 
the number of chromosomes increases the number of genes, not the 
kind. No one would consider as mutations the production of diploids 
from monoploids,:n or of triploids from hybrids between tctraploids 
and diploids. Colchicine is not a mutagenic agent in any sense, either 
for production of chromosomal changes or in its capacity as a poly
ploidizing agent.34 

Without exception, the autoploids produce fewer seed than the 
diploid from which they originated by doubling. Great variations in 
fertility are found from species to species, from almost total stcrilit, 
to values as high as 75 per cent.203 In subsequent generations the 
fertility level can be raised. Among tetraploid M elilotus alba two 
groups of tetraploids have been isolated, high-fertility and low
fertility lines.91 

Many comparisons have been made between diploids and the re
lated tetraploids, on a physiological, morphological, chemical, ;ma
tomical, ecological, as well as cytogenctic basis. The differences are 
well known, and the original gigas features have been demonstrated 
over and over. 

Certain problems relating to chromosomal mechanisms and fer
tility have not yet been solved. Less and less agreement is found on 
the causes for lowered fertility in the autotetraploids. Autotetraploids 
from homozygous lines of maize are less fertile than the correspond-

[ 318] 
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ing types from heterozygous diploids. 171 Comparative studies in Antir
rhi II um showed that between intra varietal and intervarietal tetra
ploids the problem of fertility involves something more complex than 
a mere analysis of meiotic disturbances created in the tetraploids.201 

The ecological rcquiremen ts of autoploids are not as distinctive 
from the diploids as are these requirements in amphiploids and their 
parental diploids.34 Hybridization does not activate processes in auto
ploidy, and evolution at the tetraploid level must occur through gene 
and chromosomal changes which are undoubtedly very slow. 

From a practical standpoint, the lowered fertility at once placed 
the tctraploid at a yield disadvantage. But these facts were well 
known before colchicine was discovered. The problem in using tetra
ploids becomes one of balancing the advantages against the disad
vantages, and then measuring the net gain, in comparison with the 
accepted competing diploid varieties. The use of polyploidy is not 
a quick way to develop new and improved varieties. Some projects 
were undertaken with high hopes that revolutionary methods were 
at hand. By now most of those concepts have been revised. For some, 
polyploidy has been totally dropped as a method for improving vari
eties. These arc instances where the techniques should never have 
been started; in others, the programs are stopping short of probable 
success. Revised programs using polyploidy arc in progress in many 
laboratories throughout the world. 

1,.1-1: Tlie cereals and j)()fyjJloidy. Tn the autumn of 1951, large 
quantities of seed of autotetraploid steel rye were distributed to 
farmers in SwcdenY12 The first tetraploid rye was made before colchi
cine was discovered and it proved to be inferior. Therefore, one 
might suspect other polyploids in rye to be poor. Several more poly
ploid varieties induced by colchicine have also proved inferior to the 
best diploid varieties. There were variations in the different tetra
ploids as well as variation among plants. Finally a superior tetra
ploid was derived from a diploid variety of steel rye, and this formed 
the beginning of this valuable series.n2 A report on the cytogenetics 
and practical value of tetraploid rye is a good guide for steps neces
sary to develop tetraploid varieties. 

Testing the performance of tetraploid rye and diploid varieties 
was difficult because plots could not be planted side by side. The 
diploid pollen falling on tctraploid flowers greatly reduced the seed 
vield of the tctraploid. Therefore, special tests had to be worked out 
before a demonstration of practical value for the tetraploid rye was 
J>ossi ble. 

Like all autotctraploids, the cell size was larger than that of the 
diploid. Pollen measurements were a reliable index for tetraploidy, 
but e,cn less complex for practical selection was the size of seed, 
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which was larger among tetraploids. \Vhen large populations i\'ere 
studied, the diploid and tetraploid spikes could be separated by using 
the size of seeds for comparison. This was (}Uite as safe as making 
pollen measurements, so the need for counting chromosomes in the 
preliminary stages of sorting was not reyuired.13 Such rules can he 
adopted for other projects. 

In regard to vegetative and floral characters, the tetraploids i\'ere 
taller and of stiffer straws; the degree of tillering was lower; and the 
number of flowers was reduced. But kernel size and weight ex
ceeded that of the diploid. However, the hectoliter weight nlues 
were lower. Tetraploid steel rye had good sprouting ability and il·as 
able to stand the winter conditions as well as diploid rye. There 
were no marked differences in maturity values between the two t,pes. 
The baking quality of the /lour of the tetraploids was superior to the 
diploid in the preparation of both the soft and the hard breads. 4 

Morphologically, the tetraploid rye, like most autoploids, shml'ed 
the following differences from the diploid: ( l) stems were thicker 
and stouter; (2) tetraploids were taller; (3) leaves were larger; (-1) 
leaves were thicker; (5) leaves were somewhat shorter and broader; 
(6) leaves were greener; (7) floral parts were larger; and (8) seeds 
were larger.132 

From a practical standpoint, the advantages gained by tetraploid 
steel rye over the diploid arose from a favorable balance of two positi,e 
properties as against the four more or less negative characteristics. 
The lower seed setting (20-25 per cent), reduced tillering, loil·er 
number of flowers per spike, and tendency to shed basal spikelets, 
were counterbalanced by the superior baking quality of the Jlour and 
the improved sprouting ability of the seed. 1 :1 2 

Artificially produced tetraploids in rice have been made i\'i th a 
number of important varieties.10:; The tetraploids were distinctly 
larger-grained, heavier-awned, and more robust generally. \Vhilc the 
grains were heavier, a reduced fertility counterbalances the gain in 
weight per grain. Here again tetraploids manifest the usual disad
vantage. These raw tetraploids were without immediate practical use 
for the reasons already well known. Moreover, there was much doubt 
that by further selection the fertility could he raised high enough to 
overcome the yield disadvantage from a reduced fertility. 

Another approach to polyploidy as a means for improving rice 
was made. The F1 hybrids Oryw saliva var. indirn X 0. sati11a var. 
japonica are very sterile in some combinations. This sterility has 
blocked the possible utilization of a hybrid between the subspecies. 
There is no apparent meiotic irregularity in the hybrid, and the 
causes of sterility remain unknown. Autotetraploids seldom exceeded 
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/iO per cent fertility, while in the parental diploid fertility was over 
!JO per cent. Yet the hybrid between the subspecies jajJonica and 
i 11dic11 may even drop to 11 per cent when fertility is measured by 
scecl formation. Sterile F/s, if doubled, immediately raised the seed 
formation higher than autotetraploids.~6 As the fertility decreased in 
a gi\u1 F 1 hybrid, the fertility increased in the corresponding tetra
ploid. That is, the more sterile the diploid F1 hybrid, the higher was 
its restoration of seed fertility after doubling.:rn Pollen sterility ap
proximated the same rules. Thus the disadvantage met by strict auto
tctraploidy seems to be overcome in this type of program. Some real 
obstacles may yet be encountered in trying to stabilize the polyploid 
that combines jajJOnica and indica genomes. Further segregation must 
be studied. 

:\'o <1uick results can he expected in spite of the apparent solution 
to the fertility problem, for the tetraploids from hybrids are, like all 
tctraploids, unselected. Judging from the high multivalent formation, 
segregating progenies in F~ and later generations can be expected. 
This fact may offer exceptional plant breeding opportunities along 
"·ith serious obstacles. Obviously, these plants and such methods will 
receive attention in the future as another approach toward plant 
improvement in rice . 

. \n extensive literature is devoted to autotetraploid barley.200 

Some spontaneous ·l n races have been isolated. Also, colchicine has 
been used by several investigators. l\Iorphological characters th,H 
change with polyploidy are well catalogued along with several ex
cellent physiological studies. The progress has been summarized in a 
comprehensive review, and little more need be· added. The practical 
mes for barley have not come up to those of autotetraploid rye . 

. \utotetraploid maize has been followed over a long period, since 
the earliest strains were made by heat treatment, before colchicine 
methods were available. Fertility differences cannot be correlated 
entirely with chromosomal processes at meiosis. The slower growth 
and reduced fertility arc disadvantages of the tctraploid. The dou
bling- of rnonoploids to autodiploids will be developed in another sec
tion. 

Other cereals of economic importance, being natural polyploids, 
require other approaches. The autoploids are inferior to diploids and 
provide genetic materials only. 

I ,.r~2: Furngr', rn11gr, and J1as/11rf' sj1Nirs. Raw polyploids in 
,ome species of T1ifoli11111 showed an immediate advantage over the 
diploid in forage production. 11 :i The data were obtained from limited 
scale testing. \Vhen the tctraploids were distributed for larger scale 
trials, the difliculties not encountered with small tests then appeared.:l 
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After revising the methods for making tetraploids and choosing much 
larger samples, 50 commercial varieties of red clover, new tetraploids 
superior to the first, were developed. 

In Scandinavian countries notable progress has been made "·ith 
red clover, T. pratense. Twenty-eight chromosomes docs not appear 
to exceed the optimal number. The yield of forage is also indepen
dent of seed production. The seed setting becomes important for 
propagation purposes but not yield of forage. At least five major 
tetraploid varieties have been tested over several areas in Denmark, 
Norway, and Sweden. The results arc encouraging as a method for 
improving red clover by polyploidy.113, 63 , 92 , 220 It is of interest that 
the new tctraploids in red clover do not necessarily come from the 
best diploid strains. Only by testing the tetraploids can their true 
value be judged. 

In addition to gigas features valued for forage production, the 
earlier and more rapid growth in the second year was better than in 
diploids. Undoubtedly, the tendency toward a perennial habit in 
polyploids would seem to be correlated with this trait. SusceptibilitY 
to insects and diseases are a weakness in most strains, diploids as well 
as tetraploids, but there were some red clover tetraploids with ex
cellent insect and disease resistance. One red clover strain, Sv. 05'1, 
from a diploid variety Mcrkur had good yielding capacity and re
sistance to the nematode, clover eel. 

Diploid alsike clover, T. hybridum, made tetraploid, showed 
promise at once, giving consistent increases in forage from 15 to 25 
per cent. For overwintering capacity the alsike clover was good from 
the start.22° Continued successful performance stimulated a change 
to breeding on the tetraploid level. Without doubt, these two tctra
ploid clovers have made satisfactory performance. 

A third species, T. repens (white clover), was not successful, but 
as this is a natural tetraploid, 32 chromosomes, further increases pre
sumably took the number to 64, a number above the optimum for the 
species. We must conclude that one cannot draw a general rule for 
all clover breeding (cf. Chapter II, Ref. No. 4). 

The tetraploid Melilotus suffered from a reduced fertility and 
was not as promising for practical purposes, although there were 
enough differences in fertility among eight plants of tetraploids to 
make progress in selecting toward higher fertility. 91 Crosses and 
selections demonstrated that higher levels of self-fertility could be 
obtained. If interspecific hybridization could be effected, the com
bined germplasm would open another avenue for analysis. 

Polyploidy has been obtained in Medicago saliva, M. media, M. 
lupulina, and M. denticulata. 2 ·1• Vigorous strains appeared among 
these polyploids; however, the usual reductions in seed setting were 
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met. Since there arc diploids as well as natural tetraploids within the 
group, some hybridization would appear possible. The crossing of 
autotetraploids with natural tetraploids offers a method to be tried.143 

Phleum pratense was made up in chromosomal series, ranging from 
diploid to twelvc-ploid. 11 a Analyses for vigor, forage production, and 
quality were done to check the optimum number, below or above 
which poorer performance was noticed. Progenies with 56 to 64 
chromosomes were more vigorous than the 12-chromosomal plants or 
the polyploids with 84 chromosomes. This principle of optimum 
numbers must be recognized in polyploidy breeding. Hexaploid 
Phleum nodosum was made by first doubling the chromosomes with 
diploid P. nodosum. 1" 2 The tctraploid was treated again and a hexa
ploid was isolated. Of special interest is the close correspondence 
between the natural species, P. pratense L., and the hexaploid, P. 
nodosum. 

Loli11rn perenne in the tctraploid state was compared to the dip
loids.1:i:. Morphological and physiological studies brought to atten
tion characters such as winter injury, sugar content, dry matter, mois
ture, leaf structure, tillering, and flowers. The autotetraploids of 
seven species of grasses were compared in regard to both morpho
logical and cytological details. No specific advantages were demon
strated for the tetraploids. 

Autotetraploid Sudan grass, Sorghum vulgare var. sudanense, and 
Johnson grass, S. halopense, were hybridized to make a pasture 
specics. 2n Autotctraploid Sudan grass incorporated better forage 
characters into the hybrid. One observation confirmed that the auto
tetraploid would hybridize while the diploid Sudan grass always 
failed. Later generations followed for this hybrid segregated for the 
dry and juicy stalk quality. The segregations were closer to 35: l than 
20.8: 1, meaning that random chromosome segregation had occurred.29 

These polyploids showed a tremendous possibility for selection. 
r3.£-3: Polyploidy in fruit, vegetable, flower, and forest species. 

Polyploidy and fruit improvement in the United States have been 
summarized in this way. The problem is like that of a "builder sur
veying the possibilities of his materials and the usefulness of his tools." 
:\faterials are enormous and tools are now available. Colchicinc is 
one of those important tools, while the materials include an abun
dance of plants in nature and under cultivation. "The only limits are 
his blueprint, his time, and his industry."39 

The diploid, woodland strawberry, Fragaria vesca, 2n = 14, is 
found in many parts of the northern hemisphere. Cultivated varieties 
are octoploids, Sn= 56. Autotctraploids from F. vesca, 4n = 28, were 
made and crossed with 56-chromosome cultivated strains. Such hy
brids were 42-chromosome hexaploids. These were crossed back to 
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cultivated types and provided material for selection.mo Further search 
for natural species useful in polyploidy is underway. Disease re
sistance, flavor, quality, and size have been incorporated into hexa
ploids. There were reportedly 24 breeding projects in the U.S.A. en
gaged in various aspects of strawberry work. There are important 
cytogenetical strains in polyploid series at hand in the Botany Depart
ment at the University of l\fanchester, England.7:l 

Including wild and cultivated varieties, chromosomal series from 
2n = 14 to I 2n = s,1 exist among the blackberries and raspberries. 
Perhaps no other fruit can be correlated any more directly to poly
ploidy than this one. The Nessbcrry, Logan, Boysen, along with 
hundreds of forms of polyploid blackberries arc in existence. Since 
there are polyploids at hand, artificial doubling is not so necessan. 
Where faster progress may be required, or the changing of sterile hy
brids to fertile ones, colchicine serves as a useful tool.39 

Many cultivated cranberries are diploid, and in nature, tetraploid 
as well as diploid species exist.42 , 4 :i Some sterile hcxaploids have been 
reported. By doubling the number of the cultivated diploid, a paren
tal stock was made for crossing with the wild tetraploid. Selections 
from all the important cultivated diploid varieties were doubled. 
These types were selfed and hybridized. Such types have been grown 
on large scale since their origin, and raw polyploids are being con
verted into genotypically balanced types. 

Perhaps polyploidy as a direct mode for improvement in grapes 
has advanced as far as any fruit crop of the United States. Herc 
naturally occurring sports, often chimeras, proved to he tetraploid. 
They occurred in sufficient abundance, so that artificial doubling by 
colchicine has not been necessary. Giant fruited sports from the vi
nifera and bunch grapes are tetraploid. 1 ~,r, These studies have pro
gressed to a stage where newly named tetraploid varieties now com
bine important characters and are distributed as improved types. 

Named tetraploicl varieties of summer radish were released in 
Japan and tested widely enough to demonstrate a superiority for the 
new polyploid. In vigor and growth the tetraploid exceeded the dip
loid. Outstanding resistance to the common dub root disease 1\'as 

obtained with the tetraploid. The usual gigas features acrnmparn 
these autotetraploid radishes. 144 

Polyploidy in water cress increased the succulence of leaves, ,\'hich 
feature made the tetraploicl strains more desirable for salads.-' 1 In
creased content of vitamin C in the water cress, which is expected 
in tetraploids, was an advantage over diploids. One disadvantage "·as 
the slower-growing characters of tetraploids. Like the autotetraploid 
rye, apparently a balance between the positive characters against the 
negative ones is needed. \Vhen an immediate superiority in fa\'or 
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of tctraploids, such as leaf size, succulence, and vitamin content in
crease can be demonstrated, the promise for future polyploidy breed
ing offers some hope. vVithout some initial advantage or promise, the 
use of polyploidy must be questioned for practical purposes. 

Direct autotetraploidy in tomatoes has not brought improvements. 
There seem to be hybridization possibilities.24 Similarly, within the 
large group of Solanwn, an interspecific hybridization is probably the 
most useful approach.20H S. tuberosum, the commonly cultivated 
,pecies, is already polyploid; doubling is therefore of no value. S. 
1111tipoviczii X S. clwcoense amphiploid was fertile with S. tuberosum. 
lh this procedure the disease resistance to phytophora from one 
,pccies, S. an tipoviczii, should be transferable in to a polyploid hy
brid.21~ The advantages gained from such work can be maintained 
because vegetative propagation fixed the features once obtained. 

The quality of tetraploid muskmelons, Cucurnis melo L., was 
definitely superior to the comparable diploid variety.14 Enough seed 
can be produced to propagate the tetraploid adequately. These poly
ploids were made in several laboratories; each reported improve
ments. In one instance, taste tests were conducted in such a way that 
identity of ploidy was not revealed. Without exception, the choice 
fell to the tetraploid. Since ten different varieties were made tetra
ploid, a larger number of them were used in comparison with the 
polyploid and diploid. 

A new potential economic species of Cucurbita was developed by 
doubling the chromosomes of a hybrid between C. maxima and C. 
moschata. One species, C. moschata, carried insect resistance to the 
hybrid while fruit characters were contributed by the other parent. 
These characters were not entirely stable in the hybrid, but showed 
more stability in the polyploid. Fruits matured earlier in the amphi
ploid than in either parent. In the first generation of the amphiploid 
1here was little or no segregation. Later, up to the fifth generation, 
there appeared segregation for fruit color, shape, and size. Evidently 
some intergenomal pairing occurred, and occasional bivalents could 
be observed during meiosis of the diploid interspecific hybrid. A 
\'ariant that resembled another species, C. pepo, appeared. This type 
was completely sterile to either the 2n or 4n lines. Since the same 
\'ariant has reappeared, considerable theoretical interest becomes at
tached to this segregate. Large-scale tests in several locations showed 
that a new potential economic species of Cucurbita has been made 
(cf. Chapter 12). 

The gigas characters accompanying induced polyploidy became 
attached to colchicine as soon as the effectiveness of this method was 
announced. Probably the first plantsmen to give serious attention to 
rnlchicine were those interested in developing ornamentals. The rea-
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sons for this appeal of larger flowers are easily understood. One 
hundred and nine varieties chosen by iris fanciers from a total of 12 
best selections were studied for chromosome numbers. Not one was 
diploid, but 108 were tetraploid, and one was triploid. Practically 
all these were developed and selected without studying chromosomes. 
but in this case the potential of polyploids was forcefully demon
strated.54 

It is no surprise to find many persons attracted to the possibilities 
to be gained from colchicinc. Larger flowers were anticipated. 

Among the first colchicine-induced tetraploids to be distributed 
were snapdragon, phlox"2 , and marigold. \Vork with carnation~'";. 
poinsettia206, day lilics2 rn, and lilies"4 has yielded tetraploids. There 
are numerous projects under way with many ornamentals, annuab. 
perennials, and shrubs. Improved flower size, darker and more com
pact plants, with greater drought resistance were obtained with tctra
ploid Vinca rosea L. 187 Also the flowering period was extended longer 
than in the diploid. \ 1Vhile seed production was reduced, this disad
vantage was balanced with other positive characters in the tetraploicl. 

IJ.I-4: Plants yielding special products of economic importance: 
fibers, oils, latex, drugs, beverages. Autotetraploids increased the size 
of seed, fruit, leaf, stem, and root, and larger plant organs should 
yield more substances of economic importance. 2:w Oil-bearing seeds 
such as sesame, Brassica, and flax, all have lower seed production a~ 
tetraploids. Flax is a notable case where the fertility drops extremch 
low. Rubber increase in Koh saghyz and H('Vea arc objectives. Fiber 
improvements in Hil,iscus, cotton, flax, jute, and hemp have been 
sought via polyploidy. Anabasine in polyploid Nicotiana increased 
with polyploidy. 

13.2: Triploidy 

Hybrids from a tctraploid seed parent crossed with a diploid 
pollinator are triploid. As such these arc not stable, and both male 
and female gametes are sterile from unbalanced chromosomal dis
tributions. The vegetative vigor is not lowered, in fact many triploids 
are extremely vigorous. Among the good varieties of apples, triploids 
are common. In nature some triploid species are widely distributed. 
Polygonatum multiflorum is an example of a triploid having a range 
from the northwestern Himalayas throughout Europe. 

The two kinds of triploids are the autotriploicl and allotriploid. 
The former arises from an autotctraploid crossed back to the parental 
diploid, whereas the allotriploids involve two species. In these cases 
bivalents and univalents are found at meiosis. Triploids offer the 
opportunity for increasing the frequency of aneuploids since the trip
loid female gametes arc viable with one or two q1romosomes above 
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and below the haploid number. Another common practice is dou
bling the triploid to make hexaploids. Such a bridge is regularly fol
lowed in Gossypium, where the hybrid between American tetraploid 
and a species becomes a sterile triploid. 

Certain advantages may be gained from triploids that arc not 
possible otherwise. If the optimum chromosomal number is closer 
to triploid than tctraploid, production may be increased over either 
diploid or tetraploid. If ripened seeds can be eliminated or reduced, 
as in the triploid watermelon, a new type fruit is obtained. These 
features in triploids arc limited but seem important. 

Finally triploidy raises problems of seed production: an extra 
propagation of parental stocks to preserve the two types, as well as 
a specific hybridization to produce the seed for each generation. Suc
cess may depend upon solving these problems. Triploid seeds do not 
germinate as well as those of other polyploids. Furthermore, the 
cross between tetraploids and diploids cannot be readily made for all 
au toploids. 

r 3 .2-1: Triploids in watermelons. Reasoning from the fact that 
seedless fruits in nature are due to certain reproductive failures, the 
idea was conceived that seedless watermelons would result if triploids 
were made. The female sterility notable among triploids would lead 
to this achievement. Such work was initiated in Japan in 1939. Ten 
years later the first triploid watermelon fruits appeared on the market 
in J apan.07 , 100• 101 This may be regarded by practical breeders as a 
\'cry short time for the production of a new variety. Triploid water
melons were a new concept involving hybridization and polyploidy 
breeding procedures. 

The tctraploid parents arc produced by colchicine applied at the 
seedling stage. These plants have 11 chromosomes and are easily dis
tinguished from the diploid by seed size, pollen size increase, and 
other characteristics. After the tetraploids are produced, these varieties 
become the seed parent with the diploids as pollinators to make the 
tri ploid_ll7 , 100 , :!:,;; 

Seeds obtained from a tetraploid fruit and pollinated by the dip
loid are triploid. Upon planting such triploid seed, fruits without 
seeds may be had. Early in the season, and late, the ovules develop 
hard coats that resemble seeds. These are empty, but the term seed
lrss becomes meaningless when fruits show these cores or empty seeds. 
Therefore, the term triploid is far more desirable. To avoid these 
difficulties, the first pistillate flowers are removed to eliminate the 
fruits with seed shells.97 

lVhen triploid plants are growing, pollinations must be made by 
diploids because the pollen pf triploids (flowers) is not sufficient to 
induce fruit development. Thus, interplanting diploids with trip-
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loids causes fruit development among triploids. However, the ste• 
rility of the female precludes seed setting even though viable diploid 
pollen is present. This is the general scheme in producing triploid 
watermelons that under specific circumstances set seedless fruits. 

The general procedure of formation of triploid fruits is set forth 
diagrammatically in Figure 13. l. Only crosses involving the female 

2x 
...... C'o1, 

~'1ic· 
ll)e 

2x X X --~4x 

i I 6 ilo 
2x X 4x 4x x 2x 

2x 
l ~ empty 4x seeds 

Fig. 13. l-Triploid watermelon. Propagation of triploid seed by crossing diploid and 
tetraploid lines. Use of colchicine lo make tetraploid stocks. Fruits from diploid, 

triploid, and tetraploid stocks. (Adapted from Kihara) 

as tetraploid and the male as diploid pollinator are successful. Re
ciprocal procedures do not succeed. 

As in autotetraploids, the size of flowers increases in proportion to 
the increase in chromosome nmuber. This relation holds for tetra
ploid pollen and stomata. Triploid pollen is variable in size and can
not be made to fit the proportional increase as chromosome numbers 
increase. Many grains are empty while others are full and may be 
huge. 

The 3X seed is a tetraploid seed with triploid embryos obtained 
from a diploid pollination. The 3X seeds are slightly thinner, averag-
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ing 1.7 mm. in thickness as compared with about 2.7 mm. for the 4X 
seeds. This feature is of practical value in sorting 3X and 4X seeds 
if the tctraploids are left to open pollination from tetraploid and 
diploid pollen in the same field. In Figure 13.2 the sizes of diploid 
and tctraploid seeds arc contrasted. 

If longitudinal sections arc made of mature seed, the diploid, or 
2X, seeds show a completely filled cavity, while the 3X and 4X seeds 
fill the space up to 82.5 and 90.1 per cent, respectively. Accordingly, 
a weaker germination is a characteristic of the 3X seeds. This becomes 
a point of considerable practical importance and must be overcome 
\\"ith proper culturing conditions. Such seed cannot be planted in 
the field with diploid and be expected to produce the same field 
.,tand for both varieties. 

Genetic markers are helpful to distinguish triploid fruits from 
tetraploid and diploid. Dark-green, parallel striping is dominant over 
smooth color, therefore fruits pollinated by diploid with the stripe 
characl er show in the triploid if tetraploicl fruits arc non-striped. 
Tetraploid fruits may have this mark (Fig. 13.2). 

Yielding capacity of triploid plants exceeds the diploid by almost 
twice. Variations appear depending upon the particular varietal 
combinations. The increase in number of fruits per unit area is 
particularly significant both as to number and weight. 

Triploid fruits are seedless because chromosome distribution to 
gametes is irregular. Trivalent associations form among the 33 
chromosomes. At reduction division, less than I per cent of the 
gameles obtain a complete set of 11 chromosomes necessary for a bal
anced gamete. Ninety-nine plus per cent have numbers ranging from 
11 to 22 chromosomes. Sterility is induced, and pollination with 
,·iable pollen does not produce seed because of female sterility. \\Then 
pollinations are prevented on triploids, fruits do not set. 

Special cu I ti vat ion procedures are necessary for triploid water
melons: soil should he sterilized, seed planted in beds kept at 30°C., 
and transplantation procedures carried out to insure a field stand of 
, igorous plan ts. Once the tri ploid is established, its growth exceeds 
that of the diploid and continues longer during the season. A ratio 
of 1 or 5 triploid plants to I diploid provides adequate pollen to set 
fruit on triploids; the latter become parthenocarpic. 

.\ summarizing paper by Professor H. Kihara of the Kyoto Uni
\Trsity, Kyoto, Japan, on triploid watermelons, published in the Pro
ceedings of the American Society for Horticultural Science,97 was 
recognized as an outstanding contribution to horticultural science. 
A.cconlingly, this publication was chosen to receive the Leonard H. 
\"aughn .\ward in vegetable crops. The published works from Vol
umes :ii and 58 of the Proceedings were considered in the competition 
for this honor. 
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fig. 13.2-Photographs of diploid , triploid, and tetraploid fruit and seed. (Photographs 
furnished by Professor H. Kihara, Kyoto, Japan) 
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In Japan, production of triploids as a method for improving 
\\'atermclon production has been successfully explored. The opinions 
of American horticulturists on this subject vary with the experiences 
gained from testing the Japanese varieties. Success is reported in per
sonal communications from Professor E. C. Stevenson, Purdue Uni
Yersity, Lafayette, Indiana, and Professor \V. S. Barham, North Caro
lina State College, Raleigh, N. C. Undoubtedly other unpublished 
reports in America and elsewhere concur in many of the general 
observations published by Kihara and his associates relative to yield 
ad\'antages, disease resistance, and improved quality. 

Seed production and wide-scale commercial growing will increase 
as better adapted varieties are made available. Some problems pecul
iar to cultivating triploids and to seed production need attention in 
the American system. If watermelons of better quality can be ob
tained, fruits produced without seeds, or almost so, and if triploicl 
Yarieties arc placed in the hands of commercial growers who can pro
duce melons more profitably than by present methods, the problems of 
seed production and triploid cultivation will eventually be solved. The 
time required for this transition in America is difficult to calculate; 
however, the records of acceptance of hybridization in maize set a 
standard that might well obtain in watermelon seed production and 
commercial growing of this fruit. 

The application of cokhicinc to the problems of watermelons 
represents a most specific and outstanding practical advantage gained 
from the use of this drug. 

r;.2-2: Triploid sugar beets. Early in the colchicine era poly
ploidy breeding was directed at the improvement of sugar beets. Raw 
tetraploids did not prove to be as good as the parental diploids. This 
\\'as to be expected for reasons outlined in the section on principles 
of polyploidy breeding.s, 63, 113. 114, 122. 112, 1s5 

A significant report was made that triploid plants yielded more 
sugar than diploids because the larger roots maintained the same 
percentage while the diploid tended to reduce the percentage of sugar 
per.hundred grams as the larger-sized beets developed. An additional 
set of chromosomes raising the number from 18 to 27 did not prove 
detrimental to volume of sucrose per acre of plants. This represented 
an important advancement in sugar beet breeding63 (Fig. 13.3). 

If triploids were superior - and this has been shown in several 
cases - then special procedures were required to produce triploid 
seed. Tctraploid seed parents are made, and then pollinations are 
carried out with the diploid. Studies by .J apanesc workers show prac
tical plans for making triploids.237 

The increase in sucrose per unit area of cultivated triploids justi
fied the additional work to make triploids which produce more su-
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crose than either diploid or tetraploid, in this case, the 2X or 4X sugar 
beets. Intervarietal 3X hybrids between high-yielding tetraploids and 
disease-resistant diploids will prove better than any of the present 
triploids. 

Large-scale production of 3X seed remains a serious problem. 
However, the self-incompatibility of the species can be used to ad-
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Fig. 13.3-Weight of root and percentage of sucrose production does not decrease at 
same rate as in diploid when large roots are produced. The addition of another set of 
chromosomes does not pass the optimum for sugar production per acre. (After Peto 

and Boyes) 

vantage. This alternate planting of 01X and 2X varieties can he used. 
Seventy per cent of the seeds from the 4X plants arc triploid on an 
open pollination basis. About 30 per cent from diploid arc triploid 
seed. Other factors arc involved, such as maturity dates, pollen tube 
growth, and environment that influences seed production. The 
optimum number of chromosomes has not been exceeded in the trip
loid.121, 122 

Through the cooperative activities of the National Institute of 
Genetics Laboratory of Plant Breeding, Hokkaido lJniversitv, the 
Hokkaido Agricultural Experiment Station, and the Japan Beet Sugar 
Manufacturing Company, improvement of sugar beet by means of 
induced polyploidy has progressed very satisfactorily. 2:n 
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The 3X beets are more vigorous; they grow better and always yield 
more than other beets. Large-scale tests in 1949 and 1950 proved the 
superiority of the 3X beets. 

13.2-1: TriJ1loid fruits. Some of the best varieties of apples, Stay
man, \Vinesap, and Baldwin, are widely known. Since giant sports 
can be produced by colchicine, in similar fashion to the naturally 
occurring types, the drug has ready application in apple breeding. 
Triploids can be made from hybrids between tetraploid and regular 
diploid varieties. These have possibilities for winter hardiness ac
cording to tests by special laboratory equipment.71 Among 31 tetra
ploids, two varieties were exceptionally hardy. Malus baccata, a dip
loid species, has been polyploidized and might well be the start for 
breeding stock. 

Triploid guavas have been reported occurring in nature. Such 
tYpes are seedless. Tetraploids induced by rnlchicine were promising 
sources for making crosses between diploid and tetraploid_Hn Assum
ing that other qualities could he rnntrolled, polyploidy for this eco
nomic crop and particularly seedless fruit production should repre
sent an important improvement.~6 

13.3: Monoploids and Autodiploids 

The first monoploid plant discovered in 1922 proved that plants 
existed with one set of chromosomes. J\fore than 30 genera have been 
added to the list with monoploids reported for one or more species.U" 
The impro\·ement of met.hods for detecting monoploids is an impor
tant part of the program. At once geneticists recognized that doubled 
monoploids became homozygous diploids. The theoretical and prac
ticd use for breeding purposes should not be underestimated. Since 
the first monoploids were reported, the practical value for homozygous 
breeding stock to produce hybrid maize has been developed ex
tensi\·cly.31 

The frequencies of the appearance of monoploids are low. Their 
propagation after isolation from diploid cultures depends upon the 
doubling of chromosomes in tissues that develop the pollen and egg 
cells. Colchicine serves adequately for increasing the sectors that 
double to give rise to fertile tissues. The problem that remains is 
to find ways to increase the frequency of producing rnonoploids, 
applicable to a large number of plants. 

A prediction was made that the disco\'ery of methods to increase 
the frequency of monoploids would mark another period in the his
tory of polyploidy breeding (cf. Chapter 11, Ref. No. 43). According 
to this scheme the lhosera research by Rosenberg marked the be
ginning: a distinction between allopolyploidy and autopolyploidy was 
the scrnnd phase; and cokhicine in 1937 was the beginning of the 
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third period. Large-scale production of monoploids is a discovery 
for the future. 

The frequency of increasing monoploids has been improved bv 
special methods adapted for a few species. Twin seedlings proved to 
have a high incidence of monoploids in flax, cotton, and peppers. 
The monoploids derived from the twin embryo method were isolated 
and doubled to make the homozygous diploids. 130, 217 A.s a basis for 
improving commercial varieties some application has been made in 
this direction.217 Since many seeds can be run over the genninators, 
more monoploids are discovered than was possible by field selection. 
Gossypium was treated by these methods.1" 

Significant differences in the frequencies of monoploids have been 
found with certain stocks of maize. Previously selected strains 11·ere 
better than unselected ones. Open-pollinated varieties, generallv. 
were comparatively low for production of parthenogenesis.:i 1 Ry ap
propriate genetic markers, introduced from the pollen parent, the 
detection of monoploids at seedling stages is improved. Color genes 
from the pollinator are expressed in the diploid, but not those from 
the maternal monoploids. Cytological confirmation of the mono
ploids among the colorless seedlings proved that the marking s\'stem 
was reliable. 

Monoploid sugar beet obtained from seed taken from a colchicine
treated shooting plant has been found. Their occurrence is quite 
rare. In another instance, the monoploids were derived from colchi
cine-treated populations. An interspecific hybrid of Nicotiana pro
duced two monoploid plants. One of the plants was like one parent, 
N. glutinosa, and the other like N. rf'panda. In the original cross the 
former parent was the female type and latter was used as the polli
nator. 

An important use for colchicine arises for making autodiploids 
from monoploids, thereby increasing the number of plants that can 
be propagated. Hy spontaneous doubling some sectors regularly pro
duce viable pollen and eggs. Injecting 0.5 ml. colchicine into the 
scutellar node of the monoploid seedling proved to increase the 
amount of good pollen produced, an index of doubling.:i 1 A unique 
feature and application of the autodiploids of maize arises from the 
fact that genetic systems are fixed as gametes and testable as such. 
Thereafter the autodiploid reproduces the fixed system of genes. 

13.4: Conclusion 

The number of autoploids is larger than that of the amphiploids. 
Reference numbers in this chapter and other chapters will be usdul 
to check the many kinds of plants already studied. The volume of lit
erature has developed so extensively that every example could not be 
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cited in the space alloted. Only selected examples that pointed out 
principles and basic features about polyploidy were chosen for the 
text discussion. 
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CHAPTER 14 

The Aneuploids 

14. l: Aneuploids Among the Treated Generation 

The variations in numbers of chromosomes through loss or gain 
of extras were first appreciated for their possible value in fundamental 
cytogenetics by Belling and Newto11.~u Since then the aneuploids have 
been accumulating in large numbers for many genera. A new group of 
aneuploids was de,-cloped when colchicine was used with large popu
lations of treated plants. Certain plants were deficient for a chromo
some, and among the diploid species these losses were very rare but 
significant.H All diploid deficient types, including the 2n - 1 Datura 
strarnorzi11111 plants, failed to set seed. The origin of such types is an 
interesting problem, for the action of colchicine must be interpreted 
,omewhat differently from the usual doubling of chromosomes.4 Ap
parently a mitotic disturbance, the loss of a chromosome at the time 
of treatment, is transmitted through mitotic processes until meiosis, 
"·hen these types are discovered. 

That diploid deficient plants are rare is emphasized when we learn 
that only 55 spontaneously occurring 23-chrornosomal types (2n - 1) 
have been recorded from among more than 2 million Datura plants 
recorded over a period of years.H From a standard line l of Datum, the 
frequency of a 2n - I plant is I out of 20,879 offspring, compared 
with 7 such types found among 2135 plants growing from treated 
niltures.'1 The frequencies arc increased by colchicine more than 70 
times over the naturally occurring rate. Since the records were made 
from pollen mother cells, only the diploid deficiencies from the 
subepidermal layer that fell in the germ line were calculated. There
fore, the incidence of 211 - I tissues created by colchicine was higher 
than these figures show. 

Out of 88 plants in the deficient dass, 81 were tetraploid de
ficient kinds, i.e., ·111 -- I or 4n - 1 - I. Similar to the diploid de
ficient plants, the tctraploid deficient cases arose from the effects of 
colchicine.4 

[ 345] 
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One other fact is striking. There were, in all, 173 chromosomes 
lost; and the largest type, known as the L chromosome, was missing 
more often than other types. Previous data for spontaneouslv occur
ring Dalura showed that the I + 2. or /, clironmsome was mi,sing 
more often than any other type. Special morphological traits are 
fairly reliable for recording Daturn progenics.4 

Before these data were reported, missing chromosomes were knml'n 
in Drosophila. N icot i1u111" 8 hetcroploids were obtai ncd by other treat
ments, and a genetic demonstration proved I he loss of chromoso111es 
in a culture of Hyocy1111111s 11iger. Since the lJ11/11rn work was pub
lished, deficient types have been recognized in Nirnti111111:1·~ Lili11111.~" 
and Eruca.39 There must he many that have escaped notice and abo 
records that arc not specifically listed here. 

If one looks at the recovery stages front cokhicine, the explanation 
for the tetraploid deficient types c1n be seen easily. One or t\l'o 
chromosomes arc left outside the restitution tetraploid nudeus. The 
causes of a diploid deficient case require additional examination be
cause a c-mitosis leading to a tetraploid restitution nucleus would 1101 

have taken place unless a distributed c-mitosis of unequal distribution. 
23 and 25 respectively, occurred. The 23-chromosome cell would lead 
to a deficient cell and the 25 to extra-chromosome types. There is 
yet another explanation. \Vhen grasshopper ncuroblasts were t rea tcd 
at certain concentrations that did not completely destroy the spindle. 
certain chromosomes were lagging. Prl'sumably an incomplete in
hibition could cause one chromosome to lag. The fact that the larg
est chromosome of lJat11rn was the one most often missing is of in
terest.4 To assume that tetraploid deficient types and the diploid 
deficiencies arose from a similar action on the spindle appears 10 be 
oversimplification of the problem. 

Among the progenies of these treated plants there appeared also 
extra-chromosomal types. 4 The fifteen-year breeding· record for no
tura showed that 0.16 + .019 per cent of the 211 plants recorded were 
extra-chromosomal types.ll Among the ~135 plants, 0.52 + .105 per 
cent had one or more chromosomes. This value is ,t,Hi times the 
probable error, and combining data for two years leads to a ,·,due 4.-l'.! 
times the probable error. 4 An increase caused hy colchicine seems a 
reasonable explanation. Of the extra-chromosomal types induced IJ\ 
colchicine, ten plants had 2n + 1 chromosomes, one had 211 -1- I + I. 
and three were 4n + I. If colchicine increased the frequency, the 
action had to occur at mitosis during treatment. A specific action on 
the spindle directed to one chromosome is suggested. 

Aneuploids from treatments in Lili111n lo11giflonwi were analyzed 
from root tips and not the pollen mother cclls.~0 Out of 500 plants 
treated and analyzed, 303 cases from roots were counted. Eight aneu-
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ploids were found; these were either 1111 deficient or ,Jn plus one 
chromosome.~0 Among hctcroploids in ,Vicotiana, deficient types 
('2.11 - I) like those in /)11/11/"// were found. Similarly, in Entca saliva 
the plant was lacking two chromosomes, '2.11 - '2.. No explanation 
different from that advanced for /)aturn has been made. The devia
tion originated when colchicine acted on somatic mitosis. 

In ,iew of these cases we are prompted to suggest that the sub
t,pe of exploded c-metaphase. the distributed c-metaphase, should be 
,Utdied further with respect to unequal distributions of chromosomes 
following treatment with colchicine. ,\ctivity of this type was often 
oh,encd in pollen t uhes of Polygo1111 I 11111, but the relation to such 
phenomena has been for the most part overlooked. As a basis for an 
action of colchicinc on mitosis that leads to numbers other than the 
true polyploids, illustrations are abundant in cultures of pollen tubes 
\\·hich ;1ccoun t for a variety of deviating Illllllhers that might occur 
"·hen colchicinc acts on 1ni tosis. 

14.2: Mixoploidy From Colchicine 

The action of rnkhicine upon individual cells was emphasized in 
the first studies with Alli11m roots. 1\ single root tip treated for 7'2. 
hours may yield cells with many chromosomes while other cells re
main diploid. It has been confirmed many times that within one 
meristematic group there may remain diploid cdls alongside tetra
ploids. Such tissues are described as mixoploicl. These cases should 
not be confused with sectorial chimeras since the word means inixed 
together. 

, \ cyto-histological study of maize after treatment with colchicine 
showed that different areas may become tetraploid more readily than 
others.41 Treatment of maize plants with colchicine rarely gives rise 
to a completely tetraploid plant.41 Certain branches of the tassel show 
tetraploid, and others, diploid pollen. \Vhether these arc true sec
torial chimeras or the result of mixoploid conditions has not been 
decided. 

,\nothcr case of mixoploid tissues from treated plants was fol
lowed through enough generations to prove that mixoploids were 
invol,cd rather than sect.aria) chimeras.24 Loli11111 pnenne L., 2n = 
11, was originally treated by subjecting seed to colchicine.~4 Plants 
with tetraploid cells, determined by measurements of pollen grains 
and chromosomal counts in root tips, were isolated. Supposedly tetra
ploid tillers were being separated and transplanted. Also some clones 
were separated as progenitors for control diploid clones. Selections 
were again made for diploid and tetraploid clones.24 As before, 
chromosomes were counted. For two generations such propagation 
was continued, yet mixoploid tissues persisted into the seventh gen-
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eration of vegetative propagation in spite of well planned and care
fully followed methods of determining numbers of chromosomes. 
These seven generations were preceded by four vegetative generatiom 
in which two were selected after chromosomes were determined to 
guide the selection. 

In some cases individual anthers yielded diploid and tetraploid 
microspore mother cells.~° Clearly a rnixoploid tissue gave rise to 
these anthers. Remembering that tested plants were removed from 
the tetraploicl progenitors by several generations of propagation, the 
persistence of diploid and tctraploid cells with neither one crowding 
out the other is of particular interest. Lili11111 is considered to be 
tetraploid on the basis of chromosome counts; yet diploid and tctra
ploid pollen mother cells have been found in the same anther of 
Iilies.20 In one test a generation was grown by scale propagation and 
ten plants were selected. One plant from scale propagation and three 
plants obtained by dividing the original bulb yielded flowers \\·ith 
anthers that had both diploid and tetraploid cells. The parent pLtnt 
was supposedly a tetraploid. 

Both cases mentioned here, Lili11111 and Loliurn, represent vcgeu
tive propagations, and in each instance cokhicine created a mixo
ploid tissue. Projects that involve vegetative increase present complex 
problems, the true nature of which remains unsolved. 

14.3: Chimeras Induced by Colchicine 

In longitudinal section, the apical l!leristcm of Vi11ca rosca L. 
shows a distinct layering of cclls.14 These arc ckarh illustrated \\·ith 
the photomicrograph in Figure l·l.1, A and n. Using tcrn1inolog, 
promoted by plant anatomists, the first layer is called T 1 and the next 
T~. These, then, refer to the first and second layers of a /1111irn. The 
third layer and cells deeper in the apex arc called the rnrjms, initialed 
C1 and C~. Lower than C~ no specific layers can be obscrvcd. 14 

From species to species the limits of the tunica and corpus ma, 
vary. For example, Vi11rn minor L., obviously related to 1'. rosra., "·as 
described with three layers of tunica and a fourth as the corpus. If 
the older terminology of Hanstein is related to the tunica-corpus 
concept using Vinrn rni11or as an example, then T 1 is cqui,aknt to 

Hanstcin's dcrmatogcn, T~ and T:1 arc the same as pcrililcm, and C 1 

is the plerorne. Another and different labeling has been used in re
cent cyto-chimeral studies following polyploidy induced by colchicine. 
The layers arc called L-1, L-II, and L-III, etc. without reference to a 
tunica and corpus.14 

The point to be strongly emphasized here is not the terminolog, 
but the fact that the various layers make a definite and precise con
tribution to the shoot axis and to such parts of shoot as the flower 



Fig . 14.1 - A comparative study of Vinca rosea L. diploid and tetraploid strains. A. 
Shoot apex of tetraploid plants showing layers of cells , outermost is the first tunica or 
T1, second laye r T, , third layer C,, and deeper strata become C, , etc. B. Shoot cpex of 
diploid plant and foliar primordia. C. Brush method for treating young plants with 
colchicine . D. Size differences between the tetraploid and dip '. oid flowers . Larger ·;:lower 
is te traploid . E. Tetraploid pollen mother cell , n- 16. F. Diploid pollen mother cell, n- 8 . 
(Contributions from the Botany Department, University of Oklahoma, Norman , Okla
homa. Adapted from Schnell ) 
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parts and leaf. Since the cells of the first layer at the apex ah,·ays 
divide anticlinally and not periclinally, all epidermal cells trace their 
origin back to the first layer as seen in the shoot apex. Acconlingh·, 
the second layer divides anticlinally, and tissues originating from 
the second layer will be independent in genetic make-up from the 
first, and in many cases from the third. If colchicine changes the cells 
of the first layer to tetraploidy while the second layer remains diploid. 
then the epidermal cells will be tetraploid and the pollen grains dip
loid, because the sporogenous tissues ong111ate from the ,econd 
layer. This condition is called a periclinal chimera. Various com
binations can be had. 

,vhen geneticists realized that the treated plants might look like 
tetraploids yet reproduce as diploids, the significance of periclinal 
chimeras began to be truly appreciated. 7 , 8 ·Moreover, developmental 
problems can be traced with closer attention to the origin ol tissues, 
because specific periclinal chillleras should yield certain results in 
the mature organs.4 ~- 4 :i. H H the pollen develops lrom the second 
layer, T~, just beneath the epidermis, which is T 1 , then diploid, and 
tetraploidy will be found in pollen and epidermis according to the 
changes in T 1 and T~. That is to say, a tctraploid second layer, T ~
should produce tetraploid pollen mother cells while diploid guard 
cells originate from diploid T 1 • The situation has been pron·d to he 
just that way. These are peridinal chi!lleras. 

An important series in JJaturn was clearly described shm,ing that 
the development of petals, sepals, pistil, ovules, and stamen could be 
traced back to specific layers of the apical meristem. Similar pl'riclinal 
chimeras were found in the cranberry. rn Cyto-histological changes 
were described in detail. One important conclusion was reached. 
Stern and lateral bud apices were seldom converted into total poly
ploicly. Therefore, serniwoody and woody plants propagated fol\o\l·
ing treatment with cokhicine, required special attention with care 
given to the nature of polyploidy induced. rn Periclinal ch imcras fol
lowing treatment with colchicine have been reported many times 
since the first cases were reported for Daturn. 4 ~- 4 " 

By induced polyploidy, specific and discrete layers were demon
strated for Datum strm11011i11m L. 4 ~ The leaf and flower were traced 
back to the shoot apex. One imporrant type useful in detecting 
origins was a diploid outer layer, an octoploid second layer, and a 
diploid third layer.4 ~ Any tissue that originated with an octoploid 
layer was unquestionably marked by the size of cells. Development 
of the carpel was traced in Datura.4~ The periclinal chimeras "·ere 
used to discover specifically how the style, stigma, calyx, and corolla 
differentiated. In questions regarding axial or foliar origin for ,uch 
parts as the stamen it can be stated more precisely how development 
takes place. 
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\Vhcn numerous periclinal chimeras were demonstrated among 
well-known varieties of apples, interest was again intensified because 
the breeding behavior depended upon the specific chromosomal nature 
of a particular chimera.rn, ltt If the layer that produced pollen was 
diploid, triploid, or tetraploid, then entirely different results in hy
bridization could be expected. Periclinal tetraploid giant sports of 
\Icintosh should he of great interest since tetraploids in subepidermal 
layers breed on the tctraploid leveJ.lG Some important varieties are 
triploid, many are diploid, while some sports are chimeras. Two 
naturally occurring chimeras in apples arc: (1) the 2-4-2 type and 
(2) the 2-2-1. 

The pomological curiosity known as "sweet and sour" from the 
Rhode Island Greening is meaningfully interpreted as a periclinal 
chimera. The sour portion originates from the outer layer and the 
third layer, whcrets the sweet portion takes its origin from the second 
Jayer_ lG 

Sen·n years after colchicine treatment, a \Jclntosh tree bore fruit 
that was giant-like, and similar to the diploid-tctraploid periclinal 
,port which occurs in nature. The induced type proved to he a peri
clinal chimera. By adventitious buds that originate from deeper 
la,ers. a complete tetraploid stock can be obtained. \Vhen crossed 
\\·ith diploids, this becomes breeding material for new triploid vari
eties. \\'ith better knowledge of peridinal chimeras, breeding in 
111an,· fruit trees can be expected to advance . 

. \nother kind of chimera is the sectorial chimera. ,:\s the name 
implies, sectors are either diploid or tetraploid. The changes occur 
in a mass of cells not limited to layers. This type was studied in 
l>l/111rn. 8 One branch becomes tetraploid and another diploid, de
pending on the origin of a specific hr~nch. 7 

The wide distribution of peridinal 'chimeras in polyploids derived 
from colchicine shows that the change is not unusual. \Vhile our 
divussion is limited to only a few species, important work has been 
done with Li Ii 11111. So1111111111, and many other plan ts. The principles 
a, outlined with fruits and IJ11/11rn arc basic to all chimeras. 

14.4: Sex Determination and Polyploidy 

.\s ,\"as stated in the introduction to this chapter, polyploidy and 
,pccial problems in botany did not arise suddenly when colchicine 
became known for its use in research. At this time, however, there 
,\·as an immediate increase in papers dealing with such problems. A 
notable case was the relation between sex and polyploic.ly in plants.55 

One mav erroneous!\ con cl udc that new ideas were conceived as soon . . 
as colchicine was discovered. A proper perspective is needed here 
to e,·aluate properly the role played by an improved method such 
as colchicine proved to he. \Vhether the colchicine technique had 
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been developed then or not, a proof that dioecious races in plants 
could be established as polyploids would certainly ha\'e been re
ported when it was, in 1938."'' 

As early as 1925 the similarity in ploidy between animals and 
dioecious plants was obsCJTed.••:; Both cases were generally diploid. 
Among many plants polyploidy was a mode of species formation. 
These were not dioecious. Therefore, an explanation for the lack of 
polyploidy in animals and in dioecious plants seemed to be related 
to the diploid state. 'l\'hcn a polyploid species of J•:111J;l'frn111 /1en11np!t
rodit11m was found to be hermaphroditic, the fact was panicularh 
interesting became there was a related diploid species, dioecious 
Empetn11n nigru,11.''" Conflicting eYidence accumulated when a dioeci
ous tetraploid strain of Val!isnaia was reported. Briefly this was the 
state of affairs when vVestergaard decided to test the hypothesis b,· 
making tetraploids from diploid dioecious species of l\icla11dri11111. He 
began the project in spite of the fact that 110 well deYdoped methods 
for making polyploids were available at that time. Cold1ici11c had not 
been announced. 10 , ""· ,,:1 

In America, polyploidy and sex determination in plants \\Tre 
started because colchicine should quickly lead to the evidence needed 
to test the question raised by ~fuller about sex determination as 
limited to diploidy in animals and dioccious plants.'' The projects 
in Denmark and America were started about the same time and first 
results from each came close together."'' Yet there was no awarene.,s 
that either was studying the same problem_ 

Soon other work began in .Japan?'· :i.i and there were additional 
studies in ,-\merica.:1:1 A large \'olume could be compiled from this 
problem after only a few years of inYestigation. So111e excellent "·ork 
was done and colchicine provided enough breeding material to demon
strate conclusively that sex determination was not limited to a dip
loid state when plants were under consideration. Hm,-c,-cr. male 
and female plants are not strictly comparable to maleness and female
ness among animals. In plants there are three kinds, with respect to 
production of flowers: (1) plants producing staminate, or pollen
bearing-, flowers. (2) some gi,·inµ; pistillate, or seed-producing, flcmcrs, 
and (3) plants that have staminate and pistillate structures in the 
same flower. These are called male, female, and hermaphroditic. re
spectiYely."" 

Adopting the sex-determining code used for animals, notahh 
Drosophila, diploids arc XX as females and XY for males; in addition 
there are other chromosomes called autoso111cs. ;\ tetraploid female 
carries the chromosomes XXXX and male XXYY with a tctraploid 
set of autosomes designated 4A. At once, it can he seen that another 
combination XXXY may exist at the tetraploid level. lf further 
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cros,ing between tetraploids and diploids and between triploids and 
diploids were carried out, combinalions could be extended to XYY, 
XXXL XXXlT, XXXXY. Obviously, a great range may be pro
ducl'<l. En-ryone agrees that the Y chro!llosorne is a determiner for 
maleness because the presence of this chromosome once or twice clearly 
impresses its influence on the plant. Only when four X chromosomes 
are opposing the one Y does the flower change to a hermaphrodite. 
This tendency begins to show slightly among the XXXY type. The 
XJ' and XYY arc male without exception_:;:; 

The Danish"'' and American:-.:; polyploids differed with regard to 
the possible i nil uence of au tosomes and the role of the X chromosome 
;1s a female determiner. Some of the differences may he due to sources 
of diploid plants and some difference to method as well as interpreta
tion. Two critical papers must be studied if one wishes to weigh the 
c,·idcnce: one by \Varmke?:i and another by vVestergaanl.:;;; 

Cytologically the Y chromosome can be distinguished from the 
smaller X. In turn, the X is larger than any autosomes. This feature 
is highly desirable because certain problems would be difficult to 
interpret otherwise. The hybrid generation between tctraploid XXXX 
and tetraploid XXYY throws I female to 12 males. The diploid sex 
ra1ios are 1:1. Looking at the chromosomes, it can be seen that most 
males are XXXY (89 per cent) and only a few XXYY ('1 per cent). 
The association between X-Y and Y-Y is more frequent than between 
X-l' and X-1'. A high proportion of gametes were XY and the XX 
and YY classes were low. If a male with chromosomes XXXY was 
crossed with a female XXXX, the offspring showed 50-50 male:female 
ratios. Similar results were obtained with Acnida tarnariscina (Nutt.) 
wood,:i:; and for i\Jclandrium dioecum var. album described above.34 

In nature, the excess 4n males that arc XXXY instead of XXYY 
,rntdd fertilize a large majority of the ·1n females XXXX; hence, equal 
populations of males and females at the tetraploid level could be 
expected. From an evolutionary standpoint tetraploids differing on 
the basis of X and Y determining maleness and femaleness could be 
established much the same as a diploid species. A tetraploid race of 
R II mex acetosa has not been demonstrated as a stabilized dioecious 
tYpe." 4 

. .\utotetraploid hemp gave an excess of females in the second 
generation following· polyploidy.:14 This was a reversal over the dip
loid male-female proportions. Less cytological attention has been 
given to this species. 

Polyploidy provides a method for deciding whether the male or 
female is heterogametic, that is, carrying the XY. A test was made 
for Silene otites since cytological methods did not give a solution in 
1his case.~,:; Polyploid plants would become XXXX and XXYY, but 
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the designation of male or female remains unknown. Crossing these 
tetraploids gives three types of offspring, XXXX,XXXY, and XX}T. 
About 5 males to I female are obtained. The female is tested bY 
making triploids, mating tetraploids with diploids. A female XXXX, 
the 3n population crossed to male XY, should be l: I, male, female. 
If the 3n population is 5 males to l female the constitution would be 
XXYY. The tests showed I: l ratios; thus females were homogametic 
as in Melandrium. 

14.5: Aneuploids and Colchicine 

Aneuploids can be created by colchicine in two ways. One pro
cedure involves direct action on dividing cells in meristems. 4 The 
other method is indirect, following specific breeding procedures after 
polyploids have been made. Until colchicine was discovered, the first 
types were very rarely seen, particularly the diploid deficient plants, 
2n - l. These were discussed on page 34 7. J n this section the better
known, indirect method for developing aneuploids is discussed. 

The scope has been expanded to more species because colchicine 
has stimulated the production of tetraploids. It is well known that 
tetraploids crossed with diploids create triploids. These in turn, 
when crossed back to diploids, become a rich source for off-tvpe 
plants, those with extra chromosomes. Among the higher leYels, 
pentaploids are excellent sources for aneuploids. Propagating auto
tetraploids regularly throws plants with somatic numbers deviating 
from the euploid value. 

Distribution being unequal at meiosis, the chromosomes in the 
megaspore mother cell and the pollen mother cell cause the numeric
ally different types. Sometimes transmission of extra types can be 
done through the seed parent only. In other cases the transmission 
of certain aneuploids is known only at high levels of polyploidy. lf 
a particular morphology of the plant can be identified with aneu
ploidy, spontaneously occurring cases are usually high enough to 
create a large reservoir of extrachromosomal types. 

Aneuploids among Datura, Zea, N icotiana, Tri ti cum, and other 
genera have been studied extensively and have been used for specific 
genetical tests before colchicine methods came into prominence. In 
other instances, such as Gossypium,3 , 11 their isolation in large m11n
bers began when this ready method for producing polyploids was 
discovered. 

I 4 .5-I: Trisomics and tetrasomics. In I 915, A. F. Blakeslee found 
a mutant in the cultures of Datura stramonium. This was called the 
"Globe mutant" because this plant had a globose capsule distinct 
from the usual patterns. Five years later, in I 920, John Belling 
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demonstrated cytological evidence that this plant and others found 
between 1915 and 1920 each contained a single extra chromosome. 
In 1938, a summary covering 60,000 field-grown ofispring from types 
11·ith extra chromosomes was published.n The term trisomic, as the 
extra chromosomal plant was called, is used in cytogenetics. 

\Vith the use of colchicine in polyploidy and in Beta there arose 
an opportunity to study the efiect of chromosomal variation in sugar 
beets.:w J t is one of the most intensively studied species as well as 
one of great practical importance in many countries. The large
scale production of tetraploids in 1938 with subsequent triploids 
opened opportunity to study variation in regard to chromosomal 
numbers. Since triploidy was discussed in the chapter on autoploidy, 
that will not be repeated. Here the influence of separate chromo
somes, the trisomics, are of special consideration.30 

Progenies from triploids intcrcrossed, and backcrossed to diploids, 
included plants with chromosomal numbers from diploid to tetra
ploid and beyond. One or more plants ranged from 18 to 36 chromo
somes.:rn Between 37 and 45 several classes were missing. This 
material arose from colchicine-trcated seed of the Hilleshog strain at 
Svalof, Sweden. When the seed parent was a triploid and the pollen 
parent diploid, all numbers from 2x to 3x were recovered. A recipro
cal cross yielded an excess of diploids (77 per cent) with classes from 
21 to 25 missing. The transmission difference between seed and 
parent confirms what had been learned long ago. Extensive pollen 
t ubc studies by .J. T. Buchholz demonstrated the effect of extra 
chromosomes in lJatura upon the male garnctophytc. 

Effects of different chromosomal classes upon a whole series of 
morphological and physiological characters in sugar beet were com
pared. Since this study permitted analysis of the entire population, 
certain advantages were presented that had never been possible be
fore this time. Every chromosomal class from l 8 to 36, inclusive, was 
analyzed as follows: (1) field estimation, (2) weight of tips and roots, 
(3) refractometer determinations, and (4) leaf development. The 
trisornics were distinct in plant characteristics, and the particular 
chromosome stamped its influence on growth habit. An interesting 
problem that requires more attention is the possible correlation be
tween vigor increase and decrease in the size of the extra chromosome. 
This point becomes important when transfer of characteristics by 
single chromosomes is attempted. In addition to single trisomics, two 
plants with 20 chromosomes were studied. Plants beyond the 36 
chromosomes, including a 42-chromosome plant, had good vigor. 
Finally the optimal numbers as would be predicted have three modes; 
these arc diploid, triploid, and tetraploid. l\faximum viability occurs 
at the euploid number.:{o 
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Five different chromosomes from Nicotiana langsdor/Jii, a small 
flowered species, was studied as trisomic in relation to corolla size. 
The background into which the extra chromosome was introduced 
was the hybrid between N. langsdorffii and N .. w111d1Ta1'a, a /011,!.!,

flowered spccics.4~ Since each trisomic could be detected by plant 
appearance the influence upon particular structures could be ana-

2n. Sn, 2n 2n, 2n.8n 
Fig. 14.2'--Diagrams of longitudinal sections through the shoot apex of diploid Datura 
stramonium L. and three layers of periclinal chimeras. Upper left, diploid layers of 
lunica and corpus. Upper 'Right, ocloploid tunica and diploid layers beneath. Lower 
left, first tunica diploid, second tunica octoploid, corpus diploid. Lower right, tunica 
diploid and corpus octoploid. (After Blakeslee and Salina) 

lyzed. Three of the five chromosomes, when in trisomics, reduced 
the corolla in all regions, but two chromosomes decreased one region 
and increased another. This method was applied to find the relation 
between whole chromosomal additions and size effects. The con
clusion was reached that size is determined by genes according to a 
geometric proportion. Eventually, size in Nicotiana flowers can be 
resolved as a "cumulative geometric effect." 48 

Hexaploids combining two species of Gossypiwn crossed back to 
G. hirsutum lead to aneuploids with one or two chromosomes from 
the diploid species introduced in the hexaploid. The characters in
fluenced arc: leaf, floral parts, size and shape of bolls, as well as fiber 
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and seed coat. Cytological study of these trisomics is valuable for 
determining the nature of chromosomal differentiation among specific 
chromosomes.11 

Some fertile, partially stable plants can be derived by selfing 
inter-species trisomics instead of the tetraploid number or the extra 
chromosome; morphologically distinguishable 51-chromosome lines 
\\-e1-c produced. The interest in these types lies in their constitution 
because the extra pair may be from an Asiatic-American wild or an 
.\frican species. This pair is added to the naturally occurring G. 
/iirrn/11111, a tetraploid 52-chromosomc plant.11 

.\nothcr type, the inlm-sj1('(:ies trisomics, arises from polyploids of 
(;. liirsu/11111. By selfing and appropriate crossing between various 
trisomics in this class, both double trisomics and tetrasomics were 
de\'elopcd. 

There arc then two types of tetrasomics identifiable by the extra 
pair, the intra-species tctrasomic and inter-species tetrasomic. As 
the 1\·ord suggests, the latter pair is deri\'ed from strains from another 
species, whereas the intrasperific tetrasomics are limited to one 
spccics.11 l\forphologically both types may be distinguishable from 
the species. A remarkable fertility is retained when a pair comes 
from another species, but the intraspecif1c tetrasomics are almost com
pletely stcrilc. A great many cytological problems can be solved with 
these types. Trisomics and tetrasomics have been obtained in N. 
1yh•1·stms. :\mong the off-type plants from a progeny of rnonoploid 
pollinated by diploid, trisomirs were derived in wheat. Further self
ing yielded tetrasomic:s. These added chromosomal types are not 
<:-asilY detected in hexaploid wheat. Some holllozygous spcltoid wheat 
pro\'ed to be 1·1-chromosomal plants. Tetrasomics and trisomics may 
ha,·e heen involved in the dwarf and subcompactoid types.31 

1.;.,-2: X11llisrn11ics and 111011oso111ics. (:hrornosomes lost in dip
loid plants do 11ot sun·i,e. This was reviewed in an earlier section. 
Tetraploids in lJ11l1trn also lacking a chromosome or two failed to set 
seed. Additions in diploids have been propagated extensively, but 
these are often transmitted only through seed parents . 

. \t the polyploid level, missing chromosomes are tolerated.27 For 
that reason some important work can be done with two general types: 
( I) monosomirs, those plants larking one chromosome, and (2) 
nullisomics in which a pair is missing."1 The latter arc well known 
among hexaploid wheat.4 G In Gossy/1i11m and Nicotiana a success 
similar to that for hexaploid wheat has not been achieved with nulli
somics.12 

.\fonosomic plants have been found in Gossyj1iurn spontaneously, 
through nondisjunction in trisomics, and after intergencric pollina
tion.11 Since the transmission of haplo-dcficient gametes fails in GossyjJ
i11111, the further utilization of rnonosomics is stopped. In contrast 
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to this situation, monosomic analysis developed for Nicotiana has 
proved most useful in many genetic tests, notably in establishing link
age groups; surveying amphidiploids for specific genetic charactersY 
The technique applied to Nicotiana suggests that other groups might 
profit from these methods.2:i There are limitations to this method 
among such a group as Gossyj>i11111, where polyploids arc common; 
yet the use of monosomics is limited. No nullisomics are reported for 
GossyjJiurn. 11 

Quite another situation exists in hcxaploid Tritic11111 aesth,11111 L., 
where nullisomics and monosomics can be applied to genetic prob
lems}>! As we mentioned for trisomics, the number of different types 
with one whole chromosome extra should equal the haploid number. 
For Datum, 12 primary triso!llic types exist. J n Nirnti111111 the total 
monosomics possible is 21. Accordingly, 21 n ullisomics would be ex
pected or equal to the 21 pairs representing hexaploid whcat. 41; 

For each pair missing, the 20-chromosome plant has specific 
characteristics. Nullisomics may be numl)('red from I to XXI.·lli ;\;one 
is completely sterile, and certain arc fertile in both male and fclllalc. 
Some arc female-fertile only, others male-fertile only. Some nulli
somics pollinated by normal plants give more monosomes of a par
ticular type, as well as trisomes. The incidence is more than a random 
occurrence. For example, nullisomic ITT produced more monosomic 
IV and XV than other types of monosomes. 

Particular tetrasomics may cancel the effects of certain nullisomic,. 
Such compensating cases are known for wheat and oats. For example. 
tetrasomic lJ compensates for nullisomic XX so that the plant is very 
nearly normal even as the male gamerophyteY• There does not seem 
to he a competitive advantage between pollen-deficient for clirmno
some XX and duplicated for 11. Common properties in the segments 
of these chromosomes would appear to he a cause for the compensa
tion. There seems to he 110 pairing between tetrasomc 11 and nulli
somc XX. These are, in very brief sketch, problems related to poh
ploidy. 

Seven chromosomal pairs corresponding to the J) gn10111e in hexa
ploid wheat are dwarf nullisomics and differ from each other accord
ing to the specific pair missing. These nullisomics were derived from 
among offspring of Triti1·11111 fJo!omirnm, genomes AABB, X T. 
spdta, AABBDD. These 7 nullisomics are lettered a, /,, c, d, ,,. f, g. 
respectively. Twenty-one nullisomics from a Chinese wheat (T. arsti
vwn L.) should throw light on the I) genome by hybridizing the 
dwarf nullisomics and those from T. arstim1111, which had a different 
origin.31 

Success has been achieved in transferring mosaic disease resistance 
from one species to another in 1Vi1otia11a. The comn1tTical tobacco re-
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ceivcd a chrolllosolllal pair from N. gl11tinosa, which contributed the 
necrotic factor for resistance. Alien additional races included a pair 
from one species and '.U pairs from N. ta/1acum. By another series of 
crosses, alien substitution races were formed, whereby a pair of 
chromosomes were substituted in the N. tal)(/curn genome. 2~ Other 
species carry factors that can be traced by successive crosses into the 
interspecific hybrid, then by a backcrossing procedure through a 
numbcT of generations. The monosomic method of analysis has been 
"·orked out with good success in Nicntiana. 12 
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CHAPTER 15 

Criteria for Judging Polyploidy 

15.1: Sterile Hybrids Made Fertile 

Jn the final analysis, polyploidy is determined hv counting the 
number of chromosorncs, and con1paring· this nun1bcr with the dip
loid or untreated plant. Some rapid and accurate methods an· 
available for judging polyploids indirectly. 

1f a sterile species hybrid begins seed production after trettllll'lll 
with colchicine, the evidence is good that polyploidy has been in
duced:11 Geneticists knew that doubling the number of chromosome, 
in a sterile species hybrid was a critical test for demon st r;1 ting the 
effectiveness of the drug.a, :n, 41 , -1-1, 47 Species hybrids of Cos.1vj,i 11111 

were treated inunediately.4 Plants that flowered, yet failed to set bolls 
and seed, began seed production in those sections of the plant treated 
with a proper concentration of colchicine. Therefore, without count
ing the number of chromosomes, the preliminary efficiency of a treat
ment could be estimated. The chance doubling that might have oc
curred through unreduced gametes is of such low frequency that the 
effects of colchicine were not obscured by natural or spontaneou~ 
doubling. 

Amphiploids among Nicotimrn were made in large numbers. 4 ~ The 
list of artificially induced polyploids increased within a few years.~4 

Combining the first data from Gossyj,ium and Nicotia11a proved the 
value of colchicine beyond doubt. 

Many combinations of interspecific and intergeneric hybrids were 
converted into amphiploids within the Triticinae. 1 • :; From one pro
ject, 18 amphiploids involving IO species were created within two 
years.41 The production of good pollen and eventually seed in the 
sectors of treated plants that showed the effects of doubling was re
liable criterion for amphiploidy. Estimates of how effective colchi
cine was upon these plants could be checked on a percentage basis. 
Some modifications were necessary because the monocotyledonous 
species had to be treated differently from the dicotyledonous types. 

[ 362] 
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.\tter the amphiploids in Triticinac were produced in such large num
bers, it was demonstrated that both monocotyledons and dicotyledons 
\\-ere being doubled by the use of colchicinc . 

. \ barrier in plant breeding had been removed or considerably 
reduced by the discovery of a ready technique for making sterile hy
brids fertile and estimating the effectiveness by seed production. In
cornpatibilities such as failure to make hybridizations must now be 
mcrcomc. Some work on embryo culture has been used to excellent 
ad,·antage. 

15.2: Appearance of Polyploids 

:--; ew leaves and sterns that grow from treated sectors are usually 
\\Tinkled, thicker, and darker green, and have coarser texture, as 
compared with the untreated plants.4 , 7 , 14 i\11 increase in thickness of 
the tetraploid leaf can be judged by holding the leaves between 
1 hun1 b and forefinger. By such methods a rough sorting of tetraploids 
can be made among large populations of treated cultures. Those 
th:tt ha,e not responded can he quite accurately eliminated. 

Specific marks on the leaves such as veins, hairs, and glands are 
,aluablc references for the first sorting of possible changed types. 
The outline of the leaves chai1ges; they are usually shorter and more 
rounded than the diploid leaves. 

Flowers of the tctraploid plants arc larger (Fig. 15.IB) and more 
cmnpact than the diploid (Fig. 15.lA). These changes were corre
lated "·ith chromosomal determinations (Fig. 15.lC, D). Tetraploid, 
triploid, and diploid flowers form a decreasing series in size of flower. 
These proportionate changes are illustrated for watermelon strains . 
. \t the tctraploid level, optimum size is reached, and beyond that 
point the increase in sets of chromosomes actually reduces the size 
of the flower. Among the best varieties of Iris, polyploids are favored 
mer diploids.40 The increase in size of flower has been a goal for the 
improYcment of ornamental species . 

. .\ tetraploid plant has a more rugged appearance, looks sturdier, 
and has certain giant-like features. Usually the rates of growth are 
~lower, but even the final growth docs not produce a plant as tall as 
the diploid. Among polyploid watermelons, the vine remains green 
o,er more days than among diploids, disregarding disease factors. 
Another difference between the stems of diploids and those of tctra
ploids is the shape of the apex as viewed in longitudinal section (cf. 
Chapter H). 

15.3: Fruit and Seed 

The development of larger seeds from tetraploid lines is a con
,istent macroscopic characteristic that has been confirmed for hun-
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Fig. 15.1 -Flower, pollen, stomata, pollen mother cells of diploid and tetraploid strains 
of Phlox drummondii . A, B. Diploid and tetroploid flowers , respectively. C. Pollen mother 
cell with 7 bivalents . D. Tetroploid pollen mother cell, n- 14. Note quadrivalency . E. 
F. Stomata of diploid and tetroploid respectively. G, H. Pollen groins of diploid and 
tetroploid , respectively . (After Eigsti and Taylor) 
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dreds of cases.~H The sizes can be judged by volumetric measure-
111ent, weights, or length and width measurements. As a sorting 
method for choosing the tetraploicl rye plants in the treated genera
tion, site of seed is a reliable feature.=1~ The grain weights of tetra
ploid ne were distinctly separated from diploids. Table I 5. 1 shows 
the increase based on thousand-grain weights for diploid and tetra
ploids. ,\ mean weight of :iO./M was obtained for diploid and 46.50 
!or tctraploid.=1~ 

Increasing the size of seed has been used as an argument to im
proYe the crop yield of diploids through polyploidy. The fallacy lies 
in the fact that the seeds of tetraploids may be larger and heavier, 
but the reduced number of seeds per plant prevents complete use of 
the increase. Reduced fertility in autoploids is the most common 
cause of decreased yield in number of seeds. Decreased seed produc
t ion in watermelon brought out this relation. A comparison of ten 
fruits, diploid and tetraploid, showed avarages of 290.0 and 92.7 per 
fruit, rcspectively.~ 1 Since cultivation was similar and the varieties 
\\·ere strictly comparable, the reduction was directly correlated with 
tctraploidy. For reasons discussed in the previous chapter, triploids 
are without seeds. 

,\rnphiploids do not show the same consistent increase in seed 
\\·eight or size compared with the parental species. A cdmparison be
t\\·een amphiploids and parental types was made among species of 
B rm11 us of the Gramincae. On the basis of weight for 200 seeds, the 
amphiploid increased as much as 75 per cent, while other increases 
were not more than 17 per cent44 (Table 15.2) . Genetic factors and 
the contributions by each parent have a greater influence than merely 
doubling the number of chromosomes. 

,\ giYcn kind of plant may regularly show specific marks among 
the tetra ploid seeds. Close inspection of the tetraploid seed of water
melon showed that fissures developed in the seed coat upon drying. 21 

.\ rupture of the outer layers of ovules creates this condition. These 
marks as \\'ell as size of seed are good criteria for making preliminary 
sorting of the tetraploid. Another distinction was the thickness of 
"triploid" seeds and tetraploid. Seed from tetraploid fruit pollinated 
bv diploids are called "triploid" seed and are thinner than the seed 
from tetraploid fruits pollinated by tctraploids.21 Other marks such 
as coarseness, special spines, ridges, and color differences, once noted 
can he reliably used as guides in selection among treated plants and 
the tetraploid generations_4. 11, 15 , JG, 17, 1s 

Fruits of tetraploids arc not necessarily larger than those of dip
loids. :\"eHTthclcss, distinguishing marks can be found among tetra
ploid fruits. The external marking, shape, and attachment to plant 
are some of the features that have been used. Parthenocarpic fruits, 
such as the triploicl, may be somewhat triangular.~1 The fleshy por-
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Steel rye, diploid ..... 

Steel rye, tetraploid . 

\Vasa II, diploid .. 

W asa II, tetraploid. 

TABLE 15.1 
KERNEL \VEIGHT IN DIPLOID AND TETRAPLOJD RYE \' ARIETIES 

(After A. Muentzing32 ) 

Thousand-Grain Weight 
(grams) 

24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 

2 4 4 2 2 

2 2 6 3 

2 4 3 2 

2 3 3 

Number Mean 
of Weight 

Trials (grams) 
,__ ______ ---~-

15 30.34 

15 46 .60 

11 29. 55 

11 46. 27 
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tion of tetraploid tomatoes may be coarser, and for that reason the 
pohploids are less desirable than the diploid. Many fruited plants 
of horticultural importance show direct correlation between fruit size 
and polyploidy within certain limits. Valuable tetraploid varieties 
of grapes are larger and superior to diploids. Tetraploid muskmelon 

TABLE 15.2 
Su:n \VEIGIITS OF SPECIES AND Au.oPOLYPLOID DERIVATIVES OF THE HEXAPLOID 

SPECIES OF Ilromus (Crratochloa) 

Species of Polyploid 

fi. cothartiws. 
H. rnthartiws. 
Ii. rathar/i(lls . .. 
B harnkrmw,. 
fJ. han1krmws. 
/i. S{//1!/lllfl/S. 

Ii. cathrntic11s-haenkemw., .. 
H. rnthartiws-hamkea1111s. 
B. rathar//(lls-hrm,keanus. 
B. harnkranus-stamineus. 
/J. haenkeanus-staminrus. 
B. haenkNmus-.rtrzminrus. 

Strain 

Waite 
Berkeley 
San Antonio 
Carmel 
Sparks 
Berkeley 
Wai te-Carmc I 
Berkeley-Sparks 
San Antonio-Carmel 
Carmel-Berkeky 
Sparks-Berkeley 
San Antonio-Berkeley 

Wcig'ht of 
200 Seeds 

(grams) 

3. 1 
3 3 
2.5 
1. 5 
1. 2 
1. 9 
3.5 
2.7 
2.5 
2.4 
2 8 
3.6 

Increase 
Over Arith
metic Mean 

Between Parts 
(fm cent) 

52 
17 
25 
41 
75 
64 

fruits were more pronusmg than the diploids according to sampling 
methods made in one study. 

Pistillate flowers of tetraploids pollinated with pollen from diploid 
strains may reduce the size of grain in such a plant as rye. Normally 
thesl' species are cross-fertilized, so planting side by side gives the 
diploid pollinator an advantage over the slower-growing pollen from 
tetraploid llowers. 17 Yield is at once reduced. The effect of diploid 
pollen upon fruit development in watermelon is quite the opposite. 
The triploid plants must he interplanted with diploids to insure 
pollination, for the diploid pollen stimulates parthenocarpic or seed
less fruit formation. The number of fruits produced by triploids may 
be double the number for a representative diploid. Yield trials 
showed that this feature favors the polyploicl. 

15.4: Physiological Differences 

Excellent reviews have been made to differentiate the diploid and 
tct ra ploicl plan ts.:11 An e,Tr-increasing· num her of au totetraploids 
adds more material for such study, including physiology, incom
patibility,~· 4·' morphology, and anatomy. Final superiority of the 
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tctraploid depends upon the physiology of the particular strains.,;· i:L 

206 Advantages such as protein content?• ,·itamins,:l-t yield of su
crose/18 and other valuable characters~", ~s. :rn arc products of the func
tioning plant. 

A superior baking flour was produced by the tetraploid rye varie
ties. Bread with better texture and color, as we11 as a larger volume 
of bread per sample of flour was made from the tetraploid flour. The 
value for tctraploid was 279 in contrast to the value 2GO for a diploid, 
or an increase of IO per cent in favor of the tetraploid. Higher pro
tein content was correlated with the improved baking properties and 
these were in turn correlated with the tetraploid varieties. 

Increased sugar content in triploid watermelon and tctraploid 
muskmelon improved the eating quality. Increases from 8 to 9 per 
cent for diploids were shown to be raised to 12 per cent in the trip
loid. The quality and final test of any variety depends upon the 
genetic nature of the diploid or the hybrid, so that nriation exists 
between tetraploids quite as much as between diploids. The induc
tion of polyploidy does not automatica1ly guarantee imprmTd fruit 
quality. 

In a previous chapter, reference was made to the significant in
crease in amount of sugar produced in the larger sizes of triploid 
roots compared with the diploid. Tetraploid sugar beets are gen
erally lower in yield of sucrose per unit weight of root. Other plant 
products, such as latex produced by T1n11x11cu111 lwlisa§!,l1y: and tram
lated into rubber production, gave the tetraploids an increase of three 
times the diploid. Drug production in Datum strr111w11i11111 shm1·ed 
increased atropin in the tetraploid. Another species, C:an111111is s11ti1111, 

showed increased potency of the marihuana content when additional 
sets of chromosomes arc built into a variety. Environment influences 
potency of drug production as noted in Chapter 5, but the addition 
of chromosomes also causes changes in production of special plant 
products. 

The superiority of tctraploid red clover and alsike dm,cr rn;I\· be 
correlated with an increase in forage production. The arnount im
proves in the second year over the first. Enough tests have been m;1de 
with these forage crops, and on a sufficiently large scale, that the 
conclusion of increased leafage is reliahle. 1 

15.5: Microscopic Characteristics 

Pollen size may be used for preliminary sorting of polyploids be
fore the final chromosomal counts arc made for a particular plant. 
This microscopic classification permits one to handle large nurnbers 
of individuals. After the macroscopic identifications are completed, 
a logical step is to measure the pollen grains. 
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True autotetraploids have larger grains than the diploid (Fig. 
I 5.1 H, G) . l\licroscopes are equipped with measuring oculars that 
make this procedure routine. The correlation between the size of 
the pollen grain and the number of sets of chromosomes has been so 
11Tll established that no further discussion need be made on this 
point. Triploid pollen grains are notable for their irregular dimen
,ions and arc useful in separating triploid and tctraploid plants on 
a field scale basis. 

The rnean diameters for the diploid and tetraploid watermelon 
\ aricties fflTe 57.:J and 07.5, respectively. The smaller grains in trip
loicl., a\cragcd ti'.2. l and the larger sizes, 67 .5. Similar size com
parisons ha\·e been made for the guard cells of epidermal cells. A 
photomicrograph (Fig. 15.l F,, F) gives a visual picture of the dif
ferences between the larger tctraploid and smaller diploid. Also the 
distribution of guard cells varies; the diploid cells are closer together 
than the tetraploid. 

The relation between the size of pollen grains and guard cells of 
a gin·n plant are important for the reasons discussed in the previous 
chapter under the subject of periclinal chimeras. If the pollen is tetra
ploid and the guard cells are diploid, treatment with colchicine has 
produced a chimera in which the deeper layer that produced the 
pollen 11·as made tetraploid and the outer layer remained diploid. A 
re\'erse situation may occur. In these instances the guard cell would 
,h<m tetraploid characteristics and the pollen, diploid. The breeding 
beha\ ior of such a plant would be that of a diploid. Seed from this 
plant 11·ould not lead to the expected tetraploid types, according to 
information based on the guard cell sizes. Sometimes, a mixture of 
diploid and tetraploid pollen exists in the same anther, or mixtures 
of diploid and tetraploid guard cells appear on the same leaf. These 
cases are a result of mixoploidy, a direct action of colchicinc. 

In cross section the leaf of the diploid is not as thick as that of 
the tetraploid. Usually extra layers of cells of the mesophyll are 
present. 

Pollen mother cells undergoing meiosis are universally used for 
counting chromosomes and determining the associations between 
chromosomes during pairing. 1\cetocarmine stains have speeded up 
such cytological work. Photomicrographs in Figure 15.1 show the 
differences in numbers of chromosomes and some difference in the 
a,socia tion. Section lJ shows the multivalents in contrast to the one 
in C (Fig. 15.1) _10 

Other cells, such as the generative cells in pollen tube cultures, 
root tips, and leaf cells, may be used for counting the number of 
chromosomes. At the second meiotic division and the division of the 
microspore, chromosomal counting may be easier than at the first 
meiotic metaphase. 
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Comparisons at meiotic metaphase of diploid sterile hybrids and 
the amphiploid are important for an understanding of the possible 
associations that form between chromosomes of opposite genomes. 
While this evidence is not infallible, correlations may be obtained 
between pollen fertility, possible intergenomal exchange between 
chromosomes, and reasons for the failure in seed setting of the poh
ploid. 

15.6: Ecological Considerations 

The success of a polyploid in nature or in agriculture depends 
upon how closely the new variety meets the requirements for each 
situation. Productivity or adaptation are measured in terms of the 
responses such as yield, disease resistance, drought resistance, and 
cold tolerance. The elimination in nature occurs through competi
tion and in agriculture at the hands of the agronomist. \Vide dif
ferences exist between diploid varieties, and considera hie im proYe
ment can be done at the diploid level without stepping up to the 
tetraploid. Adaptation problems increase, rather than decrease, with 
the use of tetraploids. Autotetraploid rye clearly showed that the 
kind of plant used to make the diploid may be as important as am 
other feature. 

Trying to measure the rates at which artificial polyploids become 
established under natural conditions strikes at some basic problems 
in polyploidy. Already differences have been recorded for the success 
of the tetraploid over the diploid, or vice versa. An unusually high 
seed production, about 75 per cent, in autoploid Ehraliata erecta 
played some part in the establishment of the new type under natural 
conditions. This situation held for ungrazed conditions, but where 
grazing occurred, the low-growing habit of the diploid assured sur
vival better since the flowers, being closer to the soil level, were not 
destroyed as readily. This is one example of the critical differences 
that determine success or failure of the tctraploid.44 

Wilt diseases arc devastating to watermelons in .Japan. c\ppreci
able resistance to Fusarium niveum was exhibited by the triploid and 
tetraploid varieties. By selection, notable progress can be made for 
insect and disease resistance if an initial advantage is proYided 
through the production of tetraploids. Autotetraploid radishes were 
more resistant to the common club root disease, yielded more, and 
had greater vigor than diploids. 

The succulence of water cress leaves was improved by increasing 
the number of chromosomes, but the growth rates being slower among 
the tetraploid reduced the yield. Fewer cuttings can be made per sea
son with tetraploids. The slower growth and prolonged flowering 
period for ornamental species is alh·antageous. No single trait can lie 
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established as a rule that will hold for all polyploids. In the above 
cases a few instances are cited which indicate that each problem must 
be dealt with independently according to the requirements. 

15.7: Fertility 

Two general methods are used to judge the fertility level of a 
specific polyploid: ( l) percentage of good pollen as demonstrated by 
microscopic test, and (2) the amount of seed set. Fertility differ
ences and chromosomal phenomena at meiosis have been correlated, 
but no general rule that explains the total possibility has been estab
lished_:i:; Unequal distributions of chromosomes in the meiotic stages 
from first metaphase do cause unbalance in chromosomes in the pol
len, and ultimately in the gamete. Triploids arc notoriously bad with 
respect to chromosomal balance. 21 When the percentage of pollen that 
appears to be good is used to express the fertility ultimately judged 
by seed production, some reservations must be made.8 

Female sterility in the ovule arises at meiosis and may or may not 
be the same as for pollen. Some polyploids are female-sterile and 
pollen-fertile, and vice versa. The embryo-sac stages are difficult to 
study because an involved cytological technique is required.8 

.\mong progenies of amphiploids the first generation may be quite 
fertile, while later generations may segregate due to weak and low 
fertility. By successive selection the fertility level may be raised, or 
there may be mechanisms for improving fertility by elimination of 
those genotypes that arc deficient or have no survival value. 

Perhaps no other aspect of polyploidy is more controversial than 
this subject of fertility in the immediate product of doubling and in 
the subsequent generations. Practically and theoretically the prob
lems arc unsolved at this point. 
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CHAPTER 16 

Techniques of Colchicine 
Treatment 
A. In Animals 

16A.1: Solutions 

1t has been explained in Chapter 5 that the substance which has 
been repeatedly called colchicine in this book may have differed from 
author to author. One reason for this discrepancy is the factor of 
cr\·stallization. vVhereas pure, amorphous colchicine is very soluble 
in water, crystallization from aqueous or chloroformic solutions yields 
complex crytals which arc less soluble and may have other biological 
properties.~'~' Colchicinc may crystallize with ½ molecule of water, 
\\'ith ~-~ molecule or 1 molecule of chloroform. This last form of 
cnstalline rnlchicine is only soluble in water in the proportion of 4 
per cent.''" It has often been used in experimental research. In 
botanical work, results may be modified by the presence of chloro
form, which is itself a mi to tic poison."" In experiments on animals, 
"·here the amounts of colchicine used are far smaller and the solu
tions much more dilute, the presence of chloroform does not appear 
to have any importance. But, for any quantitative estimation of the 
anivity of the drug, it must not be forgotten that crystalline colchi
cine with 1 molecule of chloroform contains 25 per cent by weight of 
the solvent."" On the other hand, chemical work has demonstrated 
that the plant Colchicum contains many alkaloids closely related to 
rnlchicine, but with different pharmacological properties.51 , 52 One 
of these, desmethylcolchicine, is found in the colchicine preparations 
of the V.S. Pharmacopeia.:rn In the most recent work on colchicine, 
care has been taken to purify the alkaloid before testing it.26 • H This 
applies only to a very small number of the papers, and some results 
may differ because the injected drug differed in its mode of prepara
tion from the plant. 1 vVhile the above-mentioned differences are only 

[ 373] 
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of importance for quantitative work, the changes that colchicine mav 
undergo in solution are far more important, especially for work with 
warm-blooded animals or tissue cultures. Colchicine solutions should 
always be freshly prepared, or kept prntected from the action of 
oxygen and light. For work on plants, where rather concentrated 
solutions arc used and where no problems of general toxicity arise. 
this is not so important. In animal work, and especially for all work 
on birds or mammals, it is most important to use freshly prepared 
solutions.43 Standing in the presence of air, colchicine appears to 
undergo a slow oxidation about which little is known (cf. Chapter 7). 
This decreases the spindle-inhibiting action, hut may not affect simi
larly the general toxicity, which is increased in cold-blooded animab 
such as frogs.~ 7 These remarks apply to solutions, whether in ,rater 
or fatty solvents. The latter have been mainly used for local applica
tions in cancer chemotherapeutic tests. 10 , 8 

The important point is that each paper should mention clearh 
the origin of the colchicine, whether crystalline or not, whether puri
fied and how, the method of preparing the solutions before the ex
periments, and the temperature at which these are conducted. It i, 
only in this way that a valid comparison of results is possible. 

16A.2: Temperature 

In Chapter 7, several instances have been given of the effect of 
temperature on the action of colchicine. This has long been knm1·11, 
but has often been overlooked.w Most workers mention that the 
alkaloid docs not influence cell division in unicellular organism, 
(cf. Chapter 4). However, while Paramecium is unaffected by colchi

cine solutions at a one per cent concentration at I 5°C., the same 
solutions kill the paramecia in less than -1 hours at 33°C. Exposure 
to this temperature is in itself not harmful to the organisms.:i:; 

These temperature effects are not yet understood properly. The, 
explain the considerable differences between colchicine pharmacolog, 
in cold-blooded animals and in birds and mammals (cf. Chapter 7). 
For instance, colchicine-arrcsted metaphases remain intact for hours 
and even days (Fig. 2.2) in amphibia; in mammals, on the contran, 
the nucleus of a cell arrested at metaphasc by a spindle poison under
goes rapid destruction. In all in vitro work, the temperature should 
be constant and checked carefully. 

16A.3: The Study of Mitosis 

Colchicine may be utilized for many different purposes when 
analyzing mitotic growth, and techniques may considerably differ. 
For instance, in studies on the morphology of chromosomes or pseudo
spindle in arrested metaphascs, quantitative data, except those about 
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effective colchicine concentration, may not be of paramount impor
tance. The same may apply to some work where colchicine is mainly 
a tool for increasing the "visibility" of cellular division. vVhen the 
topography of mitotic growth is the main purpose, several instances 
of which have been given in Chapter 9, precise data about the mitotic 
rate may not be important. On the contrary, when using colchicine 
to assess the importance of cellular proliferation, either in complex 
tissues or in tissue cultures, it is indispensable to understand the 
complex action on the mitotic count. This point will be considered 
further. 

Special techniques for the production by colchicine of abnormal 
growth in embryos have been mentioned in Chapter 8. The experi
mental creation of polyploid animals has been one aim of colchicine 
rcseanh. The methods used and the results obtained merit some dis
cussion, which will be found in the last paragraph of this chapter. 

I6A.3-1: In vi,10 st11dif'S. Many methods have been utilized in the 
study of c-111itosis in animal cells; they are all variants of two: viz., 
placing cells in contact with rnlchicine solutions, or injecting these by 
\arious routes into the cell or into the animal. 

The intracellular injection is of great interest, for it was possible 
to demonstrate by this procedure that some cells were resistant to 
rnlchicine since the alkaloid did not penetrate into the cytoplasm. 
Such experiments have been performed only on one unicellular, 
. ·I III oe/)(/ .1plt1iern1111cln1s. Mi to tic division of this species is not affect eel 
"·hen it is grown in cokhicine solutions. Very minute quantities of 
a one per cent solution of the akaloid were introduced in the cyto
plasm ·with a micropipette. Typical mitotic arrest, together with for
mation of polyploid nuclei, resulted when the timing of the injection 
,r;ts properly related to the mitotic cycle. 22 

Many cold-blooded animals, invertebrates, fish, amphibians, have 
been studied after immersion in colchicine solutions. One important 
pathway of absorption is through the branchiae. In such experiments, 
care should be taken to avoid sunlight and to replace the colchicinc 
solution which may lose its activity through chemical changes. 

Injection is often the easiest way to administer colchicine to pluri
cellular animals. In the study of hematopoiesis in the chick, colchi
cine was simply injected into the egg yolk through the shell.3 In 
adult animals, subcutaneous or intraperitoneal injections are the most 
frequently used. One most important point, if a quantitative study 
of the number of mitoses is needed, is to inject all animals at the 
same hour of the day, so as not to be disturbed by the diurnal varia
tions of mitotic rate.1:1 This is also influenced by feeding the animals, 
more precisely by the blood glucose level, and experimental animals 
should be kept under standard and specified dietetic conditions.14 
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In mammals, and especially the small rodents, which have been 
widely used for colchicine work, some tissues are most favorable for 
the study of mitosis and the influence of colchicine and similar poi
sons. The skin lends itself to repeated biopsies, for instance the ear 
of the mouse, from which small fragments may be punched out at 
hourly intervalsP• 11 However, the mitotic activity of the skin is 1ml', 
and counting is long and tedious, even after colchicine. The num
ber of mitoses is increased little by mitotic arrest, probably because 
under normal conditions they are of long duration, up to three hours. 
The influence of the sexual cycle is considerable (Chapter 9, Fig. 9.(i) 

and must not be overlooked.rn The cornea may be studied by stain
ing whole mounts and counting the number of mitoses per thousand 
cells; this method has only been utilized in mammals by one group 
of workers, 18 though it appears to offer many advantages over the 
skin. Bone marrow and intestinal crypts arc zones of maximal mitotic 
growth in mammals. They both provide excellent material for stlllh
ing the action of colchicine. In bone marrow, comparative studies 
may be made between the white-cell- and the red-cell-forming tissues. 
In the intestine, quantitative estimation of mitotic growth is possible.41 

though the counting of mitoses may be dillicult because of their rapid 
destruction of pycnosis. The intestinal mitoses have been one of the 
best tools for the study of mitotic poisons at Brussels. Contran to 
the mitoses of lymphoid tissue, which arc strongly affected bv hor
monal influences such as those of the "alann-rcaction" or pituitan
adrenal stimulation,41 the intestine provides a tissue "·ith uniform 
growth,r,7 not affected by the adrenal cortical hormones.~~ Intestinal 
fragments should always be taken from the same location, for the 
mitotic activity is greater in the duodenum, and decreases gradualh 
towards the large intestine, where few mitoses are seen. The gastric 
mucosa of the mouse has also been proposed;H, r.n it offers an interest
ing comparison between squamous-celled and glandular epithelium 
in a single organ. The regenerating liver is a favorable material in 
rats, and quantitative estimations of mitotic growth are possible. 11 

However, it has been shown that the repartition of mitoses was not 
uniform throughout the remaining liver. 4 " 

Local applications of colchicine have been most useful in the stuch
of c-mitosis and regeneration in amphibians. 17 The study of recm·erv 
after a prolonged colchicine impregnation (five days) has been dis
cussed in Chapter 2 (cf. Fig. 2.7) .49 The inhibition of regeneration 
of the tail of Xenopus larvae has been illustrated in Chapter 9; the 
technique involved a local application of an aqueous solution of 
colchicine to the amputated tail. 44 Local application has also been 
found useful in studies on the mitotic activity of genital tissues in 
rodents58 and of the human vagina before removal of a fragment lw 
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biopsy;"4 · :.o this is one of the methods for treating human tumors 
\\'i th the alkaloid, prepared in a vaseline-lanoline paste (Chapter 
I 0) .111 · ~ Local applications of colchicine-irnpregnated agar cut into 
,mall fragments have also proved useful in studying the origin of col
chicinc malformations in eggs;~0 this technique does not seem to have 
recci Ycd the attention it deserves . 

. \nother method by which colchicinc is brought into direct con
tact with the cells is the use of the so-called "ascites-tumors" in mice. 
These are neoplasms freely growing in fluid gathered in the ab
dominal cavity. Colchicine is injected intraperitoneally, and re
peated observations of the cells arc possible by removing a small 
amount of the ascites lluid. 4 ~ 

I(,A .3-2: In vitro teclmiqurs. For many studies, it is preferable 
to keep precise amounts of colchicine in contact with the cells which 
arc studied. This enables the results not to be disturbed by general 
toxicity reactions and other pharmacological side-effects of colchicine 
(Chapter 7). \Tore concentrated solutions may be tested, which, in
jeued to \\'hole animals, would have brought death through nervous 
and !'l'spiratory paralysis. These techniques apply especially to warm
blooded animals. 

In invertebrates, however, some remarkable results, discussed in 
Chapters 2 and ;\, have been obtained by the study at ;l8°C. of the 
isolated nervous system of the grasshopper, Chortoj>haga viridifas-
1111/a De Geer. Embryos, at an age equivalent to M days' development 
at '.2(i°C., are removed from the egg in artificial culture medium. The 
maxillary and thoracic appendages, the head, and the posterior half 
of the abdomen are discarded, and the embryo is mounted with the 
,entral nernius system close to a cover slip, which is sealed. These 
hanging-drop preparations may be observed for several hours under 
oil-immersion objectivesrn, :n (cf. Chapter:\, and Fig. 3.1). This has 
prm-ed to be one of the 111ost interesting techniques for the study of 
the ,pindle destruction by colchicine and of the mitotic cyde.rn Iso
lated eggs of invertebrates, for instance Arll(/cia,4 should also be men
tioned here, although the techniques do not differ from those used in 
experimental embryology (cf. Fig. 3.3 and Chapter 8). 

I II mammals, two tissues have provided excellent material for the 
,tud, of mitosis in ,,itm. }'ragmcnts of the ear of mice may be in
cubated in \Varburg flasks, and the action of various chemicals on 
mitotic growth studied on the epithelium, the mitoses of which per
,i,t for several hours, provided that glucose is added to the medium. 15 

Hone marrow is readily available in many mammals, including man, 
and its mitoses may most simply be observed in cover-slip prepara
tions at :\7°C. Glucose does not appear to be as necessary as for 
epidermal cells. 2 This technique has provided most useful data on 
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the physiology of cellular division in bone marrow and on the actions 
of various substances on rate of cell multiplication (Chapter 9). The 
cells, which are suspended in homologous serum, are able to divide 
regularly for more than 24 hours after explantation.2 

A method for in vitro cultivation of immature rat ovaries has been 
described7 and should be of great interest for endocrinological re
search. 

Colchicine has been used with the main techniques of tissue cul
ture, especially with hanging-drop preparations, which enable a con
tinuous observation of growth.12 Some estimation of the quantitative 
amount of newly formed cells may be made by planimetric measure
ment of the whole culture, but the influence of cell migration must 
not be neglected.12 Tissue cultures are especially favorable for cine
micrographic methods.12 A very thorough study of the action of col
chicine on the rate of mitotic growth and on the repartition of the 
various types of abnormal or arrested mitoses has been made possible 
by this technique12, 42 (Chapter 9, Fig. 9.1). Tissue cultures are also 
most useful for comparing normal and neoplastic cells,21 for the 
study of synergists or antagonists of colchicine, and for testing other 
mitotic poisons42 (cf. Chapter 17). It should, however, be mentioned 
that cultures of chick fibroblasts will not always behave like fibro
blasts from mammals.48 For the study of colchicine derivatives or 
other spindle poisons, cultures of various types of cells from different 
animals should be compared. 

I6A.3-;: Mitotic counts. When colchicine is used as a tool for 
studying growth (Chapters 9 and IO), when the problem of mitotic 
stimulation by colchicine is considered (Chapter 9) , or when sub
stances acting synergically or as antagonists to the alkaloid are studied 
(Chapter 17), a precise estimation of the number of mitoses in con
trols and at various intervals after mitotic arrest is indispensable. 
Some of the methods outlined in the preceding subsection provide 
excellent material for counting cell divisions, but even with tissue 
cultures, the problem may be complicated because only the periphery 
of the explanted fragment grows rapidly. Precise counts of the total 
number of cells in mitosis are possible both with the ear-clip tech
nique13, 14 and the methods of bone-marrow explantation.2 In more 
complex tissues a reliable standard may be difficult to find. For in
stance, many authors define the "mitotic index" as the number of 
mitoses found in a given area, i.e., so many microscopic fields, of 
tissue. This is a good method when dealing with uniform and fairly 
simple tissues, for example, the regenerating liver,11 but not when 
complex tissues are considered. In the small intestine of mammals, 
for instance, it is preferable to count the number of mitoses per 
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hundred glandular crypts. This method has been widely used by the 
junior author in studies of mitotic poisoning.24 

Many data obscuring the problem of possible mitotic stimulation 
by colchicine result from the difficulty of comparing tissues before 
and after the action of the alkaloid. To cite one instance, the great 
increase in mitotic activity in the crop-sac of pigeons injected with 
prolactine and colchicine has been mentioned (Chapter 9). Is it 
possible to compare quantitatively the mitotic counts in this tissue? 
From the figures which have been published one may conclude that 
it is not, for after prolactine and colchicine, there is not the same 
number of cells in a given area of tissue as in the same area of normal 
epithelium or of prolactine-thickened crop-sac.40 A quantitative re
sult could only be correct if it were possible to count a very large 
number of cells, and not only the mitoses in a given area. Such 
counts are not often reported in this type of work (Chapter 9). 
Another error is that of injecting a hormone at a too short interval 
before colchicine. Theoretically, the mitotic index should remain 
constant; that is to say, the numbers of cells entering prophase should 
not vary during the period of action of colchicine. It has been 
pointed out that this is not often so with hormone-stimulated 
growth.16, 23 Considerable errors may result from hasty interpretations 
of the significance of mitotic increases. 

Any quantitative work supposes also that the exact number of 
cells arrested at metaphase by colchicine is known. In warm-blooded 
animals, and apparently also in amphibia,44 this is never so, even 
with large doses. Increasing the dosage of alkaloid is never a good 
solution either, for it increases secondary, nonspecific toxic reactions 
and the percentage of destroyed arrested mitoses, and may also depress 
the number of prophases. It is often very difficult, especially in mam
mals, to know exactly how many metaphases with clumped chromo
somes undergo degeneration, for this is rapid, and the nucleus breaks 
down to many small fragments. The data about the duration of 
c-mitosis in animals are scarce and widely divergent, as pointed out 
in Chapter 2.53 It is also necessary, when planning an experiment 
with colchicine acting as a tool, to know how long after an injection 
of the alkaloid the animal should be killed. Many factors complicate 
this estimation: There may be a period of latency like that observed 
in tissue cultures (Fig. 9.1) ;12 some anaphases may persist even with 
large doses. Recovery starts after an interval which is not always 
known. In some tissues this may be rather short, and in the study of 
epidermal mitosis it is recommended to kill the animals six hours 
after colchicine. This duration appears favorable for many experi
ments on mammals, but it is obviously too short in cold-blooded 
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animals. Here again, temperature may play a great part, but no 
quantitative work relating temperature to the duration of action of 
colchicine exists. In tissue cultures, colchicine may be left to act 
much longer, and 24 hours is often mentioned in work with bone 
marrow.2 

This brings in another problem which we have not yet dealt 
with: the duration of interphase. It is evident that, if colchicine were 
acting longer than a normal interphase, no more new prophases 
would be available and the mitotic index would cease to rise. ·while 
most data on grasshoppers,19 tissue cultures,12 and complex tissues 
indicate that interphase is far longer than mitosis, precise information 
is often lacking. It has been suggested that colchicine itself may pro
vide a means for measuring the duration of interphase.39 If new pro
phases were indefinitely provided by the tissues, i.e., if interphase 
duration did not interfere with mitotic counts, the number of 
arrested mitoses would increase until all the cells would be in a con
dition of c-mitosis. This is never observed, and even in the fastest 
growing tissues never many more than 50 per cent of the cells show 
c-mitoses. This is because after a certain time no more interphasic 
cells are ready for prophase. On the curve of the numbers of mitoses 
in function of time, the time which elapses between the beginning 
of mitotic arrest and the leveling of the number of mitoses is related to 
the duration of interphase. Theoretically, under ideal conditions, it 
is equal to interphase.39 This is of interest for workers handling 
colchicine and certainly deserves further study. In the preceding 
chapters, enough has been said about the complexities of c-mitosis 
to prevent conclusions to be drawn hastily. One fact remains true: 
In colchicine experiments, the duration of the action of the alkaloid 
should be much shorter than the interphasic duration of the cells 
which are studied. 

Con~idering the great variations in mitotic duration which are 
mentioned in the literature (from about 30 minutes to three hours 
in the mouse) , our ignorance about the duration of interphase, the 
difficulties of accurately counting mitoses, and the complexities of 
colchicine's pharmacology, it is evident that quantitative conclusions 
are only possible in a few instances. The advantages of tissue cultures 
are obvious. 

16A.4: Polyploidy 

Polyploid animals have been produced experimentally,25 , 27 , 6 but 
colchicine has not yet proved very effective in doubling the chromo
some number. Thi's is probably only a question of technique, though 
cellular destruction, nondivision of the centromeres, and restitution 
during early development (Chapter 8) may be factors which prevent 
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colchicine from acting on animal cells as in plants. Under the head
ing of polyploidy should be considered only doubling or multiplying 
by 2, 3, 4, ... the numbers of chromosomes (cf. Chapter 11). Most 
results obtained with colchicine are related to triploidy. 

Any experimental change in the numbers of chromosomes should 
be checked by chromosome counts. This point may seem quite obvi
ous, but in early reports of "polyploidy" in mammals, changes in 
cell volume alone were mentioned. It is known from previous experi
mental data, mainly on amphibians,25 that the size of the polyploid 
animals remains the same, or is even smaller, than the diploid size, 
though individual cells become larger and larger with increasing 
numbers of chromosomes. However, to deduce from measurement of 
cell size alone the degree of -ploidy cannot be accepted as a valid 
scientific method.5 Considerable error may be involved; for instance, 
making smears of red blood cells and comparing the diameters is 
incorrect and cannot bring evidence of triploidy, as has been 
claimed.32, 33 The red blood cell volumes would be a better choice, 
but these were not measured, either by indirect calculation from the 
diameter, or by measuring the packed red blood cell volume in a 
hematocrit tube. Some "polyploid" mammals have been claimed to 
be larger and to grow faster than the euploid ones.32 , 33 This is in 
contradiction with all data on amphibia, and as the numbers of 
colchicine-polyploid animals which have been studied is very small, 
and as they were not of pure breed, the data lack the necessary 
statistical significance.6 

In the work on the unicellular Amoeba sphaeronucleus, poly
ploidy was assessed without counting the chromosomes, which are 
very numerous and small. Here, the action of the alkaloid injected 
intracellularly at metaphase could be followed under the microscope. 
A single nucleus resulted from the arrested metaphase, and its volume 
was roughly double that of normal amoebae. Checks were made 
possible by grafting these abnormal nuclei into normal amoebae, and 
vice versa.22 The cellular volume became proportional to the size 
of the nucleus. However, even in these experiments, mitotic abnormal
ities were observed in the "polyploid" species, and it is not possible 
to assert with certainty that a true doubling of the chromosome num
ber and not aneuploidy had resulted from the injections of colchi
cine. Claims of colchicine-induced polyploidy in frogs, rabbits. and 
pigs have been repeatedly published.32, 33 , 38 The females were artifi
cially fertilized by sperm mixed with colchicine. The alkaloid is sup· 
posed to reach the egg at the time of the second maturation division, 
which would be arrested. The egg would thus remain diploid, and 
after fertilization with haploid sperm, triploid animals would be 
expected. Monstrous development in frogs treated similarly had pre-
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viously been reported in a short note.20 A frog sperm suspension with 
2.6 X I0-4 M colchicine was most toxic to eggs, and only 8 per cent 
of these developed normally. It has been claimed that this did not 
result from a direct action of the alkaloid on the eggs at fertilization.34 

The production of triploidy deserves close attention.32, 33, 6 A sur
prising fact is that the rabbits and pigs were considered to have an 
abnormal growth with increased weight and size. In the first papers, 
triploidy was deduced from the increased size of red blood cells and 
spermatocyte heads. The accuracy and significance of these measures 
have been severely criticized.6 However, chromosome counts were 
later published. In frogs, tetraploid, but also diploid, triploidf and 
pentaploid cells were found.46 In rabbits, a considerable variation of 
chromosome number was found. While the diploid one was the most 
frequent, it is clear from the results published that the animals were 
heteroploid.46 The same applies to the single triploid pig. While in 
a preliminary note about this animal it was claimed that the mitotic 
count in the testicle was "certainly over 45 and not more than 48," 
and that the animal resulted from the fusion of a spermatozoon with 
15 chromosomes ("Old Swedish" race) and an egg with a doubled 
chromosome complement of 32 (mixed race), the results of a later 
publication are by no means so clear.46, 33 

It is already evident that in producing artificial "polyploids" one 
should deal with animals with a well-known number of chromosomes 
and should not cross two varieties with different and imperfectly 
known numbers.5 The detailed study of the testicular mitoses of the 
abnormal pig shows chromosome numbers varying between 19 and 51, 
with an "average" of 49. It was assumed that the probable number of 
49 was correct.33 This should result from the fecundation of a diploid 
egg with 2 X 15 chromosomes by a spermatozoon with 19 chr.omo
somes. Evidence for this is given from the chromosome count of a 
normal brother of this pig, which had 34 (19+15) chromo§omes. 
However, one of the authors mentions as an interesting point that 
aneuploid cells could be observed in the so-called triploid.46 

From these descriptions it is apparent. (1) that colchicine may 
have altered the second meiotic division of the egg, but that only in
direct evidence is produced, and that the concentration present when 
the sperm reached the eggs is unknown; (2) that no polyploid ani
mals have been produced by colchicine, while other methods have 
proved quite efficient in amphibia; (3) that triploidy is not proven, 
and that aneuploidy is possible. 

It remains possible that colchicine may prove as useful in poly
ploidy breeding in animals as in plants, but the premature claims of 
the Swedish authors do not rest on firm ground. The technique of 
insemination with colchicine is open to criticism, and even more, the 
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absence of repeated chromosome counts in various organs. It ap
pears surprising that the bone marrow, the skin, or the cornea was 
not chosen for chromosome counts and that so many publications 
and claims rest on such meager technical data. 

B. Techniques m Plants 

16B.1: Solutions Used 

Compared with warm-blooded animals, cells of plants tolerate 
relatively strong concentrations of colchicine. The substance diffuses 
rapidly through plant tissues and may be translocated in the plant 
through the vascular system. Active concentrations remain in con
tact with the cells for a longer time than is recorded by the total 
exposure to the drug. Apparently the effects of colchicine are re
tained for a long time. Penetrability, its low toxicity, and retention 
in the cell, along with the complete recovery through reversibility by 
the cell, are unique qualities of colchicine for doubling the number of 
chromosomes in plants. 

Successful procedures have favored stronger solutions applied for 
shorter periods over the dilute ones applied during long exposure.3 • 4 • 

9, 11, 13, 15, 1s, 21, 22, 24, 25, 26, 21, 30, 11, 33 Schedules with specific concen-
trations advocated and exposure recommendations are given in the 
papers. If a universal concentration were selected for treating plants, 
the strength would be 0.2 per cent aqueous solution. This con
centration, or one close to it, has been used more frequently than 
any other. Wide ranges are effective, but there is an optimum which 
produces the highest percentages of changed cells. Generally, one 
gram of colchicine is dissolved in 500 ml. water. The length of time 
for keeping cells in contact with the_drug varies from 24 to 96 hours. 
In addition to concentration and exposure, the growing conditions 
of a particular tissue are important. Cells must be in a high state of 
cell division for maximum effective use of colchicine.12 

A study of the action of colchicine upon mitosis requires the use 
of wide ranges in concentration in order to obtain minimum, opti
mum, and maximum effects. The objectives are somewhat different 
from using the drug as a tool for making polyploids. 

The carrier used for colchicine in treating seed plants may be 
water, emulsions, agar, or lanolin. Wetting agents have been used 
effectively. Sometimes the addition of glycerine has been recom
mended. 9 The emulsions are sprayed on to the plants or lanolin 
pastes applied, as suitable. Aqueous solutions are applied by drop-
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ping, brushing, or total immersion of the plant in the solution. The 
latter method has been used effectively for root systems and seedlings. 

16B.2: Seed and Seedlings 

One of the most convenient ways to treat plants uses the ger
minating seed placed in solution. The seed may be presoaked or 
placed directly into the colchicine. Different lots may be removed 
after given intervals. Then some exposures will not cause doubling; 
others will prove lethal; and other lots will be at the optimum ex
posure. In this way the most effective concentration and time of ex
posure can be determined by the survival of treated seeds trans
planted after treatment. Overexposures kill the seedlings, and under
exposure does not lead to new polyploids. 

Plants, when young, are well adapted to treatment. If only the 
plumule is treated, the roots remain unharmed, and plant growth is 
not so totally harmed. The growing point may be immersed in col
chicine, or the solution applied to the plant by brush treatment. By 
sowing seeds in rows, and treating each row with different exposures, 
the differences between too much treatment and too little will show at 
the time seedlings are ready for transplanting. Selections for probable 
polyploids can be made at this time. 

Seedlings of monocotyledonous plants are difficult to treat with 
colchicine. Special methods7, 18 , 13 , 5 had to be devised for these cases. 
Admitting the drug to the growing tissues that lie beneath a coleop• 
tile sheath has been the chief problem. 

16B.3: Root Systems and Special Structures 

Soaking entire root systems has been effective for many species of 
the Gramineae.19, 18, 29 An alternate period of soaking in colchicine 
12 hours and in water 12 hours has worked out with good success. 
The number of exposures depends upon the particular experiment, 
material, and concentration. Reference to specific schedules in the 
literature shows what directions have been most successful. The 
technique was developed for sterile species hybrids of grasses and 
specifically for wheat-rye sterile hybrids to make fertile amphiploids.33 

Scales of liliaceous plants,15 bulbs, corms, and rhizomes represent 
structures that call for modifications in method. Usually a large mass 
of meristematic tissues are present, and unless the whole group of 
cells responds, the production of mixoploids and chimeras becomes 
an inevitable result. 

Expanding buds of woody stems require proper timing in order 
to introduce colchicine when the cells are in their peak of division. 
In this way mature woody plants can be treated when dormancy is 
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being broken. By grafting the changed sectors, the new polyploids 
can be propagated.9 Periclinal and sectorial chimeras are frequently 
produced in treating woody species. These chimeras may be propa
gated for generations through grafting. Their role in horticulture 
is being more fully appreciated from a breeding point of view. 

16B.4: Special Techniques for Studying the Action of Colchicine 

Pollen grains that can be used for artificial culturing work serve 
well for testing the action of colchicine upon mitosis and growth 
processes. The specific morphology of somatic chromosomes were 
studied in Polygonatum, and discovery of natural polyploidy was 
made directly from these observations. Another valuable feature is 
the small amount of chemical that can be tested. Other mitotic 
poisons soluble in water can be adapted for testing with the pollen 
tube methods. 

Several modifications have been made in pollen tube studies since 
the original paper was published in 1931 by Trankowsky. The par
ticular conditions for an experiment must be worked out and fol
lowed thereafter. In pollen tube studies the detail is not as im
portant as a routine which, once successful for an operation, is always 
done in that way.6 

Mitosis in the cells of staminal hairs of Tradescantia can be studied 
in vivo. Single _cells may be followed through the stages of mitosis. 
When such cells are growing in agar containing colchicine, the total 
time required for a c-mitosis can be measured. Special chambers for 
keeping the cells alive for long periods were designed for these studies. 
While the general technique for observing mitosis in the living cell 
of Tradescantia has been known for many years, the adaptations for 
experimental cytology are new.33 

Colchicine was used so effectively with root tips of Allium cepa 
that the test has become known as a method for experimental work, 
the Allium cepa test. Threshold concentrations in relation to solu
bility are some of the contributions from this method. Standardiza
tion of procedures have been devised so that a variety of chemicals 
can be measured ,for properties of mitotic inhibition or chromosomal 
breakage. The time for exposure, for recovery, and for fixation after 
treatment are important parts of the routine method. 

Allowing roots to germinate when suspended over a test solution 
is a modification of the A Ilium cepa method, and more specifically 
known as the onion root germination test. 

Tissue cultures for excised roots, virus tumor tissue, proliferating 
cells, and regenerative tissues generally may be adapted for the use of 
colchicine. In vitro and in vivo studies are made by these methods. 
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168.5: Chromosome Studies 

The pollen mother cells stained by acetocarmine are universally 
a most important source for studying chromosomes in plants. The 
procedure for determining the number of chromosomes is rapid. 
More important than deciding what the number might be, are the 
pairing characteristics at meiotic metaphase, chiasmatal frequencies, 
lagging of chromosomes at meiotic anaphase, configurations due to 
translocations, and the irregularities of meiotic processes generally. 
These are the problems associated with polyploidy that must be 
studied at the pollen mother cell stage. 

Root tips are used for a check of the somatic numbers of chromo
somes. Pretreatment of roots before fixation with chemicals that 
arrest mitosis at metaphase facilitates the study.2 Distributions of 
chromosomes in an arrested metaphase are easier to count and com
pare for size and morphology.10, s, 14, 2 

Leaf cells in division combined with acetocarmine and Feulgen 
technics are another source for counting chromosomes in polyploids 
and related diploids. The longer period of time during which leaf 
cells provide material and the abundance and availability of ma
terial are favored in this test. 

Pollen tube cells that undergo mitosis in the tube rather than 
inside the pollen grain can be treated with colchicine in sucrose-agar 
media. Scattered chromosomes are easily counted, and the morphology 
of somatic chromosomes in haploid sets can be measured.10 

Causes of sterility in pollen and pollen mother cells may not be 
the same when viewed in the embryo-sac stages, or among megaspore 
mother cells. Frequently the polyploid may be pollen-sterile and 
female-fertile, or vice versa. Transmission of certain extra chromo
somes occurs only through the female and not through the male 
gametophyte. Cytological methods to measure chromosomal varia
tions in the female gametophyte are long and difficult procedures, 
but they are important to a full knowledge of why some strains are 
lower in fertility than others. 
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CHAPTER 17 

Mechanism of Colchicine-Mitosis 

17. 1: Introduction 

While many activities of colchicine have been discussed in the 
previous chapters, it is evident that this alkaloid would be known 
merely as an effective treatment for gouty patients (Chapter 7) had 
it not been for its remarkable property of destroying the spindles of 
mitotic cells. The consequences of this, both in animal and botanical 
work, have been described. As a polyploidizing agent alone, colchi
cine has become of world-wide importance and has opened new vistas 
in experimental agriculture. The scope of the work which has been 
published since 1934 is so great that all its aspects cannot be covered 
in this book. More detailed information on some aspects of the 
colchicine problems may be found in several review papers to which 
the attention of the reader is directed.14, 19, 25, 32, 43, 5o, 57, 58, 69, 
77, 81, 97, 102, 18, 111 

Many still unsolved problems have been mentioned in the text, 
and it would be useless to discuss again their various aspects. How
ever, the main action of colchicine, as evidenced by microscopy and 
by the production of polyploids, is in changing the properties of the 
spindle. Other chemical or physical agents are also capable of de
stroying the spindle and preventing mitosis from proceeding. The 
uniqueness of colchicine appears with greater clarity when it is com
pared with, the other "spindle poisons." While no attempt will be 
made to cover spindle poisoning, this great field of cellular pharma
cology, it appears evident that the mechanisms of c-mitosis may be 
better understood from the study of other agents altering mitosis like 
colchicine. Many chemicals closely related to colchicine have been 
studied, and relations between their chemical structure and their 
spindle activity throw light on the possible action of colchicine. 

IJ.I-I: Historical. Spindle poisons were known long before col
chicine, and the fact that none of them was so successful is in itself 

[ 391 ] 
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a demonstration of the singularity of colchicine. The action of nar
cotics on divisions of sea-urchin eggs was studied by Hertwig in 
1887,48 two years before the discovery of c-mitosis by Pernice;95 in
activation of the spindle was conspicuous. Phenylurethane in "nar
cotic" doses was later used in experimental work to study the in
fluence of mitosis on the respiration; 125 the latter was not modified 
when the spindle was inactivated. In plants, Nemec86 studied another 
narcotic, chloral hydrate. Figure 17.l, which is from a later paper,98 

demonstrates how similar the arrested mitoses after chloral hydrate 
are to c-mitosis. The induction of polyploid plants was, however, 
never recprded, probably because of the too great toxicity of this 
narcotic.)(This points to one of the principal qualities of colchicine 
and explains most of its success in practical botanical work: its low 
toxicity and high efficiency.92 

A classical monograph dealing with animal cells was written by 
Politzer,97 who had done important work in the years 1920-1930. 
Several basic dyes appear to influence the spindle, but Politzer's work 
is mainly concerned with chromosome poisons, which act somewhat 
similarly to the ionizing radiations (so-called "radiomimetic" drugs) , 
and he mentions only occasionally metaphase poisoning and spindle 
destruction. 

In 1929, in A. P. Dustin's laboratory, Piton96 demonstrated the 
action of various arsenical derivatives on mitoses in mice. These ex
periments were later extended to grafted tumors. 29 However, the 
concept of c-mitosis did not yet exist, and observing the gradual in
crease in the numbers of mitoses, it was thought that a mitotic 
stimulation was taking place. Actually, it was only after the study 
of colchicine that it was clearly realized that arsenicals were also 
spindle poisons, and much later, that they also influenced plant 
mitosis. Another curious observation is that of Rosenfeld,99 who 
noted arrested metaphases in cells treated with ammonia. 

On the other hand, it was demonstrated by Lewis72 that heat alone 
could inactivate the spindle. Sax observed a similar behavior of plant 
mitoses in Tradescantia. 104 This research opened a way for the suc
cessful production of polyploid plants (cf. Chapter 11) and poly
ploid vertebrates (cf. Chapter 16A), but it was not linked to the 
other observations of what came to be called c-mitosis. 70 After the 
discovery of colchicine, and mainly after the observation of its action 
on plant cells, a host of new spindle poisons was described, and other 
chemical and physical means of arresting metaphases were found. 
None was more efficient than colchicine, with the exception of some 
derivatives closely related to colchicine. 

I7.I-2: Colchicine and the spindle. Before discussing further 
other mitotic poisons, it is important to stress the peculiar properties 
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of colchicine. These have been analyzed at length in Chapters 2, 3, 
and 4, and only a short summary is necessary at this point. Colchi
cine is a mitotic poison; that is to say, it belongs to the vast and 
rapidly increasing group of substances which act specifically on divid
ing cells. In Chapter 7 many other actions of the alkaloid on "rest
ing" (intermitotic) cells were mentioned, but these are limited to 

0 

Fig. 17.1-Root tips of Vicia faba treated for three hours by a 1 per cent solution of 
chloral hydrate and replaced for 24 hours in water. Pseudo-metaphases and pseudo

anaphases. (After van Regemoorter,"' Fig. 1) 

some specialized tissues and to some groups of animals. Effects on 
cell-shape, apart from mitosis, have also been recorded in Chapter 4. 
These are most interesting for a proper understanding of the c-mitotic 
effect, but are mainly side-effects, usually brought about with strong 
concentrations of the alkaloid. 

On the contrary, the spindle action is remarkably specific, and 
solutions of colchicine diluted to one part in one billion, may still 
exhibit spindle poisoning: colchicine has high activity. This is ex
pressed as the inverse of the activity threshold. Colchicine is also of 
great efficiency; that is to say, it acts over a wide range of concentra-
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tion. This is especially visible in plant cells, where the general toxic 
reactions of strong doses described in animals (Chapter 7) are 
avoided. No other spindle poison is at the same time so active and 
so efficient, though some of the colchicine derivatives may poison 
animal spindles at concentrations lower than colchicine.n, 41 , 4 3, 92, 66 

The changes of the mitotic spindles under the action of colchicine 
have been described at length in Chapter 3. Suffice it to recall here 
that the fibrous and polarized spindle is very rapidly changed into 
an amorphous "pseudo-spindle" or "hyaline globule," which is in
capable of moving the chromosomes.40 , 51 Much evidence is at hand 
to demonstrate that the action of the alkaloid is proportional to its 
concentration and is totally reversible, two facts of great importance 
in the interpretation at a molecular level of spindle inactivation. 
Chromosome changes are usually only a consequence of the arrest of 
mitosis, especially in warm-blooded animals. In plants, the continua
tion of the normal chromosome-cycle in cells devoid of spindles is 
the basis of colchicine polyploidy. Cytoplasmic changes have been 
recorded in plants and animals, especially a decrease in the general 
viscosity, or rigidity, as evidenced by centrifugation.88 This may be 
a consequence, and not the cause, of spindle inactivation. 

Most of the other cellular changes are indirect consequences of 
the spindle inhibition. Short and thick chromosomes are frequently 
met in arrested metaphases. In plant cells, the cycle of chromosome 
reduplication is not disturbed by the alkaloid, while in animals, only 
a few instances of polyploid cells resulting from the multiplication 
of chromosomes in colchicine-treated cells have been recorded. Here, 
the prolongation of metaphase leads often to degenerative nuclear 
changes. Modifications in the shape of cells and in the growth of cell 
membranes have been recorded (cf. Chapter 4). These involve fi
brous proteins, and may be of a similar nature to the spindle changes. 

Considering the many data that have been gathered, it can be 
stated here that colchicine appears to be one of the most specific and 
least toxic of all the spindle poisons. Hence, any work which helps 
to solve the problem of spindle inactivation by this complex mole
cule may throw more light on the mechanism of cell division and 
on the physiology of the peculiar fibrous protein which constitutes 
the spindle. The importance of this cannot be underestimated, for 
all cellular growth in nucleated cells involves the separation of the 
two groups of chromosomes by the fibrous strands of the spindle.* 

" Whether similar mechanisms exist in bacteria is still open to discussion, 
though nuclei have been recognized by many authors, and at least one group has 
tentatively identified a mitotic spindle.24 It may be that the plurinucleated bac
terial forms which arise under the influence of some antibiotics, e.g. penicillin, are 
true polyploid cells. Some antibiotics have been shown to be spindle poisons in 
warm-blooded animals,' and future work may lead to the extension of the concept 
of mitotic poisoning to microorganisms. 
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IJ.I-3: Materials and methods. While the problems of colchicine 
technique have been reviewed in Chapter 16, it is necessary to say 
something more about this subject in introducing a chapter on 
spindle poisons. The fundamental processes of mitosis are very similar 
in all nucleated cells, but it would be an error to think about cell divi
vision as an identical phenomenon in all nature from the unicellulars 
to higher plants and animals. Though the changes brought about 
by exposure to colchicine are nearly identical, it has been pointed out 
in previous chapters that Amoeba reacts only when the alkaloid is 
injected with a micropipette into the cytoplasm, that in plant cells, 
chromosome division proceeds for a long time in the absence of any 
spindle, and that in animals the hormones and other influences 
regulating cellular multiplication interfere with the action of colchi
cine (cf. Chapters 7, 8, and 9). 

Spindle poisons have been studied by a small group of research 
workers, and each laboratory has used the cellular material which 
appeared the most convenient. It would be unwise to compare un
critically results obtained on A llium root tips or on sea-urchin eggs 
with those observed in fibroblast cultures or in mammals injected 
with colchicine, or to compare colchicine and spindle-poison effects 
in normal and neoplastic cells, in embryos or in adults, in slow-grow
ing cells or in tissues stimulated to cellular multiplication by the 
action of hormones - both in plants and animals. These facts may 
seem evident from previous chapters. The great mass of data that 
has accumulated for twenty years about spindle poisons can only be 
discussed with caution. It is clear that the time is not yet ripe for a 
single theory covering all types of cells. This important point should 
be kept in mind when, in the next pages, different and apparently 
conflicting theories are considered. The only firm ground is that of 
the experimental facts, and this alone provides a varied and interest
ing insight into the action of spindle poisons. 

IJ.I-4: The problem. The purpose of this chapter can now be 
defined more clearly. The fundamental problem is that of spindle 
inactivation by colchicine, a highly specific property of a complex 
molecule. Other spindle poisons will be considered as far as they 
help to understand colchicine, and also the modifications of the 
fibrous properties of the spindle, as evidenced by its structure and by 
submicroscopic evidence (polarized light) 105 , 51 (Chapter 3). 

The following points will be considered: 
(1) Like most biological activities, spindle formation and modifi

cations during mitosis may be under the control of enzymes. Most 
work on the effects of colchicine on enzyme systems does not bring 
much useful evidence, but should be pursued. Some of the latest 
theories, discussed in Subsections 17.5-2 and -4, point to enzymes as
the targets inhibited by colchicine. 
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(2) A great amount of work on plant cells with a large series of 
chemicals has indicated that the destruction of the spindle was most 
closely related to physical properties such as solubility. In short, c
mitosis appeared as a "narcotized" mitosis, and the theories of nar
cosis explain many findings. It will be seen further whether colchi
cine fits into such a theory (Subsection 17.3-5). 

(3) \Vork with a molecule as complex as colchicine benefits from 
experiments with related chemicals having simpler structures. These 
have clearly indicated which, in the molecule of colchicine, are the 
groups necessary for the production of c-mitosis. Other substances 
that inactivate spindles and have definite chemical properties which 
may explain their action, are of varied structure and range from the 
simple inorganic arsenic salts to complex molecules, alkaloids, or anti
biotics. Though no chemical explanation of spindle destruction by 
all these substances can be given, the comparison of their structures 
and activities with that of colchicine throws some light on the singular 
properties of this alkaloid. 

(4) Another approach to the problem of colchicine and the 
spindle is through the study of antagonists and synergists. Some of 
the work done in this field has given rise to controversies, but it can
not be ignored. It is evident that the discovery of a substance capable 
of preventing colchicine from destroying mitotic spindles might at 
least throw some more light on the biochemistry of the alkaloid and 
the spindle and on the complex reaction which apparently takes place 
between them. 

From all these studies, however scattered and incomplete they may 
yet be, emerges an outline of a new cellular pharmacology which 
should ultimately not only explain why colchicine is a mitotic poison 
but help, by what can properly be named a "biochemical dissection 
of mitosis," to explain the mechanics of cell multiplication and of 
growth. 

17.2: Metabolic Actions of Colchicine 

We will consider under this heading only the facts which help to 
explain c-mitosis. Other properties of the alkaloid have been de
scribed in Chapters 4 and 7. The resistance of some plants and ani
mals to colchicine will be mentioned. \,Vhile the mechanism of re
sistance is very imperfectly understood, it may be related to the in
fluence of the drug on cellular physiology. 

IJ.2-I: Enzymes. The work done in this field has been conducted 
with quite different purposes, some authors being interested in mi
tosis, others in possible mechanisms of colchicine treatment of gout, 
the origin of hemorrhages observed in malignant growths (Chapter 
l 0) , or the formation of c-tumors in plants. 
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An over-all decrease in tumor respiration was one of the first bio
chemical observations on colchicine. Its relation with the inhibition 
of mitosis is not evident.10, 106 

It has been demonstrated that a 1.2 X I0-2 M solution of colchi
cine inhibits dephosphorylation and the deamination of desoxyribonu
cleotides. Desoxyribonuclease is also inhibited; however, the relation 
of these facts to mitosis is by no means clear, and the concentrations 
of colchicine are far greater than those effective in spindle poisoning. 60 

In rats injected 0.2 mg. of the drug, a decrease of the alkaline phos
phatase activity was recorded in liver tissue; there was no increased 
disintegration of ribonucleic acid (RNA) .31 The RNA content of 
fibroblasts growing in vitro was decreased by colchicine.23 Pyrophos
phatase, an enzyme which was found in great quantities in a benzo
pyrene-induced sarcoma in a rat, was inhibited after a colchicine in
jection, though no action on the enzyme could be detected in vitro.9 

Other work on changes in purine metabolism, possibly linked 
with the curative effect of colchicine in gout, demonstrates that, while 
the nucleotidase of the intestine of calves was not affected, that of 
human serum was inhibited. Xanthine-dehydrase was also inhibited 
in guinea pigs, but the concentrations of colchicine (50 per cent and 
more) were far larger than those effective both in spindle poisoning 
and in therapeutics.53 

Inhibition of dehydrogenase activity by colchicine and sodium 
cacodylate, another spindle poison, was reported in 1938,38 but no 
further data on this subject have been published since. A strong de
crease of liver dioxyphenylalanine-decarboxylase in rats, and of the 
pressor amines of the adrenals,47 may be related lo the general toxicity 
reactions of the alkaloid (Chapter 7) . In vitro studies of rat liver 
slices demonstrated an inhibition of creatine synthesis, and blocking 
of the formation of p-aminohippuric acid from p-aminobenzoic acid. 
The methylation of nicotinamide was also inhibited. There appeared 
to be a relation between amount of drug and degree of inhibition. 
The formation of creatine from guanidoacetic acid and L-methionine 
was inhibited by 65 per cent by a I0-3 M solution of colchicine.83 

In plant material, enzymatic reactions, in vitro, of malt diastase 
were accelerated by the addition of colchicine; however, the rates of 
conversion of sucrose by invertase were not influenced.115 In the ger
minating grains of Triticum aestivum L., the activity of amylase was 
increased by I0-6 M colchicine. No significant changes of photosyn
thesis have been detected.42 

Some further results will be considered in the paragraphs on the 
action of meso-inosi tol ( I 7 .5-2) and adenosinetri phosphoric acid 
(17.5-4). It is evident at this point that no significant relation be
tween enzyme inactivation and spindle poisoning has been detected. 
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IJ.2-2: Resistance in plants and animals. Cells of Colchicum 
autumnale L. yield as much as four parts per thousand of alkaloid. 
Thus, some of the mitoses of the plant may be in close relation to 
large doses of colchicine, and the questions arose by what mechanism 
these mitoses are protected, and whether c-mitosis is possible in Col
chicum. The first experimenters used as a test the bulbous enlarge
ments of the root tips of Colchicum and concluded that large doses 
of colchicine were active. However, as mentioned in Chapter 4, this 
is only presumptive evidence, and c-tumors may arise without any 
mitoses taking place (Chapter 4). Cytological work was carried fur
ther on several species of Colchicum and with various concentrations 
of the alkaloid.20 The results were compared to those of the spindle 
poison, acenaphthene (cf. Subsection 17.3-2). No true resistance in 
excised root tips grown on agar with strong concentrations of colchi
cine20 was observed, though the concentration of alkaloid necessary to 
induce full c-mitosis was considerable (5 per cent in water). The 
possible influence of the chloroform present in crystalline colchicine 
has been ruled out; chloroform is only a weak spindle poison.117 It 
is clear that mitoses in Colchicum are considerably more resistant 
than any other plant mitoses towards the alkaloid. This type of re
sistance appears somewhat similar to that of venomous animals to
wards their own venom, but in the case of the plant, the basic mechan
ism is not understood and further research would be useful. Evi
dently, this is linked with the other unsolved problems of the role 
and metabolism of colchicine in Colchicum sp. The glucoside found 
in the plant, colchicoside,82 may be of some significance (cf. Subsec
tion 17.4-1). 

During routine laboratory tests the discovery was made that golden 
hamsters resist very large doses of colchicine,90 considerably greater 
than the lethal doses for rabbits, guinea pigs, mice, and rats. The 
tests yielded no c-mitotic values, but only toxicity values which proved 
beyond doubt that natural resistance exists with the hamsters. Another 
similar case is the resistance of rabbits to aconite. 

Hamsters are native to the region where species of Colchicum are 
abundant (cf. Chapter I). Through a long period of evolution the 
hamsters may, by the processes of survival of those animals that lived 
after eating the Colchicum, have passed this resistance on to succeed
ing generations. Any part of the Colchicum, leaf, flower, seed, fruit, 
corm, would contribute generous portions of colchicine that would 
be lethal to an animal without resistance. 

Such resistance displayed by the hamsters is of interest in con
nection with the evolutionary problems involved. Further work should 
be done with the mitotic processes to make comparison of the action 
of colchicine upon these features. 
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17 .3: Physical Action 

An inhibition of spindle function and the destruction of its fibril
lar structure can be the consequence of physical agents acting on the 
cells during division. On the other hand, it appears most probable 
that many of the spindle poisons which have been described do not 
act by combining in the chemical sense of the word with the spindle 
proteins, but by altering some of the physical conditions necessary 
for the proper development of mitosis. 

I7.3-I: Inhibition of the spindle by physical agents. That modifi
cations of the physical environment of the cell, without any mitotic 
poison being present, may induce c-mitosis is evidenced from the action 
of heat, cold, and high hydrostatic pressures. 

The reversible changes of the mitotic spindle under the influence 
of an increased temperature were described in 1933.72 Before colchi
cine, heat-shock was perhaps the most reliable method for producing 
polyploid plants (cf. Chapter 11) .104 It is also one of the most efficient 
methods of inducing polyploidy in mammals, as mentioned in Chap
ter 16A. In Triton vulgaris, on the contrary, larvae kept in water at 
3°C. show a typical metaphase arrest, with chromosomes grouped in 
a single star. The only difference with colchicine is that the alkaloid 
does not depress prophases, and that ball metaphases (cf. Chapter 2) 
are more frequent. 4 The hypothesis that cold should mainly affect 
the centrosomes and centromeres and prevent the orientation of 
spindle fibers at their contact4 is interesting and deserving of further 
study. Cold may have played a significant part in the evolution of 
polyploid species, especially during the periods of glaciation. 

The action of high hydrostatic pressures, about 200 atmospheres, 
is similar to that of temperature changes in that it brings reversible 
changes of the spindle, which loses its fibrous appearance.94 This has 
been demonstrated both in animal cells (Urechis) and in plants (pol
len mother cells of Tradescantia) . The exact significance of these re
sults is far from being understood and need not be discussed here. 

Evidently, the proper functioning of the spindle is only possible 
within a limited range of physico-chemical conditions. It is thus not 
surprising that changes induced by chemicals of various and unre
lated structures may also arrest mitosis by inhibiting the spindle. Re
search in this field will now be discussed, and the "narcosis theory" of 
c-mitosis explained. Most of this work, for obvious experimental rea
sons, has been conducted on plant cells, mainly the Allium root tip, 
and on eggs of invertebrates or vertebrates. A few observations have 
been made on tissue cultures. 

I7.3-2: Simple aromatic and aliphatic mitotic poisons. A very ex
tensive study on plant cells has been conducted by several groups of 
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workers, that happened to be widely separated by the events of the 
second World War. The similar conclusions which were reached have 
thus an added significance. The names of Gavaudan (Marseille, 
France), 41 , 43 Schmuck (U.S.S.R.) ,107 , 108, 10» and Levan and Oster
gren (Lund, Sweden) 70 , 71 - HI, u1 , should be mentioned at this point. 
This work began with the search for some polyploidizing agent 
more effective than colchicine and led to an intensive study of chemi
cals and of the relation between their structure and their activity. One 
of the first substances demonstrated to be effective for the induction of 
polyploidy in plants was acenapthene (I) . This was discovered in 
1938,107 , 85 , 119 , 34 and the simplicity of its chemical structure, ap
parently without any relation to that of colchicine, quite naturally 
led other authors to investigate various aromatic derivatives. 

In the following years, haloid derivatives of acenaphthene were 
also found to be effective c-mitotic poisons, as well as later haloid 
derivatives of other aromatic compounds,71, 41 , 113 , 114 and various de
rivatives of benzene and naphthalene. All of these were soluble in 
lipids and, contrary to colchicine, had low water solubility. In 
France, many mono-substituted derivatives of benzene and naphtha
lene were tested by the Gavaudans on Triticum. This extensive work 
can only be briefly reviewed here. It appeared that, while benzene 
was only weakly active, it was necessary only to add some side-chains 
to obtain effective c-mitotic poisons. One exception was hexamethyl
benzene, the inactivity of which was linked with its high degree of 
symmetry. Nitro- and halo-derivatives of benzene and naphthalene 
were studied, and many found to be mitotic poisons. However, total 
inactivation of the spindle was not always observed, and partial c
mitosis (mero-stathmokinesis) or abnormalities of spindle orientation 
(tropokinesis) were often the only cellular changes. C-mitosis was 
also observed under the influence of anesthetic drugs, such as phenyl
urethane, acetophenone, or anesthesine.41 , 43 

It soon became evident that no definite chemical structure was 
necessary, but that nearly all aromatic derivatives were c-mitotic 
poisons under proper experimental conditions, except those with a 
carboxyl, for instance, benzoic acid, or an amino-group. It was evi
dent that an increased solubility in water was unfavorable for spindle 
poisoning. More recently, however, amino-acenaphthene was demon
strated to be a spindle poison for fibroblasts in tissue culture.66 , 69 

In 1944, the French authors linked their observations with Fer
guson's notion of thermodynamic activity, which expressed the tend
ency of a given substance to escape from the phase in which it is dis
solved. It can be measured by the relation between the lowest active 
concentrations of a substance and its highest solubility in water. The 
conclusion was reached that with only a few exceptions, all the chemi
cals which had proved to arrest spindle activity acted like chemically 
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indifferent poisons, and that their influence on mitosis was quite 
similar to the changes brought about in the nervous system by the 
so-called indifferent narcotics. Physical changes appeared prominent, 
and c-mitosis was called a "narcotized" mitosis. The substances listed 
as not following the rule included aniline, phenol, hexanitrodiphen
ylamine, and colchicine. The activity of phenol and aniline, two 
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simple derivatives of benzene, demonstrated that in the series of ben
zene derivatives, the hypothesis that the substances with high thermo
dynamic potential and high solubility in lipids were the most active 
spindle poisons, could not be accepted without some corrections.41 , 43 

The Swedish authors,70 , 71 , 91 , 92 studying the Alhum root tips, 
came to nearly identical conclusions, linking lipoid solubility with 
the mechanism of c-mitosis. They studied a large number of com
pounds, listed in the papers of Ostergren, (cf. also 69) who proposed 
a theoretical explanation of "narcotized mitosis" which will be dis
cussed in Subsection 17.3-4. It should be pointed out here that all 
these experiments could easily be carried out on root tips, but that 
the conclusions cannot be too rapidly extended to animal cells, which 
would not resist treatments with strong concentrations of lipoid
soluble substances, often of high toxicity. It is however evident that 
some drugs known as narcotics in animals, do possess c-mitotic proper
ties. 

I7.3-3: Narcotics and indifferent irwrganical substances. Among 
the chemicals capable of inducing narcosis in animals, we have already 
mentioned chloral hydrate,126 , !l8 , 39 which is a spindle poison, as 
shown in Figure 17.1. Ethylcarbamate (ethylurethane) is a narcotic 
in animals and a spindle poison in the egg of Paracentratus lividus 
LK.,n in amphibians and in plant cells. 25 In other animal cells, e.g., 
the intestinal mucosa and the bone marrow of mammals, ethylcarba
mate acts like a chromosome poison.3° Chloroform76 and ether are 
known to arrest cell division in plants and in some eggs of ani
mals.48, 97 In the corneal cells of Salamandra, ethyl alcohol, ether, 
and chlorethone also prevent the proper activity of the spindle.97 
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None of these substances, however, has an activity comparable to that 
of colchicine, and their mitotic effects are only visible in relatively 
concentrated solutions. 

These facts, demonstrating that no evident relation exists between 
the chemical constitution and the c-mitotic action, and that lipoid 
solubility is always present, confirm the theory of c-mitosis as a nar
cotized mitosis. Lipoid solubility is one of the foundations of Over
ton's well-known theory of narcosis in animals. The wide use of gase
ous narcosis in medical practice prompted some workers to study this 
group of narcotics on the root tips of Allium cepa. These were kept 
humid in a mixture of atmospheric air and the gases, which were 
under pressure. Propane, nitrogen, nitrous oxide, methane, argon 
(under a pressure of 75 atmospheres), and hydrogen (200 atmos

pheres) induced c-mitosis and typical c-tumors. However, only pro
pane, nitrogen, and nitrous oxide induced polyploid cells, for the 
other gases depressed too much the number of new mitoses.35 This 
observation of c-mitosis under the influence of an inert gas like argon 
definitely demonstrates that the chemical structure may be quite in
different to the production of inactive spindles, and that physical 
changes play a great part. C-mitosis appears at this point to be a 
general reaction of the spindle under the most varied conditions. 
Work discussed further will show how far these results may explain 
the action of colchicine. 

IJ.3-4: Narcosis and colchicine_ The facts gathered so far point 
towards a close relation between metaphasic (spindle) poisoning and 
lipoid solubility or thermodynamic activity. The precise relation be
tween lipoids and the function of the spindle is by no means clear, 
and narcotics appears to modify mitosis somewhat like cold4 or high 
hydrostatic pressure.94 It is not surprising that the problem appears 
complex, for very little is known about the main target of all these 
poisons, namely, the spindle. That it is fibrous and anisotropic is 
evident and is no longer discussed.110 , 50 How it functions is the sub
ject of much controversy, for it is not yet demonstrated whether the 
fibers "pull" the chromosomes towards the poles (after gathering 
them at the equator of the cell) , or if the chromosomes are "pushed" 
polewards by a "Stemmkorper" lying at anaphase in the center of the 
cell. The results of colchicine research indicate (Chapter 2) that trac
tion must play an important role in the movements of the anaphase 
plates, but how this traction takes place and on what support the fibers 
are anchored are still unsolved problems. The shortening of the 
fibers involves most probably changes from fibrous to globular pro
teins, as evidenced by the polarized light data.51 These changes 
probably take place first between the two anaphasic plates, where all 
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fibrous structures disappear and later between the poles and the cen
tromeres, where they bring about a shortening of the fibers. The 
biochemical basis of this complex mechanism is unknown. The 
chemical constitution of the fibers themselves has not been deter
mined, with the exception of some histochemical work indicating 
that their proteins are rich in sulfhydryl groups (cf. Subsection 
17.4-2). 

Any theory linking "narcosis" to spindle changes requires ad
ditional investigations with a wider use of specimens from both ani
mals and plants. The Swedish author bstergren71 • 92 has presented 
evidence for the "narcosis theory" using Alli um root tip cells as a 
major testing material. The relationship demonstrated to exist be
tween lipo-solubility and the c-mitotic activity for many substances 
fits the hypothesis quite well, but there are unanswered questions that 
do not give us as much supporting evidence as everyone would desire. 
Therefore, the hypothesis put forward by Ostergren at this time re
quires additional testing. Repeating from the preceding paragraph, 
it is to be stressed that the lack of specific biochemical evidence 
drastically limits our understanding, particularly when trying to 
formulate basic mechanisms for reactions such as the c-mitosis. 

Colchicine is a spindle poison with a low thermodynamic activity 
and extremely high solubility in water. Therefore, this chemical is an 
exception to the general rule that applies to simpler aromatic deriva
tives.91 These relationships are clearly illustrated in Figure 17.2, as 
drawn from experiments with cells of Allzum and/or Triticum. The 
proposed theory of a narcosis, while interesting from the standpoint 
of the biochemistry of the spindle, cannot at the same time apply to 
colchicine, which appears to act on a chemical basis rather than 
physically. This conclusion was reached independently by the French 
authors.43 Certain results will now be considered to show that ideas 
of a chemical relation between alkaloid and spindle appear promising 
for the ultimate explanation as to how a c-mitosis is accomplished. 

17.4: Chemical Action 

Two lines of research indicate that spindle poisoning may be re
lated to definite chemical structures, and probably to chemical inter
ference between poisons and spindle fibers. The first is the study of 
derivatives of colchicine and related molecules. This indicates that 
minor changes in this complex atomic structure may considerably 
affect the cytological activity. The second is the study of other mitotic 
poisons; while those which have been considered so far acted more 
physically than chemically, there is a small but important group of 
substances which inactivate the spindle and which possess specific 
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chemical reactivity. After studying these simple spindle poisons, some 
other substances acting like colchicine, or those with complex mole
cular structure will be examined briefly. The properties of colchicine 
will then be compared to those of other poisons. 

I7.4-I: Colchicine derivatives. These have been studied from 
three main points of view: their toxicity, their antimitotic activity, -C 
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Fig. 17.2-Relation between c-mitotic activity in the Allium test and solubility in water. 
Each dot or triangle corresponds to a different substance. The singular behavior of 

colchicine is evident. (After Ostergren, 1951"2) 

and their inhibition of tumor growth.27 The spindle poisoning will 
mainly interest us here, and it should be made clear that this is not 
necessarily paralleled by other properties of these molecules. For in
stance, it has long been known that colchiceine (II) is less toxic, and 
also a weaker mitotic poison than colchicine. But desacetylcolchiceine, 
trimethylcolchicinic acid (III) ,63 does not interfere at all with cell 
division in animals, while it may, like colchicine, kill frogs by central 
nervous paralysis. The opposite is also true; and results to be discussed 
further point to the possibility of synthesizing derivatives with lower 
toxicity and greater mitotic-poisoning effects than colchicine. 
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In the Alliurn test, trirnethylcolchicinic acid (III) has been shown 
to induce c-mitosis, but it is thought that the mechanism is quite dif
ferent from that of colchicine, and related to the amino group of ring 
B.117 This derivative has a marked toxicity, while even 20 per cent 
solutions of colchicine are only slightly toxic for these plant cells. 

Before considering in some detail artificial colchicine derivatives, it 
is important to remember that other closely related alkaloids exist in 
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Colchicurn, and also that colchicine is probably present in chemical 
combination with a glucoside. Desmethylcolchicine has been found 
in preparations of colchicine; 49 it differs from colchicine only by one 
methyl group missing in ring A. It has been proved that it poisons 
mitosis like colchicinc, and demonstrates that two methyl groups are 
sufficient for this. It is probable that at least one is indispensable. 
\Vork by Lettre is interesting in this connection.r.G This author, 
searching for mitotic poisons with a simpler chemical structure, and 
basing his researches at the time on the old formula of Windaus in 
which rings B and C are 6-membered, showed that on fibroblasts in 
tissue culture, mescaline (IV) was without action, while a-phenyl-~
(3, 4, 5-trimethoxyphenyl) -ethylamine (V) is active. Further simplifi
cation demonstrated that spindle poisoning was retained in a-phenyl
~ (p-metholxyphenyl) -ethylamine (VI), which was the simplest pos
sible poison of this group. 

The exact chemical structure of several other substances from 
Colchicurn and closely related to colchicine is not known yet; they 
probably differ from the parent molecule by relatively minor changes, 
100, 101 , 65 and are all more or less active against mitosis. 

In Colchicum, a substance named colchicoside, resulting from a 
gl ucosidic linkage of colchicine, the exact chemical nature of which 
has not yet been established, has been isolated.82 It is of interest to 
note that this poisons spindles, but is 40 times less active than colchi
cine towards plant mitoses. With diluted solutions, it is observed 
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that c-tumors (root-tip swellings) occur with solutions which arc de
void of any mitotic action. The hypothesis has been put forward that 
colchicoside may be some kind of detoxication product of colchicine, 
a fact which may help to explain the resistance of Colchicum towards 
colchicine (cf. Subsection 17.2-2). 

The principal changes affecting the action of colchicine are those 
affecting the N-substitutcd radicals in ring B and the esters of ring 

(VII) Colchicine 
lsocolchicine 

C. Before considering some of these derivatives, it is important to 
study the results obtained with an isomer of colchicine, isocolchicine, 
(VII) in which the positions of the O and O-CH3 radicals of ring C 
are reversed.116, 117 , 65 

The activity of isocolchicine has been studied on Allium root 
tips117 and on fibroblast cultures.66 Solubility and thermodynamic 
activity differ considerably from those of colchicine. While the latter 
is soluble in approximately all proportions in water, isocolchicine 
has a solubility of 50,000X 10-6M / 1. The activity thresholds stand at 
150 for colchicine and 14,000 X 10-6 M /1 for the iso-compound, the 
thermodynamic activity of which is 0.28, that is to say, about a thous
and times higher than that of colchicine. As a conclusion of this 
work, it appears "that colchicine, with its low thermodynamic activity 
is a typical representative of the chemically acting substances, while 
isocolchicine with its 900 times higher thermodynamic activity be
longs to the type of unspecifically acting substances." 117 Jsocolchicine 
interferes thus with mitosis like the many substances mentioned in 
the previous paragraph of this chapter. In fibroblast cultures, the 
difference is not quite so great, for isocolchicine is only 50 times less 
active than colchicine. Two other similar molecules, ethyl-colchi
ceine and isoethylcolchiceine, were compared on the same material: 
the second was about 200 times less active than the first. These sub
stances have been isolated from Colchicum. Other iso- derivatives of 
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colchicine have also proved to be without action against neoplasms.6G 

It is premature to discuss the reasons for the weak activity of the 
iso- compounds. One reason which has been put forward is the forma
tion of hydrogen bonds between the side-chains of ring C and ring B, 
because of the closeness of the methyl groups of these chains in the 
iso- forms. (VII) It has been suggested that the weak antimitotic 
activity of colchiceine may be the consequence of the iso- form of this 
molecule.65 Other data prove that the activity of colchicine on mitosis 
is related to both these side-chains. 

The substances to be studied now can all be considered as de
rivatives of trimethylcolchicinic acid (III) . This compound was dem
onstrated in some of the first work on colchicine derivatives and 
mitotic cells in mammals, to be inactive. In cultures of fibroblasts 
and of neoplastic cells also, no activity could be detected (Table 
17.1) .44 

Substitution on ring B alone does not yield effective mitotic poi
sons. On tissue cultures, N-acetyl-colchicol and its methyl ether (VIII) 
have only slight activity. Tables 17.1 and 17.2 give further evidence 

TABLE 17.1 
LD 50's OF CoLCHICINE DERIVATIVES IN MG/KG 

(After Goldberg et al. 44) 

Substance Mice Rats 

N-Benzoyl-TMCA *. >700 

TMCA ....... 200 200 

Colchiceine ..... 84 30 

N-Acetyl-colchicol . 56 200 

TMCA-methyl-ether .... 46 

N-Benzoyl-TMCA-methyl-ether ... 32 

N-Acetyl-TMCA-methyl-ether .... 3.5 5.0 

--------- -

* TMCA = trimethylcolchicinic acid. 

Cats 

>10 

>12.5 

10 

5 

<25 

0.5 

---~-

of this. The activity of this derivative is comparable to that of col
chiceine. 

However, when ring C remains as in colchicine, it is evident that 
N-substitution in ring B is not of great importance for activity. In 
tissue cultures, desacetylcolchicine, trimethylcolchicinic acid methyl 
ether (IX), is an effective spindle poison, while the parent substance, 
desacetylcolchiceine (= TMCA), is almost inactive. N-benzoyl-tri-
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( VIII ) (IX) 

methylcolchicinic methyl ether has been demonstrated to be one of 
the most effective derivatives in arresting mitoses in the stomach 
epithelium of mice.11, 12, 36 

Substitutions in ring C are the most important, for they yield 
substances with a greater antimitotic activity than colchicine.64 , 78 

These are derivatives of colchicamide (X) . (This abbreviated spell
ing is to be preferred to colchicineamide or colchiceinamide, which 
are to be found in the literature.) Thirty-five derivatives of this type 
have been studied by Lettrc,66 who found N-methyl-, N-ethyl-, and 
N-dimethyl-colchicamide to be most effective in tissue-culture work, 
the activity decreasing when longer side-chains were added to the 
amino-group (Table 17.3). 

Other derivatives with more extensive changes in ring C, for in
stance with a six-carbon aromatic ring C, colchinol series (XI), or 

TABLE 17.2 
MINIMAL EFFECTIVE ANTIMITOTIC DosE OF TMCA DERIVATIVES ON CORNEAL MITOSES 
OF MICE, SIX HOURS AFTER INJECTION, EXPRESSED AS THE FRACTION OF THE LD 50 IN 
CREASING THE MITOTIC INDEX ABOVE THAT OF CONTROLS AND MINIMAL EFFECTIVE 

ANTIMITOTIC DosEs IN VARIOUS TISSUES OF MICE 
(After Goldberg et al.44 ) 

Substance 

Colchicine ............. . 

K-acetylcolchicol ......... . 

Colchiceine ........... . 

TMCA (trimethyl
colchicinic acid) ... 

Minimal 
Antimitotic 

Dose/ 
LD 50 

1 ;10 

1, 2 

1 

>1 

Minimal Effective Dose 

Cornea 
(mg; kg) 

0.01 

1.0 

4.0 

inactive 

Regenerating 
Liver 

(mg/kg) 

0.21 

9.01 

8.01 

inactive 

Tissue 
Cultures 
(µg/ kg) 

0.35 

28.0 

84.0 

inactive 

- ---------------- -~------~-----~--------------



410 Colchicine 

N-benzoyl-colchicinic anhydride (XII), have been tested on tumors.63 

None has shown an activity comparable to colchicine, and the reader 
should refer to the papers of the National Cancer Institute group for 
detailed data on this subject.11, 12 , 63, 64, 65 

Although colchicine derivatives have been tested on few materials, 
the main purpose of the work having been a search for substances of 

(X) 

(XI) N-Acetylcolchinol (XII) 

interest in cancer chemotherapy, the following conclusions can be 
drawn for the papers published: 
1. The isocolchicine derivatives, and isocolchicine itself, are con

siderably less active. It appears important that the esterified side
chains of rings B and C are at a proper distance one from another. 

2. At least one methoxy group appears indispensable in ring A. 
3. The amino group of ring B docs not need to be esterified, though 

this increases the activity. 
4. Ring C must be seven-membered, and the hydroxyl group esteri

fied, or better, replaced by an amino group itself esterified (colchi
camide derivatives) . 
These facts help to reveal which are the active groups of the 

colchicine molecule. However, they are yet of no help in explain
ing how these react with the spindle. Results obtained with spindle 
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poisons of very different chemical structure, and indicating relations 
between this structure and their action, throw further light on the 
subject of spindle inactivation. 

IJ.4-2: Sulfhydryl poisons. With a few exceptions, most of the 
work in this field has been done on tissue cultures50 or in intact 
warm-blooded animals.44 a This method has an advantage in that, be-

TABLE 17.3 
SMALLEST ANTIMITOTIC DOSES (µg/mJ) EFFECTIVE IN ARRESTING 

MITOSES IN CULTURES OF CHICK FIBROBLASTS 

(After Lettre 66) 

Derivative 

Colchiceine .. . 

Colchicine .. . 

Colchicamide .... 

N-methylcolchicamide . 

N-ethylcolchicamir!e ... 

N-propylcolchicamide .. 

N-butylcolchicamide ... 

N-methyl-propyl-colchicamide .... 

Dose 

5.0 

0.01 

0.01 

0.0025 

0.003 

0.08 

0.9 

0.5 

cause of the necessity for avoiding toxic side-effects, only small doses 
may be used. Hence, substances acting as narcotics or producing a 
"physical" change of the spindle will not be found to have mitotic
poisoning properties. 

The most extensively studied in mammals,96 , 29 , 73 , 30 in inverte
brates,45 on tissue cultures,74 , 13 , 55 and in plant cells79 , 22 are simple 
derivatives of arsenic. Arsenious oxide and sodium arsenite arrest 
metaphase by destroying the spindle, and these star metaphases are 
very similar to those described in Chapter 2. The most effective of the 
organic arsenicals appears to be sodium cacodylate, or dimethylarsin
ate (XIII). 

In mice, it has been demonstrated that this action was reversible, 
that is to say, that arrested metaphases could be detoxicated and pro
ceed to a normal tclophase.30 The inactivation of the spindle is thus 
the consequence of a labile combination of its proteins with arsenic. 
The detoxicating agent was dimercaptopropanol (BAL, British Anti
Lewisite) (XIV), a substance which combines rapidly and strongly 
with arsenic and other metals. This action of a chemical with two 
-SH functions suggested that arsenic may have combined with similar 
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SH groups in the spindle.30 This hypothesis was in agreement with a 
theory of spindle activity in which reversible changes of SH to S-S 
functions were supposed to play a prominent part in the "contractile" 
properties of the spindle. The further discovery that -SH substances 
themselves were also spindle poisons, for instance, dimercaptojJro
panol and sodium diethyldithiocarbarnate, was in agreement with this 

CH-SH 
/CH3 I 

/ CH-SH 

o=As--CH3 

/ 
I 

CHOII 

/O-Na 

( XIII ) (XIV) 

hypothesis, if it was considered that a proper equilibrium between 
reduced and oxydized sulfhydryl functions was indispensable for 
spindle activity.Ho 

This theory of chemical action on the spindle received further sup
port from the discovery that many metals, known to combine with 
-SH groups, are mitotic poisons.80 Ethylmercurychloride is an ex
ample of an organic poison of this type, active on plant cells,56 , 73 

while cadmium salts are most effective in arresting mitosis in mam
mals.122, 30, 2 The inhibition of melaphase by beryllium salts, which 
has been considered to be the result of nuclear phosphatase inhibi
tion,17 may possibly be explained by the combination of this metal 
with sulfhydryl groups. 

It has been further demonstrated by work on tissue cultures and 
in injected mice, that the typical -SH poisons, chloracetophenone, 
iodoacetic acid, and iodoacetamide, arrested mitoses at metaphase.44 "• 

50 However, these substances are very toxic, and have strong inhibi
tory actions on glycolysis, which may be important in explaining 
their action on cell division. Some of the complex molecules con
sidered in the next Subsection may also act as -SH poisons. 

This does not close the list of mi to tic poisons which appear to act 
chemically on the cells. The most remarkable is ethylcarbylamine 
(C2H;;CN), which has been demonstrated to modify the course of 
mitosis in tissue cultures exactly like colchicine.120 Total inactivation 
of the spindle with exploded metaphase and, later, formation of 
numerous micronuclei were conspicuous. Ethylcarbylamine reacts 
chemically with metals; this chelating property is shared by diethyldi
thiocarbamate, another spindle poison.30 These results point to some 
further complexities of the problem; the action of other organic 
spindle poisons will show how far we are from understanding the 
basic changes involved. 
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I 1.4-3: Complex organic molecules. The mechanism of action of 
most of the substances mentioned in this subsection is unknown; 
molecular structures are widely different. However, these drugs are 
all very active, and it is felt that they modify the spindle more by a 
chemical than by a physical change. The resin of Podophyllum sp. 
(mandrake) contains several toxic substances, the principal ones being 
podophyllotoxin, a- and ~-peltatins, and quercetin. The crude resin 
was a popular remedy against warts in the United States, and this 
observation led to a scientific study of the active substances54 , 21 (XV) . 
These proved to be efficient spindle poisons, and to act most similarly 
to colchicine, both in skin tumors of man, and in various animal 
materials. 118 From a chemical point of view, they are complex lac
tones.61l Another instance of a lactone acting as a mitotic poison is 
the antibiotic patulin (Bacitracin, clavacin) (XVI). This inhibits 
remarkably the spindles of erythroblasts in the chick and in many 
tissues of mice. 1 

It is interesting to compare the formula of patulin with that of 
coumarin (XVII), which has been described as a weak metaphase poi
son in Allium and Lilium. Its action may be of the "physical" type, 
though combination with -SH groups is also possible. 121 

Other substances of plant origin have been found to inhibit mitosis, 
mainly in tissue cultures of fibroblasts. Chelidoninemi is of interest 
because of its use in cancer chemotherapy (Chapter 10). In an ex
tensive study of alkaloids, it has been shown that the only active ones 
were found in the group which is chemically related to stilbylamine, 
and thus to a-phenyl-~ (p-methoxyphenyl) -ethylamine ( cf. 17.4-1) . 
These are narcotin, gnoscojJin, chelidonine, homochelidonine, meth
oxychelidonine, and protopin.69 Many other substances may yet be 
discovered when further systematic studies are conduced. This is al
ready underway, and has demonstrated c-mitotic activity in extracts 
of Chimaphila 11wculata and Sassafras albidum.7 

Other complex substances extracted from plants are anethol62 and 
apiol,41 which may induce polyploidy. This has also been observed 
in Allium root tips treated with veratrine. 128 Sanguinarine and cryp
topleurine are also spindle poisons, and the second, extracted from 
Cryptocaria jJleurospora, has been considered as effective as colchi
cine. 5 Positive effects on mitosis have also been found with extracts 
of the following plants: Ervatamia angustifolia, Aristolochia elegans, 
Euplwr/Jia pejJlus, Bul/Jina /mlbosa, and Strychnos arborea. Proto
anemomin is an interesting poison,33 , 121 for its action on the spindle 
may be prevented by dimercaptopropanol (BAL) ; this is evidence of 
a chemical reaction. 

The list of c-mitotic active substances is much longer, and among 
chemicals of animal origin or related to the g-rowth of animal cells. 
adrenalirzGH, 69 has been found to arrest metaphases in fibroblast cul-



OH 
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tures at a concentration of 0.1 mg/ml, and the antifolic drug, amino
pterin (4-aminopteroylglutamic acid) arrests mitoses in tissue cul
ture.52 This is a remarkable fact, for this antimetabolite when in
jected into mice, behaves as a strong and typical poison of the "radio
mimetic" type, inducing chromosome breakages.30 

I7.4-4: Colchicine compared with other spindle poisons. The 
spindle structure, which can be destroyed by purely physical means, 
is evidently adversely influenced by a series of substances which appear 
to act through their chemical reactivity. Arsenic, the heavy metals 
(mercury and cadmium), and the sulfhydryl poisons of the iodoacet

amicle type indicate that -SH groups may play an important role in 
metaphase dynamics. Some more complex substances, such as the 
antibiotic patulin, and protoanemonin, may owe their antimitotic 
properties to the lactone structure, and perhaps also to interference 
with sulfhydryl. Podophyllotoxin may possibly belong to the same 
group, but the difficulties of understanding clearly the action of such 
complex molecules are formidable. There is no indication that colchi
cine may fit in this type of chemical theory, though the facts gathered 
by the protagonists of the "narcosis" hypothesis, as well as the study 
of colchicine derivatives, point towards a chemical combination of 
the alkaloid with some intracellular receptor. 

The comparison of colchicine with other spindle poisons makes 
clear two facts: the great amount of work which is still necessary to 
unclentancl the action of this drug, and the notable specificity of 
colchicine. For, if several chemicals have been quoted as acting 
similarly, few have been capable of inducing polyploicly, and still 
none has proved comparable in the practical work on polyploicly in 
plants. The extraordinary fact is the great efficiency and activity of 
colchicine, which will remain active when highly diluted, but con
centrated solutions of which will not kill the cells. This points to 
some singular relation between the alkaloid and the spindle. 

Further research about the biological activity of the tropolone 
compounds should help to understand better the chemical action of 
colchicine in the cell. Thus far, it has not been possible to "simplify" 
the molecule and obtain spindle poisoning. The few reports on trop
olone derivatives indicate some action on mitosis, in Tradescantia 
staminal hair cells, far weaker than colchicine.124 The necessity for 
such a complex molecule to achieve with the utmost efficiency what 
can be clone by such simple agents as cold, arsenic, and ethylcarbyl
amine, is most puzzling. The solution of this problem should bring 
some important new insight on the submicroscopic and chemical 
mechanics of mitosis. 

Often the mechanism of drug activity has been solved when a 
proper antagonist could be found, for instance p-aminobenzoic acid 
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and the sulfonamides. Some work in this direction has been carried 
along and will be summarized now. 

17.5: Synergists and Antagonists 

A possible synergism between animal growth hormones and col
chicine has been considered in Chapter 9. In plants, some changes 
visible after colchicine have been interpreted as evidence8 , 28 , 4 G, 70 , 

79 , 87 of hormonal action of the alkaloid. This has not been proved 
(cf. Chapter 4). In animal and plant cells, the antagonism of 
mesa-inositol and colchicine is still a subject under discussion which 
merits to be reviewed here. Mention will also be made of a long series 
of experiments on fibroblasts in tissue cultures. These have led to a 
novel theory about c-mitosis which will be properly considered in 
the light of all the facts already gathered in this chapter. 

IJ.5-I: M esa-inasital. y-H exachlarocyclahexane ("Gammexane") , 
a widely used insecticide, has been reported by several authors to 
induce c-mitosis in Allium and other plant cells. 22 , G6, 88 Both the y 
and the I) isomers have been found to be active, 1G while the first only 
is of use as an insecticide. Polyploidy and chromosome fragmentation 
have also been recorded. Gammexane is probably an antagonist of a 
naturally occurring substance, meso-innsitol, having the same stereo
isomeric structure as this sugar, the biological significance of which 
appears from its presence in many types of cells. 

It was thus not surprising that in 1948 it was announced that 
mesa-inositol, (but neither d-inositol nor D-sorbitol) prevented. in 
proper concentrations, the c-mitotic activity of Gammexane in A llium 
cepa. 16 It was, however, more surprising and most interesting that 
mesa-inositol was claimed to prevent also the spindle effect of col
chicine. The results were given as percentages of the different stages 
of mitosis, and it is to be regretted that no counts of the total num
ber of cell divisions were recorded. Inositol alone did not interfere 
with mitosis. The formation of c-tumors, both by Gammexanc and 
colchicine, was also prevented.16 These results were checked over a 
wider range of concentrations and times by another author. who found 
that mesa-inositol merely delayed the c-mitotic effect of colchicine, 
which was visible, as in the controls, after 24 hours. 22 Similar delays 
were observed with other sugars, a solution of saccharose (0.95 mg/ml) 
suppressing all colchicine mitoses in root tips observed after four 
houl's of treatment, while after 24 hours the c-mi totic effect was 
normal.22 Modified cell permeability was thought to explain the re
sults obtained with meso-inosi to!. A confirmation of these findings 
was found in the observation that colchicine and podophyllotoxine 
effects were antagonized in the egg of the sea urchin Lytechinus varie
gatus by glucose.20 The antagonism was never total; it was suggested 
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that inositol may become changed into glucose in the cells. How
ever, in Allium, it was demonstrated that the isomer of hexacycla
chlorohexane, which could not act as an antagonist to mesa-inositol, 
was also a spindle poison, and that no true protection was offered by 
mesa-inositol against the effects of Gammexane.15 The different tern-

Cl Cl 

I I 

CH Cl CH 

I ~I / 
Cl CH--CH 

I 
Cl 

(XVIII) y-Hexachlorocyclohexane 
("Gammexane") 

OH OH 

I I 
cH~-cH OH 

/ ~I 
CH OH CH 

I ~I / 
OH CH--CH 

I 
OH 

(XIX) Mesa-Inositol 

peratures at which the experiments were conducted may explain the 
conflicting results. 

Two papers published in 1951 renewed interest in this problem. 
In the first, the authors who discovered the action of mesa-inositol 
first in plants, brought forward evidence that a similar antagonism 
existed in rat fibroblast cultures.84 Here, for the first 12 hours, no 
difference was observed between colchicine alone and colchicine + 
inositol, but in the following hours, while the colchicine mitoses re
mained arrested, the cultures treated with inositol recovered almost 
completely. This period of 12 hours during which, quite contrary to 
the plant experiments, inositol does not prove to have any effect, ex
cept that of lowering the total numbers of mitoses, is considered to 
correspond· to the duration of interkinesis. The authors suggest that 
mesa-inositol may "allow the cell to prepare for a new mitosis," which 
is surprising, for this would lead one to think that there is no true 
detoxication of c-mitoses, similar to that of arsenite by BAL, and that 
these degenerate, and are no longer counted, while other cells enter 
mitosis. However difficult the interpretation of these results may 
seem to be, it is significant that neither sucrose, glucose, ribose, sor
bi to!, nor even d-inositol, mesa-inosose or epi-inosose are capable of 
altering the action of colchicine.84 

This result is also in contradiction with the facts observed in plant 
cells, and no conclusion can be drawn at this time. One interesting 
report, given only in a short note, is that some enzymes of bacterial 
origin capable of oxidizing inositol are inhibited by colchicine and 
the parent substances, tropolone and 4, 5-tetramethylene-tropolone.37 , 

124 Further results on this aspect of the colchicine problem are eagerly 
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awaited; they may help to understand better the biochemistry of the 
spindle and the physiological functions of meso-inositol.26 As for the 
action of y-hexachlorocyclopropane, it may of course be of a "physi
cal" type, similar to that of the numerous other c-mitotic and poly
ploidizing substances studied in plants.1°3 

IJ.5-2: Other antagonists and synergists. In tissue cultures of 
rabbit heart fibroblasts, I-ascorbic acid was found to prevent, to a 
certain extent, the action of colchicine.13 The numbers of arrested 
mitoses were smaller, and a careful study of the different types of 
mitotic abnormalities indicated that the vitamin decreased the amount 
of spindle inactivation. This was not the result of an action as a vita
min, for d-araboascorbic acid, whose properties as a vitamin are 20 
times weaker, had the same effect. The two substances are equally 
reducing, and the interpretation of these results is difficult, for p
quinone, an oxydant, also depressed colchicine inhibition of mi
toses.13 An antagonism between colchicine and "soluble prontosil" 
(sulfanilamide) has been reported in plants,6 but the effective concen
trations of the sulfa drug were about a hundred times those of col
chicine, and solubility effects were unavoidable. In animals, sulfanil
amide has been claimed to influence colchicine-leukocytosis, but this 
was only remotely related to mitosis127 ( cf. Chapter 7) . 

An extract from hearts of embryonic warm-blooded animals has 
been reported to delay the cytotoxicity of colchicine in fibroblast and 
myoblast cultures. A colchicine concentration of 2 X I0-5 M was with
out effect after IO hours in cultures previously treated with the ex
tract. If this was added after the alkaloid, no antagonism was vis
ible.123 Another more recent observation is that glycosidic substances 
endowed with cardiotonic activity decrease the action of colchicine in 
tissue cultures of chick heart fibroblasts. 59 

It appears evident from these data that_ no true antagonism has 
yet been found between any substance and colchicine, on a molar 
basis, and that the only effects observed depend on the presence of 
substances either of unknown chemical nature or in concentrated 
solutions. 

On the contrary, the search for synergists of c-mitotic activity has 
yielded important results.67, 25 Some synergists act mainly by increas
ing cellular permeability to the alkaloid, and the reader is referred 
to the paper of Deysson25 for a detailed study of this type of false 
synergism. It has been observed only in plant cells. In fibroblast 
cultures, Lettre has conducted a very large series of experiments, and 
has discovered that many substances increased the action of colchi
cine, though having no c-mitotic activity of their own. These syner
gists belong to the most dissimilar groups of chemicals: alkaloids, 
steroid hormones, and carcinogenic agents (benzopyrene) . The 
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amount of the synergist is always far greater, on a molar basis, than 
that of colchicine. For instance, while 5.5 mitoses per hundred were 
found after 0.01 mg/ml of colchicine, the addition of 5 mg/ml of 
bulbocapnin increased this figure to 23.8. Forty times this dose of 
bulbocapnin had no action on control cultures. With phlorizin the 
results are very striking also. 

More than 8 times more mitoses are arrested when a solution of 
phlorizin, which has no antimitotic action, is added to a concentration 
of colchicine, which is only weakly antimitotic. This is truly a syner
gistic effect. 07 Its study may most probably increase our knowledge of 
the physiological action of colchicine, and further work along similar 
lines with different types of cells is to be expected. 

Another interesting colchicine synergist has been reported by P. 
Rondini and A. Necco (Tumori, 39: 161-63, 1953). Italchine, an 
acridine derivative, is itself a mitotic poison, affecting spindle and 
chromosomes. Small doses, which do not affect mitosis, increase 
markedly the action of colchicine on chick fibroblasts cultivated in 
vitro. The principal results are apparent from Table 17.4. 

IJ.5-3: The role of adenosine-triphosphoric acid (ATP). That 
the spindle functions, partly at least, as a fibrous contractile structure 
has been affirmed repeatedly. The contraction which takes place has 

TABLE 17.4 
SvNERGIC AcTION OF lTALCHINE AND CoLCHICINE ON TrnsuE CuLTURES OF 

CHICK FIBROBLASTS 

(Mitoses counted after 48 hours' incubation with the drugs) 
(After Rondoni and Necco) 

Substances and 

I 
Pro-

I 
Meta-

I 
Ana- Telo-

Concentrations phases phases phases phases 
-----------------------------------

Italchine (1/300,000) ... 2.5 18.8 5.03 7.7 

Colchicine (O. 0033 µg/ml) ... 4.9 42.3 8.86 5.06 

I talchine + colchicine 
(same concentrations) ...... 0.5 79.4 2.15 1.07 

Controls ... ................ 4.9 13.8 8.00 10.5 

Total 
-----

34.03 

61 .12 

83.12 

37.2 

also been compared to that of muscle. While biochemical data about 
the nature of the spindle proteins are lacking entirely, it could be 
imagined that colchicine acted on the contraction mechanism. Most 
cytological data (cf. Chapter 2) point to an action on the fibers them
selves, which can be observed to "dissolve" into a "pseudospindle" or 
"hyaline globule" under the influence of the alkaloid. In muscular 
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contraction, the role of ATP is well known. Observations of colchi
cine synergists and theoretical considerations led Lettre to suppose 
that ATP may also be indispensable for spindle contraction and 
mitosis, and that colchicine acted on the cell by modifying this 
mechanism. 69 

Experiments in vitro demonstrated that strong concentrations of 
colchicine inhibited the viscosity fall of complexes of actomyosin and 
ATP.3 It was further observed that ATP-ase was inhibited hy col
chicine at concentrations of I0-3 and I0-4 M. However, more dilute 
solutions (10-8 M), which arrested mitosis, did not affect the en
zyme.01 

A direct antagonist action of ATP and colchicine was difficult to 
prove, because of the rapid destruction of ATP in fibroblast cultures. 
Only with very small doses of colchicine was such an antagonism 
visible. Cultures were grown for 24 hours, and then colchicine, at a 
concentration of 0.04 mg/ml was added.68 This arrested, after 24 
hours, 55 per cent of the cells in mitosis. When 1 mg/ml of ATP was 
added at the same time, mitotic inhibition did not start until four 
hours later. The results are given in Table 17.5. It is concluded that 
the higher the amount of ATP in a cell, the smaller the action of 
colchicine, and vice versa.69 

ATP may play an important part in the conservation of cell form 
in cultured fibroblasts. The "resting" cells have been considered to 
be in a condition of permanent contraction, while cells intoxicated 
with various drugs, such as Victoria blue, have a lower content in 
ATP, and display a rounded form with rapidly moving surface blcbs. 
If ATP is added to a fibroblast culture, the cells assume a spindle 
shape, even when dividing. In this condition, ATP would provide 
the energy necessary for this contraction, and would also protect the 
spindle against mitotic poisons.69 

This hypothesis is only a tentative one, and it is not yet proven 
that colchicine acts by depressing ATP in the cells. Further experi
ments will be needed to explain the relation between cellular respira
tion and the formation of the spindle fibers, and also between ATP 
and the physiology of the spindle. It is apparent that more funda
mental knowledge about the dynamics of mitosis is needed before the 
effect of colchicine and its various synergists may become clear. While 
these effects are still difficult to understand, there is no doubt that 
the discovery of the colchicine-mi tosis has provided a considerable 
impetus to such fundamental studies. 

17.6: Conclusion: the Singularity of Colchicine 

From this chapter it has been made evident that destruction of 
the fibrillar properties of the spindle, and mitosis arrest at metaphase 
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or pro-metaphase, is by no means limited to colchicine or even to 
chemical agents. From some angles, it appears as an entirely non
specific reaction of metaphase to agents as different as cold, nitrogen, 
hydrostatic pressure, lipid-soluble hydrocarbons, or heavy metals. 
However, that it is in most cases more than a "narcotized" mitosis 
is evident from the data about sulfhydryl groups, colchicine deriva-

TABLE 17.5 
PERCENTAGE OF MITOSES AFTER COLCHICINE AND 

ADENOSINE-TRIPHOSPHORIC Acrn (ATP) IN 

CULTURES OF FIBROBLASTS 

(After Lettre and Albrecht68 ) 

Hours 

1 . 
2. 
3. 
4. 
5 .. 
9 .. 

14 .. 

Colchicine 

2.0 
7.7 

11. 2 
13.0 
16.4 
27.4 
38.4 

id.+ ATP 

2.0 
3.0 
3.3 
5.0 
8.3 
9.4 

23.2 

tives, and synergic activities. It is also evident at this point that fur
ther progress will only be possible when the biochemical and physio
logical properties of the spindle are better known. Mitotic poisons 
arc useful tools for this purpose, and it may well be that the solution 
of this problem will lead rapidly to an understanding of the proper
ties of colchicinc. The difficulties of this task are great, and resemble 
in many aspects those of the study of muscle contraction. The spindle 
structure is however relatively simple, as far as can be known at this 
time, and its contractility and reversion to a nonfibrous "hyaline 
globule" arc problems of which a solution appears possible in the 
not-too-distant future. 

Colchicine, from all that has been said in this chapter, must be 
considered a singular substance. Not only does it possess remarkable 
side-effects, such as its action on gour, the colchicine-leukocytosis, its 
action on the nervous system and on muscular contraction, its induc
tion of specific malformations in embryos; it is also the most efficient 
and active of all mitotic poisons known - with the exception of de
rivatives of the colchicamide series. It is also the mitotic poison to 
which the largest amount of work has been devoted. While some 
substances like podophyllotoxin have received great attention, others, 
such as the arsenical derivatives, have hardly been studied from the 
angle of mitosis. It is not because colchicine was one of the first
discovered spindle poisons that it received such attention. Chloral 
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hydrate, acenaphthene, and arsenic may have deserved more detailed 
studies. Colchicine was investigated from such diverse standpoints 
because it was not only a mitotic poison like others, but also an ideal 
tool for the study of growth, and, last but not least, the best poly
ploidogenic agent in plants. As the creation of new polyploid species 
was taken up with enthusiasm, chemists and morphologists studied 
more and more the structure and the properties of the alkaloid. It is 
probably more than mere chance that the unique structure of this 
tropolone derivative is associated with so many physiological activities. 
It is reasonable to prophesy that colchicine will long retain its 
prominent place in the vast chapter of mitotic poisons. Many ob
servations point towards a high degree of specificity in the reactions 
between the alkaloid and the spindle; if these reactions could be 
properly understood, that fundamental process of all growth and 
evolution, mitosis, would appear in a new light. 
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Raphanobrassica, 279, 293 
Ribes nigrolaria, 312 
segmental allopolyploids, 281 
significance of, to breeders, 293, 312 
Sitanion, 302 
Solanum, hybrids, 311 
somatic doubling, 294 
Spartina townsendii, 279 
stability index of, 300 
sterility changes, 281, 362 
Stipa, 302 
success of, 292-93 
Triticales, 300-301 
Triticinae, 297-99 
Triticum aestivum, 279 
Triticum spelta, 295 
weight of seed, 367 
Winges' hypothesis, 277-79 

Anachromasis, 32, 51 
Anaerobic glycolysis, 183 
Analecta pharmacognostica, HO 
Anaphase, 80 
Anaphase bridges, 97 

Anaphylactic shock, 197 
in guinea pigs, 197 
influence of colchicine, 197 

Anatomical malformations, 275 
Androgens, 232, 234 
Androstendione, 235 
Androsterone, 235 
Anemia; see Addison-Biermer anemia 
Anemia, hemolytic, 184, 185 
Anesthesine, 400 
Anesthetic properties, 180 
:\nethol, 413 
Aneu plaids, 35-l 
Aniline, ·JOO 
Aniostropical nature of fiber, 75 
Anodonta, experiment with egg, 202 
Antagonism, 378,396,415,418 
Anterior pituitary extract, 226 
Antibiotics, 391 
Anticlinal division, 350 
Antifolic drug; see Aminopterin 
Antirrhinum, 319 

aftereffects of colchicine in, 115 
intcrvarietal tetraploid, 319 
intravarietal tetraploid, 319 
meiosis, 115 
susceptibility of, I l(i 

Apigenin, 117 
Apiol, 413 
Apolar mitosis, HG 
Apple, 351 
Arabian medicine, 2, 3 
d-Araboascorbic acid, 418 
Arbacia_, 69, 7,1, 79 

colchicine applied to eggs, 87, 377 
egg,202,203 
jJUnctulata, 74-75, 87 

Arbacia, lakelike body in, 74, 79, 88 
,1rchicolchicum, 8, 9 
Aretaeus, 11 
Aristolochia elegans, 413 
Aromatic compounds, 400 
Arsenic, 415 

derivatives of, 257,392,411 
Arsenious oxide, 411 
Arterial constriction, I 79 
Artificial insemination, 59 
Ascites-tumor, 259, 377 
I-Ascorbic acid, -118 
Ascorbic acid, in tumors, 260, 261 
Aspergillus, 123 
Asterias forbesii, 88 
Astral ray, 74, 77 
Asymmetrical development, 203 
Asyna ptic genes, 305 

genie sterility, 305 
in Gossypium, 30.~ 
partially asynaptic, 305 
sterility, 305 

ATP, 181,420, -121 



Atractoplasm, 73 
Atropin, 181 
Atropin sulfate, 186 
Aulacomnium androgynu111, 119 
Autodiploid, 321, 333 

homozygous, 333 
from monoploid, 333 

Autoploidy, 318-35 
abbreviated autopolyploic!Y, 276 
appearance of, 363 
autotetraploids as, 318 
in barley, 321 
borderline types between amphiploid, 

281 
in carnation, 326 
categories of, 292 
classification of, 280-82 
comparison with diploid, 319 
defined,276 
disadvantage in seed number per 

plant, 326 
doubling of diploid, 278 
drug content increase, 368 
ecological characteristics, 370 
Ehrharta erecta, 301-2, 370 
fertility reduced, 281, 371 
fiber improvement, 326 
forage production compared, 368 
Fragaria vesca, 323 
fruit and seed, 363-67 
genomes interchanged, 292 
gigas characters, 325 
"rapes 324 
guard ~ell sizes, 364, 369 
improvement by, 324 
!ncrease proportional to ploidy, 328 
mdex for, 319 
larger flowers, 326 
Jess fertile than parental diploid, 281 
lilies, 325 
Lolium, 323 
maize, 321 
making of, 278 
marigold, 326 
mean diameter of pollen, 369 
Medicago, 322 
microscopic characteristics, 3fi8 
morphological differences, 320 
muskmelons superior, 325 
pairing of chromosomes in, 281 
Phlox, 364 
physiological differences, 3!i7-68 
poinsettia, 326 
pollen sizes, 319, 368-69 
raw pol yploids, 321 
reversion to diploid, 285 
rubber increase in Hevea and 

Kohsaghyz, 326 
seed weights of, 365-67 
sex determination, 352-51 
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snapdragons, 326 
Solanum, 325 
Sorghum, 323 
steel rye, 319-20, 366 
sterility of, 281 
sugar beet, 331 
techniques for making, 383-84 
Tri folium, 322 
use of colchicine to make, 328 
vegetative character differences, 320 
Vinca rosea, 326, 349 
watermelon parental-types for trip

loids, 327-31 
Au to-syndesis, 276 
Au totetraploids, 278, 3 I 8-26, 328 

barley, 321 
empty grains, 328 
fertility correlation, 321 
flowers larger, 328 
maize, 321 
meiosis, 321 
morphology, 320 
pollen larger, 328 
practical value, 319-20 
3X seed, 328 
seeds larger, 328 
segregation of, 321 
steel rye, 319 
stomata, 328 
testing performance, 319 
thickness of seed, 328-29 
tri ploid pollen, 328 

Avicenna, 12 
Azaguanine, 265 
Azide, 181 

B 
Bacillus mesentericus, 121, 122 

effect on growth, 121 
Bacillus tumefaciens, 265, 266 

effect of colchicine, 265-66 
gall formation, 265 
tumor formation, 266 

Bacillus typhosus, 260 
action on tumors, 260 
extracts, 260 

Bacterium megatherium, 122 
Barbiturate, and colchicine toxicity, 179 
Basal cell carcinoma, 264 
Basic dyes, 392 
Rats, 194 
Benzene,400 
.\1-Benzenesulphonyl trimethylcolchi-

cinic acid, 160 
.\1-Berizoylcolchide, 166 
N-Benzoyl-colchicinic anhydride, 410 
.\1-Benzoylcolchinic anhydride, 166 
N-Benzoyl-TMCA-methyl-ether, 408 
.\1-Benzoyltrimethylcolchicinic acid, 

lfi5, 108 
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N-Benzoyl-trimethylcolchicinic methyl 
ether, 409 

N-Butylcolchicamide, 411 
Benzenoid ring, 161 

ring A, 161 
Benzoic acid, 400 
Benzopyrene,261,418 
Beryllium salts, 412 
Beta vutgaris 

characteristics, 355 
euploid, 355 
increased vigor, 333 
production of sucrose, 332 
root beet weight, 332 
seed production of, 332 
triploids, 331-33 
trisomics, 355 

Bile ducts, 248 
Bile elimination, 196 
Bile secretion, I 91 
Bimetaphase, 42, 43, 45, 83, 84, 97 

bipolar metaphase, 40 
compared with distributed c-mitosis, 

42,45, 46,97 
confused with c-anaphase, 45-46 
recovery stage, 83 

Binomial system of nomenclature, 7 
relationship of Colchicurn, 8 
in Species Plantarurn, 7 

Binucleate blastomeres, 203 
Biologics, 140 
Biopsies of human neoplasms, 259 
Bipolar mitoses, 97 

bipolar metaphases, 40 
bipolar spindle, 93, 96 

Birds, 190 
Birefringence patterns, 75, 89 

tracing of spindle disappearance, 76 
Black berries, 324 

polyploid series, 324 
Black Sea, 3, 4 
"Bleb" formation in neroblasts, 91 
Blocked cleavage, 74, 87, 89 

critical point, 87 
inhibiting cleavage, 88 
role of concentration, 88 

Blood 
chemical changes after colchicine, 183, 

193, 194 
defibrinized hog's blood, 195 

Blood cells, white; see Leucocytes 
Blood clotting, 194 
Blood glucose level, 375 
Blood level, 196 
Body temperature, 194 
Bone 

endosteum, 247 
periosteum, 247 
repair, 247 

Bone marrow, 176,178,183,184,189,223, 
376, 377, 380, 383 

aplasia, I 84 

Botanical Review, 20 
Botrytis cinerea, 123 
Boveri, 87 
Boysenberry, 321 
Brassica, 309 

comparimn of, 309-10 
species of: campestris, 310; carinata, 

310; chinensis X B. carinata, 310; 
juncea, 310; nigra, 310; oleracea, 
310 

British Empire Cotton Research Station, 
288 

British West Indies, 288 
Bromination 

of colchiceine, 169 
of colchicine, 169 
of tropolones, 169 

Bromus, 302, 365, 367 
seed weight, 365 
species of: carinatus, 302; carinatus

trinii, 302; catharticus, 367; cathar
ticus-haenkeanus, 367; haenkea
nus, 367; haenkeanus-stamineus, 
367; maritimus-trinii, 302; mar
jinetus, 302; stamineus, 367 

Bronchioli, 181 
. Brownian movement, 72, 89 
Brush treatment, 381 
Rufo vulgaris, 203 

abnormal development of, 201 
Bulbina bulbosa, 413 
Bulbocapnin, 419 
Bulbocodiae, 9 
Bulbocodium L., 8 

ruthenicurn, 143 
source of colchicine, 143 
species name, 1,13 

Bulbs, 384 
treatment of, 384 

C 

C-mitoses, 380 
C-metaphase I and II, 114 

unorientcd, 97 
C-mitosis, 18, 26, 28, 74, 83, 84, 86, 92, 188 

in Allium, 36, 41 
c-pairs, 4, 9; see also C-pairs 
chromosome contraction independent 

of, 46 
concept of, 21-26 
consequences in plants, 57 
in contrast to mitosis, 31 
cycles, 95 
described first by Pernice, 18, 39 
description of, 28 
distributed, 42, ,15, 84, 97 
distributed metaphase, 8-1-85 
duration of, in animals, 48-50 
exploded c-mitosis, 8'1-85 
exploded metaphase, 12, 8-1-85 
full, 51 



limited in animals, 56 
liver of rat, regenerating, 44 
octoploidy, 95 
onion root-tip, 34 
other methods, 57 
percentages, 30, 34 
pollen tube, 37 
progression sequence, 55 
recovery in animals, 56 
recovery in plants, 56 
reiteration, 55-56 
restitution nuclei following, 57 
sequences, 31 
tissue cultures, 56 
in Triton, 40 
in Triturus, 40, 43, 97 

C-pairs, 25, 48, 85, 86, 95, 114 
Al/ium, 25, 41, 49, 79, 85, 96 
c-anaphase stage, 49 
chromosomes dechromatizing, 85 
cruciform, 47, 49, 85 
evolution of, 49 
neuroblasts, 66, 70 
pairs of "skis," 49 
photomicrograph of, 37, 79, 85 
in pollen tu bes, 37, 86 
around pseudospindle, 84, 85, 91, 96 
relational coils, 49 
in Triturus, 43 

C-telophase II, 115 
conclusion of c-meiosis, 115 

C-tumor, 398, 416 
proportional to concentration, 105 

Cadmium, 415 
salts, 412 

Caffeine, synergisms with colchicine, 181 
Callus tissue, 274 

formation of, 274 
Camphor, 122 
Cancer, I 7, 19, 255; see also Carcinoma, 

Sarcoma 
Ehrlich, in mouse, 258, 262, 267 
Flexner-Jobling, rats, 261, 266 
gastric, in man, 267 
mammary, in mouse, 258 
Yale carcinoma, 267 

Cancer chemotherapeutic tests, 374 
Cancer chemotherapy, 17, 260-6:i, 410 

in man, 263, 265 
Cannabis sativa, 368 

marihuana content, 368 
Carbohydrate metabolism, 222 
Carbon tetrachloride, 24 7 
Carcinogenesis, 257, 269, 270 
Carcinogenic agents, 418 
Carcinoma 

Brown-Pearce, 265 
Ehrlich, in mouse, 258, 262, 267 
Flexner-Jobling, in rats, 261, 266 
gastric, in man, 267 
mammary, in mouse, 258 
Yale carcinoma, 267 
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Carcinoma, mammary gland 
in man, 264 
in mouse, 258 

Carnation, 326 
polyploids, 326 

Carpel development, 350 
effect of colchicine, 110, 350 

Carrier of colchicine, 383 
Carthamus tinctorius, 110, 127 

flowers, 110 
Gynoecia, 110 
ovules, 117 
petals, 110 
pollen grain, 115 
pollen mother cells, 131 
reduction, 115 

Castration, 232 
pituitary mitoses, 232 

Cat, intracerebral injections of colchi
cine in, 179 

Catachromasis, 44, 45 
Cataclysmic evolution, 277-80 

examples, 279 
origin of new species, 277, 278, 292 

Cell 
permeability, 418 
surface changes, 202 
type of, 81 

Cell organites 
centrosome, 90 
mitochondria, 90 

Cell plate formation in plants, 89 
continuous fibers, 89 
destruction by colchicine, 89-90 
phragmoplast, 89 
prevention, 89 
rudimentary forms, 89 
septa, 89 
special technique, 89 
wheat root-tip cells, 90 

Celosomy, 206, 208 
Central nervous system 

effect on, 179 
paralysis of, I 78, 179, 404 

Centrifugal wall, 90 
Centrifuge tests 

Allium root-tip, 90 
cyclosis in Elodea, 90 
cytoplasmic, 90 
effect on viscosity, 90 

Cen triole, 83 
Centromere, 47, 49, 83 

non-division of, 380 
Centrosomes, 90, 2M 
Cereals, 3 I 9 
Cerebral edema, 178 
I 7-Cestosteroids, 197 
Chaetopterus pergamentaceus, 75 

egg,82 
metaphasic spindle of egg, 76 

Chelidonine, 255,264,413 
Chelidonium majus, 264 
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Chemotherapy of cancer; see Cancer 
chemotherapy 

Cheyenne, Wyoming, 311 
Chiasmata reduced 

crossing over, 113 
frequency decrease, 113 
terminalized, 113 

Chiasmatal frequencies, 386 
Chick egg, malformations of, 206, 209 
Chilomonas, 216 
Chimaphila maculata 

extracts of, 4 I 3 
influence on mitosis, 413 

Chimera, 350, 356, 384 
induced by colchicine, 318 
periclinal, 350, 356, 385 
reproduction of tetraploids, 350 
sectorial, 351, 385 

Chinese wheat, 358 
Chlamydomonas, 126 
Chloracetophenone, 412 
Chloral hydrate, 392 
Chloralose anesthesia, 183 
Chlorethone, 402 
Chloroform, 373, 398 
Chorionic gonadotropic hormone, 217, 

218,226 
Chortophaga viridifasiata, 90, 377 

embryos, 377 
neuroblast cells, 66, 71-73 

Chromatin bridges, 203 
Chromatographic analysis, 153, 159 
Chromatophores, 191 
Chromodoris sp., 88 
Chromosomal breakages, 414 
Chromosomal class, 355 
Chromosomal orientation, equatorial, 77 

in A rbacia, 77 
in Allium, 25, 79, 85, 96 
destroyed by colchicine, 37, 43, H 
mechanism blocked, 65 
neuroblasts, 66, 70 
pollen tube, 37, 108 
in Triticum, 95 

Chromosomal pairing 
diploid level, 281 
measure of fertility, 281 
measure of homology, 281 
polyploid level, 281 
value of, 281 

Chromosome; see also Spiral coiling 
of chromosomes 

aberrations, 54 
acetocarmine methods for, 19, 386 
agglutination, 52 
ball metaphase individuality, 52 
birefringence of, 75 
breakages, 268 
bridges, 203 
c-pairs, 45, 85 
carbon tetrachloride poisoning, 52 
chimeras, 356 

clumped, 240, 379 
colchicine-treated, 4 7 
Cold Spring Harbor studies, 19 
contraction autonomous, 46---50 
cruciform type, 47-50 
destruction, 53 
desynchronization of, 51 
distribution in triploid meiosis, 329 
distributions, 86 
doubling of, 278 
duplications, 37 
ernlution of, 46-50 
extra, 345-47 
fihers of, 77 
fragmentation, 416 
fusion of. 52, 256 
independent of c-mitosis, 46 
intactness period, 46 
lagging, 83, 34G 
lost, 10, 83 
mammalian cells, 47 
meiosis, I 11-15 
meiotic contraction, 113 
metaphase, 37 
micronuclei in mice liver cells, 237 
nucleus and, 24 
number of, in Colchicurn species, 9-10 
numbers increase, 25 
optimal numbers of, 283 
pairs of "skis," 49-51 
phlox, 361 
plants doubled lllllllber, 2.5-27 
poison, ,!92 
pollen tuhe, 108 
polyploidy induced, 20, 274-75 
precocious reversion, 47, 49, 73 
prophase, 31-5 
prophase arrangement, 35-12 
pseudospimlle, 79 
pycnosis, 68 
rearrangements, 268 
reiteration of c-mitosis and numbers 

of, 55-56 
relational coiling, 47-50 
repulse each other, 41 
restitution nuclei, 17-59 
reversions, 108 
scattered, 10---41 
seedless fruits and, 329 
sex determination, 352-54 
star formations, 39, 40, 41, 43 
stickiness, 47 
structure altered, 52-55 
studies of, 38G 
tetraploid numbers, 52 
tetrasomics, 3.5·4 
transfer of, 286 
transformation of, 30-31 
transmission of, 386 
transverse division, 53 
trisomic pairing to measure homology, 

281 



trisom ics, 345-47 
in Tu/Jifex, 53 
Vinra pollen mother cells, 3!9 
,rntermelon, 329-31 
x and y, 352-54 

Chronica Botanica, 287 
Ciba, of Basel, Switzerland. 113 
Cinematography, 67, 91, 378 
Cladophora, 119 
Cleavage, 87 

in eggs, 202, 203, 201 
Cloaca! epithelium, 226, 227 
Clonal division method, 300 
Closterium, 119 
Club root disease 

in radish, 370 
Colchicamide, 409 
Colchiceinamicle, 409 
Colchiceine, C,iH,,O6N, 11, 16, 160-61, 

167-69, 171,404,408,411 
singularity, 420 
structures, 168 
tautomerides, 168 
vields isomeric methyl ethers, 168 

C(ilchicine · 
action of 

algae, 124 
Ar/Jaria, 74-7!, 
blood level, 196 
circulation, 193-9'1 
clea,·age, 87-89, 202-3 
differentiation processes, 125-27 
feathers, I 90-93 
heart, 138 
kidney, 191-93 
liver, 191 
liverworts, 118 
meiosis, 110-17 
mosses, 117 
nervous svstem, 179 
spindle, 65-98 
striated muscle, 180-81 

advantages over other agents, 2iii 
agar impregnation, 377 
Alliurn treated, 34, 41 
anaphase, 45 
anatomical changes in plants, 129-31 
anesthetic properties, 180 
and anticarcinogens, 269 
archesporial tissue, 110 
bacteria treated with, 121 
biological properties, 373 
bivalents of c-meiosis in plants, I 10 
cancer chemotherapy, 265 
carbon-labeled derivatives of, 171, 196 
cell plates inhibited, 89, 90 
cell size, 103 
chemical action concept of, 403-16 
chemistry of, 15, 159-74 
chromosomal pairs, 28, 37, 41, 43, 49 
chronic intoxication after repeated in-

jections, I 93 
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in mice, 189 
in rabbits, 187-88 

classified disturbances on spindle, 86 
cleavage processes, 75, 87-89 
compounds of, 141-48, 153-54 
concentration, 383 
conversion of spindle form, 65 
critical time-dose relation of, 34 
crystallization of, 159 
derivatives of, 15-17, 144-47, 159-74, 

394 
destruction of spindle fibers, 69-78 
effect of temperature, 374 

toxicity, I 9,1 
effect on bacterial enzymes, 417 
effect on enzyme reactions, 13 I 

diastase, 131-32 
elimination of 

bile, 196 
in excretions, 194 
intestine, 196 

embryonic growth, 209-11 
evolution of c-pairs, 49 
experimental growth, 214-19 
fad in research, 16, 21, 274 
fate in animal body, 195-96 
fixation in tissues, 245-55 
gonads, 202-3 
gout treated by, 196-98 
hormone-mimetic actions, 190-91 
induced mutant seedlings, 55 
and induction of: 

amphiploidy, 292-311 
aneuploid, 345-47 
autoploidy, 318-33 
chimeras, 348-51, 384 
polyploidy, 274-75 

inhibition of spindle, 68 
inhibition of fall of complexes of acto-

myosin, 420 
interaction with, at molecular level, 65 
intramedullary injections, 264 
leucocytosis after, 183, 185, 189 
light effects on solutions of, 154, 374 
local applications of 

on embryo, 209 
on tumor, 263 

male gametes changed by, 204-5 
malformations in chickens by, 206, 207, 

208 
mechanism of reactions upon mitosis, 

391-421 
megaspore mother cells, 110 
meiosis following, 103, 110 
metabolism effects induced by, 194-96, 

395-96 
methylation of, 171 
mutagenesis by, 275, 318 
named, 14 
neoplastic growth changed by 

in animals, 214-47 
in plants, 269 
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Colchicine (continued) 
other than Colchicum producing, 150 
parts of plants yielding, 144-47 
pharmacology of, 175-80 
pharmacological properties, 373 
pharmacy of, I 48--53 
physical action to explain mechanism 

of,399-403 
plant tumors and, 265-66 
plants containing, 141-42 
poisoning in man by, 175, 176, 178 
pollen mother cells, II 0 
pollen tubes in, 107-9 
polyploidy in plants; see Polyploidy 
polyploidy in animals, 58-59, 380-83 
purity, 159 
radioactive compounds of, 196 
recovery from effects of 

in animals, 56, 96-98 
in plants, 56, 94-96 

regenerating liver after injection of, 
44, 57 

reversibility after, 91-98 
singularity of, 420-22 
solubility of, 159, 275 
solutions of 

for animals, 373-74 
for plants, 383 

sources of, 141-45, 150 
specificity of reactions of, 67 
spindle form changes, 78-81 
technique for use in animals, in vitro 

bone marrow, 377 
duration of mitosis in, 379 
ear of mouse, 377 
eggs of A rbacia, 377 
grasshopper embryo, 377 
immature rat ovaries, 377 
mitotic counts after using, 378-80 
mitotic index, 380 
tissue cultures, 377 

technique for use in animals, in vivo 
adrenal cortex, 376 
Amoeba, 375 
amphibians, 375 
ascites tumor in mice, 376 
bone marrow, 376 
chick, 375 
cold-blooded animals, 375 
cornea of mammals, 376 
duodenum, 376 
ear of mouse, 376 
eggs, 376 
fish, 375 
gastric mucosa, 376 
genital tissues in rodents, 376 
human vagina 376 
intestinal crypts, 376 
intestine, 376 
invertebrates, 375 
lymphoid tissue, 376 

mammals, 375 
pluricellular animals, 375 
red-cell-forming tissues, 376 
regenerating liver of rats, 376 
regenerating tissues in amphibians, 

376 
skin, 376 
small rodents, 376 
Xenopus larval tail, 376 

technique for use in plants 
buds, 384 
chromosomes, 386 
root systems, 384-85 
seed, 384 
seedling, 384 
solutions required, 383-81 

X-ray and, 266-67 
Colchicinc-mitotic dose 

in animals, 
cold-blooded, 96 
cold-blooded vertebrates, 97 
critical time-dose relations, 34-35 
duration of interphase, 380 
in fibroblast cultures, 30 
injection methods, 35 
lethality of, 96 
mitotic index a measure, 378 
period of latency, 379 
regenerating liver of rats, 44 
Siredon, 97 
stage of mitosis and concentration of, 

70-73 
tissue culture, 96 
Triton, 40 
Triturus, 40 
in vitro study, 377-78 
in vivo study, 375-77 
warm-blooded, 96 
Xenopus, 97 

in plants 
concentration of 0.2% for polv-

ploidy, 383 ' 
for repetition of c-mitosis, 55-56 
length of treatment, 56 
onion root-tip, 34, 41, 55 
pollen tu bes, 37 
related to concentration, length of 

exposures, stage, kind of cell, 38 
in Tradescantia, 33, 69 

Colchicine-tumor, 25, 102 
autonomy of, 104 
cell size, 103 
growth-promoting substances, IO! 
hair cell of root, 102 
hypocotyl, 102 
independent of c-mitosis, 102 
isodiametric enlargements, 103 
pollen tube, 102 
region of elongation, 103 
root, 102 
somatic cells, 102 



stylar cell of pistil, 102 
test of autonomy, 105 
time of treatment, 105 
volumes, 104 

Colchicineamide, 409 
Colchicinic acid, 160 
Colchicoside, 14 7, 172, 398, 405 
Colchicum 

geographic distribution of, 141, H2 
history of, 1-14 
species of, 9-10 
variously named, 6, 7 

Colchicum, isolating compounds from 
by boiling water, 153 
by chromatography, 153, 154, 159 
corm, 153 
by degradation, 153 
detection in pollen germination, 153 
flowers, 4, 153 
fruit, 5, 153 
methods, 153 
by polarography, 153 
properties, 153 
seed, 153 

Colchinol, 167 
Colchinol derivati\·e, 167 
Colchinol methyl ether, 163, I 70 
Colchis, land of, 3, 4. 7 
Cold-blooded animals, 379 

vertebrates, 96, 374, 375, 399 
Coleoptile, 381 
"Coliform bacteria," 122 
Complex crystals, 373 
Concentration effects, 70-73, 76 
Concepts of metaphasic arrest, 16-21, 

24-26,26-29 
Conidial hypertrophy, 124 
Connective tissue 

mitotic stimulation, 230 
Contractile force, 181 
Contracture, 181 
Convoluted tubules, see Kidney 
Cooley's anemia, 224 
Coprinus radians, 123 
Coregonus, polyploidy in, 210 
Cork, in plant tumors, 266 
Corm powdered, 2 
Corms of Colchicum, 3, 5 
Cornea, 383 

healing of, 248 
mitosis, 409 
tissue mitoses, 40, 43, 82-83 

Corpuscular body of spindle, 25, 66, 79, 
80, 85, 96 

Cortical layers, 7'1, 89 
Cartin, 180 
Cortisone, 197, 227 
Cotton, 26, 279; see also Gossypium 

evolution under domestication, 279 
Gossypium, amphiploids of, 301 
natural tetraploids, 283 
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in nature, 279 
Sea Island cotton, 305 
speeded up, 280 
Upland cotton, 305 

Coumarin, 413 
Cranberries, 324 

cultivated diploid, 324 
natural tetraploid, 324 
sterile hexaploid, 324 

Creatine, 397 
Criteria for judging polyploidy in plants, 

362-77 
Crop-sac, in pigeon, 226, 228 
Cryptic structural hybridity, 277, 305 

compared to genetic hybridity, 305 
Cryptocaria pleurospora, 413 
Cryptopleurine, 413 
Crystallization of colchicine, 159, 373 
Cucumis melo, 325 
Cucurbita, 325 

amphiploid, 285 
Banana, 311 
Buttercup, 311 
Butternut, 311 
Golden Cushaw, 311 
Golden Hubbard, 311 
Gregory, 311 
Kentucky Field, 311 
new species, 285, 325 
species of: maxima, 325, 285; mos

chata, 325, 285; mix ta, 285, 311; 
pepo, 285, 311 

Culturing chambers, 385 
Cumulative geometric effect, in Nico-

tiana pol yploids, 356 
Cupaniae, 9 
Cyclosis, in Elodea, 90 
Cytogenetic changes, 93 
Cytokinesis, 73, 86, 88 

spindle of, 89, 92 
Cytological artefacts, 77 
Cytoplasm, 74 
Cytoplasmatization, 74, 89 
Cytoplasmic viscosity, 90 

D 

D-genome, 296-98, 358 
in Aegilops squarrosa, 296 
amphiploids, 296 
isolating mechanism, 296 

J)atura, 19, 20,345,350,354,357 
apical meristem, 350, 356 
chimeras, 356 
cytohistology, 350 
2n - I deficient types, 345 
drug production, 368 
fifteen-year breeding record, 346 
frequency of diploid deficiencies, 345 
increase by colchicine, 345 
L chromosome, 346 
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Datura (continued) 
seedlings, 20 
standard line I, 345 
stramonium, 356 
tetraploid deficient types, 3'15 

Day lilies, 326 
Deamination, 397 
Deaminocolchinic anhydride, 166 
Deaminocolchinol methyl ether, 162, 

163, 170 
iodo form, 164 

Deformed spindle, 27, 79, 80, 8'1; see also 
Achromatic sphere 

hyaline globule, 79, 80, 81 
pseudospindle, 79, 84, I 93, 394 

Dehydroandrosterone, 235 
Demecolcin, 143, 146, 268 
Demethoxylate deaminocolchinol methyl 

ether, 164 
Demjanow-type, I 70 
Denmark, 322, 352 
Dephosphorylation, 397 
Dermatogen, 3•18 
Desacetylcolchiceine, 404 
Desacetylcolchicine, 408 

acetylation of, I 71 
Desacetyl-N-methyl-colchici ne, 143; see 

also Substance F 
Deshydrogenase, 397 
Desmethylcolchicine, 373, 405 

in U.S. P. colchicine, 141, 373 
Desoxyribonuclease, 397 
Desoxyrihonucleotides, 397 
Desoxyribose nucleic acid, 121 
Di-aldehyde, 162 
Diaporthe perniciosa, 123 
Diarrhea from colchicine, 178, 179 
Diazomethane, I 71 
Di-benzoylation of trimethylcolchicinic 

acid, 166 
Dicotyledons, 363 
Diestrus, 231 
Diethyldithiocarbamate, 412 
Differentiation processes, 103, 125-31 

microbiological material, 103 
modified by colchicine, 103 
in plants, 103, 127-30 
in unicellulars, 103 

Dihydride, 166 
Dihydro-2-methylnaphthalene, 166 
Dilute mineral acids, 159 
Dimercaptopropanol, 411, 412, 413 
Dimethylarsinate, 411 
Dinitrodiphenic acid, 163 
Dioecious races, 352 

diploid, 352 
Dioscorides, 4, 5, 7 

botanical studies, 4, 7 
Dioxyphenylalanine-decarboxylase, 397 
Dipcadi, 68, 84 

prophase arrangement of chromo
somes, 35 

Diploid, 382 
Diploid hybrid, 278 

daughter nuclei, 93 
diploid interspecific, 293 
roots, 332 

Diploidized type of polyploid, 282 
Disappearance of spindle bire

frigence, 7 5 
rate of disappearance correlated \\'ith 

concentration, 76 
Discoglossus pictus orth., 210 
Displacement of chromosomes, 90 
Distorted star metaphase, 38, 39, 83 
Distributed c-metaphase, 347; see also 

Distributed c-mitoses 
Distributed c-mitoses, 42--46 
Diurnal variations, 220 

rnitotic rate, 375 
Dog 

first c-mitoses ohsen·ed hv Pernice, 18 
leucocytes in, 187 ' 

Dominici, 19 
Dried flowers, 2, 3, 7 
Drosera, 333 
Drosophila, 346, 352 
Drug evaluation 

assay methods, 1-11 
biological, 111 
of crude drug, 151, 15,l 
microchemical, 141 
microscopic, HI 
organoleptic, 14 I 
physicochemical, HI 

Drug traffic, 3, 6 
Drugs, 326 

anabasine of Nicotiana, 326 
Dryopteris, species of: fe/ix-mns, 119; 

subjmbescens, 119 
Duodenum, 376 
Duration of c-mitosis, 379 

m animals, 48-50, 379 
compared with mitosis, 91-9-1 
delay in neuroblasts, 46 
intactness period, 46 
in pollen tubes, 47-·18 

Duration of interphasc, 380 
Dwarf wheat, 357 
Dysploidy, 277 

combined with amphiploidy, 309-10 
m Cruc1ferae, 309 

E 
Ear of mouse, 376, 377 
Ear-clip technique, 378 
Ebers Papyrus, 1, 3, 196 
Ecological characters and polyploids, 370 

disease resistance, 370 
range, 292 
requirements, 319 
seed production, 370 

Ehrharta erecta, 301-2 
successful autoploid, 301 



Electronic microscopv, 81 
Elodea, 132 
f:lymus, 302 
Embryo culture, 363 
Embryo of grasshopper, 55 
Embryo sac development, 10:l 

in Cartlwmus, 117-19 
effect of colchicine, 118 
embryo sac sterility, 386 
enlargement, 117 
stages, 118 
in Tradescantia, 117 

Embryonic extracts, 221 
acti~n on hone marrow, 22 I 
in animals, 202, 211 
gonads, 202 
malformations in chick, 206-9 
megaloblasts, 210 
tool for growth, 209-11 

Embryonic growth, modified by 
colchicine, 202-9 

EmjJetrurn, species of: hen11ajJhrodit1u11, 
352; nigrwn, 352 

Emulsions, 383 
Endocrine glands, mitotic simulation of, 

232-36 
Endocrine kidney operation, 238 
Endocrine tissues of pancreatic gland, 

177 
assav methods of, 19; see also Growth 
resei1rch on, 214-16 

Endosteum; see Bone 
Endothelial cells, mitoses, 24fi 
England, 321 
Enolone system, 161 

enolone-methyl-ether svstem, l(i] 
enolone J~roperties, Uj7 
tautomenc enol svstem, lfi0 

Enzyme reaction, 103 
Enzyme system, 395 
Enzymes, 396, -117 
Ephedra, 74, 92 
Ephemeron, fi, 11, 2fi I 

of Dioscorides, 11 
for tumors, 11, 2fi l 

Epidermal cell origin from apex, 3:i0 
Epi-inosose, 417 
Epidermal mitosis, 379 
Epidermis for tests, 377 
Epididymis, 232 
Epinephrine, 183 
Epoophoron,227, 232 
Equatorial orientation of chromosomes; 

see Chromosomal orientation 
Errors in experimental procedure, 379 
Eruca, 34fi 
Ervatamia angustifolia, 413 
Erythroblasta, 186, 188, 221 

erythroblastic cells, 189 
erythroblastosis, avian, 262 

Escherichia coli, 121, 122 
filtrates of, 261 

Subject Index 45 I 

Estradiol, 226, 235 
Estrogens; see Hormones 
Estrus cycle, 220 
Ethanol, 122 
Ether, 401 
Ethyl alcohol, 104, 402 
Ethylcarbamate (ethylurethane) , 401 
Ethylcarbylamine, 412, 415 
;\1-Ethylcolchicamide, 411 
Ethyl-colchiceine, 407 
Ethylmercurychloride, 412 
Eucolchicum, 8, 10 
Euglena, 126 
EujJhorbia pejJ/us, 413 
Evolution in wheat, 295, 299 

Aegilops, role of, 296--97 
Agropyron, role of, 295-99 
divergent and convergent, 299 
origin of hexaploid, 295-300 
Trilicum, role of, 295 

Exocrine tissues, 177 
Experimental cytology, 385 
Explantation, 219 
Exploded c-metaphase, 38-39, 44, 347 

in Allium, 25, 79, 85, 97 
in Arbacia, 74-76 
described, 40-41 
diagram of Triturus, 43 
in neuroblast of grasshopper, 66 
in pollen tu be, 37 
in regenerating liver, 4,1, 57, 70 

Exponential decay curve, 77 
measured by birefringence, 77 

Extra chromosomal types, 346; see also 
Aneuploids 

Extra chromosome transmission, 386 
Extraction methods for colchicine, 

154-59 
alcoholic, 154-59 
chromatographic differentiation, 15'1 
petrol ether, 154 

F 

Fall-blooming meadow saffron, 4 
Feather growth, action of colchicine on, 

190 
Feces, after colchicine injection, 194 
Feeding Hills, Massachusetts, 311 
Female gametophyte, 386 
Female sterility, 386 
Fern studies 

germination of prothalli, 119 
prothallia, 119 
sperms, 119 
sporogenous tissue, 119 

Fertility, 371 
of amphiploids, 293 
of autoploids, 319-25 
female sterility in watermelon, 371 
meiosis, 371 
percentage pollen, 371 
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Fertility (continued) 
seed set, 371 
triploid sterility, 371 

Fertilizing agents, chemical, 275 
Feulgen technique, 386 
Feulgen-positive masses, in cytoplasm, !,3 
Fiber destruction, 77 
Fibers, 140, 403 

chromosomal, 67, 77, 81 
continuous, 67, 77, 81, 83, 89 
suppressed continuous, 77 

Fibroblasts, 91 
Fibroblast cultures, 30,407,419 

of chick, 378 
of mammals, 378 
in tissue culture, 215,378,417 

Filifoliae, 10 
Fish, 375 
Flexner-Jobling carcinoma of rat, 90 
Flour, tetraploid rye, 368 
Fluoroacetate, 181 
Folic acid antagonists of, 247 
Follicular cells; see Ovary 
Forage production in clover, 358 
Forage species, 288, 321 
Forensic medicine, 176; see also Medicine 
Formularies, modern, 140 

pharmacy handbook, 141 
Fragaria vesca, 323 

autotetraploids, 323 
diploid, 323 
bexaploids, 323-24 
octoploids, 323 
polyploids of, 323-24 

Fragments, 97 
Fritillaria, 115 

chiasmata and colchicine, 115 
Frog 

colchicine dosage, 382 
development, disturbances of, 204 
heart of, 183 
ovary of, I 92 
pattern of growth in, 210 
polyploidy in, 381-82 
sperm suspension, 382 
striated muscle of, 180-81 
tadpoles, 245 
temperature effects and colchicine, 

194-95 
toxicity study, I 94-95 

Fruit 
of Colchicum, production in spring, 

5, 6, 7 
of Cucurbita, 3II 
grain weight in rye, 366 
improvement of, 331 
larger size of tetraploid, 363 
parthenocarpy in watermelon, 329 
pericarp extracts, 144, 146, 147, 154 
pollination by diploid, 367 
polyploidy, 323 
of Ribes, a new species, 312 

and seed, criteria of polyploidy, 363 
size correlated to polyploidy, 367 
triangular, 365 
of watermelon, 327, 328, 330 

Furrowing, in animals, 88 
Fusariwn niveurn, 370 

resistance to, in watermelon, 370 
Fusions 

hi nucleate stage, 97 
trinucleate stage, 97 

G 
Galen, II 
Galeoj1sis, species of: bif,da, 310; jml,es

cens, 310; sjieciosa, 310; tetrahit, 310 
Galeopsis tetrahit synthetic, 279 

amphiploids, 310 
interspecific hybrids, 310 
octoploid with more than optimal 

number, 310 
synthetic Linnaean species, 310 
tetraploids, 310 

Gametes 
adult spermatozoa, 206 
binucleated, 205 
c-meiosis, 112-15 
diameters of, 205 
diploid, 278 
female gametophytes, Il8 
frog sperm suspension, 382 
male, 204-6 
in pollen tube, 37, 117, I 18 
to produce triploids, 381-83 
sperm material, 59 

Gametic doubling 
in nature, 29,1 
in Nicotiana, 307 

Gametophytes 
ferns, II9 
liverwort, I 17-20 
mosses, I I 7-20 
polyploids, II 7 

Gametoph ytic development, I 03, I I 0- I 8 
Ganglionic nerve cells, 210 
Gastric mucosa, 376 
Gastrulation, 203 
Gelation-solation phases, 89 
Genetic changes, 275 
Genetic markers, 329 
Geni ta! tissues 

biopsy of, 376 
ot human vagina, 376 
of rodents, 376 

Genome 
amphiploid stability depends on gene 

exchange between, 294 
classification by, 303 
D genome, 296 
Gossypiurn, 304 
hexaploids, 299 
incompatibility of, 293 
intergenomal pairing, 277, 293 



in nature, 283 
Oryza sativa, var., 321 
parental genomes, 292 

Germination of pollen 
effect of colchicine, 37, 107-9 
special technique, 385-86 

Germinative zones, 219 
Glandular crypts, 379 
Glandular epithelium, 376 
Glomeruli; see Kidnev 
Glucose, 223,377,416; 417 
Glucoside 

colchicine in combination with, 405 
substances of, 144--48 

Glutamate, 223 
Glycerine, 383 
Glycolysis, 181,412 

anaerobic, in muscle, 183 
in tumors, 261 

Gnoscopin, 413 
inhibit mitosis, 413 
substance of plant origin, 413 

Golgi bodies, in mice, 91 
Gonadotropins; see Hormones 
Gonads, 202 
Goniopteris prolifera, 119 
Goniurn, 119 
Gossypiurn, 277, 285, 288, 303-4 

African species, 302-6 
American species, 303 
Arabian-Indian species, 303 
Asiatic diploids, 302-6 
Asiatic species, 300-302, 303 
Australian species, 303 
complex amphiploids, 304 
doubling with colchicine, 302 
extra chromosomes, 357 
fertile after sterile, 302-6 
fertility, 357 
haplo deficient gametes, 357 
hexaploids, 327 
interspecies types, 357 
interspecific hybrids, 302 
intraspecies trisomic, 357 
origin of new species, 303 
spontaneous amphiploid, 303 
tetraploid, 302-6 
tetrasomics, 357 
triploid a bridge to species, 327 

Gossypium, 354, species of: anornalurn, 
303, 301; arboreum, 303, 304; arbor
eum X thurberi, 303; aridum, 301; 
annourianwn, 304; barbadense, 
304; davidsonii, 303, 304; davidsonii 
X anomalum, 303; harhnessii, 304; 
her/;aceum, 304; hirsuturn, 303, 304, 
356; hirsutum X arboreum, 306; 
hlotzchianum, 301; rairnondii, 304; 
stocksii, 30·1; sturtii, 304; thurberi, 
303, 301 

Gout 
Alexander of Tralles and, 12 
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in ancient civilizations, 1-3 
and cancer, 255 
curative property of Colchicum, 196 
Doctrine of Signatures and, 11-12 
forgotten disease, 197 
Garrod's study of, 14 
hermodactyls, 12 
Husson's preparation for, 13 
Krauterbuch, 6 
podagra recognized, 11, 12 
recommended in pharmacopoeia, 13 
Storck's work, 13 
theories of, 14 
treatment of, 11-13, I 75-76, 196-98, 

391 
Grafted nuclei, 381 

in amoeba, 381 
cellular volume, 381 

Grafting methods, 385 
for chimeras, 385 
to propagate, 385 

Grain, 2 
effect of pollination on, 319-20 
weight of in rye, 366 

Gramineae, 365 
amphiploidy in, 294-302 
artificial and natural pol yploids in, 

301-2 
autoploids, 319-21 
hexaploid wheat, 295-97 
root systems treated, 384 
Triticales, 300 
Triticum group in Russia, 287 
valuable crop, 279 

Granulation tissue, 246 
Granuloblastic, 189 
Granulocytes, 186-88 
Grapes 

improvement by polyploidy, 324 
in nature, 279 
vinifera tetraploid, 324 

Grasshoppers 
Bleb formation, 91 
Brownian movement, 89 
cytoplasmic constituents, 90 
duration of interphase in, 380 
hyaline globule in cells of, 80-81 
lost chromosome, 83 
mitotic stages, 70 
neuroblastic cells of, 32, 46, 52, 71-73 
photomicrographs from embryo of, 66 
spindle inhibition, 68 
viscosity changes, 89 
in vitro technique, 377 

Growth 
algal cellular changes, 128-29 
androgenic hormones, 232 
aneuploids influence, 345 
appearance of polyploids in, 363 
bacterial changes caused by, 122 
binucleate spermatid, 205 
bloating of pollen tube, 107, 108 
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Growth (continued) 
bone repair and, 247 
cellular intrusions, 131 
cellular multiplication, 319 
celosomy in chick embryo, 206 
colchicine tumor phenomenon of, 

103-7 
criteria for judging pol yploids by, 

362-71 
effect of chimeras on, 318-51 
embryo sac, 118 
embryonic, of animals, 202-11 
endocrinological research, 21'1 
experimental, in animals, 214-49 
fruit markers, 363-65 
gametophytes enlarged by, 118 
gonadotropic hormones and, 229 
hormone stimulated, 224-26 
hormones in, 416 
inhibition of, 236 
limb regeneration, 242 
malformations, 206 
malignant, 259 
neoplastic, 255-73 
nuclear diameters of spermatid, 205 
overgrowths in plants, 266 
patterns, 211 
pituitary activity and, 225-28 
plants, point of, 384 
pollen mother cell abnormality, 127 
pollen tu be enlargement, 107-9 
regeneration and hypertrophy, 236-16 
regulation of, 236 
root hair, 127 
root-tip tumors, 19-25 
sex determination and, 351 
sex hormones, 230-32 
shoot apex, 349-56 
spearlike roots, 102 
strophosomy in chickens, 206-8 
study of colchicine and, 211-15 
tetraploids show features in, 320-21 
triploids vigorous in, 326 
vascularization in root cells, 128 
virus tumor tissue, 132 
in vitro studies of, 223-25 
in vivo studies of, 219-22 
wound healing, 246-'17 
wrinkled leaves, 125-26 

Guanidoacetic acid, 397 
Gums, 140 

H 
Hair 

cells of root, 107-10 
cells of stem and root, 102 
follicles, 269 
growth, 189 
loss, in man, 264 
mitosis in follicles, 189 

Halo-derivatives, 400 
Hamster, golden, 398 

acquired resistance by, 107 
under laboratory conditions, 107 
resistance to colchicine, 107, 398 

Hanging drop preparations, 378 
Hanstein, terminology of, 318 
Haploid sperm, 381 
Heart, 183 

action on fibers of, 183 
and circulation, 183 

Heat-shock, 398 
Helianthus tuberosus, l05 

cellular inhibition, 105 
hairlike cells, l09 
heteroauxin, 105 
test to measure phytohormone 

potency, l07 
tissue cultures of, I 05 

Hematocrit tube, 381 
Hematopoiesis in chick, 375 
Hemoglobin, 188 
Hemolytic anemia, 18-1 
Hemorrhage, 181, 191 

in tumors, 260-61 
Hemp, 353 

autoletraploid, 3:,,l 
excess of females, 353 

Hcnle's loops; see Kidney 
Hens, 190 
Hcpatectomy, partial, in rat, 97 
Herbalists, 7 
Herbs, 3 
Hermodactyl, 7 
Heterogametic, 353 

sex determination, 351-51 
Heteroploid, 8 

in animals, 97 
in pig, 382 
polyploids as, 58-.59 
as polyploids in animals, 380-83 

-y-Hexachlorocyclohexane, 4 Hi, 117 
Hexacyclochlorohexane, ·117 
Hcxahydrocolchicine, 161 
Hexamethyl-benzene, 400 
Hexanitrodiphenylamine, 401 
Hexaploid wheat, 279, 284 

optimal number, 284 
origin of, 295 
T. vulgare Vil., 295 

H!lleshog strain of Bela vulgaris, 355 
Hippocrates, 2, 3, 6, 11 
Histamine, 183, 198 
Histiocytes, 189, 269 
Histology, 153 
Hodgkin's disease, 264 

use of colchicine in, 14 
Hofmann degradation, 162 
Hokkaido Agricultural Experiment 

Station, 332 
Hokkaido University, 332 
Holland, 300 

Triticales project in, 300 
Homochelidonine, 413 



Homogametic, 354 
in sex determination, 354 

Homologous chromosomes, 112 
Homologous serum, 378 
Honey poisoned by Colchicum, 109 
Honnidium, 119 

leukophytic variant of, 124 
Hormones 

androgenic, 232, 235 
estrogenic, 214, 226, 232 
experiments on growth and, 226-27 
gonadotropic, 191,226,227 
mimetic actions, 190 
ovarian hormones, 226 
phytohormone; see Plants 
pituitary, 228; see also Hypophysis 
sex, 230-31 
stimulated growth, 224-27, 379 
test of estrogenic, 19, 214 

Husson, 13 
Hvaline globule, 66, 68, 79, 80, 81, 193, 

394; see also Achromatic sphere, 
Deformed spindle, Pseudospinclle 

change of spindle form, 78-81 
diagram of, 70 
in neuroblasts, 66, 70, 78-8 I 
non-fibrous, 68 
photomicrograph of, 6fi 
similar to pseudospindle, 80 

Hwlrodictyon, II9 
Hydrogen bonds, 408 
Hvdrogenation, 161 
Hvdrolvsis to colchiceine, 160 
H~drostatic pressures, 399 
Hyocyamus niger, 346 
Hyperglycaemia, 193 
Hyperthyroidy, 229 
Hypertrophy, 121,236 

unilateral, of kidney, 241 
Hyphae, 124 
Hvpocotyl, 102 

cortex, 105 
swelling, 105 

Hypophysectomy, 190 
Hypophysis, I 77, 220, 226 

in carbon-tetrachloride poisoning, 248 
mitoses in, 241 
in pregnancy, 230 

Hvpothesis, A X B, 278 
Winge·s, 278, 307 

Index for induced tetraploidy, 319 
countmg chromosomes, 320 
criteria for judging, 3fi2-71 
floral parts, 320 
pollen size, 319 
seed size, 319-20 
sprouting ability, 320 
vegetative characters, 320 

Indian Pharmacopoeia, 8 
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Indole acetic acid, 109 
Indolebutyric acid, 104 
Inhibition, 33-34 
Injections, 188 
cl-Inositol, 416,417 
mesa-Inositol, 104,416,417 

role of temperature, 104 
meso-Inosose, 417 
Insect resistance, 311 
Insulin, 244 

and Langerhans' islets mitoses, 241 
"Intactness period" of chromosomes, 92 
Intergeneric amphiploid, 299 
Intergeneric hybrid, 279, 309 
Tntergenomal exchange, 292 

no pairing between genomes, 293 
Interkinesis, 417 
Interphase, 50, 78; see also Mitosis 

c-pairs enter, 108 
duration of, 380 
loss of chromaticity, 45, 50, 70, 85, 95 
micronuclei of, 44 
processes, 31, 50-52, 75, 95 
prophase to, 32, 70 
transformation to, 30, 75, 79 
unraveling, 50, 85 
vesiculating stages, 45, 51, 85, 95 

Interspecific hybrids, 278, 293 
Brassica, 309-10 
classification problems, 280-81 
Cucurbita, 311 
diploid, 293 
Galeopsis, 310 
in Gossypium, 302-6 
in Gramineae, 294-302 
in Nicotiana, 307-9 
Ribes, 312 
Solanum, 311 
Trifolium, 312 

Interspecific segregation, 285, 293, 308, 
311, 312 

In terspecific trisomics, 306 
tetrasomics, 306 

Intervarietal 3X hybrids, 332 
Intestinal crypts, 376 
Intestine, 181, 196 

elimination of colchicine by, 196 
hemorrhage, 181 
mitosis, 265 
mucosa, 220 

Intoxication, chronic, of mice, 193 
Intracerebral injection, 179 
Intr~medullary injections of colchicine, 

111 man, 264 
Intranuclear orientation, 33 
Intraperitoneal injections of colchicine, 

377 
Intraspecific trisomics, 306 

tetrasomics, 306 
Invertase, 397 
Invertebrates, 54, 375, 377 
Iodoacetamide, 412, 415 
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Iodoacetic acid, 412 
4-Iodo-5-methoxyphthalic acid, 167 
Iris, 363 
Irradiation, 154, 170 
Irradiation of Allium root-tip pri

mordial, 105 
c-tumor not inhibited, 105 

Isocolchicine, 16, 160, 169, 407, 410 
!so-compounds, 162 
Isodeaminocolchinol methyl ether, 162 
!so-derivatives, 407 
Isodiametric expansion, 103 
Isoethylcolchiceine, 407 
Isomeric methyl ethers, 168 
Isomeric unsaturated ketone, 163 
Italchine, 419 

J 
Japan,287,330, 352,370 
Japan Beet Sugar Manufacturing 

Company, 332 

K 
Karyokinesis (nuclear mitosis), 86, 88 

to excite, I 7 
Karyometry, of liver nuclei, 237 
Kashmir hermodactyls, 2, 3, 6 
Katachromasis, 51 
Kernel weight, 366 
Kew Gardens, 279 
Kidney, 177,227,229 

colchicine and, 193, 195 
connective cells, mitoses, 239 
convoluted tubules, 237, 239, 240 
embryonic, in tissue culture, 258 
"endocrine," 238 
glomeruli, 237, 239 
Renie's loops, 237, 239 
hypertrophy, 237-41 
mitosis in, 229 
pelvis, 237, 240 
Schweigger-Seidel tubules, 237 

Kihara Biological Institute, 287 
Kupffer cells, 193, 248 
Kyoto, 287, 330 

L 
Lactate, in muscle, 181, 182 
Lactic acid, 258 
Lagging chromosome, 83, 3'16, 386 
Langerhans' islets, I 77; see also Pan-

creas 
Lanolin, 383 
"Late" mitoses, 193 
Latex species, 326 

Hevea, 326 
Koh saghyz, 326 

Leon the Great, 12 
Lepidium, 42, 80 

ball metaphase, 42 
Leukemia, 189, 224, 256, 264 

Leukocytes, 176, 181, 186, 187, 189 
in clog, 187 
eosinophil, 188 
monocytoid, 189 

Leukocytosis, I 7, 183 
colch icine-leukocytosis, 418 

Leukopenia, 189, 264 
Leydig cells, 236 
Lieberkiihn glands, 176; see also 

Intestine 
Ligustrum, 129 
Liliaceae, 8, 159 
Liliwn, 346,413 

aneuploids, 346 
lilies, 326 
longiflorum, 316 
mixoploicly in anther, 318 

Limb 
blastema, 242; see also Toes 
regeneration of, 2,12 

Linnaeus, 7-8, 9 
Liver 

cells of, 90 
damage, 191 
exploded c-metaphase in, 44 
fusion of nuclei, 44 
hepatectomy, 41, 97 
in man, I 76, I 78 
micronuclei, 44 
mitoses in, 193,210, 230 
mitotic counts of, 378 
original studies with, 19 
quantitative estimate of growth, 376 
regenerating cells, 376 
regeneration of, 34, 44, 84, 90, 97, 216, 

217,236,378 
single injections, 57 
in vivo studies, 376 

Loganberry, 324 
Lolium j,erenne, 323, 348 
Lost chromosome, 83 
Lumicolchicine, 154, 170 
Lundsgaard effect, in mq.sde, 181 
Lutcae, 9 
I,ycopersicum, esculentum, 265 
Lymph glands, I 76 
Lymphocytes, 186-88 
Lymphoid cells, 261; sr:c also Lympho

cytes 
Lymphoid tumors; see Neoplasms 
Lytechinus, variegatus, 88,116 

M 

Maize, 333 
cytohistology, 347 

Male gametophyte, 107-20, 386 
as pollen, 107-20 
as pollen tu be, 37, I 08, 117 

Malformation 
in chick embryo, 206-9 
in eggs, 377 



'.\lalignant growth; see Neoplasms 
Malonate, 181 
'.\lammals, 54, 376, 379 
Mammary gland carcinoma; see 

Carcinoma 
Marchantia polymorpha, 117, 118, 119 

diploid gametophytcs induced, 117 
'.\farigold, 326 
'.\larine annelid, 75 

Chaetopterus, jJerga111entaceus, 75-77, 
82 

'.\Iarine eggs, 87 
'.\last cells, 188 
'.\Iateria medica, I, 11, 140 
'.\Iaturation division, 75 
'.\Iechanism of colchicine-mitosis, 391-

422 
Medicago, species of: denticulata, 332; 

lujmlina, 322; media, 322; saliva, 
322 

Medical practitioners 
Arabian, 3 
Babylonian, 2 
British, 13-14 
Egyptian, I 
French, 13 
German, 13 
Greek, 2, 6-7 
Hindu, 2-11 
medieval, 13 

'.\fcdicine, 3 
early, 11-14 
fore11sic, 176-94 

Megacaryocytes, 189, 192 
Megaloblasts, embryonic, 210 

in Addison-Biermer anemia, 210,211 
'.\Iegaspore mother cells, 110, 386 

of em hryo sac, 118 
in gametophytes, 110-18 
in Tradescantia, 118 

Meiosis, 9,1, 103; see also C-meiosis 
chiasmata of, 115 
colchicine, 110-18 
compared to c-mitosis, 112 
in pollen mother cells, 111 
treatment and stage, 113, 114 

'.\feiotic metaphase, 386 
Afelandrium dioecum, var. album, 353 
Melanoplus, differentialis, 77, 90 
'.\Ielanthoideae, 8 
Aielica, 302 
Melittia satyrinifonnis Bulmer, 311 
'.\Iercury, action of, on mitosis, 415 
Merendera persica, 2, 3, 7 
Merostathmokinesis, 86, 400 
Mescaline, 405 
Metabolic changes 

actions of colchicine, 396 
Benedict's solution, 131, 132 
diastatic activity, 131 
dipeptidases, 132 
enznne reaction, 131 

Subject Index 457 

growth, 132 
metabolic inhibitors, 181 
oxygen uptake, 132 
plasmolysis, 132 
rates, 131 
respiration changes, 132 
viscosity correlation, 132 
in vitro, 131 

'.\Ietabolism 
of colchicine, 194-96 
of tumors, 260 

Metals, 412 
Metamorphosis, 210 
Meta phase 

arrested, I 7, 40, 66, 81 
anaphase fewer than, 65 
Arbacia, spindle of, 75 
hall, 38 
bi-, 83 
colchicine-, 35-50 
colchicine causing arrest at, 24, 25, 26 
chromosomes unoriented at, 30, 31 
Chaetopterus, spindle of, 75-77 
clumped, 42, 84 
correlated with concentration of 

colchicine, 76 
disappearance of spindle, 76 
distorted star, 38 
distributed colchicine, 43 
exploded, 38, 40-42 

in Allium, 25, 41, 79, 85 
in liver of rats, 44 
in neuroblasts of grasshopper, 

41, 66, 70 
in Orthoptera, 41 
in pollen tubes, 37 
in Siredon, 41 
in Triton, 41 
in Triturus, 43 

graphic representation of increase in, 
30 

main types of arrested, 38, 70 
multiple star, 41, 66 
original statements of arrested, 26-29 
oriented arrested, 39-42 
percentages of, in root tips of onion, 34 
Pernice's observations, I 7, 18, 65 
photomicrographs of, 37 
prophase, 84 
stages of, in animal cells, 19 
spindle mechanisms and arrested, 

81-86 
star, 81-83 
tissue culture malignant cells 

arrested, I 7 
tissue culture, normal cells, I 7 
tri-, 83 
unoriented, 40 

Metastases, treated by colchicine, 263 
L-Methionine, 397 
Methoxychelidonine, 413 
Methyl ether, 169, 408 
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Methy!cholanthrene, 260, 269, 270 
N-Methy!colchicamide, 411 
Methylcolchicine; see Demecolcin 
O-Methylethers, 160 
9-Methylphenanthrene, 164 
N-Methyl-propyl-colchicamide, 411 
Micrasterias thomasianas, 119, 124 
Microchemical tests, 127 
Micrococcus aureus, 121-22 
Micronuclei, 97, 412 

in liver, 237 
in tumor cells, 259 

Microscopic tests, 368-70 
average diameters, 369 
guard cell size, 369 
microspores, 369 
pollen grains, 369 
triploid grains exception, 369 
in watermelon, 369 

Microspores, 110-15 
c-meiosis, 111 
c-mitoses, 110 
hexaploid, Ill 
octoploid, 111 
polyploid, 114 
tetraploid, 111 
tetraploid monad, 112 
untreated, 111 

Miscible pool, 197 
Mitochondria, 72, 89, 91 

shortened outside pseudospindle, 96 
Mitoses; see also Mitosis 

intestinal, 376 
"late," 193 

Mitosis; see also Colchicine mitosis 
abnormalities spontaneous in 

malignant cells, 258 
activity in kidney of rat, 239 
analysis of colchicine upon, 17 
Arbacia eggs in, 74-75 
arrest of, 26, 27, 28, 36, 43, H, -15, 89, 

186, 237, 276 
arrested, in pancreatic gland, 177 
bipolar nuclear, 31 
cell division not synonymous with, 87 
cellular proliferation, 375 
chemicals acting upon, 17 
chromosomal fibers of, 67, 81-83 
chromosome, without cellular, 69 
chromosome changes like normal 

nuclear, 50 
colchicine, 21 
comparison of colchicine meiosis 

and colchicine, 112 
continuous fibers of, 67, 81-83 
crop-sac of pigeon, 228 
cycles of, 68 
cytological standards to measure 

chemical action on, 86 
discovery of, 188 
distributed colchicine, 205, 429-43 
diurnal variations, 221 

duration of, 216,217,218,221,236. 
246,259 

duration of colchicine, in animal 
cells, 48 

effect of colchicine on course of, 60 
endocrine gland, during poisoning 

by carbon tetrachloride, 248 
fibers of, 67 
fibroblast cultures showing, 30, 215 
glutamate and, 223 
graphic representation percen tagc 

of stages of, 30 
grasshopper neuroblastic cells in, 71-73 
ilia! epithelium of male rat, 

percentage of, 222 
index of, in pregnant guinea pig, 

230-32 
inhibiting action upon, 34 
interphase of, 232 
liver, during carbon tetrachloride 

poisoning, 248 
mechanism to account for colchicine. 

391-421 
metaphase of, changed by colchicine. 

35-50 
methods for culturing pollen to 

study, 385 
neuroblast metaphases of, 66 
nuclear, 24 
number of visible, 235 
optical anisotropic spindle fibers of, 

75-76 
l'ernice's study of, 17, 18 
pituitary, 222 
pluricentric, 203 
pollen tube, 37, 385 
progressive accumulation of arrested, 

215 
prophase, in tissue culture, 215,217 
prophase of, 31-35 
pseudo, 393 
repartition of, during bone repair, 

247 
return to bipolar, 38, 55, 91-96 
reversibility of a colchicine, 91-93 
seminal vesicle dose and, 234 
Siredon arrested, 48--49 
sleep, action, 221 
spindle mechanism of, and 

colchicine, 65-97 
spleen of Siredon arrested first seen, 

42 
stage of, treated in neuroblast, 70 
stages of, in root tips, 34 
stimulation of, 216,217, 242, 214 
study of, 374-75 
technique with animals in study of, 

374-80 . 
timing upset of, 85 
thyroid of guinea pig, 229 
topography of growth, 375 
Tradescantia stamina! hair cell, 73-71 



Triton arrested, 48 
Triturus arrested, 48 
\·eritable explosion of, 16 
Yiscosity changes at, 89 

\fitotic counts, 379 
\litotic index, 238, 378-79 
\litotic poisoning, 379, 391, 392 
\fitotic poisons, 257 

mitotic stage, 81 
\[i to tic processes, I 0 

bv colchicine, 378-79 
of kidney tubules, 193 
mitotic growth, 193 
mitotic stimulation, 193 

\1ixoploids, 384 
\Iixoploidy 

clones of diploid and tetraploid, 3-17 
diploid and tetraploid pollen 

mother cells, 348 
Lolium /Jerenne, 347 
persistence of, 3·17 

Molge, species of: rnarmorata, 226, 227; 
pal111ata Schneid, 210; jJa/111atax, 
210 

\lonads 
formation, 112 
replace tetrads, 112 
tetraploid, 112 

\lonaster expansion, 89 
\lono-alcohol, 161 
\fono·aldehvdc, 162 
\lonocotvleclons, 363 
\lonocytcs, I XX 
\fonon.itro-colchicine, 169 
\[onoploid, 276, 321, 333 
\fonosomic, 357 

analysis in Nicotiana, 358, 359 
9-\fonoxime, 163 
\fonstrous development, in frog, 381-82 
\Jontanae, 9 
\1osaic resistance 

in tobacco, 28'1 
obtained bv transfer, 284 

\fucor, 123 ' 
\fucosa, 181 
\fultiple star, 83 
\fultipolar, 86 
\1ultivalency in polyploid, 301' 
\Iuscle, smooth, 181 

anaerobic glycolysis, 182, 183 
oxidative activity, 182, 183 

\fuscle, striated, 180 
contractility of, 181 

:,Iushroom, 6 
\luskmelon, 325 
\fustard gas, 91 
\Iutagens, 124, 275 
\lutant 
\lutation, 275 

in Datura stra111oni11m, 351 
globe, 354 
a trisomic, 355 
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Mycobacterium tuberculosis, 122 
\1 yelin, 246 
Myelocytes, 188 
Myoblast cultures, 418 
Myxedema, 229 

N 

:\'aphthalene, 400 
='iaphthalene acetic acid (NAA), 86, !04, 

!09, 128 
colchicine and, 128 
threshold, l04 

'.':arcosis, 111, 180, 396 
c-tumor, 110 
colchicine and, 402, 403 
theory of , 399, 403 

>larcotics, 392 
Narcotin, 413 
National Formulary, 156 
National Institute of Genetics, Japan, 

332 
::\'atural polyploids, discovery of 

in Gossypiurn, spontaneously, 303 
in grapes, 324 
in Polygonaturn, 385 

'.':ecrotic factor in tobacco, 307 
polyploidy breeding, 307-9 
transfer from T, glutinosa, 307 

::\'coplasms 
in abdominal cavity, 377 
lymphoid, in man, 264 
lymphoid, in mouse, 262 
malignant, in horse, 257 
malignant, in man, 259 
in man, 376-77 

::\'eoplastic cells, 258-60, 378; see also 
Cancer, Cancer chemotherapy, Car
cinogenesis 

experimental study of, 258 
growth in animals, 194, 255-69 

::\'cphrectomy, unilateral, 237,238,241 
::\'erve cells 

colchicine mitosis in regenerating, 246 
growth, 2IO 
regeneration, 246 

:'\iervous paralysis, 377 
'.':cssberry, 324 
;\'eural tissue in chicks, 209 
'.\'euroblasts of grasshopper 

hleb formation, 91 
Brownian movement, 89 
delay in mitosis, 46 
destruction of fi hers in, 77 
effectiveness of colchicine on, con-

centration, 72 
exploded metaphase in, 72 
exposure time, 73 
inhibition by colchicine, 34 
mitochondria observed in, 72 
mitotic stage treated, 70, 73 
phosphorus, 89 
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Neuroblasts of grasshopper (continued) 
photomicrographs of, 66 
ribo-nucleic acid, 89 
specific concentrations, 41, 70 
spindle inhibition, 68 
in study of prophase, 32-33 
successive changes in, 70 
technique developed with, 71-73 
viscosity changes, 89 
in vitro technique, 377 

Neuromuscular apparatus, 179 
Neuromuscular block, 180 
Neutrons, 269 
Nicotiana, 254,288, 346, 347, 357, 362 

back-cross segregates, 308 
species of: digluta, 307; glutinosa, 359; 

langsdorfjii, 356; sanderaea, 356; 
tabacum, 309; tabacum var. virii, 
307 

synthesis of N. digluta, 309 
synthetic tobacco species, 309 
trisomics and corolla size, 356 

Nicotinamide, 397 
Nipple, 226 
Nitella mucronata, 119 
Nitro-derivatives, 400 
Normal interphase, 380 
North Carolina State College, 331 
Northern hemisphere, Ml, 323 
Norway, 322 
Nostoc commune, 119 
Nuclear sap, 202 
Nucleic acid, 221 
Nucleoli, in neuroblasts, 70-71 
Nucleoprotein metabolism, 197 
Nullisomics, 357-58 
Number of fruits, triploid, increase, 367 
Number of mitoses, 378 
Nuptial colors in Rhodeus, 191 
Nuts, 279 

0 

Oats, 26, 279 
Octoploids, 95; see also Aneuploidy, 

Autoploidy, Polyploidy 
layers in shoot apex, 356 

Oedogonium, 119 
polyploidy in, 124 

Oenothera lamarckiana var. gigas, 318 
Official status of drug, 140 
Oil-bearing seeds, 326 

Brassica, 326 
flax, 326 
sesame, 326 

Olomouc, Czechoslovakia, 143, 149 
fruit development of Colchicum, 149 

Omphalomesenteric vessels, 209 
Opaque hyaline golbule, 80 
Organoleptic tests of drugs, 141 
Oriental medicine and drug plants, 6 

Orthoptera, 41 
Gyrillis assimilis, 90 
Melanoplus differentialis, 77, 90 

Oryzias latijJes, 204 
Oryza saliva var. indica X var. japonica 

autotetraploid and diploid hybrid fer
tility, 321 

hybridization, 320 
Ovalbumine, 197 
Ovariectomy, 232 
Ovary 

corpus lutcum, 230 
follicular cells, 220 
of frog, 192 
germinal epithelium, 219 

Ovipositor, 191, 226 
Oxaloacetic acid, 166 
Oxycolchicinc, 169; see also Oxnli-

colchicine 
Oxydicolchicine, 180, 195 
Oxygen, 223, 224 
Oxytricha, 126 

p 

Pairing characteristics, 38:, 
Pairing of chromosomes, 113 

for classifying polyploids, 283 
intergenomal pairing, 293 
measure of homology, 281 
quadrivalents, 36-l 

Paleolagus, 12 
Pallavacinia spp., 118, 119 
Pancreas, exocrine, 193,210,230 

Langerhans, islets of, 177, 226. 22i, 
230, 236, 241 

late mitoses in, 193 
Pancreatic gland, I 77 
Papilloma 

Shope, in rabbits, 262, 263 
venereal, in man, 263 

Paracentrotus, egg, 203, 401 
Paramecium 

effect of temperature, 3H 
species of: caudaturn, 126; mu/timi

cronucleatum, 126 
in vitro, 374 

Parathryoid, 226, 227, 229, 230, 231, 2-10 
Partial inactivation spindle, 69 
Pasture species, 321 
Patulin, 415 
Paul of Aeginata, 12 
Pelargonium, tumors in, 266 
Peltatin, 264, 413 
a-Peltatin, 413 
,s-Peltatin, 413 
Pelvis; see Kidney 
Penicillium notatum, 123 
Pentaploids, 354, 382 

source of aneuploids, 354 
Pepagomeus, 12 



Perancma, 126 
Periclinal chimera, 285 

in apple, 351 
in Datura, 350, 356 
diploid-Tetraploid, 351 
induced by colchicine, 348 
in Lilium, 351 
in Solanum, 351 

Periclinal division, 350 
Periosteum; see Bone 
Petiolar swelling, 106 
Petroseliurn, 42, 47 
Peyer's patches, 178 
Pharmacognosy of Colchicwn, 110-58 
Pharmacology of colchicine, 175-201, 

377, 380 
cellular, 396 
in forensic medicine, 176 

Pharmacopeia, I, 140 
British, 141 
Indian, 141 
London, 13 
of United States, 141 

Pharmacy, 2, 3, 140 
Phase contrast microscope, 67, 77 
Phenol, 401 
Phenvlhvdrazine, 184, 185 
Phen)·lu1·ethane, 105, 392 

synergistic action, 105 
Phleum, species of: nodosum, 323; 

pra tense, 322-23 
Phlorizin, 419 
Phlox, 326 

dnunmondii, 364 
Phosphorus, 89, 181 
Photosynthesis, 397 
Phragmoplasts, 73, 89 
Phytohormone, 101,107,275 

Avena, 106 
colchicine not phytohormone, 107 
elongation proportional to concen-

tration, 107 
Helianthus, 106 
Lepidiurn hypocotyl, 106 

Pigeon, crop-sac of, 379 
Pigs, 58-59, 381, 382 
Pilocarpin, 181 
Pisum, 106 

potency, 106 
swelling, I 07 

Pi.mm sativurn, action of colchicine and 
X-rays on, 267 

Pituitary, 177, 197; see also Hormones 
-adrenal stimulation, 193 
hormones, 226 
mitosis in, 232 
prolactin, 226 

Planimetric measurements, 378 
Plant anatomy, tunica-corpus concept, 

348 
Plant tumors, 265 
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Plasrnodium, species of: relictum, 126; 
vivax, 126 

Platelets, 176, 189 
Plerome, 348 
Pleurodeles, development of, 203 
Pliny the Elder, 2, 11 

Doctrine of Signatures, 11 
Ploidy, defined, 276 
Plumule, 284 
Pluricellular animals, 375 
Pluricentric mitoses, 203 
Plurinucleation, 203 
Podagra, 11, 12 
Podophyllin, 264, 413 
Podophyllotoxin, 264,413,415 

effects of, 416 
Podophyllurn sp., 261 
Poinsettia, 326 
Poison, 34, 175, 178 

preprophase poison, 35 
Polarization microscope, 67, 74, 75, 76, 

77 
Polarographic technique, 148 
Pollen 

cells, 74 
for counting chromosomes, 369 
grains, 33, 385 
mother cells, 369, 386 
sterility, 386 
tubes, 33, 37, 103 

Polycythemia vera, 224, 259 
Polygonatum, 385 

c-pairs, 116 
distributed c-mitosis, 347 
species of: commutatum, 37, 48; multi

florum, 326; pubescens, 108 
susceptible to colchicine, 116 

Polyploid, classification of, 280-82 
intergrading series, 282-92 
limits not clearly defined, 292 

Polyploids 
in Amoeba nucleus, 375 
artificial, 26 
cell volumes, 381 
cells, 93, 95 
colchicine not effective in animal, 

380 
definition of, 276 
induction of, in vertebrates, 206 
natural, 26 
plant tumor cells, 266 
principles of breeding, 285, 382 
raw, 321 
restitution nucleus in plants, 93, 399 
series of, 278 
species in nature, 279 
spermatogenesis, 205 
stabilization of, 285 

Polyploids, animal, 380-83 
Amoeba, 58 
Arternia, 58 
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Polyploids, animal (continued) 
chicken, 58 
Drosophila, 58 
frogs, 58, 38 I 
pigs, 59, 381, 382 
rabbits, 59,381,382 
silkworms, 58 
Triton, 58 
Triturus, 58, 97 
Xenopus, 58 

Polyploids, plant 
agricultural species, 279 
Brassica, 309-10 
Cucurbita, 311-12 
forage species, 321-23 
forest species, 323-26 
fruits, 323-26, 333 
Galeopsis, 310 
Gossypium, 302-6 
Gramineae, 301-2 
Nicotiana, 307-9 
Ribes, 312 
Solanum, 310-11 
Trifolium, 312 
vegetables, 323-26 
watermelon, 327-31 

Polyploidy, criteria for judging, 362-72 
appearance, 363 
by fruit, 363 
microscopic differences, 369 
seed, 364 
weight of grain, 366 

Polyploidy breeding, principles of 
advantages vs. disadvantages, 285 
genome transfer, 285 
large populations, 283 
law of optimal numbers, 283 
mixoploids, 285 
raw pol yploids, 282 
testing methods, 286 
of transfer, 284, 293 

Polyploidy experimentation 
callus tissue, 274 
chemical induction, 274 
colchicine method, 274-75 
heat-shock, 274 
history of, 333-34 
scope of research, 286-88 

Polysaccharides, action on tumors, 2G I 
Polystoma, 119, 125 
"Precocious reversion," 73, 93 
Pregnancy,229,230,236 
Premeiotic stages, 112 
Pressor amines, of the adrenals, 397 
Pressure, of air, action on mitoses, 225 
Pretreatment, 386 
Primula kewensis, 278-79 
Progesterone, 226, 235 
Prolactine, 226, 228, 379 

injected with colchicine, 379 
Prolactine-thickened crop-sac, 379 
Proliferating cells, 385 

Prop,1gula, 118 
Prophase, 31-35, I 14, 380; see also 

Mitosis 
arrested, M 
influence of colchicine, 31-33 

Prophase reversal, 50 
N-Propylcolchicamide, 411 
Prostate, 22G, 227, 232 

ventral, 226 
Protein content, 368 
Protoanemomin, 413, 415 
Protonema, 118 
Protopin, 413 
Protozoa, 54, 125 

anatomical variation, 126 
gross chang·es, 129 
microinjection, 125 
role of toxicity and temperature, 125 

Psammechinus miliaris, 89, 91 
birefringence, 91 
independence of spindle and 111011-

aster, 89 
monaster expansion, 89 
viscosity changes, 89 

Pseudoanapbase, 45, 393 
Pseudometaphase ,393 
Pseudonuclei in Tubifex eggs, 54 
Pseudospindle, 79, 84, 85, 193, 394 

achromatic sphere, 81, 85 
Psilocybe semilanceolata, 123 
Psychriste, 12 
Purdue University, 331 
Purine metabolism, 397 
Pycnosis, 52, 178, 190,203, 376 
Pyrophosphatase, 261, 397 

Q 
P-Quinone, 418 

R 
Rabbit, 191, 381, 382; see also Polyploids, 

animal 
Racemized colchinol methyl ether, 163 
Radiomimetic action, 15, f71 
Radiomimetic drugs, 392, 415 
Radiosensitivity, 26G 
Radish 

gigas, 324 
Japanese, 324 
resistance to disease, 324 
summer variety, 32°1 

Rana, 210, species of: agilis, 203-4; fusrn. 
210; pij,iens, egg of, 191, 202; tem
poraria, 245 

Range species, 321 
Raphanobrassica, 279-80, 309 

amphiploid, 309 
cabbage X radish, 309 
first made in 1826, 309 
Karpechenko demonstrated fertile, 309 

Raphanus sativus, 309 



Raspberry, 324 
Rat, 42. 378 
Recovery from colchicine, 379 

in A/limn, 29, 96 
in animals, 56-58, 96-9H 
in corneal tissues, 97 
in li,·er, 4'1 
in plants, 56, 91-96 
polvploidy resulting after, 91-9:> 
principle of reversibility, 91-9 l 
processes of, 81 
reduction in number of nuclei, 11 
in sarcoma, 27 
after single injection, 57 
stages of, in Triticum, 9'i 
stages of, in Triturus, ·1:l 
transfer to water, 9·1 

Rectum, 226 
Red blood cells. 18H 

diameter of, I 88, 189 
forming tissues, 37(i 
volumes, 381 

Red clover, tetraploids, 322 
Regeneration, 93, 236-·12; st'/' also 

Kidnev, Liver 
in amph.ibians, 376 
for c-mitosis study, 376 
in developing animals, 212-W 
and hypertrophy, 236-12 
inhibition of, 2 l'i 
of limbs, 212 
liver of rat. 41, 57, 2Hi 
of nerve, 2-16 
tail of XenojJlls, 2·12-15 
of thnnus, 2·11 

Regene'rative tissues, 385 
Renal artery, ligature of, 10, 238 
Reproductive isolation, 292 
Resins, J.10 
Resistance, in plants and animals, 398 

by Colchicwn to colchicine, 107. :198 
of golden hamsters, I 07, 398 
to phytohormonc tests, 107 

Respiration, 103 
cellular, 20·1 
in tumors. 261 

Respiratory paralysis, 377 
Retention of colchicine in cell, ,ltl:l 
Reticnlocytes, 184, 185 
Reversible effects of colchicine. 89: 

see also Reversibilitv 
Reversibility, 31 ' 

capacity to, 93-9·1 
characteristic important, 91-91 
demonstrated, 94 
necessary for induction of pohploidv, 

92-93 . 
regeneration of spindle, 94 

Reversion to diploidy, 28f, 
Rheumatism, I, 2, 3 
Rhizomes, 384 
Rhizotomi, 2, 3 

Subject Index 463 

Rhodeus amarus, 226, 227 
nuptial colors, 191 

Rhoeo discolor, 109 
Ribes 

currant and gooseberry combined, 312 
meiotic irregularities carried over, 116 
new species, R. nigrolaria, 312 
species of: grossularia, 312; nigrum, 

312 
Ribonucleic acid, 89, 397 
Ribose, 417 
Ribose nucleic acid, 121 
Ricine, 206; see also Abrine 

induces strophosomy, 206 
Ricinus, tumors in, 266 
Ring A, 161 

presence of benzenoid ring, 161 
Ring B, 161-67; see also Colchicine 

structure 
recognized as 7-membered, 166 
research on, 161-67 
revision of Windaus concept, 166 

Ring C, 167, 168, 409 
of colchiceine tropolonoid, 168 
comparison with tropolones, 168-69 
Dewar's suggestion, 168 
enolone properties derived from, 167 

Rodents, 376 
Root gatherers; see Rhizotomi 
Root hairs, 109 

c-tumor, 109 
not polyploicl, 109 

Root systems, treated with colchicine, 
384-85 

Root tip, 369, 386 
Allium, 19, 25, 27, 35, 41, 49, 55, 78, 79, 

83,84,85, 96 
c-pairs in, 49, 85 
c-tumors on, 25, 102-7 
colchicine penetrates, 36 
correlation region of, and c-mitoses, 55 
description of c-mitosis in, 28 
distribution of cells in, 55, 79, 95 
of onion seedlings, 34 
pairs of "skis" in, 51 
polyploidy in, 25, 79, 95 
tests with, 19, 34 
wheat, 90 
X-ray on, !05 

Root tumor, 25, !03 
Roots, encisecl, 132, 385 
Rudimentary cell plates, 89, 90 
Rurnex acetosa, 132 
Russia, 286, 287, 296 

s 
Saccharomyces cerevisiae, 123 
Saccharose, 416 
Saffron, I 
Salamandra, corneal cells of, 40 I 
Salivary glands, 269 
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Sanguinarine, 413 
Sarcoma, 26, 180 

benzopyrene-induced, 261 
Crocker,253,255, 256 
grafted, 26 
in rat, 260 
Rous, in fowl, 262 
treated, 26 
untreated, 26 

Sassafras albidum, 413 
Saturated ketone, 163 
Saxifrages, 11 
Scales of liliaceous plants, 384 
Schistosomus reflexus, 206 
Schwann cells, mitoses of, 246 
Schweigger-Seidel tubules; see Kidney 
Sea urchin eggs, 392 
Seed 

amphiploid weight and size of, 365, 
367 

of autotetraploid, 326 
colchicine from, 144-47, 151, 152, 153, 

154, 159 
colchicine compounds from, 144--49, 

153,154 
Colchicum described, 153 
collecting Colchicum, 150-51 
criteria for judging polyploid from, 

320, 363-67 
dehiscence of, 149 
effect of pollination on, 367 
four X, 328-29 
fruit without, 302, 307, 329 
grain weight, 365 
markings on, 330, 365 
mature, 149, 329 
in Medicago, 322 
number of, per fruit, 365 
ovules appearing as, 321-31 
production of, 3 X, 332 
propagation of triploid, 328 
reduced setting, 371 
seed production in rice, 321 
seed-producing parts, 5 
size of, 365 
size correlated with drug production, 

152 
spring production in Colchicum, 3, 7 
sugar beet, 332 
tetraploid, 328, 330, 363----05 
thickness of, 328, 365 
three X, 328-29, 332-33 
treatment with colchicine, 384 
variation in colchicine from, 150-52 
volume of tetraploid, 365 
watermelon tetraploid, 327-29, 365 
yield lower from tetraploicl, 284 

Seedless fruits, 327 
ovules appear as seeds, 327-31 
term meaningless, 327 

Seedling culture in watermelon, 329 

Seedling treatment; see Techniques of 
colchicine treatment 

Segmental allopolyploid, 277,281, 282 
Self incompatibility, 332 
Seminal vesicles, 217,219,226,227,232, 

231 
Septa, 89 

arrested cell plates, 89-90 
Serra/ ia marcescens, 26 I 
Serum 

homologous, 378 
human, 397 

Sesquihydrate crystals, 159 
complex crystals, 373 
concentrated colchicine solution 

deposits, 159 
Sex determination in plants, 351 

excess of females in hemp, 353 
influence of X chromosome, 352-51 
methods of determining, 353 
and polyploidy, 351-52 
role of autosomes, 353 

Sex hormones, 230; see also Androgens, 
Hormones, Progesterone 

Sexual cycle in animals, 376 
Shin-Yamato, variety of watermelon, 330 

diploid, 330 
fruits, 330 
seeds, 330 
tetraploid, 330 
triploid, 330 

Shoot growth index, 96 
effect of colchicine, 96 
leaf shoots, 96 

Shope papilloma, 262, 263 
Silene otites, 353 

female homogametic, 35,1 
male heterogametic, 353-5-1 

Silk worm, 191 
Siredon, 32, 41, 42, 96, 97 

duration of c-mitosis in, 48 
erythroblastic prophase meta phase, 90 
recovery stages in, 45, 56, 97 
spleen of, 29, 50 

Sitanion, 302 
artificial polyploicl of, 301-3 

Skin, growth of, 221, 226, 227, 376 
for biopsies, 376, 383 

Sleep, action on mitosis, 221 
Small intestine of mammal, 378 
Snapdragon, 326; see also Antirrhinum 

aftereffects of colchicine, 115 
pollen germination in, 116 

Sodium, 180 
Sodium cacoclylate, 17, 29,397,411 
Sodium diethyldithiocarbamate, 412 
Sodium methoxide in methanol, 167 
Solanum, 288, 311, 325 

crosses with S. tuberoswn, 325 
hybrids of, 311 
interspecific hybridization, 32-~ 



species of: antifJOviczii, 311, 325; anti
j,oviczii X chacoense, 311, 325; 
chacoense, 311, 325; demissurn, 
311; ryl1inii, 311; tuberoswn, 311 

transfer of disease resistance, 32!i 
Somatic doubling, 294 
Somatic meiosis, 15-46 
Somatic reduction, 94 

equal or unequal separations, ·12 
pseudoanaphase, 1!i 
relation to meiosis, ·15, 91 
terminology, 45~16 

Somatotropic hormone, 230 
Sorbitol, 417 
D-Sorhitol, 416 
Sor<r/111111 

a~1totetraploid sudan grass, 323 
segregations, 323 
species of: haloj1ense, 323; vulgare var. 

sudanense, 323 
S/1artina townsendii, 279 
Species Plantarurn, 7 
Spelt wheat synthesized, 295-97 

invested type, 296 
Speltoid wheat, 3!i7 
Spermatids, 204-5 
Spennatocytes, 204 

heads of, 382 
Spermatogenesis, 204 
Spermatogonia, 204 
Spermatozoa, 206, 382 
Sf,haerechinus, egg, 202 
Spina bifida in chicks, 209 
SJiinacia, 42, 80 

recovery 95 
root tips', 95 

Spindle, 65-98, 392,402,421; see also 
Deformed spindle, Pseudospimlle 

acenaphthene, 82 
antagonists, 396,416,118 
in Arl,acia, 74-77 
arrested metaphase, 36, 81 
artefacts, 67 
asymmetrical, 94 
bipolar, 93, 94, 96 
birefringence pattern, 75-76 
cell plates, 89-90 
centromeric, 82 
centrosomic, 81, 84 
chemical action on, 403-4, 416 
chromosomal fibers of, 77 
cleavage processes, 53, 87-89 
colchicine and, 392-93 
continuous fibers of, 87-89 
contraction of, 420 
cytoplasm and, 65-98 
"cytoplasmatization" of, 74 
damage, 31 
deformed, 79 
destruction of, 69, 70, 7 I 
disappearance of, 76 

Subject Index 465 

disengaged from fiber, 36 
disturbances classified, 86 

apolar, 86 
bipolar, 86 
multipolar, 86 
unipolar, 86 

fibers, 65-67 
form of, 78-79 
fundamental problem of mechanism, 

395 
inactivation of, 28 
inhibiting actions decreased, 374 
inhibition of, 36, 68-69, 399 
lipoid solubility and, 402 
mechanisms of, 81-86 
merostathmokinesis, 86 
metaphase, of Chaetopterus, 75 
microdissection of, 33 
movement of, 42 
narcotics, 40 I 
neuroblastic cells, 66 
phragmoplasts, 89-90 
physical action, 399-401 
physiology of, 394 
pluripolar, 204 
poisons of, 391-92, 411-16 
pseudo, 79 
rate of disappearance, 76 
recovery of, 56 
retardation studies, 77 
reversibility characteristics of, 91-94 
"solubilitization" of, 81 
specificity of, 67, 393 
stathmokinesis, 86 
submicroscopic structures, 75 
successive changes of, 70 
synergists, 396, 416, 418 
toxicity, 374 
tropokinesis, 86 
Tu/Jifex, 53 
X-ray, 374 

Spiral coiling of chromosomes 
chromatin development, 32 
excessive coiling, 46 
major, 32 
minor, 32 
relational coiling, 46-49 

Spirogyra, 119, 125 
Spleen, I 76, 181, 248 
Sporogenous tissues, 119 
Sporophytic cells, 120 
Spring fruiting, 5 
Squamous cells, 376 
Stamina! hairs, Tradescantia, 385 

process of interphase, 51 
technique with, 33, 73-75 
in vitro study, 73 

Star formation; see also C-metaphase 
figures hy Pernice, 18, 39 
multiple, 83 
multiple, in Allium, 41 
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Star formation (continued) 
in neuroblastic cells, 66, 70, 72 
oriented c-metaphase, 36-40 
in Triton, 40, 81-83 
in Triturus, 40, 43, 81-83 
types, 38, 43, 81 

Star metaphases, 36, 38, 39, 40, 13, 66, 
67, 70, 71, 72, 73, 81, 82, 83 

multiple, 83, 84 
Starch, 220 

action on mitosis, 221 
diastatic activity and colchicine, I 31 
digestion of, 131 

Stathmokinesis, 67, 86 
arrested metaphases, 2,1 
defined, 24 
full inactivation, 86 
index of, 224 

Steatosis, 191 
Steel rye, 3 I 9, 366 

autotetraploids, 319 
in Sweden, 319, 364 

Sterile hybrids, 278, 363; see also 
Fertility 

made fertile, 278, 362, 384 
Steroid hormones, 418 
Stilbestrol, 227 
Stilbylamine, 413 
Stipa, 302 
Stomach epithelium, 409 
Stomata! development, 128-29 
Stress, 177, 190, 193, 248, 262 
Striated muscle, 180 
Stropharia merderia, 123 
Strophosomy, 207-8 
Strychnos arborea, 413 
Subcompactoid wheat, 357 
Submicroscopic structure, 74, 75, 127, 

128 
Substances from Colchicum, 14,1, 154 

B, 144 
C, 144,147,172 
colchicine, 144--4 7 
D, 144-46 
derivatives and mechanism of 

c-mitosis, 404--11 
E, 144-46 
F (Demecolcin), 143, 144-47, 154 
I, 144-46 

Substituted chromosomes, 300 
in Nicotiana, 358, 307-8 
nullisomics of wheat, 357 
rye for wheat, 300 

Sucrose agar media, 386 
Sucrose production, 332 

percentage, 332 
of tetraploids increased, 368 
in tri ploid beets, 332 
in watermelon, 368,417 

Sugar beets, 139, 331 
anatomical changes, 139 

improvement, 331 
triploid, 331-33 

Sugar cane, 279 
Sulfanilamide, '118 
Sulfhydryl groups, 403 
Sulfhydryl poisons, 111 
Sulfonamide, 104 
Sunlight, 154, 170 

effect on colchicine, Ed 
Super contraction, 85, 113 

autonomous, of c-mitosis, ,J(i 

c-pair contraction, 37, 43, 47 
chromosome evolution, 46~48 
maximum contraction, 4,1, 47 
pretreatment of, 48 
threshold for, 46 
thickness and shortness, 52 

Su pralcthal dose, 34 
in rats for maximum arrested 

metaphase, 34, H 
Surface changes in eggs, 202 
Surinjan, 3, 12 
Svalof, 274 

chromosome laboratory, 286 
experiments, 284 
Hilleshog strain of beets, 355 
Swedish botanists, 274-310 

Sweden, 274, 286, 287, 322, 355, 382 
Synapsis, 277 

chiasmala, 115 
of hvbriditv, 277 
mei/,sis, 112 
pairing of chromosomes, 112 

Syndrome, adaptation, 192 
Svnergism, 105,217,416 

role of colchicine, I 05 
Srnergists, 396, 418 
Svnsij1hon, 8 

T 

Tachysterin, 235 
Tageies patula. tumors in, 26G 
Tail, regeneration of, 242 
Taraxacum lwhsaghyz, 368 
Tautomeric enol system, HiO, 168 
Tautomerides, 168 
Techniques of colchicine treatment, 

373-90 
.1lliwn cepa test, 27, 28, 3,1, 11, 79, 385 
in animals, 373-83 
Arbacia,, 75 
birefringence tests, 89 
chemical methods of extraction, 153, 

154, 159 
chromosome studies, 38G 
corneal cells, 43 
effectiveness, 76, 131-32, 383, 404 
egg, at second maturation division, 381 
embryo sac, I 18 
embryonic groll'th, 202-IO 



for expanding buds, 381 
experimental growth, 214--19 
fibroblast cultures, 30 
grafted sarcoma of mouse, 26 
neoplastic growth, 255-70 
neuroblasts of grasshopper, 32, 33, 6fi. 

70 
in plants, 383-86 
polarization microscope, 75 
pollen, 116 
pollen mother cells, II 0-13 
pollen tube, 37, 108, 385 
polyploidy 

in animals, 58, 60, 380-83 
in plants, 2fi, 57-58, 384-85 

regenerating liver cells, -1-1 
seedling, 38-1 
Siredon, 45 
solutions used, 373-74 
staminal hair cell, 73, 385 
for study of mitosis, 3H-80 
temperature, 374 
tissue culture, 378-79, 385 
tissue of tumors, 385 
Triton, 40 
Triturus, 40, 43 
Tubifex eggs, 54 

Telophase, 50, 65, 94, 117, 222, 376-78 
agglutination at, 52 
arrest reduces, 28-30 
chromosomes of pollen tube, 108 
colchicine and, 50 
despiralizing stages at, 51 
mitotic counts, 378 
percentage decreases, 30 
recovery in plants and, 9-1 
restitution nucleus via c-telophase, 93 
root tip percentages of, 34 
in topography of mitotic growth, 37,j 

Temperature, internal, 179 
action on toxicity of colchicine, 191. 

203 
effect of low, 415 

Testis, interstitial cells, 22(i, 236 
Testosterone, 217,218,232 

propionate, 219, 233, 234 
Tetramethoxy-9-methylphenanthrene, 

164 
Tetramethoxy-10-methylphenanthrene, 

163 
Tetrarnethoxy-9-phenanthraldehyde, 162 
Tetramethoxyphenanthraquinone, 162, 

163 
Tetrarnethoxyphenanthrene-10-

carboxylic acid, 162 
4, 5-Tetramethylene-tropolone, 117 
Tetraploid, 276, 282, 283, 382; see also 

Autoploidy, Autotetraploid, Poh-
ploid . 

Allium, 25, 27, 28, 35, 79 
allo-, 292-312 
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appearance of, 363 
auto-, 318-19 
cell, 95 
chimeras, 356 
colchicine method to make, 274-75 
diploid hybrids as fertile, 362 
flower, stem apex, 349 
fruit and seed of, 363 
in Gossypium, 304 
in grapes, 324 
induced in plants, 383-85 
kernel weight in rye, 366 
leaf of, 363, 368 
mitoses of, 97 
natural, in cotton, 283 
natural tetraploid cell in Polygonatum, 

37 
performance of, 319-20 
in phlox, 364 
physiological features of, 367-68 
in plants, 56 
in polyploidy breeding, 285 
raw, 321 
in red clover, 368 
reiteration of the c-mitosis, 55-56 
sex stability in, 351-54 
single c-mitosis, 55 
in steel rye, 319 
in strawberry, 324 
successful genotypes, 283 
in sugar beet, 332-33 
superiority of, 320 
treatment at anaphase, 70-72 
in Triturus, 43 
use of, to make triploid, 285, 326, 

327,328 
in Vinca, 349 
in watermelon, 327-30 

Tetraploid wheat, 295 
durum, 295 
emmer, 295 
T. persicum, 29.'5-9fi 
T. timo/Jheevi, 298 

Thalassemia, 224 
Thermodynamic activity, 400, -107 
Thiouracil, 238, 248-49 
Thorn test, 197 
Thousand grain weight in rye, 365 
Threshold concentrations, 385 
Thrombin, 194 
Thrombopenia, essential, 189 
Thymic cortex, I 78 
Thymonucleic acids, 53 
Thymus, regeneration, 241 

cells of, destruction, 261 
Thyroid, 227, 230, 269 
Thyroidectomy, 249, 288 
Thyrotropic hormone, 226, 228, 229, 248 
Thyroxin, 238 

and kidney hypertrophy, 241 
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Tissue cultures, 105,196,214,215,216, 
219,223,257,374,379,380,385,412 

arrested meta phases in, 17, 373 
cancer cells, 258 
cellular multiplication, 219 
chick heart, 418 
colchicine derivatives, 41!-12 
fibroblast cultures, 30, 44, 215-16, ·118, 

420, 421 
hanging drop preparations of, 378 
of Helianthus, 105 
methods, 17 
methylene blue stain, 91 
mitotic stimulation in, 379 
rabbit heart, 418 
study of mitosis by, 17, 337, 375 
in vitro, malignant, I 7, 257 
in vitro, normal, 17, I 72, 257 
in vivo, malignant, I 7, 257 
in vivo, normal, 17 

Tobacco, 26, 279, 294; see also Nirotiana 
Toes, regressive evolution of, 209 
Tomato, 104, 325 

autotetraploid, 325 
Tool for study of growth, 378 
Toxicity of colchicine, 3, 94, 96, 121, 195 

cumulative, 196 
low, in plants, 383 
nonspecific toxic reactions, 379 
variations in, 194 

Tradescantia, 32, 69, 73-74, l! 1, 1!3, I 70-
71, 392, 399, 415; see also Stamina! 
hair cell 

c-meiosis, 115 
embryo sac, lI 7, 1!8 
flower, 109 
microspores, 115 
pistil, 109 
pollen mother cells, I I I 
polynucleate cells, 1!5 
stem, 106 
style, 109 

Transformations of chromosomes, 50-52 
Treatment with colchicine; see Tech-

niques of colchicine treatment 
Triatorna infestans, 205 
Tribromo acid, 169 
Trifoliurn, 321-22 

amphiploid of: T. repens X T. nigres
cens, 312 

species of: hybridurn, 322; pratense, 
322; repens, 322 

Trimetaphase, 83 
Trimethoxy-3-methylnaphthalene-l :2-

dicarboxylic anhydride, 166 
Trimethylcolchicinic acid, 160, 404-5, 

408-9 
di-benzoylation of, 166 

Trimethylcolchicinic acid methyl 
ether, 408 

Trinidad, 288 

Triploid, 326-33, 381, 382 
allo-, 326 
apples, 333 
auto-, 326, 327 
fruit hy diploid pollinations, 327 
fruits, 333 
guava, 333 
natural species of, 326 
optimal number at, 327 
parthenocarpy, 329 
propagation of seed for, 328 
seed production for, 327 
seedless fruits of, 327 
source for aneuploids, 354 
sugar beets, 331-33 
from telraploid parents, 327 
in watermelon, 327-31 

Tripneustes esculentus, 88 
Trisomics, 35:i 
Trispecies hybrids, in Gossyj,i11111, 306 
Triticales, 300-301 

homology of chromosomes het\\·een 
rye and wheat, 300 

Lebedeff, 300 
meiotic irregularity, 300 
Meister, 300 
Miintzing, 300 
Rimpan, 300 
stabilitv of, 300 
Taylor: 1935, 300 
vegetative propagation, 300-301 

Triticinae, 362 
Triticum, 95,277,287,288,351; see also 

Triticales 
cell plates, 95 
a hexaploid species in, 358 
with hybridization, 296 
monosomics of, 358 
multi polar groups, 95 
nullisomics of, 357-59 
origin of, without hybridization, 297 
root tips, 403 
species of: aestivurn, 279, 397: diroc

coides, 295; dicoccum, 297; 1110110-

coccum, 295, 298; polo11ic111n, 358; 
spelta, 295; timoj1heevi, 298 

test of spindle poison, 403 
Triticum amphiploids, intergeneric 

T. aestivum X Agrof,yron gla11c11111, 
298 

T. aeslivwn X Agropyron inter
rnedium, 298 

T. aestivum X Secale cereale, 300 
T. dicoccoides X Aegiloj1s squarrosa, 

295 
T. dicoccum X Aegilops squarrosa, 

297 
T. persicum X Aegilops squarrosa, 

296 
Triton 

arrested metaphases percentage, 40 



ball melaphases, 42 
explanation for types of arrest, 82 
exploded metaphases of, 41 
inhibition of spindle by physical 

agents, 399 
oriented metaphase, 39, 83 
origin of star metaphasc, 39, 82, 83 
pol yploid cells of, 58 
recoyery and treatment, 40 
unoriented meta phases, 83 
vulgaris, 38-40 

Triturus 
ball metaphase, 42 
bimetaphases, 97 
centrosomic body in, 90 
cornea, 97 
development, 88, 203 
differential counts of mitotic types, 40 
distributed c-mitoses, 97 
explanation of arrested types, 82, 83 
exploded metaphase, •11-42 
multiple stars, 83 
newly fertilized eggs, 58 
origin of star, 39 
recovery figures, 39, 43, 97 

species of l1elveticus, 88; viridcscens, 
81, 82, 83, 90 

unoriented metaphases, 83-84 
Tropokinesis, 67, 86, 400 
Tropolone, 15,171,415,417 
Trypaflavine, 193 
Tubifex, egg, 53, 54, 89, 91,202 

alteration in chromosome structure, 
52-53 

cytoplasmic viscosity, 91 
destruction of chromosomes, 42, 53 
developing eggs, 54 
multiple stars, 39 
pseuclonuclei, 54 
surface changes, 89 

Tubuli contorti; see Kidney, convoluted 
tubules 

Tumor cells, enlargement of, 266 
Tumors, 255; see also C-tumors, ,',;co-

plasms, Neoplastic cells 
of colchicine, 268 
cure of mice, 261 
in man, 267 
necrosis of, 260 
in plants, 265-66 
tumor respiration, 397 

Tunica in plants, 3•18 
T"·in seedling method, 334 

cotton, 33'1· 
in flax, 33-1 
Gossypiurn, 331 
peppers, 334 

u 
Ultra Yiolet light, 91, 170 

isomcrization of colchicine, 170 
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Ulva, 119 
zoospores, 125 
zygotes, 125 

Unipolar, 86 
United States of America, 287, 288, 322 

fruit improvement, 323 
State and Federal experiment 

stations, 288 
Univalents, 113 
UniYersity of California, 287 
University of Manchester, 324 
University of Oklahoma, 349 
Unsaturated ketone, 163 
Urechis, 399 
Ureter, 237 

ligature of, 239 
Urethane, 265 
Uric acid, in gout, 197 
Urine, 194-96 
U.S. P. colchicine, 141 
U. S. Pharmacopeia, 373 
Uterus, 181 

muscle cells of, 226 
of rabbit, 217, 218 

V 
Vaccines, 140 
Vagina, 226, 227 

action of estrogens on, 214 
Vallisneria, 352 
Vascularization, 128 

of plant tumors, 258 
sclariform vessels, 128 

Vaseline-lanoline paste, 377 
Vedic texts, 2 
Venom of bee, 104 
Veratrine, 14,413 
Vernae, 9 
Verticilliurn dahliae, 123 
Vicia faba, 393 
Victoria blue, 420 
Vinca 

chromosomes, 349 
diploid, 349 
larger flowers, 349 
pollen mother cells, 349 
species of: minor, 348; rosea, 326, 348 
tetraploid, 349 

Viridis mutant, 55 
Virus tumor tissue, 132, 385 

Black's original R. strain 
Viscosity, rhythm of, 74, 420 

and c-tumors, 110 
cytoplasm, 110 
high, 80, 89 
protein dissociation, 110 

Vitamin, 275, 368 
B1 , 109 
C, 324 

Vomiting, symptom of colchicine 
poisoning, 178, I 79 
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w 
Warburg flasks, 377 
Warm-blooded animals, I, 374, 379 
Warts, 263 
Wasa II, 366 
Water, 383 
\Vatercress, 324 

growth rates reduced, 370 
increase of vitamin C, 324 
slower growth, 324 
succulence, 324, 370 

Watermelon, 327-31 
cavity in seeds of, 329 
chromosomal types, 327-31 
commercial growing, 331 
female sterility, 327, 329 
genetic marks to distinguish, 329 
increase in number of fruits, 329 
parthenocarpy in, 329 
propagation of seed for, 328 
seed for, 328-29 
seed production, 331 
seedless fruits, 327, 329 
special cultivation of, 329 
tetraploid seed parent, 327-31 
triploid seed, 327 
triploids, 327-31 
weight, 329 
yield, 329 

Waxes, 140 
Weed killer, 275 
\Vheat, 26; see also Triticum 
Wheat seedlings, 104 

White blood cells, I 76, 184 
Windaus' formula of colchicine, 171 
\Voodland strawberry, cultivated strains, 

323 
Wound healing, 216 

X 

Xanthine-dehydrase, 397 
Zanthopterin, 24 I 
.\:-chromosome, 352-51 

in plants, 351-5+ 
ratios, 353-54 

Xenojms 
amputated tail, 376 
laevis, 97, 210, 242, 2-15 
larvae, 376 
regeneration of tail, 376 

X-rav, 54, 55, 105, 258, 266, 275 
cq:stallographic analysis, 169 

y 

)'-chromosome, 3!\2-5+ 
i 11 plan ts, 352-51 
ratios, 353-51 

Yeast, 120, 121 
brewing test, 122 
methylene blue, 123 
polyploids, 121 

z 
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