CHAPTER 10

Neoplastic Growths

— In Animals and Plants

10.1: Colchicine in Cancer Research

Mitotic changes induced by colchicine in a Crocker sarcoma of
the mouse were described by Professor A. P. Dustin, Sr., in 193424
(Fig. 10.1) . This now recognized classic rescarch marked a new trend
in the study of cancer. At that time, the toll of life from bacterial
diseascs 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 rcached 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 rescarch made clear for the first time
the possibility ol arresting cell division with chemicals acting specifi-

cally. Such a relation had, it is true, been demonstrated several years
earlicr in the Brussels leoratory, 24,25 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.2* His 1934 publica-
tion and the demonstration given by his school at the Second Inter-
national Cancer Congress, held in Brussels in 1936, marked a turning
point and led many pcople to work on neoplastic growth.

It is quite remarkable that colchicine, like other plant substances
used in popular medicine, such as chelidonine,?® may have been uti-
lized in cancer treatment long before that date. At least two French
textbooks of pharmacology?® 5 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.2¢ Again,
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in the flirst report ol lavorable effects of colchicine on tumors in mice
and in one epithelial cancer in a dog,! made in 1985, the author,
E. C. Amoroso, did not mention any of the work done in Brussels,
but writes:

Following on some earlier observations (unpublished, 1927) which I made
with the late Prof. M. R. J. Hayes on the beneficial effects of deep X-ray
therapy on ncoplasms in patients suffering from acute attacks of gout, which
were being treated with colchicum, a series ol 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 results of the treatment by colchicine ol a malignant growth in
a mare.™ The first report in English on the action of colchicine on
normal and malignant cells in tissuce cultures, which was published
i 193647 acknowledges these relerences and claims not to have been
influenced by the work done in Brussels.?*: ++ It is, howevcer, surpris-
ing that this paper also describes the cffects of arsenical derivatives
on the spindle, for this was discovered in Belgium in 1929 and had
only received scant attention 80 23

Many experiments and also practical applications of colchicine in
experimental and human tumors were made; this subject has been
reviewed recently ™ The conclusion was reached that colchicine is
no cure for cancer. However, much work is now in progress!'’- 22 in
the search for chemicals, more or less related to colchicine, with a
lower general toxicity and a more specific action against malignant
cells. The study ol these will be described in the last chapter of this
book.

The discovery ol colchicine heralded a greater search for mitotic
poisons, i.c., substances specifically harmful to dividing cells. This
subject has become so extensive that is more and more difficult, even
for specialized workers, to review it all.

It has been shown in previous chapters what a unique substance
colchicine is as a wol for detecting cellular proliferation. It could
be used as such for the study of carcinegenesis, on the one hand, and
malignant growth on the other. A surprisingly limited amount of
rescarch has been conducted in this direction.?*. 62. 65 However, In-
teresting results have been obtained recently with the use of colchi-
cine in vitro. This work demonstrates the quite unexpected fact that,
apparently, cells from acute leukemia, a discase in which cellular
proliferation was always believed to be extremcly rapid, grow much
more slowly than the normal constituents of the human bone mar-
row.?

A section related to the problem ol plant overgrowths and tumors
is included in this chapter because some careful work has been done

* F. C. Amoroso, “Colchicine and "Tumour Growth,” Nalture, 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 trecatment for gout, may well have
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. Dustin®** and demonstrated at the
1936 Cancer Congress.

10.2: Experimental Study of Neoplastic Cells

Malignant cells, especially in animal tumors, often display “spon-
tancous” 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 colchicine.?
It has been suggested that this may be lactic acid.’”* However, these
spindle disturbances often appear to bc the consequence of more
deep-seated nuclear changes, closcly related to the causc of malignancy
itself, and leading to chromosome brcakages and rearrangements. In
early human carcinomas, however, it has been pointed out that the
spindle changes appeared first.5> 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 effcct 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 carcinoma? and
a sarcoma!® of the mouse, and with Ehrlich mouse carcinoma growing
as an ‘“‘ascites tumor” in the abdominal cavity.#® 63 Concentrations of
100 X 105 M to 1.25 % 10-6 M inhibit outgrowth from the explants
and arrest cell divisions. This effect is still evident on carcinoma
cells at a concentration of 0.5 X 10 M. In culturc 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 werc found, while
the Crocker sarcoma showed fewer arrcsted metaphases.7
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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. 4. 63 Growth
curves of the tumor indicate that on the average each cell divides
every 2 to 215 days. After an injection of colchicine, the percentage
of mitotic cells rises in 914 hours from 1.2 to 14.2. Thirteen hours
after injection, it rcaches 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 % 9.5/14.2 = 1.2 X 13/18.2 == 0.8 hours, or 48
minutces.

Scattered groups of chromosomes and micronuclei are observed
in the colchicine-treated tumor cells.!t. 37  Resting (intermitotic)
nuclei are also affected; their chromatin network becomes coarser.!!
In sarcoma-bearing mice, a series of cxperiments was carried out to
determine whether administration of colchicine had any effect upon
subsequent growth of the tumor cultivated in vitro.'® Colchicine
(0.004 to 0.06 mg.) was administered by subcutancous or intravenous
injection, 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 4 mg. subcutaneously or intramuscularly, modification of tumor
mitoscs were observed. 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 administcred 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 available'® (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 be 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 diseasc 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 cclls explanted in vitro in a solution
of colchicine was found not to differ from normal.® The striking re-
sults obtained with marrow ol patients with acute leukemia have
been mentioned in Section 10.1.3

10.3: Cancer Chemotherapy

It is evident that the data on the growth of neoplastic cells treated
with colchicine are mcagre. Workers 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-
completc and only mention “cellular destruction,” “nuclear frag-
mentation,” or “tumor necrosis and hemorrhage.” This emphasis on
the gross changes in animal tumors has led to a neglect of the funda-
mental problem which is at the base of any cancer chemotherapy:
Are malignant cclls more severely damaged than normal onesz This
is of great importancce with a chemical like colchicine which affects
all types of mitoses. The appearance of large zones of hemorrhage
in tumors treated with colchicine has led some workers? 477 to the
conclusion that this is the main action of the drug and the only
possibility of obtaining a destruction ol 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 which
would be hemorrhagic destruction, is of no use in medicine.

10.3—-1: The hemorrhagic effect and metabolic changes. Nanv re-
ports on experimental tumors in mammals, whether induced by car-
cinogens or gralted, showed that colchicine was unable to prevent the
ncoplastic growth.62, 66,18, 65 In the sarcoma 180 of the rat even the
largest tolcrated doses were unable to arrest all mitoses at meta-
phase.’* From the unaffected ana- and tclophases the malignant
growth resumed its activity once colchicine was discontinued.

On the other hand, the mctabolic changes in tumors treated by
colchicine were being investigated. In grafted tumors in rats the
metabolism, measured n vitro, was found to decrease. At the same
time, the ascorbic acid content of the tumors was considerably lowered,
and large zones of hemorrhage were seen.® This last change was be-
lieved to play a great part in the regression ol the tumors. Similar
changes could be obscrved alter the injection of Bacillus typhosus
extracts. It was not reported that these bacterial products induced
any nuclear or mitotic change.? Similar hemorrhages were also noticed
in other grafted carcinomas, in spontaneous mammary tumors, and
in methylcholanthrene-induced tumors of mice. They were most ap-
parent 18 to 20 hours alter colchicine. The spontancous 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
was observed.?

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.#7 Escherichia coli filtrates
have similar hemorrhagic properties, and add their effect to those of
colchicine, but the over-all toxicity is also increased. The polysac-
charide extracted from Serratia marcescens is interesting, for it also
produces hemorrhages in tumors and has been shown to interfere
with cell division.™

Tumors treated with colchicine become quite fragile. In the Flex-
ner-Jobling carcinoma of rats the injection ol 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.®0

In a recent review,*? the clfects ol colchicine on 17 different strains
of tumors and 49 spontaneous mammary carcinomas in mice have
been summarized. While the effects vary according to age, genetic
constitution, rate of tumor growth, toxicity of colchicine, and histo-
logical structure, the hemorrhagic cffect was considered to be the main
factor in tumor regression. In highly cellular and soft tumors grow-
ing on RIIT mice, complete cures were reported. Regression is ob-
tained only by doses very close to the lethal one and far above those
that simply arrest mitosis. Solt and rapidly growing tumors respond
well, while slowly growing and fibrous tumors are resistant.

‘This conclusion applies only to the experience of one group of
authors, and instances can be found of malignant growths which re-
spond to colchicine without any hemorrhage. Such is the case of a
benzopyrene-induced sarcoma (HL tumor) in albino rats.? The re-
gression appearcd here to bear some relation to a decrease in the
pyrophosphatase of the ncoplasm, while liver and kidney pyrophos-
phatase were not affected.

Further examples will be given of favorable effects unrelated to
hemorrhage, which is clearly related to very toxic doses and is of no
practical interest in chemotherapy. The hemorrhagic effect is one
more of the riddles of colchicine, but to insist too much on it as the
main mode of action of the drug on tumors is to discourage any
further work on nontoxic derivatives with mitosis-arresting proper-
ties.

10.3—-2: Animal tumors. One of the most striking effects of colchi-
cine noticed in the first experiments on animalst was the destruction
of lymphoid and thymic cells following the metaphase arrest of their
mitoscs. This action is certainly related to the gencral toxicity of



262 Colchicine

colchicine and to a “stress” relcasing cortisone and other lymphocyte-
damaging hormones from the adrenals (Chapter 7). It led to the idea
of treating lymphoid tumors in C3H strain micc with colchicine.s
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 nco-
plastic lymphocytes escaped destruction, and resumed growth when
the injections were interrupted. In another serics of experimentst 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 1 cm. The animals cured from the
grafted ncoplasm became immune to further graftings of the same
tumor. No similar cffects were observed after cortisone. This ap-
pears to rule out the possibility of colchicine acting on tumor growth
by the indirect pathway of the pituitary-adrenal system. In these
lymphoid tumors, colchicine destroyed the cells and their mitoses.
and no mention is made of hemorrhage playing any part in the
chemotherapeutic action.*5.

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 1 mg/kg of colchicine. The re-
sponse was, however, so unpredictable as not to warrant further
study.?? Some authors have reported an important prolongation of
life in mice bearing the Ehrlich carcinoma,*® while in various other
tumors of mice and rats no such prolongation could be claimed.?2. 61. 66

Studies on virus-induced malignant growths in fowl are 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.'® In avian crythroblastosis, a dosc of 1
mg/kg injected over a period of five days did not alter the evolution
of the malignant growth of blood cells.®? Some inhibition of the
growth of the Rous virus has, however, been observed,?' cspecially
when this is cultivated on the chorio-allantoic membrane of cggs.

It appears that considerable variations in sensitivity towards colchi-
cine exist from one tumor to another,*!-# and that the toxicity of
the drug has often limited its use. Further work should clearly be
aimed at many different tumors and at the use of the new colchicine
derivatives, which arc discussed in Chapter 17.

10.3-3: The Shope papilloma in rabbits. 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 eother 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.5?. 58,59 ‘This may be obtained after injections of colchi-
cine in the animal.’” Whilc 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.’® 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.®® To quote: *“ these cxperimental 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 1941. Colchicine, either in a
paste or an injection as an oily solution, was applied to metastatic
nodules of cpithelial cancers.®” The volume of the treated metastases
clearly decrcased.

Howecver, it appearcd morce logical to begin with benign growths
of the skin. Some of thesc, such as the venereal papillomas or warts,
may be very extensive, and their treatment by usual mcthods involves
large surgical excisions. Thesc 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.!’ 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.® It is quite evident that the regression of the
neoplastic growth is a simple conscquence of the arrest of its cell
divisions. No hemorrhage is to be scen. It appears also that the mito-
scs of normal skin are less modified by the trcatment, for there is no
skin ulceration, and aflter the tumor has disappeared, the skin has a
normal aspect.!l. 8

* A. Peyron, G. Poumeau-Delille, and B. LaFay. La tumeur de Shope du
lapin et sa sterilisation par la colchicine. Bull. Assoc. Franc. Etude Cancer 26:633.
1937.
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Colchicine has now been replaced in the wreatment of such warts
and papillomas by another substance of plant origin, podophyllin, a
resin extracted from Podophyllum sp.3® This substance is a complex
mixture of chemicals, the most active being podophyllotoxin and the
peltatins. These are, quite like colchicine, mitotic poisons, and thev
interfere mainly with the spindle formation.3¢ The usc ol 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 becn demonstrated to inhibit spindle
formation in tissue cultures.?® Chelidonine was advocated for the
treatment of cancer at the end of the nincteenth century.?0

These empirical remedies, probably centurics old, are most in-
teresting, and it may be recalled that Dioscorides rccommended the
use of Ephemeron, a species containing colchicine, in the treatment
of some tumors. Colchicine-paste has also proved to be successlul in
the treatment of some skin cancers of the basal-cell type.ll-17 In
ulcerating mammary tumors, interesting results have been obtained.
A striking fact is that here again the growth of normal skin appears
to be less altered than that of the ncoplasm.!!

In human malignant tumors, the eflect of colchicine has so [ar
proved quite disappointing, and from the reports available, it is
difficult to understand how it could have becn observed to be of any
benefit to cancerous patients.! It may arrest tumor mitoses in man,”
but this effect is never powerful cnough to stop the malignant growth.
The toxicity of colchicine is redoubtable. Lven in a series of four
patients, where some favorable effects werc noticed, one case of severe
leukopenia was noted, and another patient lost almost all his hair.%
In another serics, two out ol three patients died of agranulocvtosis,
which was probably the consequence ol 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,?® and intramedullary injections did not change the
fatal course of acute lecukemia.?® In chronic myeloid lcukemia, a
disease which is known to respond favorably to many mitotic poisons,
more promising results have been recorded. In one patient, who
received 0.5 mg. of colchicine three times and later twice daily, the
leukocyte count was found to fall from 110,000 to 2400. This 1m-
provement was only of short duration.?%. 56

These data, which are very sketchy, may scem to rule out colchi-
cine for the trcatment of cancer in man. Howcever, recent develop-
ments are more promising, though still in an experimental stage. In
Hodgkin’s disease, a neoplastic condition affecting mainly the lymph-
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oid tissue, cxccllent effects have been described. Colchicine ad-
ministered intravenously produced a sharp [all in temperature, which
in thesc patients is often very high.% Substances chemically close to
colchicine but less toxic are being tested; “methyl-colchicine” has
quite recently proved to be of value in the management of cases of
chronic mycloid leukemia®! It is quite evident that it is too early to
draw a conclusion about the [uture of colchicine in cancer therapy,
and that far more work remains to be done.

10.5: A Tool for the Study of Cancer Chemotherapy

The mitotic stasis resulting from spindle destruction can make
visible small changes in the mitotic rate which would pass unnoticed
in microscopic scctions (cf. Chapter 9). Some promising work has
been initiated in this field. Urcthane, at a dosc of 0.5 gm/day, has
been demonstrated not to modify the number of mitoses, studicd with
the colchicine method, in the Walker rat carcinoma 256.27 Azagua-
nine,". 7" on the other hand, has been proved to be onc of the most
rematkable chemotherapcutic substances. This antagonist of guanine
and adenine can be demonstrated not to affect normal mitoses, while
strongly decreasing those of the Brown-Pcarce carcinoma. This tumor
was studied while gralted in the anterior chamber of the guinea pig’s
eve ™ This type of mitotic depression is made more evident by the use
ol colchicine.

Another type of experiment was planned for the study of an anti-
folic drug, aminopterine. This substance is widely used in the treat-
ment ol acute leukemia. When large doses are injected into mice,
the cell divisions in the intestine do not take place any morce for about
I8 hours. During this pcriod of mitotic inhibition, cellular and
nuclear growth are not impaired, and very large nuclei are formed.
When these divide again, the mitoses are of cxceptional size. Colchi-
cine was 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
shortening of the chromosomes made their counting easicr, and ball
metaphases provided excellent material for photometric measure-
ments. These experiments indicated that the increase in nuclear size
was neither the result of polyploidy nor of polyteny.26

10.6: Plant Tumors

Whatever may be the exact relation between tumors in animals —
and. in particular, cancerous growths —and the various types of gall
formations induced in plants by Bacillus tumefaciens, insects, etc., it
is interesting to compare the elfects obtained with colchicine with
those described for animal neoplasms. In a series of experiments on
Lycopersicum esculention inoculated with B. tumefaciens, a 1:10,000
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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.31 An extensive serics of experiments was started shortly
after on seven species.’ 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 tumors
and to destroy them later were possible in most cases by several tech-
niques of application of the alkaloid.! In Tagetes patula, these tumors,
after daily paintings with a 1 per cent colchicine solution, stop grow-
ing after 7 days and then progressively decrease and die. The princi-
pal microscopic cffect is a great enlargement of the tumor cells, four
or five of the colchicinized ones occupying the area of 30 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 1014-ploid (24,500 chromo-
somes) . Some nuclei have irregular shapes and some cells are multi-
nucleated. Cellular death is a direct consequence of the extreme de-
gree of polyploidy which is rcached, the giant cells becoming at some
stage quite unable to divide any further. There is no cffect on the bac-
terial growth.’® Similar rcsults have been obtained in Pelaygonium
and Ricinus.’ Tt was supposed that the death of the tumor was the
consequence of its isolation by a layer of cork.™

Though animal cells, through failure of centromere division, can-
not usually go through repeated colchicine mitoses, it is thought-
provoking, however, to compare these eflects with those of X-rays in
animal tumors. Cellular prolifcration 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 193,
ionizing radiations were supposed to have the most harmful effects on
mitotic chromosomes, and it was cxpected that accumulating such a
great number of divisions, as seen in sarcomas for instance, would
increase the radiosensitivity of the tumors (Fig. 10.1). Most recent
work, however, shows that the sensitive period of the mitotic cvcle
is before prophase, and thus, accumulating metaphases could not be
expected to increase radiosensitivity since the rate of prophases is not
disturbed.®* This is confirmed by most work on colchicine and tumors,
whether in animals or in plants.

10.7—1: Animal tumors. X-rays were obscrved to be considerablyv
more efficient in killing in vitro tumor cells when these had been
previously treated by colchicine (Flexner-Jobling grafted carcinoma
of the rat) .3 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
surviving animals. No similar increase in mice and rats, even with
large doses ol colchicine, was found.'> 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.’* The addition of
2500 r. produced only a slightly higher rate of curability “not signifi-
cant to warrant [urther investigation.” 32 In the Ehrlich carcinoma,
colchicine was injected every day (5 mg.) and 260 to 300 r. delivered.!!
Some results secemed to indicate an improvement of the colchicine
action by X-rays, which alone are not cftective. However, if the dose
ol 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 treatiments. 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 dosc of X-rays, while one was
injected with colchicine; the post-mortem disclosed that the latter was
severely ncecrotic, 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.!®

The action of colchicine on human tumors has been followed by
multiple biopsies.#* The patients were injected intramuscularly with
2 mg. of colchicine. An increase of thc metaphasc 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 colchicine and X-ray combined, were not examined
critically, and the variations observed may be entirely fortuitous.

A scries of clinical reports have been published3s 49,43 about
colchicine increasing the clfectiveness of X-rays, but these results are
not statistically valid and cannot be accepted without further re-
search. Colchicine was used for some timc as a routine in irradiated
cancerous paticents at the Cancer Hospital, Brussels, with no convincing
results (unpublished) .

10.7=2: Plant overgrowths. In plants, experimental work™ brings
some significant detailed cytological data on the action of irradiation
on mitoses previously arrcsted by colchicine, which appear to be ab-
normally [ragile. Root tips of Pisum sativum and Allium cepa were
dipped into a 1:2000 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 katachre-
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matic changes into apparently normal restitution nuclei (6 hours
after irradiation). The nuclear membrane may give somce protection
to the prophasic chromosomes.

The results of these changes on the growth of the root tips and
of the leaves of bulbs of Allium cepa have been studied.*2 Lxposure
to 0.01 per cent solutions of colchicine induces the well-known root
tip swelling, the so-called c¢-tumors, and when the plants are replaced
in water, growth is resumed. If the root tips are irradiated with 900
or 1500 r. alfter 48 hours of colchicine, growth is arrested and leat
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 cflects in the cell . . . sensitize it to
irradiation.” * The same author has publishced detailed results of
mvestigations on the combined action ol colchicine and X-irradiation
on onion root tips.4? It appears evident that the two actions add
their effects, but the mechanism is not clear, and doecs not scem to
be related to an incrcase ol mitotic cells at the time of irradiation.
For instance, the 48-hour colchicine bulbs are more vulncerable to X-
trcatment, “‘even though the time of cexposure occurred when the
number of dividing cells had passed the peak of metaphase arrest.”s
Irradiation by 900 r., which has only a temporary rctarding effect on
growth, inhibits completely cetlular multiplication and growth with-
out any immediate death ol the tissues when the roots have been pre-
viously treated for 48 hours with a 0.01 per cent solution ol colchi-
cine. A long exposure to the alkaloid seems neccssary, for, “while
colchicine causes analogous cytological changes at 6, 12, 18, 24 and
48 hours, the larger exposures induce some microscopically unrccog-
nizable alterations. This . . . arrests growth permancntly and com-
pletely [with 1500 r.]"§ The optimum growth-inhibition cfiects
were observed after 1500 r. and a more than 36 hours’ exposure to
colchicine.

On the other hand, onion bulbs treated for 45 minutes in a 0.05
per cent solution of colchicine, then irradiated with 300 r. and 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 ol the spindle function may
slow the movements of chromosomes. This would leave less oppor-
tunity for the broken ends to reunite into abnormal structures.!?

* M. Levine, “The Action of Colchicine on Cell Division in Human Cancer,
Animal and Plant Tissues.” Ann. N. Y. Acad. Sci., 51 (1951), p. 1100.

T 1bid., p. 1397.

T 1bid., p. 1399.
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It is evident that work in this ficld 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.”™ Modern 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 ol azo-dyes on the liver, and the
various factors which are known to influence the origin of liver car-
cinomas have never becen 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.

In 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.2* Shortly
after, in the 39th Annual Report of the Imperial Cancer Research
Fund, similar findings werc described in mice painted with benzo-
pyrene. This British work does not appear to have cver been pub-
lished in extenso. These early results, demonstrating for the first
time that mitotic activity is increased shortly after the application of
carcinogens, 1s in agreement with later findings.® 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 wceks. Colchicine could evidently be used for
studying all the intermediate stages between benignancy and cancer-
ous growth.

Another observation published in 1934 is remarkable.2t 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 mecaning of this remains unknown.

A single paper gives a detailed cytological study of the hair follicles
of mice,* in normal skin, in cmbryos, and in skin painted with
methylcholanthrene. Ultracentrifugation studies were carried out to
study the cellular viscosity. This was not found to be modified, even
in arrested mitoscs.

There is also a possibility that colchicine may act as an anti-
carcinogen. In mice implanted with methylcholanthrene and in-
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jected with colchicine, no skin tumors appeared.? This result is
contradicted by cxperiments demonstrating that methylcholanthrene
tumors appeared in 30 days in mice m]cctcd with colchicine.s The
time for the controls was 100 days. Therc is no cvidence from the data
of the literature that colchicine may be itself a carcinogen.
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