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In testing anticarcinogenic chemotherapeutic substances an ever-widening
significance is being attached to Ehrlich ascites carcinoma and Yoshida ascites
sarcoma. In a previous paper [7] we discussed a number of methods employed
by us in attempts to disclose the changes that take place in ascites tumours upon
the action of chemotherapeutic agents. The aim of the present study was the
guantitative determination of changes in the size of the tumour cell, the nucleus,
and the nucleoli. It needs to be mentioned that in transplanted tumours earlier
authors [15] have successfully demonstrated changes in the size of the nuclei
due to the action of some substances that influence division.

Material ami methods

Inbred albino mice, three months old and of the same weight, were used. Having inocu-
lated them intraperitoneally with Ehrlich ascites carcinoma cells, they were poisoned with
8 y/g of colchicine and 20 y/g of podophyllin. Two months later the experiment was repeated
under identical conditions. Each of the two poisons was given to twice two animals. Using
a sterilized syringe, ascitic fluid was drawn before the administration of the drug and 1, 3, 6,
12, 24,48 and 72 hours after it. Some of it was used up in making smears which were then stained
according to Giemsa. The rest was taken up in 96 per cent alcohol and fixed for 30 minutes ;
the sediment was then quickly carried through an alcohol series (the process taking in all 1 hour)
and embedded, to prepare from it sections of uniformly 5 /n thickness. These were stained
with haematoxylin-eosin.

The statistical method of computing nuclear variations was used in carrying out quan-
titative determinations. Applying 90 X 15 magnification, the cells were projected at a distance
which secured a 3000fold total magnification. This method permitted a sharp tracer to be
passed around the boundary lines of the nuclei and nucleoli. But as the contours of the cells
were but moderately distinct, the values referring to them in the tables can by no means be
regarded as exact as those pertaining to the nuclei and nucleoli. Conceiving of the cells, nuclei
and nucleoli, represented in the figures as ellipsoids of revolution with a long axis, the longest
diameter and the shortest perpendicular to this were measured, and the volume was deter-

mined on the basis of the formula 6" AP 24 where A (axis) denotes the rotational axis, and

P (perpendicular) the short diameter at right angles to it. On the abscissas in the figures, the
logarithmus of the volumes of the class means are represented, for according tO H intzsche's
studies the volumes follow lognormal distribution. On the ordinates, the percentage incidence
is shown. The class extensions were determined not as log 24, but as log 23 = 0,10. The exceed-
ingly work-consuming grouping and the previous calculation of the geometrical mean were
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dispensed with. The logarithm of 142 3, log 2,15, was taken to be the fixed class mean, which
agrees with saconj's Value for Kx This simplified method has been described by us in earlier
papers [6, 9]. The nucleoli, too, were measured independently for size. They were grouped
into classes of extension log 2, without creating subclasses for them. To make the curves more
perspicuous, the data for some intervals only are presented in them, but in the tables all the
data are listed.

To find out whether with the technique employed by us the sections were of uniform
shrinkage and thickness, the data of 800 cells were subjected to a comparative study in smears
and sections. In relation to the smears the shrinkage was found to be 60 per cent, but it was
approximately the same in both the treated and untreated material.

Results and discussion

By Dustin [5] the poisons of direct effect on mitosis are called karyoclastic
substances ; colchicine is the most powerful of them. According to King and

Fig. 1. Changes in nuclear volume on treatment with colchicine

Sullivan [11], podophyllin produces a colchicine-like effect, while Culp and
Kaplan [4] attribute its tumour-inhibiting effect to ischaemia and necrosis
connected with spastic constriction of blood vessels. Brunn [2] established a
close chemical analogy between podophyllotoxin and colchicine.

No items have been found by us in the literature that would have referred
to nuclear variation statistics being employed in studies of the effect exerted
by karyoclastic substances on the volume of Ehrlich ascites carcinoma cells.
By haematocrit reading, Révész and Klein [17] established the average volume
of these cells to be 1903 m3, and their average diameter 15 these values agree
with those obtained by us in studying smears with the nuclear variation method.
Bucher [1] plotted the nuclear variation curve for the cell nuclei of a fibroblastic
culture and found that after treatment with colchicine the average volume of
the nuclei increases and the distribution curve for nuclear size undergoes a
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significant change. There are a few publications which do mention the increase
of cellular nuclei upon the action of colchicine (Misursky and Doljansky,

Fig. 2. Changes in nuclear volume on

treatment with podophyllin

Fig. 3. Changes in nucleolar volume on
treatment with colchicine

16 ; Lambers, 14). As regards podophyllin, reference is made to the work of
Matkoé,Holczinger and Keresztury [15] who studied volumetric changes of
the cellular nuclei in cardiac muscle, liver, and kidney. They, too, established
that following treatment with colchicine or podophyllin the cellular nuclei

increase in size and their distribution curve changes.

On the evidence of our own findings, after the injection of a single LD50
of colchicine or podophyllin the cytological changes can readily be read off the

Cytological changes following treatment with colchicine

| Control

%

Normal cell....ccoeveiiiiiieiee 0
LY SIS it 6
PycnolysiS.....ccccoieneieicinenene 4

7*

« YIS

30

%
89

4
6
1

Table 1

1

= o @

3h

80

10

R RERIX

24h

73

10

481

%
81

[ N



338 E. GATI, G. INKE and M. PALKOVITS

Table 2

Cytological changes following treatment with podophyllin

20 ylg
control j 300 I 1 3h 61 12> 241 48h
% % % % % % % %
86 78 76 80 47 41 59 74
8 10 10 8 20 15 10 10
5 6 5 10 18 19 20 8

— — 3 2 10 24 10 8
_ — 1 1 2 1 1

sections [12, 18, 19, 20]. There soon appeared the so-called colchicine and podo-
phyllin cells, respectively [10, 8, 14, 3]. Upon the effect of colchicine about half

Fig. 4. Avera?_e volumetric changes in cells, nuclei, and nucleoli, on the effect of colchicine
and podophyllin, respectively. On the abscissa the intervals are shown in hours at which
studies were made ; on the ordinate the volumetric values are presented in u3

the cells suffered lesions in 6 to 12 hours, and upon that of podophyllin approxi-
mately 60 per cent in 12 to 24 hours. Based upon counts of 200 cells each, the
alterations in the cytological picture are presented in Tables 1 and 2.
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The topmost part of figure 4 shows that the increase in cell size is about
25 per cent after the administration of colchicine, and roughly 50 per cent after
that of podophyllin, both lasting for from 6 to 24 hours.
In the curve depicting volumetric changes in the nuclei, a shift to the right
can be seen to have taken place as early as 1 hour after the treatment with
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colchicine ; this was more marked in the 6th hour, with
even in the
On an

bicuspid, to attain its peak in the 12th hour;
still a displacement to the right (Fig. 1, Table 3).
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the curve becoming
48th hour there was
average, in the 12th
hour the nuclei were about one and a half times their initial size, and in the 48th
hour they were still seen to be enlarged (Fig. 4).



340 E. GATI, G. INKE and M. PALKOVITS

Table 5
Changes in nucleolar volume on treatment with colchicine
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Horizontal top row: logarithm of volume of class méans.
Incidence expressed in per cent.

After treatment with podophyllin, the shift to the right was most pronoun-
ced in the 6th and the 48th hour (Fig. 2, Table 4), but, in relation to the initial
size, nuclear enlargement was less than it was on colchicine treatment, being
only about 20 per cent (Fig. 4).

As regards changes in the volume of the nucleoli, the curve representing
them shows a displacement to the right in 3 hours, attaining the peak in 12
hours, by which time it is definitely bicuspid. In 48 hours the shift to the right
is still there (Fig. 3, Table 5). The average nucleolar volume is about three
times the initial volume in 1 hour, almost four times that in 12 hours, remaining
as much even 48 hours after treatment with colchicine (Fig. 4).

There was no significant displacement observable on treatment with
podophyllin.

Summary

The effect of a single LD50 of colchicine or podophyllin on the volume of the nuclei
and nucleoli in Ehrlich ascites carcinoma cells has been studied. It has been established that
colchicine significantly enlarges the cells, the nuclei, and the nucleoli, the increase in volume
reaching its peak in 12 hours, and with the augmentative effect lasting for as much as 48 hours.
Treatment with podophyllin increases essentially the cellular volume, but enlarges nuclear
volume in a lesser degree than colchicine, and is of no appreciable effect on the volume of nuc-

leoli. The increase in volume attains its maximum in 6 hours, but even after 48 hours the effect
can still be observed.
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N3MEHEHWE OBBEMA KJ/IETOK W AAEP MNP ACUMTUYECKOM PAKE
HA JEVNCTBUE KOJIbXVUVMHA W MOAOCPUNITNHA

3. TATW, T. UHKE n M. MANTbKOBWY

WccnepoBanoch AeicTBME OAHOKPATHOM MO/TyCMEPTE/IbHOM A03bl KOMbXMUMHA W MOAO-
hunnvHa Ha 06beMbl Afep WM AOPbILLEK acLUTUYECKUX PaKOBbIX KMETOK dpnuxa. bbino ycta-
HOB/IEHO, 4TO MOC/ME MOJayn KOSbXMUMHA MPOSIBNSETCA XapakTepHoe YBe/MyeHve obbema
kneToK, saep W Agpbllek, gocTuratollee mnocse 12 4acoB CBOEro MakcuMyma. 3TO [AeiicTBue
[loKa3yemo 1 no nctedeHmmn 48 vacos. Mocne nogayn NogouIIMHa yBeTMUMBAETCH 06 bEM KIIETOK,
0[HaKO, 00LEM AP YBEIMUMBAETCS B MEHbLLIEN Mepe, Yem B C/ly4vae Mnofayqn KO/bXWLMHA, B TO
Bpemsi Kak 06beM SOPbILEK He NPOSIB/SIET 3HAYNUTENILHOTO U3MEHEHUSI. YBenueHue JoCTUraeT
CBOEli MaKCUMa/IbHOM BeNMUMHBI Moc/e 6 YacoB. JTO AeiCTBUE A0Ka3yeMo TaKxXKe eLle Mo ucTe-
yeHnn 48 4Jacos.

ZELLEN- END KERNVOLLMENVERANDERUNGEN BEI ASZITESKARZINOM
AUF WIRKUNG VON COLCHICIN UND PODOPHYLLIN

E. GATI, G. INKE und M. PALKOVITS

Die Wirkung von einmaligen halbtédlichen Dosen von Colchicin und Podophyllin auf
das Kern- und Nukleolen-Volumen von Ehrlichschen Asziteskarzinomzellen wurde untersucht.
Es wurde festgestellt, daR nach Verabfolgung von Colchicin eine signifikante Vergroferung
des Zellen-, Kern-und Nukleolen-Volumens erfolgt, die nach 12 Stunden ihr Maximum erreicht.
Die Wirkung ist auch nach 48 Stunden nachweisbar. Nach Verabreichung von Podophyllin
vergroBert sich das Zellvolumen signifikant, wogegen das Kernvolumen sich in geringerem
MaRe als im Falle von Colchicin vergroBert, wdahrend das Nukleolen-Volumen keine bedeu-
tenden Verdnderungen aufweist. Die Vergroferung erreicht nach 6 Stunden ihr Maximum.
Die Wirkung ist auch noch nach. 48 Stunden nachweisbar.
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