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In  testing anticarcinogenic chem otherapeutic substances an ever-w idening  
significance is being attached to Ehrlich ascites carcinoma and Y oshida ascites 
sarcom a. In a previous paper [7] w e discussed a number of m ethods em ployed  
by us in  attem pts to  disclose the changes th a t take place in ascites tum ours upon  
the action of chemotherapeutic agents. The aim  o f the present stu d y  w as the  
quantitative determination of changes in  the size of the tumour cell, th e  nucleus, 
and the nucleoli. I t  needs to be m entioned that in transplanted tum ours earlier 
authors [15] have successfully dem onstrated changes in the size o f  the nuclei 
due to  the action o f some substances th a t influence division.

Material ami methods

Inbred albino mice, three months old and of the same weight, were used. H aving inocu­
lated them  intraperitoneally with Ehrlich ascites carcinoma cells, they were poisoned with 
8 у /g of colchicine and 20 у /g of podophyllin. Two months later the experim ent was repeated 
under identical conditions. Each of the two poisons was given to twice two anim als. Using 
a sterilized syringe, ascitic fluid was draw n 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 m inutes ; 
the sedim ent 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 /л thickness. These were stained 
w ith haematoxylin-eosin.

The statistical method of computing nuclear variations was used in carrying ou t quan­
tita tiv e  determinations. Applying 90 X 15 m agnification, the cells were projected a t  a distance 
which secured a 3000fold total magnification. This method permitted a sharp trace r to  be 
passed around the boundary lines of the nuclei and nucleoli. But as the contours of the cells 
were bu t 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, th e  longest 
d iam eter and the shortest perpendicular to  this were measured, and the volume was deter­

mined on the basis of the formula . A P 24 where A  (axis) denotes the ro tational axis, and
6

P  (perpendicular) the short diameter a t righ t angles to  it. On the abscissas in th e  figures, the 
logarithm us of the volumes of the class m eans are represented, for according to  H i n t z s c h e ’s 
studies the volumes follow lognormal distribution . On the ordinates, the percentage incidence 
is shown. The class extensions were determ ined not as log 2/4, but as log 2/3 =  0,10. The exceed­
ingly work-consuming grouping and the previous calculation of the geometrical m ean were
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dispensed with. The logarithm of 142 fj.3, log 2,15, was taken to be the fixed class mean, which 
agrees with J a c o b j ’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

B y Dustin [5] th e  poisons of direct effect on m itosis are called karyoclastic  
substances ; colchicine is  th e  most powerful o f  th em . According to K ing and

F ig . 1 . Changes in nuclear volume on treatment with colchicine

Sullivan [11], podophyllin produces a colchicine-like effect, while Culp and 
K aplan [4] attribute its tumour-inhibiting effect to ischaemia and necrosis 
connected with spastic constriction of blood vessels. B runn [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. 
B y haematocrit reading, R évész and Klein [17] established the average volume 
of these cells to be 1903 /и3, and their average diameter 15 these values agree 
with those obtained by us in studying smears w ith the nuclear variation method. 
B u c h e r  [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 m ention the increase 
of cellular nuclei upon the action o f colchicine (M i s u r s k y  and D o l j a n s k y ,

F ig . 2 . Changes in nuclear volume on 
treatment with podophyllin

F ig . 3. Changes in nucleolar volume on 
treatment with colchicine

16 ; L a m b e r s , 14). As regards podophyllin, reference is m ade to the work of  
M a t k ó , H o l c z in g e r  and K e r e s z t u r y  [15] who studied volum etric changes of 
the cellular nuclei in  cardiac m uscle, liver, and kidney. They, too, established  
th at follow ing treatm ent w ith 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  
o f colchicine or podophyllin the cytological changes can readily be read o ff the

Table 1

C yto lo g ica l ch an ges f o l lo w in g  tre a tm en t w ith  co lch icin e

« У  IS

I C on tro l 30 '
1

l ’h 3 h 6 !*
-

24h 4 8 1'

0 //0 % 0 //0 0 /
/0 % 0 /

/0 0 //0 %
Normal cell................................. 90 89 87 80 47 64 73 81
Lysis............................................ 6 4 6 8 18 10 9 6

Pycnolysis................................... 4 6 6 10 21 17 7 8
“Colchicine” cell ....................... — 1 1 2 12 10 10 4
Distorted c e ll ............................. — — — — 2 2 1 1

7*
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Table 2

C y to lo g ic a l changes fo llo w in g  tre a tm e n t w ith  p o d o p h y llin  

2 0  y / g

Control j 3 0 ' Í lb 3h 6 1' 12>‘ 241' 4 8 h

% 0 /
/0

0 /
/ 0 % % % % %

Normal cell.................................. 8 6 78 76 80 47 41 59 74
Lysis............................................. 8 10 10 8 20 15 10 10
Pycnolysis................................... 5 6 5 10 18 19 20 8

’’Podophyllin” cell...................... — — 3 2 10 24 10 8

Distorted c e ll.............................. — — 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

F ig .  4 . Average 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 ц 3

the cells suffered lesions in 6 to 12 hours, and upon that of podophyllin approxi­
m ately 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 topm ost part of figure 4 shows that the increase in cell size is about 
25 per cent after the adm inistration of colchicine, and roughly 50 per cent after 
that o f podophyllin, both lasting for from 6 to 24 hours.

In the curve depicting volum etric changes in  the nuclei, a shift to  the right 
can be seen to  have taken place as early as 1 hour after the treatm en t w ith

Table 3

Changes in nuclear volume on treatment with colchicine

1,45 1,55 1,65 1,75 1,85 1 3 5 2,05 2,15 2,25 2,35 2,45 2,55 2,65 2,75 2,85

Before
trea tm en t . . . 1 5 5 5 5 10 10 13 24 15 и 2 l

1 ........................ — — 1 1 2 2 7 12 22 26 25 23 l — —
3 ........................ — — — 1 1 1 8 9 23 29 17 7 5 l —
6 ........................ — — — 1 8 6 12 25 9 20 26 16 6 2 l

1 2 ........................ — — — 1 2 3 5 13 20 24 18 8 8 2 l
2 4 ........................ — — 1 2 6 12 176 17 22 18 8 2 1 o6
4 8 ........................ — — — — l 6 4 10 15 14 21 18 9 2 1 o5

Horizontal top row =  logarithm of volume of class means.
Incidence expressed in per cent

Table 4

Changes in nuclear volume on treatment with podophyllin

1,55 1,65 1,75 1,85 1,95 2,05 2,15 2,25 2,35 2,45 2,55 2,65 2,75 2,85

Before trea tm en t . . . . — — — — 4 7,5 32 33 24 5,5 _ _ _ _
1 ................................... - — — 0,5 3 3 28 27 23 9 l — — —

3 ................................... — — — — 5 14 17 25 1 8 15 10 l — —
6 ................................... — — — — 5 9 I 11 29 245 16 9m 6 l —

1 2 ................................... — — — 1,5 3 7,5 20,5 22,5 19,5 8,5 5 5 l —

2 4 ................................... — — — — 2 6 43 45 22 10,5 8,5 3 — —
4 8 ................................... — — — — l 6 46 ' 11 24 40 28 36 1 — —

Horizontal top row =  logarithm of volume of class means.
Incidence expressed in per cent

colchicine ; this was more m arked in the 6th hour, w ith the curve becom ing  
bicuspid, to attain its peak in  the 12th hour; even in the 48th hour there was 
still a displacem ent to the right (Fig. 1, Table 3). On an average, in  th e  12th 
hour the nuclei were about one and a half tim es their initial size, and in  the 48th 
hour they were still seen to be enlarged (Fig. 4).



3 4 0 É. GÁTI, G. INKE and M. PALKOVITS

Table 5
Changes in  nucleolar volume on treatment with colchicine

0,35 0,65 0,95 1,25 1,55 1,85 2,15 Ig'V

Before treatm ent . . . . 12 22 25 31 8 5 l

1 .................................. 0,3 0,5 50 30 2 0 — —

3 ................................... — 7 38 36 2 0 — —

6 .................................. — -- • 33 27 37 — —

1 2 .................................. — 1 39 2 0 37 2 —

2 4 .................................. 1 7 •30 42 2 0 3 —

4 8 .................................. — 1 31 49 30 4 —

Horizontal top  ro w : logarithm  of volume of class méans.
Incidence expressed in per cent.

After treatm ent w ith  podophyllin, the sh ift to  the right was m ost pronoun­
ced  in  the 6th and the 4 8 th  hour (Fig. 2, Table 4 ), but, in relation to  the initial 
size , nuclear enlargem ent w as less than it  w as on colchicine treatm ent, being 
o n ly  about 20 per cent (F ig . 4).

A s regards changes in  th e  volume o f the nucleoli, the curve representing 
th em  shows a displacem ent to  the right in  3 hours, attaining the peak in 12 
hours, by which tim e it  is defin itely  bicuspid. In  48 hours the shift to  the right 
is  s t ill  there (Fig. 3, T able 5). The average nucleolar volum e is about three 
t im es  the initial volum e in  1 hour, almost four tim es th at in 12 hours, remaining 
as m uch even 48 hours after treatm ent w ith  colchicine (Fig. 4).

There was no sign ifican t displacement observable on treatm ent with  
podophyllin .

Summary

The effect of a single LD50 of colchicine or podophyllin on the volume of the nuclei 
and  nucleoli in Ehrlich ascites carcinom a cells has been studied. I t has been established th a t 
colchicine significantly enlarges th e  cells, the nuclei, and the  nucleoli, the increase in volume 
reach ing  its  peak in 12 hours, and  w ith  the augmentative effect lasting for as much as 48 hours. 
T rea tm en t with podophyllin increases essentially the cellular volume, but enlarges nuclear 
volum e in  a lesser degree th an  colchicine, and is of no appreciable effect on the volume of nuc­
leoli. The increase in volume a tta in s  its  maximum in 6 hours, b u t even after 48 hours the effect 
c an  still be observed.

REFERENCES

1. B u cher , 0 . : (1947) A initotische Kernteilung in  F ibrocyten-K ulturen nach Behand­
lung m it Colchicin. Acta A nat. 4, 60. — 2. Br u n n , R ., B o y a r d , E., J ada sso h n , W., Char- 
b u l ie z , E ., P allard , R. : (1951) A ction caryoclastique de quelque dérivés de colchicin et de 
la podophylline au niveau de la te tin e  du cobaye. Schweiz. Z. alig. Path. Bact. 14, 612. — 
3. B r u e s , A. M., J ackson , E. B. : (1937) Nuclear abnorm alities resulting from inhibition of 
m itosis by  colchicine and o ther substances. Amer. J .  Cane. 30, 504. — 4. Cu lp , O. S., K a plan ,



CHANGES IN CELL AND NUCLEAR VOLUME IN ASCITES CARCINOMA 341

I. W. : (1949) Condyloma acuminata, Three hundred cases treated with podophyllin. Amer.
J . Surg. 120, 251. — 5. D u st in , A. P. : (1934) Contribution à l’étude de l’action des poissons
caryoclastiques sur les tum eurs animales. Bull. Acad. Med. 14, 487. — 6. F is c h e r , J . ,  I n k e , G. : 
(1956) Nomograms for measuring nuclear volum e. A cta Morph. Hung. (In the press.) —  7. 
G á ti, É. : (1956) Changes in the supravital staining of Ehrlich ascites carcinoma cells upon 
the effect of agents inhibiting tum our growth. A cta Morph. Hung. (In the press.) —  8. H ol- 
cziNGER, L., K elln er , B. : (1953) The effects of acute and chronic podophyllin poisoning 
on the organs of the ra t. A cta Morph. Hung. 3, 305. —  9. I n k e , G., P a lk ov its , M., B a jt a i, 
A., Gy á r f á s , I. : (1956) Problems of methodology in  nuclear variation statistics. A cta  Morph. 
Hung. (In the press.) — 10. K e l l n e r , B., Ma t k ó , L. : (1953) The effects of acute and chronic 
colchicine poisoning on the organs of the ra t. A cta Morph. Hung. 3, 125..— 11. K in g , L. S., 
S u l l iv a n , M. : (1947) Effects of podophyllin on norm al skin. Arch. Path. 43, 374. —  12. L e t t r é ,
H. : (1949) Zum Problem der krebsspezifischen Mitosegifts. Ztschr. Krebsforsch. 56, 297. -— 
13. L a m b e r s , К. : (1951) Ü ber O rganveränderungen bei chronischer Colchicinvergiftung.
Yirch. Arch. 321, 88. — 14. L it s , F. J ., K ir sc h b a u m , L., Strong , С. : (1938) A ction of the 
colchicine on transplanted malignant lym phoid neoplasm in mice of the C3H stra in . Amer. 
J . Cancer. 39, 196. — 15. Matkó , L., H o lc zin g er , L., K er e sz tu r y , S. : (1956) E ffect of col­
chicine, podophyllin and nitrogen m ustard on the resting cells of the organs. A cta  Morph. 
H ung. 6, 299. — 16. M isu r sk y , B., D o l ja n s k y , L. : (1949) Effect of colchicine on th e  ra t 
liver. Amer. J . Anat. 85, 523. — 17. R év ész , L., K l e in , G. : (1953) Q uantitative studies on the 
m ultiplication of neoplastic cells in vivo. J . N at. Cane. In t. 14, 229. — 18. S u g iu r a  : (1953) 
Effect of various compounds on the Ehrlich ascites carcinoma. Cane. Res. 13, 431. —  19. Sc h a i- 
r e r , F. : cit. Sugiura (18). —  20. T a k ik a w a  : (1952) Effect of various chem otherapeutic 
agents on the Yoshida sarcoma cells. N agoya J . Med. Sc. 15, 9.

ИЗМЕНЕНИЕ ОБЪЕМА КЛЕТОК И ЯДЕР ПРИ АСЦИТИЧЕСКОМ РАКЕ 
НА ДЕЙСТВИЕ КОЛЬХИЦИНА И ПОДОФИЛЛИНА

Э. ГАТИ, Г. И Н К Е  и М. ПАЛЬКОВИЧ

Исследовалось действие однократной полусмертельной дозы кольхицина и подо- 
филлина на объемы ядер и ядрышек асцитических раковых клеток Эрлиха. Было уста­
новлено, что после подачи кольхицина проявляется характерное увеличение объема 
клетоК, ядер и ядрышек, достигающее после 12 часов своего максимума. Это действие 
доказуемо и по истечении 48 часов. После подачи подофиллина увеличивается объем клеток, 
однако, объем ядер увеличивается в меньшей мере, чем в случае подачи кольхицина, в то 
время как объем ядрышек не проявляет значительного изменения. Увеличение достигает 
своей максимальной величины после 6 часов. Это действие доказуемо также еще по исте­
чении 48 часов.

Z EL L E N - END K ER N V O LLM EN VERÄN DERUN GEN  BEI ASZITESKARZINOM 
AUF W IRK U N G  VON COLCH1CIN UND PODOPHYLLIN

É . G Á T I, G. I N K E  u n d  M. P A L K O V IT S

Die W irkung von einmaligen halbtödlichen Dosen von Colchicin und Podophyllin auf 
das K ern- und Nukleolen-Volumen von Ehrlichschen Asziteskarzinomzellen w urde untersucht. 
Es w urde festgestellt, daß nach Verabfolgung von Colchicin eine signifikante Vergrößerung 
des Zellen-, K ern-und  Nukleolen-Volumens erfolgt, die nach 12 Stunden ihr M aximum erreicht. 
Die W irkung ist auch nach 48 Stunden nachweisbar. Nach Verabreichung von Podophyllin 
vergrößert sich das Zellvolumen signifikant, wogegen das Kernvolumen sich in  geringerem 
Maße als im Falle von Colchicin vergrößert, w ährend das Nukleolen-Volumen keine bedeu­
tenden Veränderungen aufweist. Die V ergrößerung erreicht nach 6 Stunden ih r Maximum. 
Die W irkung ist auch noch nach. 48 S tunden  nachweisbar.
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