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The impor t ance  of su l fhydr i l  and disuKide groups  of p ro te in  for the fo rma t ion  of the mi to t ic  ap-  
pa r a tu s  and, consequently,  for  the movement  of the c h r o m o s o m e s  during m i t o s i s  has f requent ly  been con-  
f i r m e d  by ey toehemiea l  [5-8, 11-131 and expe r imen ta l  [2-4, 7, 9-111 obse rva t ions .  In a p rev ious  i nves t i -  
gation [21 the authors  showed that d i s tu rbance  of the equ i l ib r ium between the su l fhydr i l  and disulf ide groups 
of p ro te ins  by inhibi t ion of the SH groups or reduc t ion  of the S - S  groups in a cuI ture  of human amnion ce i l s  
leads  to a r r e s t  of m i t o s i s  at the me taphase  s tage and to the appea rance  of numerous  pa thologica l  m i t o s e s .  
S i m i l a r  changes in mi to t i c  d iv i s ion  a re  obse rved  usua l ly  in t u m o r s  without any ex te rna l  in tervent ion  [1]. 
The s i m i l a r i t y  between these  changes (the high pe rcen tage  of pa thologica l  m i t o s e s  and de lay  in the r ec t a -  
phase) and those  r e p r o d u c e d  e x p e r i m e n t a l l y  in t i s s u e  cul ture  sugges t s  that the d i s tu rbance  of the  n o r m a l  
cour se  of m i t o s i s  in t umor  ce i l s  is  a s soc i a t e d  with a shift of the phys io log ica l  equi I ibr ium between the 
pro te in  thiol  groups in these  ce l l s .  

The object  of the p r e sen t  inves t iga t ion  was to ve r i fy  the hypothes is  that b locking SH groups or  ex-  
e e s s ive  reduct ion  of S - S  groups  leads  to r e s t o r a t i o n  of the no rma l  course  of m i t o s i s ,  i .e . ,  to a d e c r e a s e  
in the number  of pa thologica l  m i t o s e s  and to shor ten ing  of the delay of d ivis ion in the m e t a pha s e .  

EXPERIMENTAL METHOD 

Two series of experiments were carried out, all variants of which were repeated twice. The ex- 

periments of series I were carried out on a primary culture of the cells of a malignant glioma of mice 

(strain No. 51/11 Yabionovskaya), and those of series II on the cells of an ascites strain of Ehrlich' s car cinoma). 

In the experiments of series I ceils of a tumor transplanted into the mouse brain were cultivated. To 

obtain monolayer cell cultures, tumors aged 8-10 or 14-16 days were used. On the 3rd day of cultivation 

of the ceils, either p-chloromercuribenzoate (CMB, 5 • 10 -6, 10 ..5 M) -- an inhibitor of SH groups, - or 

cysteine hydrochloride (CH, 25 x 10 -s, 125 x I0 -~ M) - a reducing agent for S-S groups - was added to the 

medium. One hour later the cultures were fixed and the mitotic activity, the percentage ratio between the 

phases of mitosis, the percentage of pathological mitoses, and of their individual forms were determined. 

In the two groups of experiments, CMB was added twice to the culture : 2h and 1 h before fixation. Each 

experimental and control group consisted of 5-8 cultures. 

In the experiments of series II, conducted on mice with Ehrlich's ascites carcinoma (tumor cells 
were  t r ansp l an t ed  4-5 days  before  the beginning of the exper iment ) ,  the an ima l s  r e c e i v e d  CMB (5 • 10 -6, 
10 .5 M) or  CH (25 x 10 -c, 50 x 10 -s M) by i n t r a p e r i t o n e a l  inject ion.  Both p r e p a r a t i o n s  were  in jec ted  e i ther  
at the s ame  t ime ,  1 h before  s a c r i f i c e ,  or  in one group of expe r imen t s ,  they were  in jec ted  twice,  2 h and 
1 h before  s a c r i f i c e .  Control  an imals  r e c e i v e d  the co r re spond ing  volumes  of phys io log ica l  saI ine.  Each 
expe r imen t a l  and cont ro l  group contained 8-10 mice .  

E X P E R I M E N T A L  R E S U L T S  

The study of the p r i m a r y  cu l tu res  of the malignant  g l ioma showed that a v e r y  l a r g e  number  of pa tho-  
logica l  m i to se s  was p re sen t ,  with a r e l a t i v e l y  high pe rcen tage  of m i t o s e s  at the me taphase  s tage.  W herea s  
in t r ansp lan ted  cu l tu res  of amnion ce i l s  [21 the mean number  of pa thologica l  m i t o s e s  is  only 3-5% and the 
r e l a t i v e  p ropor t ion  of me t aphase s  is  59~ in the p r i m a r y  cul ture  of the mal ignant  g l ioma  the c o r r e s p o n d -  
ing values  in the d i f ferent  s e r i e s  were  20-51% and 60-95%. 
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Fig. 1. Changes in the mitotic pattern in cells of a culture 
from a malignant glioma growing in vivo for 8-10 (A) and 
14 (B) days. Unshaded columns) Mitotic activity (in %); 
cross-hatched) metaphases (in %); black columns) patho- 
logical mitoses (in %). 

The results of the experiments on the malignant glioma cells showed that blocking the SH groups 
caused a sharp fall in the percentage of pathological mitoses and a decrease in the relative number of 
metaphases. Administration of cysteine hydrochloride caused no significant change in these indices. The 
effect of restoration of the normal mitotic pattern was dependent on the age of the tumor, i.e., on the length 
of time it had grown in the body. In experiments on cultures of cells from young tumors, growing in the 
body for 8-10 days, administration of CMB lowered the proportion of pathological mitoses by 50-80% and 
the number of metaphases by 20-30% (Fig. IA). In one group of experiments, after the repeated adminis- 
tration of CMB, the number of pathological mitoses fell from 20 to 3.9%, i.e., it reached figures character- 
istic of a culture of normal cells. 

Hence, inhibition of the sulfhydril groups almost completely restored the normal course of mitosis. 
These observations confirmed the original hypothesis and suggested that the onset of pathological mitoses 
and the delays of division in metaphase are associated with disturbanee of the sulfhydryldisulfide equilib- 
rium. This can be represented schematically by assuming that ia the tumor cells of this type during the 
process of carcinogenesis, this equilibrium is displaced toward predominance of the SH groups, and their 
blocking therefore leads to restoration of the normal course of mitosis. 
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Fig .  2. Changes  in m i to t i c  p a t t e r n  
in ce l l s  of a cu l t u r e  f r o m  a m a l i g n a n t  
g l i oma  grown in vivo for  16 days .  
Legend as in Fig .  1. 
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Fig. 3. Changes in the mitotic pattern in cells 

of an Ehrlich's ascites carcinoma. Legend 
as in Fig. 1. 

In the cause of cells from tumors given for long periods in vivo, the "therapeutic" effect of CMB 

was reduced. In cultures from tumors grown in animals for 14 days, administration of CMB also reduced 

the proportion of pathological mitoses almost by 50%, but the relative number of metaphases changed only 
very slightly (Fig. 1B). In cultures from even older tumors (growing in the body for ].6 days) a single 
dose of CMB caused no significant change in the number of metaphases or in the number of pathological 
mitoses (Fig. 2). Probably during growth of the tumor in the body, the disturbance of the sulfhydryl- 

disulfide equilibrium becomes steadily less reversible. In these circumstances the delay in metaphase 

becomes stabilized first, and the pathological course of the mitosis later. However, this stability is not 
absolutely irreversible. Even in cultures from tumors grown for a long time in the animal, the normal 

course of mitosis could be restored in most of the cells. After two applications of CMB the number of 

pathological mitoses fell by almost 80% and the number of metaphases by 35% (Fig. 2). 

The disturbances of the sulfhydryl-disulfide mechanism leading to pathological changes in mitosis 

may probably differ in character in different types of tumor cells. By acting on the thiol groups of cells 

of an Ehrlich's carcinoma, in a large proportion of cells it was also possible to abolish the pathological 

course of mitosis. However, in this case it was cysteine hydrochloride which had a "therapeutic" effect 

on the tumor cells, while CMB caused no significant change in the mitotic pattern (Fig. 3). A single ad- 

ministration of cysteine depressed mitotic activity slightly and reduced the number of pathological mitoses 

by 50-67%. The relative number of metaphases was not significantly changed. The clearest results were 
obtained after the repeated administration of cysteine. In these experiments the number of pathological 
mitoses was reduced by 75% and the relative number of metaphases by 16%. 

The results of the two series of experiments thus show that pathological mitoses in tumor cells arise 
in connection with disturbance of the sulfhydryl-disulfide equilbrium. The development of pathological 

mitoses in tumor cells of different types may be associated with different disturbances of this equilibrium 

In some cells it is displaced so that it can be restored by inhibition of the SH groups, while in other tumor 

cells the shift of this equilibrium takes place in the opposite direction, when the normal course of mitosis 

is restored by conversion of disulfide groups into sulfhydryl. During growth of a tumor in the body, the 

pa tho log ica l  m i t o s e s  b e c o m e  m o r e  s t ab l e .  The length of growth of the  t u m o r  l i m i t s  the p o s s i b i l i t y  of r e -  
s t o r i n g  the n o r m a l  c o u r s e  of m i t o s i s .  

Since no methods  a r e  yet ava i l ab l e  for  the d i r ec t  b i o c h e m i c a l  i nves t iga t ion  of the  compounds  con -  
t a i n ing  su l fhydry l  and d i su l f ide  g roups  in  the d iv id ing  ce l l ,  the p r o b l e m  of the i n t i m a t e  m e c h a n i s m s  of the 
shift  in s u l f h y d r y l - d i s u l f i d e  e q u i l b r i u m  cannot be a n s w e r e d  at th i s  s tage.  Two p o s s i b i l i t i e s  may  be c o n -  
s i d e r e d :  e i the r  CMB and CH, when r e s t o r i n g  the n o r m a l  c o u r s e  of m i t o s i s ,  act d i r e c t l y  on the c o n t r a c t i l e  
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proteins of the mitotic apparatus, or this effect is achieved by indirect methods -through enzyme systems 

containing thiol groups. In any case, the results obtained point the way to the study of direct interference 

with pathological mitoses, the appearance of which is one of the essential mechanisms of carcinogenesis. 
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Att a b b r e v i a t i o n s  of  p e r i o d i c a l s  in the above  b ib l i og raphy  are l e t t e r -by - l e t t e r  t r a n s l i t e r a -  
t i ons  of the a b b r e v i a t i o n s  as g i v e n  in  the o r ig ina l  R u s s i a n  jou rna l .  Some  or a l l  of  th i s  per i -  

od ica l  l i t e ra ture  m a y  w e l i  be  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A comple t e  l i s t  of the cover - to -  
cover  E n g l i s h  t r a n s l a t i o n s  appears  at  the back of the f i r s t  i s s u e  of t h i s  year.  
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