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Addition of meradine,  a compound with anabolic action, in a dose of 5 ~g /ml  to the culture 
medium of HeLa cells caused an increase  in res i s tance  of the cells to the harmful  action of 
200-400 p g / m l  chlor te t racycl ine .  Meradrine does not exhibit its protect ive action after its 
combined adminis t rat ion with puromycin,  which indicates that the res i s tance  of the cells to 
the harmful  agent is direct ly  dependent on the intensity of protein synthesis .  

A previous communicat ion [3] descr ibed the s t imulanteffect  of 8-mercaptoadenine (meradine) on cell 
metabol ism and, in par t icu lar ,  on protein synthesis in cel ls .  Later  experiments showed that meradine also 
causes a nonspecific increase  in cel lular  res i s tance  to various harmful agents (the action of cer tain viruses  
and antibiotics in very  high doses, etc.). It was postulated that the increase  in res i s tance  of the cells is a s -  
sociated with st imulat ion of their  protein synthesis by the action of meradine.  

The object of the p resen t  investigation was to test  this hypothesis experimentally.  

EXPERIMENTAL METHOD 

HeLa cells were used because of the rapidity of their proliferation and the high intensity of their me- 
tabolism. In the experiments of series I the resistance of cells, stimulated by meradine, to high doses of 
chlortetracycline, an antibiotic with a many-sided mechanism of harmful action [4], was determined. Mer- 
adine was added in a dose of 5 ~tg/ml for 4 h to a 3-day culture of HeLa cells, after which the culture me- 
dium was replaced by a fresh medium containing 200-400 ttg/ml chlortetracycline. In the experiments of 
series II, after treatment with meradine the culture medium was replaced by one containing puromycin, an 
inhibitor of protein synthesis [2], for 30 rain, after which it was again changed for a medium containing 
chlortetracycline in the doses specified above. 

The results of the tests were read 24 h after addition of the chlortetraeycline. The change in the 
number of living cells was determined by staining with a 1% aqueous solution on erythrosin, and the mitotic 
activity was investigated by countIng the number of different phases of mitosis (in one experiment the num- 
ber of dividing ceils per 3000 interphase cells for each group was counted). The results given below are 
the mean values of not less than five repeated experiments. The results of all the counts were subjected to 
statistical analysis by the Student-Fisher method. 

The dose of puromycin was titrated in preliminary experiments using methionine-S 35. The results 
were obtained by measuring the change in intensity of incorporation on a gas-flow counter. 

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

The experimental  resul ts  given in Table 1 show that the number of cells still remaining viable after 
exposure to the harmful  action of chlor te t racycl ine  in groups 5, 8, and 11 (the metabol ism of the cells in 
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T A B L E  1. Changes  in the  N u m b e r  of  L iv ing  C e l l s ,  Mi to t i c  Ac t iv i t y ,  
and Ind iv idua l  S t a g e s  of M i t o s i s  in H e L a  C e l l  L ines  u n d e r  the  In f lu -  
ence  of M e r a d i n e ,  P u r o m y c i n ,  C h l o r t e t r a e y c l i n e ,  and T h e i r  C o m b i -  
n a t i o n s  

~..~ ~ ~ "~ -Number of 
~ "~ ~o ~.--. N'-- I living ceils 

1 - -  

2 --  
3 - -  
4 200 
5 200 
6 200 
7 300 
8 300 
9 300 

10 400 
11 400 
12 400 

--  377,34-13,2 
358,65:16,5 

5 309,15:11,0 
324,55:19,8 
392,75:33,0 

5" 244,2511,O 
270,6:t: 14,3 
336,6:t: 12,1 

5 222,25:7,7 
191,45:14,3 
299,25:9,9 

5 171,65:9,9 

M~totic ac-] . . . .  I. . . 
tivi~yrsum [Numberoe ]N.m~rof t ~  ~ 
ofallphase~lprophases [metaphases land telo- 
of mitosis ]oerl00di- [perl00di- [phases per 
per 1000 in'[ biding cells [ biding cells [100 divld- 
terphase I [ ling cells 
nuclei) l I I 

I9,2+1,5 
22,151,5 
21,05:2,3 
11,05:1,3 
20,75:1,5 
17,85:2,8 
15,15:2,8 
21,15:2,0 
13,54-2,1 
8,751,4 

16,35:2,4 
8,25:1,2 

17,4+3,6 
16,153,7 
13,254,1 
19,1:t:4,6 
13,05:3,8 
13,95:5,1 
15,75:4,7 
14,85:5,3 
11,35:2,3 
23,95:8,5 
15,85:3,1 
12,55:5,0 

58,3:t:4,4 
65,354,3 
80,853,7 
62,34-5,9 
61,74-4,5 
82,14-5,2 
64,84-4,5 
60,34-6,4 
83;04-3,4 
53,14-7,9 
57,9+4,0 
80,056,3 

24,3:1:0,6 
I8,650,7 
6,050,2 

18,650,4 
25,3:t: 1,2 
4,0:t:0,3 

19,550,3 
24,951,0 
5,750,4 

23,055,7 
26,351,8 
7,551,6 

Note .  F o r  count ing  the n u m b e r  of  l iv ing  c e l l s ,  
the  t o t a l  n u m b e r  of  m i t o s e s  and the n u m b e r  of  
n = 14. 

n = 20; for  count ing  
i nd iv idua l  p h a s e s ,  

t h e s e  g r o u p s  was  p r e l i m i n a r i l y  s t i m u l a t e d  by the  add i t i on  of  m e r a d i n e )  was s i g n i f i c a n t l y  h i g h e r  (a > 0.999) 
than  in g r o u p s  4, 7, and 10, r e s p e c t i v e l y ,  which  did not r e c e i v e  th i s  p r e l i m i n a r y  t r e a t m e n t .  In g r o u p s  5, 8, 
and 11 the m o r p h o l o g y  of the  c e l l  l a y e r  was  m u c h  b e t t e r  p r e s e r v e d ,  t h e r e  w e r e  f e w e r  d e g e n e r a t i n g  c e l l s ,  
and the m i t o t i c  a c t i v i t y  w a s  h i g h e r  than  in g r o u p s  4, 7, and  10, r e s p e c t i v e l y .  P r e l i m i n a r y  c u l t i v a t i o n  of the  
c e l l s  f o r  4 h in a m e d i u m  Conta in ing  m e r a d i n e  in  a dose  of  5 p g / m l  thus  p r o t e c t s  t h e m  a d e q u a t e l y  a g a i n s t  
the  h a r m f u l  a c t i o n  of l a r g e  d o s e s  of c h l o r t e t r a c y e l i n e .  

The  e x p e r i m e n t s  u s ing  the l a b e l e d  p r e c u r s o r  m e t h i o n i n e - S  35 showed  tha t  the  add i t i on  of  2.5 # g / m l  
p u r o m y c i n  fo r  30 min  to the  c u l t u r e  of H e L a  c e l l s  d id  not  change  the i n t e n s i t y  of t h e i r  p r o t e i n  s y n t h e s i s .  
The add i t i on  of p u r o m y e i n  in a d o s e  of 5 ~ tg /ml  r e d u c e d  p r o t e i n  s y n t h e s i s  by  48%, and in  a d o s e  of  10 ~ g / m l  

by  68%. 

The  ac t i on  of  p u r o m y c i n  in a d o s e  of  5 ~ g / m l  on p r o t e i n  s y n t h e s i s  in c e l l s  s t i m u l a t e d  by m e r a d i n e  
was  d e t e r m i n e d .  The  i n c o r p o r a t i o n  of  m e t h i o n i n e - S  35 was  i n c r e a s e d  by 53% o v e r  the  c o n t r o l  5 h a f t e r  a d d i -  
t ion  of  m e r a d i n e .  When p u r o m y c i n  was  added  to the  c e l l s  fo r  30 min  in a d o s e  of  5 # g / m l  a f t e r  the p r e -  
l i m i n a r y  t r e a t m e n t  with m e r a c i n e  fo r  5 h, t h e i r  p r o t e i n  s y n t h e s i s  was  a t  the  r a t e  of  64% of  the  c o n t r o l .  
S t i m u l a t i o n  of  p r o t e i n  s y n t h e s i s  c a u s e d  by the add i t i on  of  m e r a d i n e  was thus  c o m p l e t e l y  b loc ke d  b y p u r o m y c i n  

in a dose  of 5 # g / m l .  

I t  w i l l  be c l e a r  f r o m  T a b l e  1 tha t  when c h l o r t e t r a c y c l i n e  was  a d d e d  to H e L a  c e l l s  in  which the  s t i m u -  
l a t ion  of p r o t e i n  s y n t h e s i s  by  m e r a d i n e  had  been  a b o l i s h e d  by add i t i on  of  5 # g / m l  of  p u r o m y c i n  {groups 6, 
9, and 12), the  n u m b e r  of  v i a b l e  c e l l s  r e m a i n e d  the s a m e  as  a f t e r  c h l o r t e t r a c y c l i n e  had a c t e d  on c e l l s  un-  
p r o t e c t e d  by m e r a d i n e  {groups 4, 7, and 10, r e s p e c t i v e l y ) .  The  d i f f e r e n c e  be tw e e n  the  n u m b e r s  of  l iv ing  
c e l l s  in g r o u p s  6, 9, and 12, o n t h e  one hand, and g roups  5, 8, and  11, on the  o the r ,  i s  a b s o l u t e l y  s i g n i f i c a n t  

(a > 0.999).  

A f t e r  the  s u c c e s s i v e  ac t i on  of 5 # g / m l  p u r o m y c i n  and c h l o r t e t r a c y c l i n e  on c e l l s  s t i m u l a t e d  by m e r -  
ad ine ,  the  m i t o t i c  a c t i v i t y  of  g r o u p s  9 and 12 was d e p r e s s e d  by about  the  s a m e  amoun t  as  by c h l o r t e t r a c y -  
c l i n e  a lone  in g r o u p s  7 and 10. The  d i f f e r e n c e  be tw e e n  the l e v e l  of  m i t o t i c  a c t i v i t y  of c e l l s  with p r o t e i n  
s y n t h e s i s  s t i m u l a t e d  (groups  8 and 11) and inh ib i t ed  (groups  9 and 12) i s  a b s o l u t e l y  s i g n i f i c a n t  (a > 0.98). 
In t h e s e  e x p e r i m e n t s  t r e a t m e n t w i t h  5 #g/m1 p u r o m y c i n  c a u s e d  m i t o s i s  to be  a r r e s t e d  a t  the  m e t a p h a s e s t a g e ,  
ha a g r e e m e n t  with d a t a  in t he  l i t e r a t u r e  [5]. I t  was  t h e r e f o r e  d e c i d e d  to d e t e r m i n e  the  change  in the  r a t i o  
be tween  the  d i f f e r e n t  s t a g e s  of  the  m i t o t i c  c y c l e  u n d e r  the  in f luence  of  m e r a d i n e ,  c h l o r t e t r a c y c l i n e ,  and 
c o m b i n a t i o n s  of  t h e s e  s u b s t a n c e s  with p u r o m y c i n .  T h e s e  r e s u l t s ,  g iven  in Tab le  1, show tha t  when c h l o r -  
t e t r a c y c l i n e  was  added  a f t e r  m e r a d i n e  (groups  5, 8, and 11), the  n u m b e r  of  a n a p h a s e s  and t e l o p h a s e s  p e r  
100 d iv id ing  c e l l s  was be tween  25 and 27 r e s p e c t i v e l y ,  i . e . ,  v i r t u a l l y  the  s a m e  as  in the  c o n t r o l .  If, on the 
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other  hand, eh lo r t e t r aeyc l ine  was added a f te r  me rad ine  and puromyein ,  the pe rcen tage  of anaphases  + te lo-  
phases  was 4-7 (groups 6, 9, and 12), the s a m e  as a f t e r  t r e a t m e n t  with puromycin  alone (6% in group 3). The 
di f ference  between groups  5, 8, and 11, on the one hand, and groups 6, 9, and 12,on the other ,  is absolutely 
s ignif icant  (a > 0.999). 

These  expe r imen t s  thus showed that under  the influence of merad in~  the r e s i s t a n c e  of the cel ls  to 
the ha rmfu l  action of eh lo r t e t r acyc l ine  was inc reased .  The p r e l i m i n a r y  addition of merad ine  to the cul ture  
p reven ted  the d e c r e a s e  in the number  of l iving cel ls ,  the depress ion  of mitot ic  act ivi ty,  and damage to the 
cel l  l aye r  by the act ion of ch lo r t e t raeyc l ine .  This p ro tec t ive  action of merad ine  is not exhibited af ter  its 
combined adminis t ra t ion  with puromycin .  T r e a t m e n t  with puromycin  thus abolishes the inc reased  r e s i s -  
tance of the cel ls  to ch lo r t e t r acyc l ine  produced by merad ine .  According to Andreeva [1], puromycin  abol-  
i shes  the i nc rea se  in the the rmos tab i l i ty  of the s a r t o r i u s  musc le  induced by 2-benzylbenzimidazole  hydro-  
chlor ide  or  by 4 -me thy lu rac i l .  

The fact  that  these  r e su l t s  a re  s i m i l a r  in pr inc ip le  conf i rms  the nonspecif ic c h a r a c t e r  of the ce l lu lar  
r e s i s t a n c e  assoc ia ted  with an i nc rea se  in the intensi ty of in t race l lu la r  pro te in  synthes is .  Where synthes is  
was inhibited by the combined adminis t ra t ion  of merad ine  and puromycin ,  then as the resu l t s  of counting the 
living cel ls  (in groups 6, 9, and 12) showed, the i r  r e s i s t a n c e  to the harmful  action of l a rge  doses of ch lo r -  
t e t racyc l ine  was actual ly  sl ightly lower than the r e s i s t a n c e  of the cel ls  in groups 4, 7, and 10, not rece iv ing  
p r e l i m i n a r y  t r ea tmen t .  This observa t ion  c o r r e l a t e s  with the r e su l t s  of de te rmina t ion  of the intensity of 
methionine incorpora t ion ,  for  in these  exper iments  the intensi ty of pro te in  synthes is  a f te r  the combined ad- 
min i s t r a t ion  of merad ine  and puromye in  also was sl ightly lowered by compar i son  with the control .  The 
high level  of co r r e l a t i on  obse rved  between the r e su l t s ,  taking into account the speci f ic i ty  of action of puro-  
mycin,  indicates  that  the ce l lu la r  r e s i s t a n c e  to the ha rmfu l  agent is d i rec t ly  dependent on the intensi ty of 
p ro te in  syn thes i s .  
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