
BIOCHEMISTRY AND BIOPHYSICS 

E F F E C T  OF  M I T O M Y C I N  C AND R U B O M Y C I N  C 

ON N U C L E I C  A C I D  M E T A B O L I S M  IN T H E  R A T  L I V E R  

A .  Ao P o k r o v s k i i , *  Ao L .  P o z d n y a k o v ,  
L .  V.  K r a v e h e n k o ,  No N.  K a s a t k i n a ,  
a n d  V.  A .  T u t e l ' y a n  

UDC 615.332.015.42:612.352.3 

The dynamics of changes in the content of RNA and DNA and in the activity of acid r ibo-  
nuclease (RNase) and deoxyribonuclease (DNase) in the l iver of ra ts  was studied at various 
t imes after  administrat ion of LD~0 of mitomycin C and rubomycin C (daunomycin). Both 
antibiotics sharply reduced the RNA content in the liver within a few hours of their  ad-  
ministrat ion.  The DNA content remained virtually unchanged throughout the experiment 
(for 96 h). No correlat ion could be found between changes in the RNA content in the l iver  
of the experimental  animals and acid RNase activity. It is suggested that an important 
role in the disturbance of nucleic acid metabol ism produced by both mitomycin C and 
rubomycin C is played by inhibition of RNA synthesis .  

The antibiotics mitomycin C and rubomycin C (daunomycin) have been shown to possess  marked ant i-  
tumor activity;  The mechanism of their  action is claimed to be by the formation of a complex between 
these substances and DNA, with a consequent disturbance of nucleic acid metabol ism in the cells [3, 6, 7, 
9]. 

Mitomycin C has been shown to inhibit DNA and RNA synthesis,  and at the same time to intensify 
DNA breakdown. The mechanism of this effect  has not yet been explained: some workers  attribute the in- 
c reased  DNA breakdown to activation of DNase, while others have found no increase  in the activity of this 
enzyme [7, 10]. 

The object of this investigation was to study changes in the DNA and I~NA content in the rat  l iver 
during administrat ion of mitomycin C and rubomycin C to the animals and also to study the activity of acid 
DNase and RNase. 

E X P E R I M E N T A L  M E T H O D  

Growing male Wistar ra ts  weighing initially about 40 g were used. The animals received an in t ra-  
peritoneal injection of a solution of mitomycin C (2~ 5 mg /kg  body weight) or  of rubomycin C (20 mg/kg  body 
weight). The doses chosen correspond to LDj0 for ra ts  [1, 8]. The control ra ts  received the equivalent 
volume of physiological saline. The animals were decapitated 1, 3, 6, 12, 24, 48, 72, and 96 h after r e -  
ceiving the antibiotics~ 

Pieces of l iver were fixed in acetone and Carnoy ' s  fluid and embedded in paraffin wax. F rom a 
general survey of the histological changes sections of the l iver were stained with hematoxylin-eosin.  DNA 
and RNA were detected by luminescence microscopy  in sections stained with acridine orange by von 
Bertalanffy 's  method [5] and RNA was also detected by Braehet ' s  method~ As a control some sections 
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T A B L E  1. RNA Content  in 
L i v e r  of Ra t s  R e c e i v i n g  

M i t o m y c i n  C and R u b o m y c i n  C 
(in conven t iona l  uni ts  

administTatio~ Mito~nycin Rubomyein 
C 

Time after 

(in h) 
Control 48,6• 

1 39,5• 
3 22,5• 
6 28,0• 0,70 

I2 21,2• 
24 20,6---0,84 
48 21,0• 
72 24,1 • 1,00 
96 25,2• 1,11 

49,7_ + 1,5I 
25,7_+ 1,70 
20,3• 
25,2• 1,31 
18,5• 1,33 
18,5• 
25,4• 1,40 
26,1+_0,97 
39,7• 1,42 

Note~ Mean r e s u l t s  of s e v e n  
e x p e r i m e n t s  (,X• S~) a r e  
g iven;  P< 0,001o 

w e r e  t r e a t e d  with R N a s e .  Sec t ions  s t a i n e d  with a c r i d i n e  o r a n g e  w e r e  
i n v e s t i g a t e d  c y t o p h o t o m e t r i c a l l y ,  u s i n g  a p h o t o m e t r i c  a t t a c h m e n t  to 

the  l u m i n e s c e n c e  m i c r o s c o p e  [4]. To m e a s u r e  the i n t e n s i t y  of l u m i -  
n e s c e n c e  of  RNA and DNA, i n t e r f e r e n c e  f i l t e r s  with a t r a n s m i s s i o n  
m a x i m u m  at  600 and 520 nm r e s p e c t i v e l y  w e r e  used~ The content  of 
RNA and DNA was  e x p r e s s e d  in conven t iona l  uni t s  r e f l e c t i n g  the i n -  
t e n s i t y  of l u m i n e s c e n c e  of the s ec t i ons~  A c t i v i t y  of a c i d  DNase  and 
R N a s e  was  d e t e r m i n e d  in l i v e r  h o m o g e n a t e s  by  s p e c t r o p h o t o m e t r i c  
m i c r o m e t h o d s  b a s e d  on the u se  of the u l t r a m i c r o s y s t e m  of b i o c h e m i -  
ca l  a n a l y s i s  d e v e l o p e d  by  P o k r o v s k i i  e t a l .  [2], A c t i v i t y  of the e n -  
z y m e s  was  e x p r e s s e d  in m i c r o m o l e s  of s u b s t r a t e  c o n v e r t e d  by  I g 
p r o t e i n  p e r  m i n u t e .  

M a t e r i a l  f o r  e l e c t r o n - m i c r o s c o p i c  i n v e s t i g a t i o n  was  f ixed  in 
b u f f e r e d  o s m i u m  t e t r a c h l o r i d e  so lu t i on  and e m b e d d e d  in A r a l d i t e .  

EXPERIMENTAL RESULTS 

The toxic  ac t i on  of m i t o m y c i n  C and r u b o m y c i n  C was  m a n i f e s t e d  
on the 2rid day  a f t e r  a d m i n i s t r a t i o n  of the a n t i b i o t i c s  and  took the f o r m  

of i n c r e a s i n g  a d y n a m i a  and l o s s  of we igh t  of the e x p e r i m e n t a l  g roups  of a n i m a l s .  The g r e a t e s t  d e c r e a s e  in 
we igh t  (by 30-40%) was  o b s e r v e d  a t  the end of the e x p e r i m e n t  {72-96 h), when i t  was  c o m b i n e d  with a 
m a r k e d  d e c r e a s e  in vo lume  of the a n i m a l s '  l i v e r .  

M a c r o s c o p i c a l l y  and in h i s t o l o g i c a l  s e c t i o n s  s t a i n e d  with h e m a t o x y l i n - e o s i n ,  no c ha nge s  w e r e  o b -  
s e r v e d  in the l i v e r  of the r a t s  r e c e i v i n g  m i t o m y c i n  C o r  r u b o m y c i f f  C. Howeve r ,  c y t o p h o t o m e t r i c  e s t i m a -  
t ion  of the RNA conten t  in the r a t s '  l i v e r  r e v e a l e d  a m a r k e d  d e c r e a s e  in RNA a f t e r  a d m i n i s t r a t i o n  of m i t o -  
m y c i n  C and r u b o m y c i n  C (Table  1). 

H i s t o l o g i c a l  e x a m i n a t i o n  of the  s e c t i o n s  s t a i n e d  by  B r a c h e t ' s  me thod  showed tha t  the  RNA conten t  was  
r e d u c e d  e q u a l l y  in a l l  zones  of the hepa t i c  lobule  a f t e r  a d m i n i s t r a t i o n  of m i t o m y c i n  Co 

C y t o p l a s m i c  RNA c o n s i s t e d  of f ine p a r t i c l e s  d i s t r i b u t e d  d i f f u s e l y  o r  c o n c e n t r a t e d  in s m a l l  g roups  
n e a r  the nuc l eus  and at  the p e r i p h e r y  of the c y t o p l a s m .  In the  l a t t e r  c a s e s ,  b e c a u s e  of the  i r r e g u l a r i t y  of 
d i s t r i b u t i o n  of the RNA p a r t i c l e s  and t h e i r  w e a k  l u m i n e s c e n c e  the  c y t o p l a s m  of the h e p a t o c y t e s  a p p e a r e d  
o p t i c a l l y  e m p t y  in f l u o r e s c e n t  p r e p a r a t i o n s .  In such  c a s e s  only  the ce l l  m e m b r a n e  and nuc l e i  w e r e  l u m i -  
n e s c e n t .  The n u c l e o l i  w e r e  h a r d l y  v i s i b l e ,  s m a l l  in s i z e ,  o r  oval  o r  s l i g h t l y  r e c t a n g u l a r  in shape .  

A f t e r  a d m i n i s t r a t i o n  of r u b o m y c i n  C the d i s t r i b u t i o n  of RNA in l i v e r  c e i l s  was  e i t h e r  a s  p a r t i c l e s  
o r  a s  a f ine dus t .  The  p a r t i c l e s  i r r e g u l a r l y  d s i t r i b u t e d  in  the  c y t o p l a s m  and c o n c e n t r a t e d  m a i n l y  
a t  the  p e r i p h e r y  of the  ce l l ,  l e s s  f r e q u e n t l y  n e a r  the n u c l e u s .  In f l u o r e s c e n t  s e c t i o n s  the  c y t o p l a s m  
of t h e s e  c e l l s  a p p e a r e d  o p t i c a l l y  e m p t y ,  fo r  the  r a r e  R N A  p a r t i c l e s ,  r e d d i s h  in c o l o r ,  w e r e  only d i m l y  
l u m i n e s c e n t .  As  a ru l e  the n u c l e o l i  of t h e s e  c e l l s  w e r e  i n v i s i b l e ,  but  the n u c l e a r  m e m b r a n e  was  s l i g h t l y  
t h i c k e n e d  and gave a b r i g h t  w h i t i s h  f l u o r e s c e n c e ~  P a r t i c l e s  of c h r o m a t i n  w e r e  c l e a r l y  v i s i b l e ,  e s p e c i a l l y  
in f l u o r e s c e n t  s e c t i o n s ,  w h e r e  they  gave a g r e e n i s h  l u m i n e s c e n c e .  

No s i g n i f i c a n t  changes  w e r e  found in t h e s e  s e c t i o n s  of the l i v e r  on i n v e s t i g a t i o n  of t h e i r  DNA con ten t .  

The d y n a m i c s  of c h a n g e s  in the a c t i v i t y  of the a c i d  n u c l e a s e s  of the r a t  l i v e r  u n d e r  the inf luence  of 
m i t o m y c i n  C and r u b o m y c i n  C i s  shown in Tab le  2. D u r i n g  the f i r s t  few h o u r s  a f t e r  a d m i n i s t r a t i o n  of 
m i t o m y e i n  C the change  in n u c l e a s e  a c t i v i t y  was  s l igh t ,  and not  unt i l  a f t e r  24 h w e r e  de f in i t e  d i f f e r e n c e s  
d i s c o v e r e d  in t h e i r  b e h a v i o r :  a c t i v i t y  of a c i d  DNase  fe l l  p r o g r e s s i v e l y  to r e a c h  54% of the c o n t r o l  l e v e l  
a f t e r  96 h, w h e r e a s  ac id  R N a s e  a c t i v i t y  was  unchanged  a t  t h e s e  t i m e s .  

The c h a n g e s  in e n z y m e  activi~,y in the a n i m a l s  r e c e i v i n g  r u b o m y e i n  C w e r e  r a t h e r  d i f f e r e n t  in 
c h a r a c t e r .  Some i n c r e a s e s  in the a c t i v i t y  of both  e n z y m e s  (by 23% in the c a s e  of a c i d  R N a s e  and by  18~o 
f o r  a c id  DNase)  was  o b s e r v e d  1 h a f t e r  i t s  i n j e c t i on .  H o w e v e r ,  by the  end of the f i r s t  day  of the e x p e r i -  
m e n t  the a c t i v i t y  of a c i d  DNase  and R N a s e  showed  a m a r k e d  d e c r e a s e  (to 76 and 66% of the c o n t r o l  l e v e l  
r e s p e c t i v e l y ) .  By the end of the p e r i o d  of o b s e r v a t i o n  t h e i r  a c t i v i t y  had r e t u r n e d  to  i t s  o r i g i n a l  l e v e l .  

The ac t i on  of both  m i t o m y c i n  C and r u b o m y c i n  C was  thus  to c a u s e  a s h a r p  d e c r e a s e  in the RNA c o n -  
t en t  in the l i v e r  (and, in p a r t i c u l a r ,  RNA of the r i b o s o m e s ) ,  whi le  only  s l i gh t  changes  w e r e  found in R N a s e  
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activity~ The DNA content r emained  vi r tual ly  unchanged throughout the exper iment .  Acid DNase act ivi ty  
showed a marked  tendency to d e c r e a s e .  

These invest igat ions conf i rm resu l t s  in the l i t e ra tu re  indicating that mi tomycin  C has a substantial  
effect  on the me tabo l i sm  of nucleic acidsand,  in pa r t i cu la r ,  of RNA, the content of which fal ls  sharply ,  
Similar  r e su l t s  were  obtained in the p resen t  expe r imen t s  a lso  for  the new Soviet anti~umor antibiotic,  
rubomycin  C, whose mechan i sm of act ion has not yet  been explained~ 

It cannot be unequivocally concluded f r o m  the r e su l t s  of these expe r imen t s  that the dec r ea se  in the 
RNA content in these expe r imen t s  was due to act ivat ion of an enzyme par t ic ipa t ing  in i ts  in t race l lu la r  
ca tabol i sm:  the changes in acid RNase ac t iv i ty  were  only slight in c h a r a c t e r .  Evidently inhibition of RNA 
synthes is  p lays  an impor tant  role  in the d is turbance  of nuclei acid me tabo l i sm following adminis t ra t ion  
of both mi tomycin  C and rubomycin  C. 
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