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The content of lecithins and cephalins and the ac t iv i ty  of enzymic  and nonenzymic s y s t e m s  of 
phospholipid peroxidat ion in the m i c r o s o m e s  and mitochondr ia  of  the r a t  l iver  were  sharp ly  
changed a f t e r  injection of 3 ,4-benzpyrene .  Significant changes take p lace  in the content  of 
lipid peroxides  and act ivi ty  of enzymes  uti l izing lipid peroxides  (glutathione perox idase ,  
glutathione reductase)  in the r a t  l iver  during ca rc inogenes i s .  Accumulat ion of lipid peroxides  
in the r a t  l iver  during ca rc inogenes i s  was shown to be connected with d is turbances  of balance 
between the s y s t e m s  genera t ing  and detoxicating lipid peroxides .  The absence  of lipid peroxides  
in the tumors  can be a t t r ibuted to high act ivi ty  of p ro tec t ive  enzyme s y s t e m s  and it  r e f l ec t s  
adapt ive m e c h a n i s m s  a imed at  maintaining a high background of p ro l i f e ra t ing  cel ls  in the tumor .  

KEY WORDS: ca rc inogenes i s  ; lipid peroxides  ; phospholipids ; glutathione pe rox idase ;  gluta-  
thione r educ tase .  

Unsaturated acyl  groups of m e m b r a n e  phospholipids under ae rob ic  conditions a r e  read i ly  oxidized by a 
f r e e - r a d i c a l  m e c h a n i s m  under the influence of enzyme s y s t e m s  with the fo rmat ion  of the cor responding  hydro-  
peroxides  [2, 3]. Perox ides  of lipids or  thei r  oxidative des t ruc t ion  products  can exer t  a harmful  sys t emic  
act ion on the cel l  [1, 6]. Peroxida t ion  of lipids (POL) is regulated in vivo through the par t ic ipa t ion  of enzymes  
uti l izing lipid perox ides  (GSH-peroxidase ,  GSSG-reductase)  [4]. It was shown prev ious ly  that f r e e - r a d i c a l  
peroxidat ion of polyene lipids in the host  t i s sues  may be an impor tan t  s tage  in the pathogenesis  of mal ignant  
growth [2, 3, 5]. 

I t  was accord ingly  decided to study some  aspec t s  of  the m e t a b o l i s m  of lipid peroxides  during chemica l  
ca rc inogenes i s .  

E X P E R I M E N T A L  METHOD 

Noninbred male  albino r a t s  weighing 120-150 g were  each given a subcutaneous injection of 5 mg 3,4- 
benzpyrene  (3,4-BP) in 0.5 ml  oxidized olive oil  or  an equal  dose of an thracene ,  a noncarcinogenic  hydrocarbon 
(control) [8]. The subcel lu lar  organel les  were  isolated f rom the l iver  as descr ibed  prev ious ly  [3, 8 ]  The 
phospholipid content was de te rmined  a f t e r  isolat ion of the cor responding  f rac t ion  by th in - layer  ch roma tog raphy  
on s i l i ca -ge l  [9] and the content of lipid peroxides  was de te rmined  by iodomet r ic  t i t ra t ion with a m p e r o m e t r i c  
r eco rd ing  of the end point [7]. Act ivi ty  of  the s y s t e m  of enzymic NADPH-dependent  peroxidat ion (NDP} of 
phospholipids was c h a r a c t e r i z e d  by the init ial  r a t e  of  accumula t ion  of malonic  dialdehyde [2]. Activity of the 
s y s t e m  of nonenzymic,  a s co rba t e -dependen t  peroxidat ion  (ADP) of lipids (ascorba te  without exogenous Fe 2+) 
was cha r ac t e r i z ed  by the r e c i p r o c a l  of the induction per iod (the t ime taken to r each  ~D532-- 0.2). The r e su l t s  of 
m e a s u r e m e n t s  of ac t iv i ty  of the POL s y s t e m s  were  e x p r e s s e d  as the exper iment /con t ro l  ra t io .  Act ivi ty  of 
GSH-peroxidase  and GSSG-reductase  was de te rmined  in the superna tant  (750 g, 10 min} of the homogenate of 
pe r fused  t i s sue  in the p r e s e n c e  of 0.1% Tri ton X-100 [4]. 

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

In the cou r se  of  ca rc inogenes i s  s ignif icant  changes took place  in the content  of the mos t  readi ly  pe rox i -  
dized [13] f rac t ions  of phospholipids - lecithins and c e p h a l i n s -  in the m i c r o s o m e s  and mitochondr ia  of the r a t  
I 
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Fig. 1. Changes in content of  licithins (1, 3) and cephalins 
NDP (5) and ADP (6, 7) in r a t  l iver  m i c r o s o m e s  (1, 2, 5, 6) 
7) a f t e r  injection of  3 ,4-BP.  

(2, 4) and in ac t iv i ty  of  
and mitochondr ia  (3, 4, 

l iver  during ca rc inogenes i s  (Fig. 1). Af te r  inject ion of 3 ,4-BP the content  of lecithins and cephalins in the 
m i c r o s o m e s  of  the r a t  l iver  i nc rea sed  (Fig. 1) to r e a c h  a m a x i m u m  in the 14th week of ca rc inogenes i s  (the 
t ime  of appea rance  of the tumors ) .  Development  of the tumor  was accompanied  by a sha rp  d e c r e a s e  in the 
content  of  lecithins and cephalins in the l iver  m i c r o s o m e s  of the t u m o r - b e a r i n g  r a t s ,  and in the t e rmina l  s tage 
of growth of the tumor  i t  was below the ini t ial  level .  

NDP act ivi ty  in the r a t  l iver  m i c r o s o m e s  fell  v e r y  sl ightly during the f i r s t  weeks a f t e r  injection of 
3 ,4 -BP,  but r o s e  sharp ly  a f t e r  the 10th week of ca rc inogenes i s ,  to r each  a m a x i m u m  a t  the 14th week of c a r -  
c inogenesis  (Fig. 1). In the per iod of growth of the tumor  (af ter  the 14th week) NDP ac t iv i ty  fell,  but even in 
the t e rmina l  s tage  it  was higher than the l iver  NDP act ivi ty  of the Control an imals .  ADP act ivi ty  in the l iver  
m i c r o s o m e s  changed ant ibat ica l ly  r e la t ive  to the change in NDP act ivi ty  in the s ame  m e m b r a n e s  (Fig. 1). 

In the s tage of ca rc inogenes i s  when NDP act iv i ty  in the l iver  m i c r o s o m e s  was max imal  ( f rom the 10th 
through the 18th weeks) ADP act iv i ty  in the s ame  subcel lu lar  pa r t i c l e s  was thus inhibited, i .e . ,  POL in the l iver  
m i c r o s o m e s  thus evidently takes p lace  during ca rc inogenes i s  en t i re ly  through the act ion of the enzyme sys t em,  
whereas  nonenzymic oxidation of phospholipids is unlikely during this per iod.  

Activat ion of NDP in the l iver  m i c r o s o m e s  during ca rc inogenes i s  was accompanied  by a marked  i n c r ea se  
in the content  of  lipid peroxides  in the l iver  and by accumula t ion  of lysophosphat ides and, in pa r t i cu l a r ,  of lyso-  
leci thins,  which a r e  fo rmed during peroxidat ion of the cor responding  phospholipids and a lso  in model  s y s t e m s  
[13], in the l iver  m i c r o s o m e s  (Fig. 2). Tim appea rance  of hydrophil ic  peroxide  groups in polyunsatura ted  acyl  
groups of phospholipids mus t  lead to a change in the conformat iona l  p r o p e r t i e s  of the m i c r o s o m a l  m e m b r a n e s  
[1-5] and to des t ruc t ion  of cy toch rome  P450 [12]. A change in NDP act ivi ty  in the l iver  m i c r o s o m e s  during c a r -  
c inogenesis  in fac t  induces an  ant ibat ic  change in ac t iv i ty  of the m i c r o s o m a l  s y s t e m  of xenobiotic oxidation 
[8], and under  these  c i r c u m s t a n c e s  the content  of cy tochrome  P450 in the l iver  m i c r o s o m e s  of r a t s  with tumors  
fails  p r o g r e s s i v e l y  [8]. 

The content  of lecithins and cephalins in the r a t  l iver  mi tochondr ia  fel l  f r o m  the 8th through the 18th 
week of ca rc inogenes i s  (Fig. 1). ADP act ivi ty  in the mi tochondr ia ,  on the o ther  hand, r o s e  sharp ly  in this s a m e  
per iod of ca rc inogenes i s ,  but fel l  in the t e r m i n a l  s tage  of tumor  growth (Fig. 1). The c h a r a c t e r  of the change 
in NDP act iv i ty  in the m i c r o s o m e s  and ADP act ivi ty  in the mi tochondr ia  of the l iver  during ca rc inogenes i s  was 
s i m i l a r ,  but the m a x i m u m  on the curve  of changes in ADP act ivi ty  in the mi tochondr ia  was shifted by 5-6 weeks 
to the r ight  along the t ime  axis r e l a t ive  to the m a x i m u m  of the change in NDP act ivi ty  in the m i c r o s o m e s .  This 
phenomenon may poss ib ly  r e f l e c t  induction of nonenzymic POL in the l iver  mi tochondr ia  during ca rc inogenes i s  
by r ad i ca l  products  of  m i c r o s o m a l  lipid oxidation. The deve lopmen t  of f r e e - r a d i c a l  r eac t ions  in m i c r o s o m a l  
phospholipids under  the influence of NADPH-dependent  dioxygenase in v i t ro  may be accompanied  by co -ox ida -  
tion of lipids of o ther  m e m b r a n e  s t r u c t u r e s  which do not contain POL enzyme s y s t e m s ,  probably  on account  of 
" leakage"  of in tens ively  fo rmed rad ica l  products  [10, 14]. The poss ib i l i ty  l ikewise cannot be ruled out that 
inc reased  solubi l izat ion of m i c r o s o m a l  f lavoprote ins  during oxidation of phospholipids by NADPH-dependent  
dioxygenase may  enable them to play a r o l e  in the ca ta lys i s  of POL in the hya lop lasm and o ther  m e m b r a n e s ,  
notably in the mi tochondr ia  [11]. 
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TABLE 1. Activi ty of GSH-Perox idase  and GSSG-Reductase and 
Phospholipid Content in Liver  and in Sa rcoma  Induced by 3 ,4-BP 
(M• 

Tissue 
GSH- 
peroxidase, 
units/rag 
protein 

GSSG- 
reductase) 
units/mg 
protein 

Phospholipids, 
mg/g tissue 

Liver of intact rats (26) 37,0• 1,O 9,O---+O,l 25,2_+1,6 
Tumor: 

16 weeks (4) 46,7--+3,5* 3,4-+0,2" 5,1-+0,2' + 
20 weeks (3) 69,8-+2,2* 22,0+__0,4* 5,5-+1,1" 
24 weeks (5) 67,44-1,2* 19,6-+0,4" 5,0-+0,7* 

Legend. Number  of  exper imen t s  given in p a r e n t h e s e s ;  *) P < 0.05. 
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Fig. 2. Changes in content  of lipid peroxides  in l iver  (1) and lysoleci thins in 
l iver  m i c r o s o m e s  (2) of r a t s  a f t e r  injection of 3 ,4-BP.  

Fig. 3. Changes in GSH-peroxidase  (1) and GSSG-reductase  act ivi ty  (2) in r a t  
l iver  a f t e r  injection of 3 ,4-BP.  

Activi ty of GSH-perox idase  and GSSG-reductase  in the  r a t  l iver  inc reased  a f t e r  injection of 3 ,4 -BP to 
r e a c h  a m a x i m u m  in the 12th-14th weeks of ca rc inogenes i s  (Fig. 3), i t  fell  during the per iod of tumor  growth,  
and in the t e rmina l  s tage was below the control  level  (Fig. 3). Act ivat ion of GSH-peroxidase  in the r a t  l iver  
during ca rc inogenes i s  evidently re f lec t s  the inductive synthesis  of this enzyme through accumula t ion  of the 
subs t r a t e ,  namely lipid peroxides  (Fig. 2). Admin is t ra t ion  of hydroperoxides  of  arachidonic  acid into intact  
mice  in fact  causes  a marked  inc rea se  in l iver  GSH-peroxidase  act ivi ty  [5]. Never the less ,  although f r o m  the 
8th through the 18th week of ca rc inogenes i s  the l iver  GSH-peroxidase  level r o s e  (Fig. 3), the r e a l  content  of 
lipid perox ides  in the l iver  in this per iod a lso  inc reased  cons iderab ly  (Fig. 2), evidence of an imbalance  in the 
act ion of the s y s t e m s  for genera t ion and inact ivat ion of lipid peroxides  in the t i s sues  during ca rc inogenes i s .  

Tumor  cel ls  could not successfu l ly  r ep roduce  if an i nc rea se  in POL in the host  led to intensif icat ion of 
f r e e - r a d i c a l  oxidation of lipids in the tumor  i tself .  The v i r tua l ly  comple te  absence  of POL products  in t umors  
[2, 3, 5, 7] indicates  the exis tence  of molecu la r  m e c h a n i s m s  protect ing the ac t ive ly  pro l i fe ra t ing  tumor  cel ls  
aga ins t  the cytos ta t ic  act ion of lipid peroxides .  The absence  of lipid peroxides  in the tumor  cannot be explained 
by an i nc rea se  in the content  of lipid antioxidants and it  is p robab ly  due to the e x t r e m e l y  high act ivi ty  of p r o -  
tec t ive  enzyme s y s t e m s  in the tumor  [2-5]. It  will be c l ea r  f r o m  Table 1 that  in the s a r c o m a  induced by 3 ,4 -BP 
a l so ,  act iv i ty  of  GSH-perox idase  and GSSG-reductase  in the tumor  was comparab l e  with or much higher  than the 
act ivi ty  of these  enzymes  in the l iver  (a t i s sue  with a high level  of activity) in intact  ra t s .  

The phospholipid content  in the tumor  was much lower than in the l iver  (Table 1). Detoxication of p e ro x -  
ides of phospholipids in the tumor  (if they a r e  formed) thus takes place much m o r e  effect ively  than in the l iver ,  
for in the tumor  GSH-perox idase  act ivi ty  e x p r e s s e d  pe r  unit potent ial  subs t r a t e  of f r e e - r a d i c a l  oxidation is con-  
s ide rab ly  higher  than in the l iver .  Consequently,  the high r e s i s t a n c e  of t umors  to POL, de te rmined  by the 
i nc rea sed  level  of p ro tec t ive  enzyme s y s t e m s ,  p robab ly  re f l ec t s  adapt ive  mechan i sms  maintaining a high pool 
of p ro l i f e ra t ing  cel ls  in the tumor .  
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ROLE OF VITAMIN A IN CHEMICAL CARCINOGENESIS 

OF THE MAMMARY GLAND 
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The ef fec t  of feeding r a t s  with la rge  doses  of v i t amin  A on the concentra t ion  of the polycycl ic  
hydrocarbon 7 ,12-dimethylbenz(a)anthracene  (DMBA) and its metabol i tes  in va r ious  organs  
and in the blood and a lso  on the r a t e  of me tabo l i sm  in the l iver  of ra t s  a f t e r  intravenous 
injection of  the ca rc inogen  were  studied. In hyperv i t aminos i s  A the quantity of DMBA and 
its metabol i t es  was found to be cons ide rab ly  reduced in al l  the organs  tes ted and in the 
blood. The r a t e  of DMBA m e t a b o l i s m  in the l iver  of the an imals  inc reased  with an inc rease  
in the dose of  v i t amin  A. 

KEY WORDS: hyperv i t aminos i s  A; 7 ,12-dimethylbenz(a)anthracene;  me tabo l i sm;  c a r c i n o -  
genesis  of  the m a m m a r y  gland. 

During the l a s t  decade the ant icarc inogenic  act ivi ty  of v i t amin  A has been studied in many countr ies .  It 
has been shown that  v i t amin  A has a prophylac t ic  act ion and, in some p recance rous  s t a tes ,  a therapeut ic  act ion 
a lso  in expe r imen ta l  an imals .  P r e l i m i n a r y  feeding with la rge  doses  of v i tamin  A p ro tec t s  an imals  aga ins t  
induction of c ance r  in them by var ious  chemica l  carc inogens  [2]. The ant icarc inogenic  act ion of v i t amin  A in 
such cases  may be due to modif icat ion of me tabo l i sm of hydrocarbons  in the body [9] and to a change in the 
level  of the ca rc inogen  or  of  its ca rc inogenic  metabol i te  in the t a rge t  organ.  Some worke r s  cons ider  that  the 
concentra t ion  of a ca rc inogen  in the t a rge t  o rgan  is an impor tan t  factor  for  the induction of t umors  by poly-  

cycl ic  hydrocarbons  [4]. 

The objec t  of  this invest igat ion was to study the concentra t ion of a ca rc inogen  and its metabol i tes  in c e r -  
ta in o rgans  and in the t a rge t  o rgan  during induction of m a m m a r y  gland cance r  in r a t s  rece iv ing  large  doses  of 

v i t amin  A. 
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