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The harmful effects of chronic (3-6 weeks) poisoning of ra ts  with CCl4 on the s t ructure  of 
~he mie rosomal  membrane and content of cytochrome P-450 was studied. The dis turbances 
investigated were found to be part ial ly revers ib le  during repeated exposure to the toxic fac-  
tor,  indicating loss of the ability of CCl4 to activate peroxidation of lipids in preparat ions  of 
m ic rosomes  from the c i r rhot ic  rat  l iver .  The hypothesis is put forward that the mechanism 
of molecular  adaptation to the chronic action of CC14 consists  of a change in the fatty acid 
spectrum of the mic rosomal  phospholipids through replacement  of highly saturated fatty 
acids by fatty acids with a minimal number of double bonds. 

The study of the molecular  mechanisms of action of toxic doses of carbon te t raehlor ide has shed light 
on the p r imary  react ions of activation of ~lipid peroxidation (LPO) in the endoplasmic membranes  of the 
l iver,  induced by the toxic agent and, in the opinion of some investigators,  leading to marked disorganiza-  
tion of the s t ructure  and function of the l iver  cells [11, 12]o Meanwhile,Hartman et al. [3] have postulated 
a possible role of LPO react ions in the development of c i r rhos i s  of the l iver  caused by prolonged poisoning 
of animals with carbon te t rachlor ide .  I t , s  also known that a single adminis t rat ion of a large dose of CC14 
to rats  with c i r rhos i s  of the l iver  does not lead to the appearance of c lassical  signs of acute poisoning: 
central  lobular necros is  and fatty degeneration of the l iver  [17]. 

The facts described above suggested that the l iver  develops a definite res is tance  to the action of CC14 
during the development of c i r rhos i s .  It seemed likely that this res is tance  could be due to a change in the 
sensit ivity of the phospholipid component of the membranes  of the endoplasmic ret iculum to induction of the 
LPO react ion.  To tes t  this hypothesis experimentally,  the model of vital activation of the l ipid-peroxidase 
react ion suggested by Hochstein and Erns te r  [4] was used; the destructive effect of this react ion on the in- 
tact  mic rosomal  sys tem has been thoroughly investigated [13, 16]. 

EXPERIMENTAL METHOD 

Male Wistar rats were poisoned by repeated inhalations of CCI 4 by the method of Babinoviei and 
Wiener [10]. Animals of the control (without CCI4 in the experimental poisoning chamber) and experimental 
groups were sacrificed after poisoning for 21 and 42 days. Histological examination after CCI~ poisoning of 
the animals for 3 weeks revealed evidence of subaeute toxic hepatitis, and after 6 weeks marked cirrhotic 
changes were found in the liver. The mierosomal fraction of the liver was isolated by ultracentrifugation 
of the mitoehondrial supernatant at 105,000 g for 60 n0in in a medium containing 0.35 M sucrose, 0.025 M 
KCI, 0.01 M MgCI2, and 0.05 M tris-HCl (pH 7.5). The content of microsomal eytochrome P-450 was de- 
termined by the method of Omura and Sato [9] with a model 356 Hitachi differential dual-beam spectro- 
photometer. The intensity of fluorescence of the aniline naphthalene-sulfonie acid (ANS) in the cell con- 
taining the raierosomal suspension was recorded by means of a speetrofluorometer. 
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Fig.  i .  Effect of activation of enzymic LPO react ion of m i c r o -  
somal membrane  on degree of fixation of ANS in control samples 
(A) and in samples of l iver  mic rosomes  from rats  receiving CCl4 
for 3 (B) and 6 (C) weeks.  The intensity of f luorescence of ANS 
at "zero  t ime" (1) and after  peroxidation (2) is shown. Wave 
lengths of excitation 300 nm, of f luorescence 470 urn. Volume of 
cell 3 ml ; ANS added 10/~M. 
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Fig. 2. Effect of peroxidation of mic rosomal  lipids on 
spectral  charac te r i s t i c s  of c ~ o c h r o m e  P-450. Legend 
as in Fig.  1. 1) "Zero  t ime" ;  2) af ter  enzymic peroxi -  
dation for 10 rain. Protein in control and experimental  
samples 2.4 mg in 3 ml medium. Abscissa,  wave length 
(in rim) ; ordinate, absorption.  

The activity of the LPO sys tems in the mic rosomal  membranes  was determined by the thiobarbiturate 
react ion from the quantity of malonic dialdehyde (MDA) formed [1]. The composit ion of the incubation m e -  
dium of the NADP.H2-dependent and ascorbate-dependent  LPO sys tems  was identical with that used by Hoch- 
stein et al. [5] to achieve the maximal react ion velocity.  The incubation time was calculated f rom the mo-  
ment of addition of the excess  NADP �9 H 2 (0.8-1 raM) and all the sbove pa ramete r s  before the addition of the 
reduced NADP were taken as the indices of "zero t ime."  The specimens were incubated at 37 ~ for 10 rain 
with constant agitation. At the end of this time the react ion was stopped by the addition of 300 M EDTA. 
The optical density of the mic rosomal  suspension was measured  during incubation spect rophotometr ica l ly  
at 520 nm [13]. The basic incubation medium contained: 125 mM KCI+20 mM t r i s -HCl  (pH 7.4). Prote in  
was determined by the method of Lowry et al.  [6]. 

E X P E B I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

Prolonged poisoning of the animals with CCl4 led to s t ructural  disturbances in the mic rosomes  as 
shown by a decrease  in the hydrophobic proper t ies  of the mic rosomal  membrane  recorded  [15] as a de-  
c rease  in intensity of f luorescence of ANS (Fig. 1:1). In addition, the quantity of cytochrome P-450 incor -  
porated into the endoplasmic membranes  and responsible for  oxygenase react ions of mixed type [7] was 
reduced by 80~ af ter  poisoning for 3 weeks and by 53% after  6 weeks (Fig. 2:1). It is par t icu lar ly  important  
to note that between the 4th and 6th weeks of poisoning inclusive, i.e., during continued exposure to the ac -  
tion of the toxic factor,  the progress ive  development of c i r rhos i s  of the l iver  was accompanied by a relative 
increase  in the hydrophobic proper t ies  of the mic rosomal  membrane  (Fig. 1) and in the content of P-450 
(Fig. 2), indirect evidence of the formation of definite res i s tance  of the microsomal  membrane  to the h a r m -  
ful action of CCI4. 
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TABLE 1~ Changes in L ip id -Pe rox idase  Activi ty and Decrease  in Optical Density of Microsomal  Suspension 
at Different Stages of C i r rhos i s  of the L iver  Induced by CC14 

Control  Samples 
Samples f r o m  ra t  l iver :  

a f t e r  inhalation of CC14 for  3 weeks 
a f t e r  inhalation of CC14 fo r  6 weeks 

Activi ty of NADP o Hz-dependent 
l ip id -perox idase  reac t ion  "(in 

mpM MDA/min/mg protein) 

4.8 • 0.4 

6~177 0.5 
0.2• 0.02 

Dec rease  in optical  densi ty 
of m i c r o s o m a l  suspension 
a f te r  peroxidat ion of l ipids 
for  10 rain (in % of value at 

nZero t ime")  

35• 5 

58• 3 
2• 

*Livers  of six r a t s  were  used for  each m i c r o s o m a l  s ample .  Resul ts  given are  mean  values  for  8-9 e x p e r i -  
ments  o 

The re su l t s  given in Fig.  2 show that the spec t rum of cy tochrome P-450 underwent changes of a fun- 
damenta l ly  different  c h a r a c t e r  in the exper imenta l  and control  s amples  of m i c r o s o m e s  on act ivat ion of the 
enzymic  LPO reac t ion .  In the l a t t e r  convers ion  of c ~ o c h r o m e  1)-450 into its inactive fo rm (t)-420) was ob-  
se rved  (see Fig.  2A), evidently as the resu l t  of a change in the hydrophobic p rope 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  through the des t ruc t ive  action of lipid peroxides  on its phospholipid component .  According to 
the observa t ions  of Tam and McCay [13], the dec rea se  in optical density of the m i e r o s o m a l  suspension,  the 
accumulat ion of an LPO product,  namely  MDA (Table 1), and a lso  the dec rease  in f luorescence  of ANS (Fig. 
1A) obse rved  in these  expe r imen t s  were  evidence of damage to the m e m b r a n e  phospholipidso 

By con t ras t  with the control  samples ,  in m i c r o s o m a l  samples  f rom the l ive r  of r a t s  inhaling CC14 for  
3 weeks initial damage to the m e m b r a n e  has been followed by complete  d isorganiza t ion  of t h e m i c r o s o m e s  
on act ivat ion of the enzymic  LPO react ions ,  mani fes ted  by  the absence of the spec t r a l  c h a r a c t e r i s t i c s  of 
cy tochrome P-450 or  even P-420 (Fig. 2B) and by min imal  act ivi ty  of the m i c r o s o m a l  n~embrane with r e -  
spect  to ANS fixation (Fig. 1B)o Peroxidized  spec imens  of m i c r o s o m e s  at this  per iod  showed a g r ea t e r  de-  
gree of accumulat ion of MDA and a g rea t e r  dec rease  in optical  act iv i ty  than in the control  (Table 1). F ina l -  
ly, m i c r o s o m e s  f rom the c i r rhot ic  l i ve r  were  comple te ly  r e s i s t an t  to induction of the LPO react ion,  as 
shown by the min imal  accumulat ion of MDA, by the v e r y  sl ight dec rease  in optical densi ty of the suspension 
(Table 1), and a lso  by the absence  of changes in the spec t rum of cy tochrome P-450 (Fig. 2B) and the iden- 
t ical  degree  of f luorescence  of ANS before  and a f t e r  act ivat ion of the enzymic  LPO reac t ion  (Fig. 1C). The 
resu l t s  descr ibed  in this paper  thus indicate that induction of the l ip id -perox idase  r eac t ion  in the m i c r o -  
somes  of the l i ve r  with developing c i r r h o s i s  is sharp ly  impeded.  R e m e m b e r i n g  that the dec rea se  in hydro-  
phobic p rope r t i e s  of the m e m b r a n e ,  the dec rease  in optical density of the m i c r o s o m a l  suspension,  and the 
convers ion  of P-450 into P-420 a re  mani fes ta t ions  of damage to the m i c r o s o m e s  it can be concluded that 
the development  of c i r r h o s i s  in the l i ve r  through CC14 poisoning leads to the appearance  of r e s i s t ance  of 
the m i c r o s o m a l  m e m b r a n e s  to LPO reac t ions .  

The work of Tam and McCay [8 ] showed that MDA format ion  during LPO act ivat ion in the m i c r o s o m e s  
is connected with des t ruct ion of highly unsatura ted  fat ty acids of the phospholipids of  the m i c r o s o m a l  m e m -  
brane ,  which account for  15% of the total  fat ty acid content.  This fact  and the r e su l t s  of the p resen t  e x p e r i -  
ments  evidently provide  a sufficiently f i rm bas i s  for  two conclusions.  The f i r s t  is that the highly unsa tura ted  
fat ty  acids of the m e m b r a n e  phospholipids play a decis ive  role  in mainta ining the hydrophobic p rope r t i e s  
of the m e m b r a n e  and a lso  the functional and spec t ra l  cha r ac t e r i s t i c s  of a vi tal  component  of the m i c r o s o m a l  
e lec t ron  t r a n s p o r t  chain - cy tochrome P-450.  The second conclusion is that the s t ruc tu ra l  changes taking 
place in the m i c r o s o m e s  in the course  of chronic CC14 poisoning and the development  of c i r r h o s i s  of the 
l i ve r  a r e  a imed at  reducing the degree  of unsatura t ion of the fat ty  acids of the m e m b r a n e  phospholipids.  
This  p r o c e s s  is evidently a manifes ta t ion  of mo lecu l a r  adaptation at the level  of the m i c r o s o m a l  m e m b r a n e s  
to the repea ted  action of the toxic fac tor  on the cel l .  

A change in the fa t ty -ac id  composi t ion of the subcel lu lar  m e m b r a n e s  toward a higher level  of s a t u r a -  
tion has been r eco rded  in cer ta in  s i tuat ions.  In par t i cu la r ,  Van Deenen et al .  [14] showed that a diet con-  
taining sa tu ra ted  fat ty  acids leads to a predominance  of fat ty  acids with fewer  double bonds than in the con-  
t ro l  in the phospholipids of the l ive r .  A s i m i l a r  p roce s s  is observed  during regenera t ion ,  when 30 h a f te r  
hepatec tomy the content of arachidonic  acid (C~0:4) in the phospholipids of the l i ve r  fal ls  while the content 
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of oleic (C18:1) and linoleic (C18:z) acids r ises  [2]. It can be concluded from these examples that the sug- 
gested mechanism of molecular adaptation during chronic exposure to a harmful factor, involving s t ruc-  
tural reorganization of the subeellular membranes, is not artificial and has definite analogies in animal 
tissues ~ 
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