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In animals,  pa thologica l  s tudies  have  demons t ra ted  tha t  the  l iver  is 
the p r i m a r y  si te of a t tack of the  drug. The ease wi th  which CC14 produces  
l iver  lesions and the precise his tological  control  r ende red  this drug  a 
useful  tool for l iver  studies.  

The impor tance  of the  ac t iv i ty  of the  microsomal  enzymes in the 
CC14 induced l iver  i n ju ry  has been prev ious ly  emphasized.  In some ex-  
per iments  where  the ac t iv i ty  was reduced  the  animals  p roved  res i s tan t  
to the poison (6, 25). By contras t  the increase  of the  enzyme ac t iv i ty  leads 
to increased sens i t iv i ty  to CC14 (25). 

However ,  we found tha t  phenobarb i tone  which is known to be an 
inducer  of microsomal  enzyme, when given in r epea ted  doses together  
wi th  small  doses of CC14 pro tec ted  ra ts  agains t  the  hepa to tox ic i ty  of CC14. 
Pro tec t ion  was ev ident  f rom reduced ac t iv i ty  of p lasma  g lu t amic -pyruv ic  
t r ansaminase  and reduced  l iver  f a t ty  degenera t ion  as demons t r a t ed  by  
histologic evaluat ions.  S imi la r  t r e a t m e n t  wi th  p rop iony l -p romaz ine  which 
is a microsomal  enzyme inhibi tor ,  toge ther  wi th  CC14, fa i led to pro tec t  ra t s  
agains t  CC14 induced hepa to tox ic i ty  (7). 

The act ion of most  hepato toxic  drugs  which cause f a t t y  l iver  is, in 
general ,  associated wi th  inhib i t ion  of hepat ic  p ro te in  synthesis  (2). 

The aim of the  p resen t  s tudy is to eva lua te  the  effect of phenobarb i tone  
and p rop iony l -p romaz ine  on se rum pro te in  pa t t e r n  and fa t  content  of 
the l iver  in ca rbon- te t rach lor ide  induced l iver  damage.  

Material and methods 

Male albino rats (Sprague Dawley strain) were used. The diet was an 
adequate one and was supplied ad libitum. The animals were divided into six 
groups. Ten animals were included in each group. 

Control group, group treated with CC14 (0.1 ml/kg S.C.) diluted in the ratio 
of 1:1 with paraffin oil was administered daily for ten days. Phenobarbitone 
group (60 mg/kg Lp.), propionyl-promazine group (2 mg/kg i.m.) and two other 
groups administered daily, either phenobarbitone plus CC14 or propionyl- 
promazine plus CC14, for a period of 10 days. The animals were weighed before 
and after the experiment, and were sacrificed by light ether anesthesia. 
Blood samples were taken from the orbital plexus and serum was kept frozen 
for further analysis. 
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Total  serum prote ins  was de termined by  the h iure t  method and e lec t ro-  
phoret ic  separat ion of serum proteins  by  the method of King and Wootton (22). 

Liver  samples  were taken  for fa t  analysis.  The fa t  content  of the l iver  was 
determined according to Folch (9). 

Results  

D a t a  d e s c r i b i n g  t h e  f a t  c o n t e n t  of  t he  l i v e r  a n d  p e r c e n t a g e  change  in  
b o d y  w e i g h t  a n d  s e r u m  t o t a l  p r o t e i n  a n d  i ts  f r a c t i o n s  in c o n t r o l  a n d  
c a r b o n - t e t r a c h l o r i d e  i n t o x i c a t e d  r a t s  u n d e r  t h e  i n f l u e n c e  of p h e n o b a r -  
b i t o n e  a n d  p r o p i o n y l - p r o m a z i n e  a r e  r e p r e s e n t e d  in  t a b l e  1 a n d  2. 

Table I. Effect of  dai ly  adminis t ra t ion of  phenobarbi tone or propionyl-promazine 
together  with S.C. injection of CCI4 on fa t  content  os the  liver and body wt. change. 

Exper imenta l  Doses given F a t  as % P* Body wt. 
groups daily for of wet liver changes % 

10 days  w'~. 

1. Control - 4.27 • 0.34 0.005 + 16.0 
2. CC14 0.1 ml/kg s.c. 14.77 • 1.06 - --  5.5 
3. Phenobarbi tono 60 mg/kg i.p. 6.22 • 0.54 0.05 --  3.5 
4. Phenobarbi tone 

+ CC14 60 mg/kg i.p. 7.47 • 0.49 0.05 --  6.0 
5. Propionyl-promazine 2 mg/kg i.m. 4.29 • 0.55 0.005 + 13.0 
6. Propionyl-promazine 

+ CCla 2 mg/kg i.m. 12.99 • 0.75 0.05 431 .0  

* Exper imenta l  groups vs CCI, 

O u r  d a t a  r e v e a l e d  a m a r k e d  i n c r e a s e  of  t he  f a t  c o n t e n t  of  t h e  l i v e r  
u n d e r  t he  i n f l u e n c e  of  c a r b o n - t e t r a c h l o r i d e .  

H o w e v e r ,  w h e n  p h e n o b a r b i t o n e  w a s  a d m i n i s t e r e d  t o g e t h e r  w i t h  CC14 
th i s  t r e a t m e n t  r e s u l t e d  in  a s i g n i f i c a n t  r e d u c t i o n  in  t h e  f a t  c o n t e n t  of  t h e  
l i ve r .  

N e v e r t h e l e s s ,  in  c o m p a r i s o n  w i t h  t h e  con t ro l  e x p e r i m e n t s  i t  was  f o u n d  
t h a t  u n d e r  t h e  in f luence  of  p h e n o b a r b i t o n e  w h e t h e r  w a s  a d m i n i s t e r e d  
a l o n e  or  t o g e t h e r  w i t h  c a r b o n - t e t r a c h l o r i d e ,  t he  f a t  c o n t e n t  of  t he  l i v e r  
w a s  s i g n i f i c a n t l y  h i g h e r  t h a n  t h a t  of  t h e  cont ro l .  

P r o p i o n y I - p r o m a z i n e  w h e n  a d m i n i s t e r e d  a l o n e  o r  t o g e t h e r  w i t h  CC14 
h a s  no  e f fec t  on t h e  f a t  c o n t e n t  of t h e  l i ve r .  

C o n s e r n i n g  the  b o d y  we igh t ,  i t  w a s  f o u n d  t h a t  t h e r e  is  a g a i n  in  t h e  
b o d y  w e i g h t  of  t he  c o n t r o l  g roup ,  w h i l e  t h e r e  is a loss  of  b o d y  w e i g h t  
u n d e r  t he  in f luence  of CC14 p h e n o b a r b i t o n e  a n d  p h e n o b a r b i t o n e  p lu s  
c a r b o n t e t r a c h l o r i d e .  H o w e v e r ,  t h e r e  is also a b o d y  w e i g h t  i n c r e a s e  u n d e r  
t h e  in f luence  of  p r o p i o n y l - p r o m a z i n e  w h e t h e r  i t  w a s  a d m i n i s t e r e d  a l o n e  
o r  t o g e t h e r  w i t h  CC14. 

T a b l e  2 r e p r e s e n t s  t h e  changes  in  t h e  t o t a l  p r o t e i n  a n d  i t s  f r ac t ions .  
A s t a t e  of h y p o p r o t e i n e m i a  a n d  h y p o a l b u m i n e m i a  m a y  b e  o b s e r v e d  in  
r a t s  w i t h  s e v e r e  cond i t i ons  of c a r b o n - t e t r a c h l o r i d e  i n t o x i c a t i o n ,  w h i l e  t he  
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Table 2. Serum protein pattern in control and studied groups (mean • S.E.). 

Groups T. pr. Alb ~-G B-G r-G T.G. A/G 
g% g% g% g% g% g% ratio 

Control 7.39 3.42 1.30 1.61 1.06 3.97 0.84 
4-0.35 • ~:0.05 =t=0.06 4-0.05 4-0.19 4-0.008 

6.19 1.88 1.64 1.91 0.96 4.31 0.45 
~: 0.48 • 4-0.05 ~: 0.06 4-0.03 • 4-0.003 

0.025 0.005 0.05 0.025 0.05 0.025 0.005 

6.62 2.46 1.35 1.65 1.16 4.11 0.59 
• 4-0.08 4-0.05 4-0.06 -4-0.04 4-0.12 4-0.004 

0.05 0.05 0.15 0.15 0.15 0.10 0.025 

7.04 2.96 1.39 1.68 1.11 4.18 0.70 
4-0.47 4-0.08 4-0.05 4-0.06 4-0.04 4-0.13 4-0.006 

0.10 0.15 0.15 0.15 0.15 0.10 0.10 

6.78 2.68 1.33 1.56 1.21 4.10 0 .64 
4-0.39 4-0.07 4-0.04 4-0.05 4-0.04 • +0.005 

0.05 0.08 0.15 0.15 0.025 0.10 0.05 

6.50 1.97 1.53 1.56 1.32 4.53 0.43 
4-0.56 4-0.09 ::[: 0.06 i0 .06  +0.05 4-0.16 4-0.003 

0.05 0.005 0.10 0.15 0.025 0.025 0.005 

CC1, 

P 

Phenobarbitone 

P 

Phenobarbitone 
-{- CCI 4 

P 

Propionyl- 
promazine 

P 

Propionyl- 
promazine 
+ CO1, 

globulin fraction increased. The A]G ratio was therefore significantly 
decreased. 

The effect of phenobarbi tone on serum proteins of normal  rats, resulted 
in a significant decrease in total protein and in serum albumin, while the 
globulin fractions remained vir tual ly unaltered. The A/G ratio was 
therefore significantly decreased. 

However, when phenobarbi tone was administered together with carbon- 
tetrachloride, there was no statistically significant difference in the 
percentage of the different protein fractions nor  in the A/G ratio as 
compared with the control group. 

In the case of propionyl-promazine when administered to control rats 
it resulted in a significant decrease in total protein and increase in gamma 
globulin. The A/G ratio was significantly decreased. 

Under  the influence of propionyl-promazine plus carbon-tetrachloride 
there was a state of hypoproteinemia and hypoalbuminemia and a 
significant increase in gamma globulin with consequent decrease in A/G 
ratio. 

D i s c u s s i o n  

The hepatic lipid level is affected by a number  of factors. These 
include the release of FFA from adipose tissue, uptake of FFA by  the 
liver, hepatic FFA metabolism (synthesis, oxidation, incorporation into 
triglycerides, and phospholipids) and release of lipid from the liver as 
lipoprotein. 
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Accumulat ion of abnormal  amounts  of lipid in the l iver  could con- 
ceivably result  f rom a change in the ra te  of one or more  of these steps. 

Chemical investigations revealed that  the rise in l iver  lipid following 
administrat ion of CC14 to rats  was due to increased l iver  t r iglyceride 
(5, 33). 

Maling et al. (11, 24), were  the first  to demonstra te  that  af ter  carbon- 
tetrachloride poisoning there  is a marked  reduct ion in t ransfer  of 
tr iglycerides f rom l iver  to plasma. 

The demonstrat ion that  a hepatic t r iglyceride secretory mechanism 
was blocked short ly  af ter  carbon-tetrachloride poisoning established the 
pathophysiological basis of carbon-tetrachloride fa t ty  l iver  (29). 

In CC14 poisoning, ear ly  morphological  changes have been described 
in the endoplasmic re t iculum of the l iver  cell (3, 27). At  the same t ime the 
endoplasmic re t iculum was damaged both enzymatical ly  (26, 30) and 
s t ructura l ly  (28). Simultaneously l iver  tr iglycerides were  rising rapidly (33). 

Recknagel and Lombardi  (30) found evidence of damage to the 
endoplasmic re t iculum 2 to 3 hr  af ter  CC14 poisoning coinciding in t ime 
with the highest CC14 concentrat ion in the l iver  and with the beginning 
of fa t  accumulation. They  considered that  the endoplasmic re t iculum had 
a role in lipid secretion and postulated that  in CC14 poisoning the fa t ty  
l iver  resulted f rom an accumulat ion of the tr iglycerides normal ly  secreted 
by  the liver. 

Inhibit ion of the secretion of T.G. synthesized in the l iver  could be 
due ei ther  to an impai rment  of the t r iglyceride secreting mechanism in the 
livers of poisoned animals (30) Recknagel and Lombardy  (30) and/or  to a 
reduced synthesis of the protein necessary for the format ion of lipoprotein, 
the vehicle which transports  tr iglycerides f rom the l iver  (31). 

Depressed secretion of T.G. f rom the l iver  following CC14 was sug- 
gested by  Seakins  et al. (34) to be related to depressed carr ier  protein 
synthesis. 

Henshaw et  al. (16) have suggested that  endoplasmic membranes  may  
play  a role in the protein synthesizing maschinery of microsomes. (Micro- 
somes attached to the membrane  produce more proteins than free 
ribosomes.) 

Our data revealed depressed proteins synthesis in the carbon- 
tetrachloride intoxicated group. A loss in body weight  together  with a 
decline in the levels of serum total protein and albumin is shown in 
table (1, 2). 

Hypoprote inemia  and hypoalbuminemia  may  be explained as a result  
of the unfavourable  effect  of carbon-tetrachloride on the liver, and possibly 
other  sites in the body which are responsible for  the synthesis of plasma 
proteins. Another  contr ibut ing factor  tha t  may  affect  protein synthesis 
and body weight  is the loss of appeti te  noticed in rats intoxicated with 
carbon-tetrachloride.  Food restrict ion has been repor ted  to affect  the rate  
of protein synthesis, par t icular ly  albumin (35). 

However,  the increase in body weight  noticed in case of propionyl-  
promazine especially when administered together  with carbon-tetrachloride 
which is accompanied by  hypoproteinemia,  hypoalbuminemia  and fa t ty  
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hypera lbuminemia  l iver  m a y  be expla ined due to body oedema. I t  was  
suggested tha t  adminis t ra t ion of p rop ionyl -promazine  cause wa te r  and 
electrolye re tent ion (10). 

An increase in the level  of a lpha  globulins in carbon- te t rachlor ide  
induced l iver  damage  in rats  was found. Such increase in a lpha  globulins 
encountered in our intoxicated rats, agrees wi th  data  previously  repor ted  
by  G u t m a n  (15) who emphasized the  increase in se rum alpha  globulins 
wi th  the decrease in albumin.  

Fur the rmore ,  the finding of increased level of beta-globul in  fract ion 
demons t ra ted  in carbon- te t rachlor ide  t r e a t e d  group corresponds to the 
previous work  of F u k u o k a  (12). Such increase m a y  be a t t r ibuted  to the 
increased synthesis  of be ta  globulin in the l iver  to compensate  the 
lowering of se rum albumin.  Also Z i n k e l  et al. (37) repor ted  an increase in 
the beta  globulin dur ing carbon-te t rachlor ide  intoxication. 

The observed decrease in the A/G rat io in CC14 t rea ted  group is caused 
by  the decrease of a lbumin  as well  as the increase in the total  globulin 
levels. 

I s t v a n  et al. (18) found tha t  a single i.p. injection of 1 ml  CC1J100 g 
to ra ts  induced hypopro te inemia  and decreased the blood a lbumin  to 
globulin ratio. 

Kidney  damage  m a y  also p lay  a role in the  hypopro te inemia  observed 
following CC14 poisoning. I t  was  found tha t  i.p. adminis t ra t ion of 0.1 ml  
CC1J100 g to rats  induced histological k idney  damage,  hypopro te inemia  
and proteinuria.  The u r ina ry  proteins were  most ly  a lbumin  (19). 

In te r fe rence  with  hepatic prote in  synthesis  could readi ly  lead to the 
deve lopment  of a f a t ty  l iver  (17). F a t h e r  (8) suggested that  protein changes 
precede the fa t ty  l iver  by  a few hours. G u e n t e r a  et al. (14) found that  
protein synthesis  of ra t  l iver  microsomes was inhibi ted 30 rain af ter  i.p. 
injection of 0.2 ml  CC14/100 g. 

In the present  work  the l iver  fa t  was  marked ly  increased in CC14 
t rea ted  group accompanied by  serum hypopro te inemia  and hypoa lbumin-  
emia. Thus in case of CC14 there  is a direct  evidence implicat ing impa i rmen t  
of prote in  synthesis accompanying fa t ty  liver. 

The  finding tha t  the  fa t  content  of the l iver  increased under  the 
influence of phenobarbi tone,  is in accord to the previous work  of Sorre l l  et al. 
(36), who found tha t  adminis t ra t ion of phenobarb i ta l  to rats  produced 
e levated levels of l iver  TG, phospholipid and total  cholesterol. They  
showed that  choline and fa t  content  of the diet are factors  influencing the 
amount  of TG accumulat ing in the l iver  as a resul t  of phenobarb i ta l  
administrat ion.  

Table  1 shows tha t  the fa t  content  of the l iver  was high when  CC14 
adminis t ra t ion  was combined wi th  propionyl-promazine .  However ,  l iver  
fa t  decreased significantly when  CC14 adminis t ra t ion was combined wi th  
phenobarbi tone.  This shows tha t  phenobarb i tone  had a protec t ive  effect  
on the hepatotoxic i ty  produced b y  carbon- te t rachlor ide  while  propionyl-  
promazine  had  not. This is also shown f rom the se rum protein pa t t e rn  
(table 2). 

Thus a state of hypopro te inemia  and hypoa lbuminemia  was observed 
in rats  wi th  earbon- te t rachlor ide  intoxicat ion while the globulin fract ions 
increased wi th  consequent  decrease in A/G ratio. 
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However ,  when  phenobarb i tone  was adminis te red  together  wi th  CCI~, 
there  was no stat ist ically significant difference in the percen tage  of the 
di f ferent  prote in  fract ions nor  in the  A/G rat io as compared  wi th  the 
control group. While in case of p rop ionyl -promazine  plus CC14 there  was 
no difference in the prote in  pa t t e rn  nor  in the A/G rat io f rom carbon-  
tetrachloride group. 

Kato et al. (21) have  shown tha t  p r e t r e a t m e n t  wi th  phenobarb i tone  
in ra ts  s t imula tes  the incorporat ion of label led leucine into microsomal  
proteins  in vivo. This mechanism of action of phenobarb i tone  is just  
physiological ly opposite to the  mechanism of the toxic action of CC14 in 
ra ts  (31). Phenobarb i tone  has  also been shown to increase the incorpora-  
tion of arginine-leucine,  cysteine, phenyla lan ine  and vline into micro-  
somal  proteins.  

Thus the protec t ive  action of phenobarb i tone  on carbon-te t rachlor ide  
induced hepato toxic i ty  in ra ts  m a y  be due to an antagonist ic  action of 
phenobarb i tone  in carbon- te t rachlor ide  induced depressed incorporat ion 
of amino acids in microsomal  proteins.  

Gadgil et al. (13) suggested tha t  the ma in  protec t ive  action of 
phenobarb i tone  on carbon- te t rachlor ide  hepatotoxic i ty  m a y  be due to its 
effect  on microsomes or r ibosomes at tached to the smooth surfaced 
endoplasmic ret iculum. 

Kof f  et al. (23) found the phenobarb i ta l  inhibi t  the ethanol  induced 
t r iglycer ide accumulat ion and tha t  this is accompanied by  al terat ions of 
the endoplasmic re t icu lum of the hepatocyte.  

The effects of microsomal  enzyme inducers on hepatic  funct ion in 
mice and rats  were  studied when  these drugs were  given before  or af ter  
poisoning with  CC14. I f  dai ly adminis t ra t ion  of Na-phenobarb i t a l  was 
begun 12-18 hr  af ter  CC14 intoxication, the  20 min  bromosul fophtha le in  
(BSP) re tent ion value re tu rned  to normal  in 3 to 4 days. However ,  
Na-phenobarb i ta l  p r e t r e a t m e n t  increased mor ta l i ty  a f te r  CC14 (1). 

The present  resul ts  show that  phenobarbi tone,  a l though a poten t  
microsomal  enzyme  inducer, protected ra ts  against  the hepatotoxic i ty  of 
CC14, when  given in ten repea ted  doses together  wi th  smal l  doses of CCI4. 

Brodie et al. (4) have  demons t ra ted  tha t  the  enzymes responsible for 
the metabol i sm of the barb i tu ra tes  are located within  the endoplasmic 
re t icu lum (microsomes) of the  l iver  cells. 

Kato et  al. (20) and  Rogers et al. (32) found tha t  the metabol i sm of 
ba rb i tu ra tes  is inhibi ted by  the s imultaneous adminis t ra t ion  of other  drugs 
which compete  wi th  the barb i tu ra tes  for  the same drug-metabol iz ing  
enzymes. Subsequent  to this initial phase  of compet i t ive  inhibi t ion there  
m a y  follow, usual ly  af ter  an in terval  of 12 hours  or so, a per iod of 
increased metabol ic  act ivi ty  due to the  induction of the drug-metabol iz ing  
enzymes. 

Thus inhibi t ion and induction of microsomal  enzymes are therefore  
of ten re la t ive  t e rms  de te rmined  by  the t ime  in terva l  be tween  p re t r ea t -  
men t  of the an imal  wi th  other  drugs, and the adminis t ra t ion  of the 
barbi tura te .  
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Su?nma'ry 

The  in f luence  of p h e n o b a r b i t o n e  a n d  p r o p i o n y l - p r o m a z i n e  g iven  in  t en  
r e p e a t e d  doses  t o g e t h e r  w i t h  smal l  doses  of CC14 on  s e r u m  p ro t e i n  p a t t e r n  and  
fa t  c o n t e n t  of t h e  l ive r  w a s  i n v e s t i g a t e d  in  a lb ino  ra ts .  

The  da t a  r e v e a l e d  a m a r k e d  inc rease  of t he  f a t  c o n t e n t  of t he  l ive r  u n d e r  
t h e  in f luence  of  CC14. H o w e v e r ,  w h e n  p h e n o b a r b i t o n e  w a s  a d m i n i s t e r e d  t o g e t h e r  
w i t h  CC14 it  r e s u l t e d  in  a s igni f icant  r e d u c t i o n  in  t h e  f a t  co n t en t  of t h e  l iver .  

Neve r the l e s s ,  in  c o m p a r i s o n  w i t h  t h e  con t ro l  e x p e r i m e n t s  it  w a s  f o u n d  t h a t  
u n d e r  t he  in f luence  of p h e n o b a r b i t o n e  w h e t h e r  i t  was  a d m i n i s t e r e d  a lone  or  
t o g e t h e r  w i t h  CCI~, t he  f a t  c o n t e n t  of  t he  l ive r  w a s  s igni f icant ly  h i g h e r  t h a n  
t h a t  of t he  control .  

C o n c e r n i n g  t h e  changes  in  t he  to ta l  p r o t e i n  and  i ts  f rac t ions ,  a s t a t e  of  
h y p o p r o t e i n e m i a  a n d  h y p o a l b u m i n e m i a  w a s  obse rv ed  in  r a t s  w i t h  seve re  CC14 
in toxica t ion .  Whi l e  t he  g lobul in  f r ac t i ons  increased ,  t h e  A /G ra t io  was  t h e r e f o r e  
s igni f icant ly  dec reased ,  

H o w e v e r ,  w h e n  p h e n o b a r b i t o n e  w a s  a d m i n i s t e r e d  t o g e t h e r  w i t h  CC14 t h e r e  
w a s  no s ta t i s t i ca l ly  s ign i f i can t  d i f f e r e n c e  in  t he  p e r c e n t a g e  of  t he  d i f f e r e n t  
p r o t e i n  f r ac t ions  n o r  in  t he  A /G ra t io  as c o m p a r e d  w i t h  t h e  con t ro l  group.  

P r o p i o n y l - p r o m a z i n e  w h e n  w a s  a d m i n i s t e r e d  a lone  or t o g e t h e r  w i t h  CC14 
has  no e f fec t  on t h e  fa t  c o n t e n t  of t h e  l ive r  a n d  s e r u m  p r o t e i n  p a t t e rn .  

I t  is conc luded  t h a t  u n d e r  t he  p r e s e n t  e x p e r i m e n t a l  condi t ions ,  t he  m a i n  
p ro t ec t i ve  e f fec t  of p h e n o b a r b i t o n e  seems  to be  due  to an  an tagon i s t i c  ac t ion  
of  p h e n o b a r b i t o n e  in CC14 i nduced  decompos i t i on  a t  the  level  of t he  e n d o p l a s m i c  
re t i cu lum.  
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