
Z. Ern~hrungswiss. 17, 159-168 (1978) 
�9 1978 Dr. Dietrich Steinkopff Verlag, Darmstadt 
ISSN 0044-264 X 

National Research Centre, Dokki, Cairo (Egypt) 

Effect of  phenobarbitone and propionyl.promazine on serum 
enzymes in carbon-tetrachloride hepatotoxicity 

E. A.  E l  D e s s o u k e y ,  H. M i k h a i ~  T a h a n i ,  
R. A w a d a l l a h ,  H. A l y  Z i n a t * ) ,  and N a d i a  A. K o t b * * )  

With 6 figures and 1 table 

(Received March 6, 1978) 

Carbon- te t rachlor ide  (CC14) has  a wide-spread  use in the var ious 
industries.  I t  has been used also in the t r ea tmen t  of hookworm infestat ions 
in m a n  and l iver  f lukes in animals. 

In  recent  years  much  work  has appeared  about  the induction of l iver  
damage  by  carbon- te t rachlor ide  and protect ion against  it by  var ious 
agents l ike antihistaminics,  phenothiazines  quinine and procaine (28). 

Potent ia t ion of CC14 toxici ty  by  phenobarb i ta l  has been repor ted  by  
Garner and McLean (13), Stenger  et al. (31), Lal et al. (23) and recent ly  
Cornish et al. (6). 

However ,  Gadgit et al. (12) showed tha t  phenobarb i tone  had a definite 
protect ive  effect  on the hepatotoxic i ty  produced by  carbon- te t rachlor ide  in 
rats. 

Jenkins  et al. (17) have  repor ted  that  p re t r ea tmen t  wi th  phenobarbi ta l  
protects  against  the hepatotoxic i ty  of 1,1-dichlorethylene. Welch and 
Coon (34) have  repor ted  substant ial  decrease in the toxici ty of a n u m b e r  of 
organo-phosphorus  insecticides as a result  of p r e t r ea tmen t  of mice wi th  
phenobarbi ta l .  

An a t t empt  to clear  the mechanism of l iver  damage  the s tudy of the 
influence of var ious hepatic microsomal  enzyme inducers on the hepa-  
totoxic effect  of CC14 is of value. 

The present  work  was under taken  to invest igate  the influence of 
phenobarb i ta l  when  it is given in repeated  doses together  wi th  small  
doses of CC14 on serum enzymes. The same exper iment  was repeated  to 
invest igate  the influence of p ropionyl -promazine  (phenothiazine der iva-  
tive) on CCl~. 

I t  is also recognized that  the barb i tura tes  and phenothiazine t ranqui l i -  
zers are in general  use by  a considerable par t  of the working  population. 
Thus the potent ia t ion of CC14 toxici ty by  these mater ia ls  represents  a 
potent ial  hazard  that  should be recognized. 

Se rum enzymes and histopathologic studies were  utilized as a measure  
of hepatotoxic response to the drugs employed. 
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Material and methods  

Male rats, weighing 150-200 g, of the Sprague  Dawley s t ra in  were used in 
all studies. The animals  were main ta ined  on an ad- l ib i tum diet  and water.  

Ten animals  were  included in each t rea tment  group. The six exper imenta l  
groups were  a r ranged  as in table  1. Carbon- te t rachlor ide  (0.1 ml/kg s.c.) d i lu t -  
ed in the rat io of 1:1 wi th  paraf f in  oil was adminis te red  dai ly  for ten days, 
phenobarbi tone (60 mg/kg i.p.) and propionyl -promazine  (2 mg/kg i.m.) were 
adminis te red  dai ly  for a period of 10 days. Two other  groups were adminis tered 
ei ther  phenobarbi tone  plus CC14 or  propionyl -promazine  plus CC14. The 
animals  were  then sacrificed by  l ight  e ther  anesthesia  and blood samples were  
taken  from the orbi tal  plexus. Serum was obtained by  centr ifugat ion and im-  
media te ly  frozen for subsequent  enzyme analysis.  

Serum glutamic oxaloacetic t ransaminases  (SGOT) and serum glutamic 
pyruvic  t ransaminases  (SGPT) were  assayed by the method of Reitman and 
FrankeI (29). Serum alkal ine phosphatase  was assayed by  the method of King 
and Armstrong (20). 

Liver  samples were taken  for histopathologic studies. 

Results  

T h e  e f fec t  of d a i l y  a d m i n i s t r a t i o n  of p h e n o b a r b i t o n e  or  p r o p i o n y l -  
p r o m a z i n e  t o g e t h e r  w i t h  s.c. i n j ec t i on  of CC14 is s h o w n  in  t a b l e  1. 

I n  g r o u p  2 w h e n  CC14 w a s  a d m i n i s t e r e d  a lone,  SGOT,  S G P T  a n d  
a l k a l i n e  p h o s p h a t a s e  w e r e  s i g n i f i c a n t l y  i n c r e a s e d  in  c o m p a r i s o n  to those  
in  t he  con t ro l  g roup .  

T h e  a c t i v i t y  r a t i o  b e t w e e n  s e r u m  G O T  and  G P T  in t he  n o r m a l  con t ro l  
g r o u p  w a s  2.44. The  a c t i v i t y  of S G P T  inc reases  n e a r l y  6.1 fo ld  a f t e r  CCI4 
a d m i n i s t r a t i o n  a n d  t h u s  t h e  a c t i v i t y  r a t i o  b e t w e e n  G O T  a n d  G P T  is 
s h a r p l y  r e d u c e d  to 0.56. T h e  a c t i v i t y  of s e r u m  G P T  w h e n  CCI4 a n d  p h e n o -  
b a r b i t o n e  w e r e  a d m i n i s t e r e d  t o g e t h e r  s h o w e d  v a l u e  of a b o u t  50 ~ of t h e  
v a l u e  w h e n  CCh w a s  a d m i n i s t e r e d  a lone ,  w h i l e  i t  r e m a i n e d  h i g h  w h e n  
CC14 a d m i n i s t r a t i o n  was  c o m b i n e d  w i t h  p r o p i o n y l  p r o m a z i n e .  

S e r u m  a l k a l i n e  p h o s p h a t a s e  i n c r e a s e d  s i g n i f i c a n t l y  in  a l l  t he  g roups  
e s p e c i a l l y  in  g r o u p  4 w h e n  p h e n o b a r b i t o n e  was  a d m i n i s t e r e d  w i t h  CCI4. 

R e g a r d i n g  the  p a t h o l o g i c a l  e x a m i n a t i o n  of t he  l iver ,  i t  was  f o u n d  t h a t  
t h e  l i v e r  in  t he  g r o u p  in  w h i c h  CCI4 w a s  a d m i n i s t e r e d  a lone,  t he  l i v e r  
s h o w e d  the  t y p i c a l  p i c t u r e  of  c e n t r a l  f a t t y  necros is ,  t he  l o b u l a r  p a t t e r n  
w a s  p r e s e r v e d .  The  h e p a t i c  cel ls  s h o w e d  s e v e r e  d e g r e e  of d e g e n e r a t i o n ,  
m a i n l y  cen t ra l ,  w i t h  b ig  vacuo le s  of fa t  wh ich  occup ied  mos t  of t he  b u l k  
of  t he  cy top l a sm.  The  cel l  nuc l e i  w e r e  p y k n o t i c  a n d  p u s h e d  to t he  p e r i -  
p h e r y  of t h e  cel ls .  T h e  c e n t r a l  ve ins  a n d  i n t e r l o b u l a r  vesse l s  w e r e  
conges ted .  

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  a lone  (group  3), t he  l o b u l a r  
p a t t e r n  was  p r e s e r v e d .  T h e  h e p a t i c  ce l ls  s h o w e d  v a r i a b l e  de g re e s  of de -  
g e n e r a t i o n  as  c l o u d y  s w e l l i n g  in  t he  c e n t r a l  zone  a n d  v a c u o l a t i o n  of v a -  
r i a b l e  sizes due  to f a t t y  c h a n g e  m o r e  a p p a r e n t  in  t he  p e r i p h e r a l  zone. 
C e n t r a l  ve ins  a n d  s inuso ids  w e r e  d i l a t e d  a n d  conges ted .  
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In group 4, when CC14 was administered together with phenobarbi-  
tone, the lobular pat tern of the liver was maintained with scattered few 
areas of degeneration showing slight degrees of cloudy swelling and small 
vacuoles of fa t ty  degeneration mainly in the per iphery of the lobules. 
Blood vessels appeared normal. 

In group 5, when propionyl-promazine was administered alone, the 
liver appeared within normal. The cells showed minimal cloudy swelling, 
some nuclei were pale, sinusoids were slightly dilated. 

In the last group 6 (CC14 and propionyl-promazine) the lobular archi- 
tecture of the liver was intact. The cells showed massive fat ty degeneration 
especially at the centre of the lobules, with pyknotie shifted nuclei, but to 
a lesser degree than in group 2 with CCh alone. 

Discuss ion  

Considerable evidence is now available suggesting that  the production 
of liver damage is linked with an increased activity of the liver micro- 
somal enzymes (24). Increases in microsomal enzymes can be brought  
about by pretreatment  of the experimental  animals with one of a number  
of drugs. Phenobarbital  is one of the substances commonly used for this 
purpose (4). Inhibition of hepatic microsomal enzymes is also produced by 
certain compounds as phenothiazenes (36). 

The importance of the activity of the microsomal drug-metabolizing 
enzymes in the CC14-induced liver injury has been previously emphasized. 
In some experiments where the activity was reduced, the animals proved 
resistant to the poison (24, 7); by contrast the increase of the enzyme 
activity leads to increased sensitivity to CC14 (24). Potentiation of CC14 
toxicity by phenobarbital  has been reported by various authors (6, 13, 
23, 31). 

Fig. 1. A section in the liver stained with H & E of normal liver pattern and 
vasculature. 
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Fig. 2. A section in the liver stained with H & E of CC14 group showing 
massive fatty degeneration, mainly central vessels are congested and dilated. 

However, the protective effect of phenobarbital  on CC14-induced fat ty 
liver was demonstrated histologically in the present work. Thus when 
CC14 was administered alone, the liver showed the typical picture of 
central fa t ty  necrosis. However, when CC14 was administered together 
with phenobarbitone, the lobular pat tern of the liver was maintained, 
showing slight degree of fa t ty  degeneration. This is in accord with the 
previous results of Gadgil  et al. (12). 

Both phenobarbital ,  which is known to be an inducer of microsomal 
enzymes (3), and SKF 525A, which is an inhibitor (30), afford a clear 
protection of fa t ty  liver in ethanol-poisoned animals (22). 

Also pre t rea tment  of mice with phenobarbital  or chlorcyclizine 
decreases the toxicity of a number  of organophosphorus insecticides (34). 
Chlorcyclizine is a potent inhibitor of drug-metabolizing enzymes (19), 
while phenobarbital  is a potent inducer (4). 

Taking into account that  the two drugs, phenobarbital  and SKF 525 A 
or phenobarbital  and chlorcyclizine, have an opposite action on drug- 
metabolizing enzyme activity, the assumption that these enzymes have a 
role in the genesis of fa t ty  liver seems untenable. 

S tudy of serum enzymes is useful in detecting the point of action of 
toxic substance. Estimation of SGPT and SGOT are found to be very 
sensitive indices of hepato-cellular injury, and it seems that  SGPT is a 
more specific and sensitive index than SGOT. 

From table 1 it is clear that SGPT activity rises sharply after sub- 
cutaneous injection of CC14 and when CC14 administration was combined 
with propionyl-promazine.  However, SGPT decreased when CC14 admin- 
istration was combined with phenobarbitone. Thus the activity of serum 
GPT when CCI~ and phenobarbitone were administered together showed 
value of about 1/2 of the value when CC14 was administered alone. 
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Fig. 3. A section in the liver stained with H & E of phenobarbitone group 
showing variable degree of degeneration as clowdy swelling, fatty vacuoles of 

variable size more in the peripheral zone. Vessels and sinusoids are dilated. 

The  s e r u m  g lu t amic  p y r u v i c  t r a n s a m i n a s e s  level  shows tha t  pheno-  
b a r b i t o n e  had  a p ro tec t ive  effect  on the hepa to tox ic i ty  p roduced  b y  car -  
b o n  te t rachlor ide ,  as shown  f rom the  pa thologica l  e x a m i n a t i o n  of the  
l iver  (fig. 2 and  4). 

M a r k e d  fa t ty  necros is  could be d e m o n s t r a t e d  w h e n  h igh  va lues  of 
S G P T  were  found,  which is no t  the  case wi th  s e r u m  GOT. 

This  p roves  t ha t  s e r u m  G P T  is a more  specific a nd  sens i t ive  i nde x  
t h a n  S G O T  of hepa toce l lu l a r  i n ju ry .  Rega rd ing  SGOT it  was  inc reased  

Fig. 4. A section in the l iver stained with H & E of phenobarbitone plus CCh 
group showing scattered few areas of degeneration and small vacuoles of fat 

mainly  at the periphery. 
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Fig. 5. A section in the liver stained with H & E of propionyl-promazine group 
showing more or less normal architecture, with minimal cloudy swelling, some 

pale nuclei and slight dilatation of sinusoids. 

significantly after daily administration of phenobarbital  or propionyl-  
promazine together with s.c. injection of CC14 in comparison to those 
when CC14 was administered alone. 

This may  be due to myocardial  damage or ischaemia, since in the case 
of phenobarbitone it afforded protection to the liver against the hepato- 
toxic effect of CCI4. 

Large doses of barbiturates can depress the cardiac and vasomotor 
centers in the brain stem with resultant  diminution in cardiac output  and 
hypotension (26). And when barbi turate  intoxication is severe, myocardial  
metabolism may be adversely affected resulting in congestive heart  
failure (32, 15). 

Conrad (5) considered serum GOT a specific test for myocardial  and 
hepatocellular damage or necrosis, and not a nonspecific indicator of 
inflammation or tissue reaction. 

The increase in SGOT in case of phenobarbitone or propionyi-prom- 
azine when it was administered together with CCI4 was significantly more 
than CC14, phenobarbi tone or propionyl-promazine when administered 
alone. This shows that  the interaction between CCI~ and phenobarbi-  
tone or propionyl-promazine potentiated their toxicity on the heart. 

The activity ratio between serum GOT and GPT in the normal  control 
group was 2.44. The activity of GPT increases nearly 6.1 fold after CCI4 
administration and thus the activity ratio between SGOT and SGPT is 
sharply reduced to 0.56. This is in accord with the previous work of Gold- 
bergi et al. (16) who found that  SGPT activity increases 8.3 fold after 
subcutaneous injection of 1 mg/kg body wt. of CC14 and the activity ratio 
between GOT and GPT is sharply reduced. 

Serum alkaline phosphatase increased significantly in all the groups 
especially in the group when phenobarbitone was administered with CCI 4. 
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Fig. 6. A section of the liver stained with H & E of propionyl-promazine Jr CC14 
group showing massive fatty degeneration, specially at the central zones. The 

fatty change is, however, less than that produced by CC14 alone. 

Alkaline-phosphatase increases 2~ ~8 hrs after administration of high 
doses of CC14 when hepatobil iary injury is produced (33). Increased 
alkaline phosphatase was also reported by Koch-Weser (21) in blood serum 
and liver tissue of CC14-poisoned rats. 

An elevated value of serum alkaline phosphatase has been considered 
to originate from bone or from liver, and in some cases (of metastatic 
cancer) from both. Now factors which regulate levels in the circulation of 
intestinal alkaline phosphatase become relevant in the interpretat ion of 
abnormal values of the serum alkaline phosphatase (10). 

No direct correlation was found by Rees et al. (27) between degree of 
liver in jury and serum enzyme levels in CC14 poisoning. There is an 
initial lesion which results in leakage of cytoplasmic enzymes. Mitochon- 
drial damage is a late manifestation in CC14 poisoning. Only recent 
in jury  may be measured by the enzyme levels in serum since the rise in 
most cases being transitory. 

Wirtschafte (35) found that  serum glutamic oxaloacetic transaminase 
activity rises sharply at 36 hrs after subcutaneous injection of CC14, 
reaches a peak at 48 hrs and then declines rapidly. Low values were 
observed in 1 of 7 animals and are therefore not specific indicators of 
absence of hepatic necrosis. 

Chinsky et al. (2) stated that the amount  of transaminase liberated 
into the serum probably reflects the amount  of tissue involved, multiplied 
by its t ransaminase concentration. 

The results of the present work show that  phenobarbitone had a pro- 
tective effect on the hepatotoxicity produced by carbon tetrachloride, 
while propionyl-promazine had not. 

Administrat ion of the tranquillizer propionyl-promazine was accom- 
panied by a marked decrease in number  of RBCs, packed cell volume and 
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h a e m o g l o b i n  level  (11). This  fact  was  a t t r i b u t e d  to sp lenic  s torage  of 
RBCs. This  sp lenic  s torage  w i t h d r a w s  an  i m p o r t a n t  q u a n t i t y  of oxygen  
t r a n s p o r t i n g  RBCs f rom the  c i rcula t ion.  Hence  the  app l ica t ion  of t r a n q u i l -  
l izers  in  anaemic  and  shocked an ima l s  is con t r a ind i ca t ed  (8). 

L ive r  damage  due to ca rbon  t e t r ach lo r ide  has been  a t t r i b u t e d  by  
Cal ve r t  and  B r o d y  (1) to sympa the t i c  over f low lead ing  to hepat ic  ischemia.  
This  m a y  exp l a in  the  p o t e n t i a t i o n  of p r o p i o n y l - p r o m a z i n e  to the  toxic 
effect  of CC14 on the  hea r t  and  l iver  due  to its hypoxic  effect, s ince ra ts  
exposed to low oxygen  tens ion  show far  more  severe  lesions t h a n  the 
cont ro l  an ima l s  in  a i r  (14). 

M a n y  theor ies  have  been  pos tu la t ed  r e g a r d i n g  the m e c h a n i s m  of the 
hepa to tox ic  ac t ion  of ca rbon  te t rachlor ide .  I t  is suggested  tha t  CC14- 
i n d u c e d  l ive r  i n j u r i e s  have  a m e c h a n i s m  which  invo lves  the  pe rox ida t ive  
decompos i t ion  of s t r u c t u r a l  l ipids,  p a r t i c u l a r l y  a t  the  level  of the endo-  
p lasmic  r e t i c u l u m  (9, 18). 

P h e n o b a r b i t a l  (25) is k n o w n  to be b o u n d  to l ive r  microsomes,  thus  
i n h i b i t i n g  the  ac t iv i ty  of the  enzymes  which  p rovoke  the pe rox ida t ion  of 
mic rosomal  s t r u c t u r a l  lipids. 

F r o m  this  po in t  of v iew the pro tec t ive  m e c h a n i s m  of p h e n o b a r b i t o n e  in  
the  p r e sen t  e x p e r i m e n t a l  condi t ions  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  c a r b o n - t e t r a c h l o r i d e - i n d u c e d  decompos i t ion  at  
the  level  of the  endop lasmic  r e t i cu lum.  

Summary  

The influence of phenobarbitone given in ten repeated doses simultaneously 
with small doses of CC14 on serum enzymes was investigated in albino rats. 

The same experiment was repeated to investigate the influence of propionyl- 
promazine (phenothiazine derivative). 

The results proved that SGPT is a more specific and sensitive index than 
SGOT of hepato-cellular injury.  

The activity ratio between serum GOT and GPT in the normal  control group 
was 2.44. The activity of SGPT increased nearly 6.1 fold after CC14 adminis t ra-  
tion and thus the activity ratio between GOT and GPT is sharply reduced to 
0.56. 

The activity of serum GPT when CC14 and phenobarbitone were administered 
together showed value of about 1/2 of the value when CCh was administered 
alone, while it remained high when CC14 administrat ion was combined with 
propionyl-promazine. 

Serum GOT and alkaline phosphatase increased significantly in all the 
groups. 

Regarding the pathological examinat ion of the l iver it was found that marked 
fatty necrosis could be demonstrated when high values of SGPT was found, 
which is not the case with serum GOT. 

I t  is concluded that in the present experimental  conditions phenobarbitone 
protected the l iver from the hepatotoxic effect of CC14, while propionyl-prom- 
azine did not. 
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