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Carbon tetrachloride in single or  repeated doses produces character- 
istic hepatic lesions, including in turn  in the liver fur ther  biochemical and 
pathological disturbance (38). 

Ear ly  changes in calcium and potassium content of mitochondria after 
oral CC14 intoxication have been found by ReynoZd et al. (30). 

Tahani et al. (35) reported an increase in serum zinc, copper, iron, cal- 
cium, potassium and sodium, while for magnesium no significant change 
was observed in acute liver damage, due to a single intraperi toneal  injec- 
tion of carbon tetrachloride. 

Considerable evidence is now available suggesting that  the production 
of l iver damage is linked with an increased activity of the l iver microso- 
real enzymes (22). 

The effect of mircosomal enzymes inducers on hepatic function in mice 
and rats were studied when phenobarbi tal-Na was given before or after 
poisoning with carbon tetrachloride (15). 

Phenobarbi tal  pre t rea tment  enhanced the rise in serum transaminase 
activity, hepatotoxici ty and lethali ty induced by carbon tetrachloride poi- 
sorting (20, 24, 14). 

However, we found that  phenobarbi tal  had a protective effect when giv- 
en in repeated doses together  with small doses of CCh. Protection was 
evident f rom reduced activity of plasma glutamic-pyruvic transaminase 
and reduced liver necrosis as demonstrated by histologic evaluations (11). 

The purpose of the present  work  is to s tudy the effect of phenobarbi-  
tal which is known to be an inducer of microsomal enzymes (6) and pro- 
pionyl promazine which is an inhibitor (41) on serum zinc, copper, iron, 
calcium, magnesium, potassium and sodium in carbon-tetrachloride intoxi- 
cation. 

Material and methods 

Male Sprague-Dawley rats, weighing 150--200 g, were used in all studies. The 
animals were maintained on an ad-libitum diet and water. 

Ten animals were included in each tretment group. The animals were divid- 
ed into six groups: Control group, Group treated with CCh (0.1 mFkg s.c.), dilut- 
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ed in the ratio of 1:1 with paraffin oil, was administered daily for ten days. 
Phenobarbitone group (60 mg/kg i.p.), propionyl-promazine group (2 mg/kg i.m.), 
and two other groups were administered either phenobarbitone plus CC14 or 
propionyl promazine plus CC14. 

The animals were administered daily for a period of 10 days. The animals 
were then sacrificed by light ether anesthesia and blood samples were taken 
from the orbital plescus and blood was collected for serum minerals determi- 
nation. 

The method of Sinaha and Gabrietti (34) was used for determination of serum 
zinc and copper. Serum iron, potassium and sodium were estimated by the me- 
thod published in Beckman Analytical method by Atomic Absorption Spectro- 
photometer. Serum Calcium and magnesium were determined using the method 
of Willis (39). 

Results and discussion 

In the present work, carbon tetrachloride in ten repeated doses of 
(0.1 ml/kg s.c.) resulted in a significant increase in serum iron, copper, zinc, 
calcium, potassium and sodium. Also in a previous work we found that  a 
single intraperitoneal injection of 2.5 ml/kg body weight has the same ef- 
fect (35). 

This confirms the previous finding of Vil leIa (38) that  repeated small 
doses of CC14 have an additive effect, also the onset of the pathological 
changes depends on the route of administration. 

The results of the present work  also show that  propionyl promazine 
when administered alone or togehter with CC14 has no effect on serum 
minerals. 

Phenobarbi tone when administered alone increased serum minerals 
except sodium and magnesium, but to a lesser degree than CC14, while 
phenobarbitone when given repeatedly together with small doses of CC14 
led to normalization of serum iron, potassium and calcium. Also serum 
zinc and copper were significantly lower than in case of CC14. 

The initial lesion produced by CC14 seems to be cytoplasmic, mitochon- 
drial damage comes later (36, 1). In early stages of intoxication, cytologi- 
cal lesions were more pronounced in the ergastoplasm as confirmed by 
electron micrographs (2), leakage of cytoplasmic enzymes results f rom this 
in jury  (37). 

Prasad (25) showed that  zinc is present in several metaloenzymes such 
as alkaline phosphatase and is important  in their activities. Therefore, 
the increased serum zinc in CC14 phenobarbi tone and phenobarbitone plus 
CC14 treated rats may be at tr ibuted to increased serum enzymes (11). 

K a z i m i e r z  (17) found that in liver damage by CC14, the accumulation of 
radioactive zinc was highest in the mitochondria accompanied by a de- 
crease in nuclear fraction radioactivity. This suggested displacement of 
zinc from nuclei to the cytoplasm. 

The level of blood zinc was also raised by the administration of adren- 
aline (9). Calve r t  and B r o d y  (4) suggested that  a predominant  factor in the 
hepatoxicity of CC14 is an anoxia produced through the mediation of the 
sympathetic nervous system. Release of adrenaline from the adrenal me- 
dulla under sympathetic stimulation is also suggested. 
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On the other  hand, l iver  disease was found to affect  zinc in blood (13). 
The high level of se rum zinc was related to hepat ic  damage.  A port ion of 
this increase was due to hemolysis  of e ry throcytes  (40). 

In  carbon te t rachlor ide  t rea ted  rats, the se rum copper  was higher  than  
tha t  of the control. Phenobarbi tone,  phenobarbi tone  plus CC14 have  the 
same effect  (table 1). 

Recknage~ and Lit teria (27) found tha t  carbon te t rachlor ide diffuses ra -  
pidly and is found in the l iver  to a m a x i m u m  level  1'/2 hr  a f ter  its adminis-  
tration. Christie and Judah (5) suggested that  the change in the l iver  in- 
dicate a direct  physical  a t tack of the drug on l iver  mitochondria,  degener-  
ation and death  of the  cells results  f rom the disorganization of mitochon- 
drial  s tructure.  

Clear ly  then  carbon te t rachlor ide increase the permeabi l i ty  of the mi -  
tochondrial  m e m b r a n e  and high level of se rum copper  is a t t r ibuted to this 
hepat ic  damage  (28). 

David et al. (8) showed that  the hepatic  and bra in  copper  concentrat ion 
increased significantly as a resul t  of phenobarbi ta l  t rea tment ,  while blood 
serum copper  increased and muscle copper  decreased. 

In the present  work,  the mean  se rum iron in CC14 t rea ted  rats  when  
compared  wi th  control rats, there is a stat ist ically significant increase. Our 
f inding agreed with  tha t  obtained b y  m a n y  invest igators  (23, 21, 16). 

The increase of se rum iron was  explained due to a significant decrease 
of utilization of iron for  the hemoglobin synthesis in intoxicat ion with  car-  
bon  te trachlor ide (18). 

Okawara (23) found tha t  incorporat ion of iron into the hemopoiet ic  or- 
gans and iron s torage organs were  re ta rded  by  CCh poisoning. 

Acute l iver  damage  resul ted in an increase in p lasma iron (29), while in 
var ious  degrees of chronic l iver  damage  the p lasma iron was not  elevated 
in rats  (10). 

Therefore,  the increase in se rum iron results f rom the disintegrat ion of 
hepatic  cells. 

Our  data  indicated tha t  the se rum iron was still high under  the effect  
of phenobarbi tone  and phenobarbi tone  plus CC14. 

The mean  serum calcium was significantly high in CC14 and phenobar -  
bi tone t reated rats. In  animals  t rea ted  wi th  phenobarb i tone  plus CC14 no 
significant change in serum calcium was found. 

Ruichi (31) showed tha t  two hours  af ter  oral  CC14 intoxication, calcium 
content  of the mi tochondr ia  increased concomitant ly  wi th  a decrease in 
potassium ion. 

The t ime course of mitochondrial  degenerat ion in CC14 poisoning ap- 
pears  to follow the increase in concentrat ion of calcium in l iver  mitochon-  
dria  (32). 

Ernesto et al. (12) showed tha t  in CCh intoxicat ion the balance be-  
tween ADP phosphoryla t ion  and calcium uptake  is shif ted in favour  of the 
later,  thus contr ibut ing to the accumulat ion of calcium in mitochondria.  
On the o ther  hand, Kovacs (19) found tha t  CC14 did not change blood cal-  
cium. 

David et al. (8) showed tha t  phenobarb i ta l  injection did not significant-  
ly  change the concentrat ion of magnes ium and calcium in liver. 
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No s ign i f i can t  change  i n  s e r u m  m a g n e s i u m  in  our  t r ea t ed  groups  was  
observed.  A s l ight  decrease  in  s e r u m  m a g n e s i u m  was  f ound  in  pa t i en t s  
w i t h  l ive r  disease (31). 

C a r b o n  t e t r ach lo r ide  a d m i n i s t r a t i o n  induced  a s ign i f i can t  inc rease  in  
the  level  of s e r u m  po ta s s ium and  sodium.  The  s e r u m  po tas s ium is st i l l  h igh  
u n d e r  the  i n f l u e n c e  of p h e n o b a r b i t o n e ,  wh i l e  s e r u m  sod ium is no t  s ign i f i -  
c a n t l y  h ighe r  t h a n  no rma l .  P h e n o b a r b i t o n e  a d m i n i s t e r e d  toge ther  w i t h  
CC14 n o r m a l i s e d  s e r u m  potass ium.  

O u r  f i n d i n g  agreed  w i t h  t ha t  o b t a i n e d  b y  Boda et al. (3) who found  
tha t  s e r u m  sod ium inc reased  wh i l e  t i ssue sod ium decreased due to ca rbon  
te t rach lor ide .  

C a r b o n  t e t r ach lo r ide  i n tox i ca t i on  caused  a k i d n e y  i n j u r y  (33). W h e n  
s igns  of i n t r a c e l l u l a r  d e h y d r a t i o n  occur,  the  p l a sma  po ta s s ium m a y  be 
s o m e w h a t  h ighe r  t h a n  n o r m a l  (7). The  inc rease  in  s e r u m  po tas s ium m a y  
also be f rom the  red  cell hemolysis .  

T h a t  severe  m i t o c h o n d r i a l  d a m a g e  occurs  i n  the  l i ve r  a f t e r  ca rbon  te-  
t r ach lo r ide  po ison ing  has been  a b u n d a n t l y  conf i rmed.  L ive r  m i t o c h o n d r i a  
of ra t s  po isoned  w i t h  c a r b o n  t e t r ach lo r ide  a re  swol len.  Recknage~ a n d  Ma- 
lamed (26) showed  tha t  the  m i t o c h o n d r i a l  swe l l ing  is due  to an  increase  in  
m i t o c h o n d r i a l  m e m b r a n e  pe rmeab i l i t y .  As a resul t ,  the  m i t o c h o n d r i a  re -  
lease in to  the  s u r r o u n d i n g  m e d i u m  cy tochrome C a nd  po t a s s i um (28). 

I t  is conc luded  tha t  a po r t i on  of the  r ise  i n  s e r u m  m i n e r a l s  was  due to 
inc reased  p e r m e a b i l i t y  i n  d a m a g e d  m i t o c h o n d r i a l  m e m b r a n e  as a resu l t  of 
the  ac t ion  of c a r b o n  te t rach lor ide .  Also the  decrease  in  s e r u m  m i n e r a l s  
w h e n  CC14 was  g iven  toge ther  w i t h  p h e n o b a r b i t o n e  m a y  be due  to some 
pro tec t ive  effect  of p h e n o b a r b i t o n e  on l i ve r  mi tochondr ia .  

Summary 

The effect of ten repeated doses of carbon tetrachloride, phenobarbitone and 
propionyl promazine when administered alone or simultaneously with CC14 on 
serum minerals was investigated. 

Carbon tetraehloride resulted in a significant increase in serum iron, copper, 
zinc, calcium, potassium and sodium. A portion of this rise was due to increased 
permeabil i ty in  damaged mitochondrial membrane  as a result  of the action of 
CCI~. 

Propionyl promazine when administered alone or together with CC14 has 
no effect on serum minerals. 

Phenobarbi tone when administered alone increased serum minerals  except 
sodium, but  to a lesser degree than CC14, while phenobarbitone when given re- 
peatedly together with small doses of CC14 led to a normalization of serum iron, 
calcium and potassium. Also serum zinc and copper were lower than in case of 
CC14. This may be due to some protective effect of phenobarbitone on liver mi-  
tochondria. 

Serum magnesium was not affected in all the experimental  groups. 
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