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Carbon te t rachlor ide is widely used as a solvent in the manufac ture  of 
rubber,  paint, soaps and quartz  industries (15). Absorbed carbon te t ra-  
chloride ei ther  by  the lungs or by  the intestinal t ract  (22, 19) was repor ted 
to affect different  tissues including bone marrow,  liver, brain, kidney, and 
pancreas (12). 

It  is general ly  agreed that  the pathological changes of the l iver  such 
as central  necrosis, fa t ty  infiltration, and changes similar to acute yel low 
a t rophy has been occurred in animals intoxicated by  carbon tetrachloride 
(5, 13). Such pathological changes have proved to depend on the degree of 
exposure to the drug (8). Liver  dysfunct ion would affect  its abili ty to 
synthesize proteins at a normal  rate, in par t icular  serum albumin which is 
mainly produced by the hepatic parenchyma (7). 

Carbon tetrachloride is well known to produce acute l iver  damage if 
given in single doses and cirrhosis if given repeatedly  (9, I0). In such acute 
l iver  damage an increase in plasma iron and total iron binding capacity 
(TIBC) has been reported (17, 18). In the hepatic cells oxidative metabolism 
and the mechanism by which ferr i t in  iron f rom serum iron incorporates 
into the l iver  are disturbed. Nevertheless,  this process of iron t ransfer  gain 
momentum upon l iver  regenerat ion and, eventually,  exceeds the normal  
rate af ter  a few days. Most of previous studies (11, 21) had repor ted chan- 
ges concerned with iron metabolism in chronic and acute l iver  damage. 

The aim of the present  s tudy is to evaluate the changes in the general  
features of protein and iron metabolism in rats with chronic and acute 
l iver  damage induced by  carbon tetrachloride.  
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Material  and methods  

Albino ra ts  of e i ther  sex and weighing between 120-150 g were  used. They 
were  kept  in separa te  cages and were  main ta ined  on a balanced stock diet  wi th  
wa te r  ad l ibitum. Animals  were  divided into three  exper imenta l  groups. 

The f irst  group comprises 45 animals  represented  the chronic l iver  damage. 
This was subdivided into three  subgroups namely  I, II ,  and I I I  of chronic 
l iver  damage according to the  cr i ter ia  of Mangalik et al. (10). These subgroups 
received in t raper i toneal  injections of 10 % carbon te t rachlor ide at  0.15 ml per  
100 g body weight  three  t imes a week  for 3, 6, and 9 weeks respectively.  

The second group (15 rats) represented  the model  of acute l iver  cirrhosis  
according to tha t  described by  Loh et al. (9). The animals  of this group were  
fas ted for  16 hours before  carbon te t rachlor ide inject ion which consisted of 
0.3 ml of 10 % solution in l iquid paraf f in  pe r  100 g body weight  given in t ra -  
peri toneal ly.  

The th i rd  group (20 rats) served as a control  group by  receiving in t r ape r i -  
toneal  inject ions of 0.3 ml  pe r  100 g body weight  of l iquid paraff in  alone. 

Serum to ta l  pro te in  and its s imple e lectrophoret ical ly  separa ted  fract ions 
were de termined by  the method of King and Wooton (6). Blood haemoglobin 
was de termined by  Wong method (23) and haematocr i t  value  by  mic ro -haemato-  
cri t  tubes. Reticulocytes,  s tained with  new methylene  blue, were  counted under  
l ight  microscope. Their  numbers  were  expressed as percentage of the c i rcula t -  
ing red cells present  (14). P lasma iron and to ta l  i ron binding capaci ty  were  
es t imated by  the method of Rammsey (16). 

Results  and discussion 

D a t a  d e s c r i b i n g  t h e  l eve l s  a n d  p e r c e n t a g e  c ha nge s  of  s e r u m  to t a l  p r o -  
t e i n  a n d  i t s  s i m p l e  e l e c t r o p h o r e t i c a l l y  s e p a r a t e d  f r ac t i ons  in  c on t ro 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  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. 

O u r  d a t a  r e v e a l e d  a dec l i ne  in  t he  l eve l s  of s e r u m  t o t a l  p r o t e i n  a n d  
a l b u m i n  in  g r o u p s  of  chronic  a n d  a c u t e  c a r b o n  t e t r a c h l o r i d e  i n tox i c a t i on .  
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 tox i c a t i on .  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  be  e x p l a i n e d  as  a r e s u l t  of t he  u n -  
f a v o u r a b l e  e f fec t  of c a r b o n  t e t r a c h l o r i d e  on t h e  l ive r ,  a n d  p o s s i b l y  o t h e r  
s i tes  in  t he  b o d y  a r e  r e s p o n s i b l e  fo r  t he  s y n t h e s i s  of  p l a s m a  pro te ins .  
A n o t h e r  c o n t r i b u t i n g  f a c t o r  t h a t  m a y  a f fec t  p r o t e i n  s y n t h e s i s  is  t he  loss of 
a p p e t i t e  no t i ced  in  r a t s  i n t o x i c a t e d  w i t h  c a r b o n  t e t r a c h l o r i d e .  F o o d  r e s t r i c -  
t i on  has  been  r e p o r t e d  to  a f f ec t  t h e  r a t e  of  p r o t e i n  syn thes i s ,  p a r t i c u l a r l y  
a l b u m i n  (20). 

A n  i n c r e a s e  in  t h e  l eve l s  of  alpha1 a n d  alpha2 g l o b u l i n  in  b o t h  ch ron ic  
a n d  a c u t e  c a r b o n  t e t r a c h / o r i d e  i n d u c e d  c i r rhos i s  in  r a t s  w e r e  found .  Such  
i n c r e a s e  in  alpha1 a n d  alpha~ g l o b u l i n s  e n c o u n t e r e d  in  o u r  i n t o x i c a t e d  
r a t s  a g r e e s  w i t h  d a t a  p r e v i o u s l y  r e p o r t e d  b y  Gutman (3) w h o  e m p h a s i z e d  
t h e  i n c r e a s e  in  s e r u m  a l p h a  g l o b u l i n s  w i t h  t he  d e c r e a s e  in  a l b u m i n .  

F u r t h e r m o r e ,  t h e  f i n d i n g  of  i n c r e a s e d  l eve l  of b e t a - g l o b u l i n  f r a c t i o n  
d e m o n s t r a t e d  in  t he  f i rs t ,  s econd  a n d  t h i r d  g r a d e s  as  w e l l  as in  acu te  
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  c o r r e s p o n d s  to t h e  p r e v i o u s  w o r k  of  
Fukuoka  (2). S u c h  i n c r e a s e  m a y  be  a t t r i b u t e d  to  t h e  i n c r e a s e d  s y n t h e s i s  
of  b e t a  g l o b u l i n  in  t he  l i v e r  to  c o m p e n s a t e  t h e  l o w e r i n g  of  s e r u m  a l b u m i n .  
M o r e o v e r ,  Zinkel  et  al.  (24) r e p o r t e d  a n  i n c r e a s e  in  t h e  b e t a  g l o b u l i n  
d u r i n g  c a r b o n - t e t r a c h l o r i d e  i n tox i ca t i on .  
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Table 2. Percentage average changes in serum total protein and its major fractions 
of carbon tetrachloride intoxicated rats relative to controls. 

I tem T. pr. Alb. ~I-G. ~-G. 

Group I -- 3.7 --13.2 +12.0 + 6.9 
Group I I  -- 5.8 --20.1 +{-28.0 + 9.7 
Group I I I  -- 9.4 --22.7 +50.1 +19.4 
Acute cc14 - -  13.3 - -  46.8 + 72.0 + 36.1 

Item B-G.  7-G. T.  G1. Alb. 
T. G1. 

Group I -t- 7.4 -- 3.7 -{- 4.7 --17.1 
Group I I  + 9.4 -- 8.2 + 6.8 --26.2 
Group I I I  ~- 13.5 -- 15.4 + 11.5 -- 39.8 
Acute ccl~ + 16.2 - - 2 2 . 6  + 16.0 - - 5 4 . 6  

On the other hand, no significant change in the level of gamma globulin 
could be observed in grade I and If. A slight decrease in its level was found 
in the last groups. As the gamma globulin are synthesized in the 
reticuloendothelial system (20), the diminution found in our data could be 
attributed to the result of possible interference of carbon tetrachloride 
with the plasma lymphoid cells, responsible for antibody formation. 

In addition, the observed decrease in albumin globulin ratio caused by 
the decrease of albumin as well as the increase in the total globulin levels. 

As shown in table 3, there was a decrease in haematocrit values in 
rats with both chronic and acute liver damage induced by carbon tetra- 
chloride, this might be attributed to an expansion in plasma volume. 
HaR (4) found that the decrease in haematocrit values associated with 
increase of plasma volume. 

Furthermore, the haemoglobin of grade I cirrhosis was first raised to a 
level significantly higher than control value but dropped to about the 
control value level in grade II, and eventually in grade I I I  fell below that  
of controls. In rats with acute liver damage, there was however  no signi- 
ficant change in the haemoglobin concentration in the circulating blood. 
The changes of haemoglobin concentration in the three stages of chronic 
carbon tetrachloride liver damage and the calculated mean corpuscular 
haemoglobin concentrations (MCHC) of 38.2, 41.9 and 34.5 respectively, 
compared to control value of 35.2, suggest that  compensatory mechanism 
such as increase in the red cell volume (1) might  have taken place, part ic-  
ular ly in grade I and II  cirrhosis. However,  these compensatory measures 
could no longer remain effective in grade HI, since low mean corpuscular 
haemoglobin concentration was found. 

No significant changes could be observed in reticulocytes count in all 
groups of chronic and acute carbon-tetrachloride intoxicated rats. 

In acute carbon tretrachloride toxicity a highly significant elevation of 
plasma iron and total iron-binding capacity were observed (table 3). The 
high plasma=iron content could be suggested to the appearance of ferrit in 
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i n  t h e  s y s t e m i c  c i r c u l a t i o n  r e s u l t i n g  f r o m  t h e  d i s i n t e g r a t i o n  o f  h e p a t i c  
cel ls .  O n  t h e  o t h e r  h a n d ,  p l a s m a - i r o n  a n d  t o t a l  i r o n - b i n d i n g  c a p a c i t y  w e r e  
n o t  e l e v a t e d  i n  r a t s  w i t h  v a r i o u s  d e g r e e s  of  c h r o n i c  l i v e r  d a m a g e .  

Summary  

The  p re sen t  s tudy  deals  w i t h  inves t iga t ions  on the  genera l  f ea tu res  of p ro te in  
and  i ron m e t a b o l i s m  u n d e r  seve ra l  condi t ions  of chron ic  and acu te  l i ve r  d a m a g e  
induced  by  ca rbon  te t rach lor ide .  Da ta  r e v e a l e d  a drop  in t he  leve ls  of s e r u m  
to ta l  p ro t e in  and  a lbumin .  The  l eve l s  of alpha1, alpha2 and  be ta  g lobul ins  w e r e  
found  to be  increased.  G a m m a  f rac t ion  was  found  to be  p ropor t iona te  w i t h  
dosage  accumula t i on  and to v a r y i n g  extent .  

T h e r e  w e r e  changes  in h a e m a t o c r i t  and  haemoglob in  va lues  in  al l  g roups  of 
chronic  and acu te  carbon t e t r ach lo r ide  i n tox ica t ed  rats .  Also,  t he r e  w e r e  no 
changes in r e t i cu locy te  count ,  p l a sma  i ron  and  to ta l  i ron b ind ing  capac i ty  
l eve l s  in chronic  in tox ica ted  animals .  Howeve r ,  in acute  carbon  te t rach lor ide  
p l a sma  i ron  and  to ta l  i r on -b ind ing  capac i ty  w e r e  s ign i f ican t ly  e leva ted .  

~e]erences 

1. Binoham, J., Blood 15, 244 (1960). - 2. Fukuoka,  S. H., A c t a  Med. 45, 821 
(1954). - 3. Gut~nan, A. P., Adv.  in  p ro te in  chem. 4, 155 (1948). - 4. Hail ,  C. A., 
J.  Lab.  Ciin. Med. 48, 395 (1956). - 5. Ho]]man, J., M. B. Himes,  S. Lapan, R. 
Risziki,  N. Post, Arch.  Pathol .  59, 429 (1955). - 6. King, E., L. D. Wooton, In: 
Micro Ana lys i s  in Medica l  Biochemis t ry ,  P. 950 (London 1959). - 7. LaMotta, R., 
H. Williams, H. Wastone, Gast roentero l .  33, 50 (1957). - 8. L~eweliyn, O. P.: 
Ann.  Occup.  Hyg.  9, 199 (1966). - 9. Lob, T. T., J. S. Juggi, Aust .  J .  Exp.  BioL 
Med. Sci. 49, 493 (1971). - 10. Mangalik, V. S., R. M. L. Methrota, N. C. Nayak,  
J.  Pa th .  Bact .  63, 239 (1957). - 11. Mazur, A., A.  Carleton, A. Carlson, J.  Biol. 
Chem.,  236, 1109 (1961). - 12. McColtister, D. D., W. H. Beamer,  G. J. Atchison, 
H. C. Spencer, J.  Pha rmaco l .  102, (1951). - 13. McCloskey, J. F., E. H. McGehce, 
Arch.  Pathol . ,  49, 200 (1955).-  14. Miale, J. B., L a b o r a t o r y  Medic ine :  Haemoto logy ,  
3rd ed. P. 1125 (St. Louis  1967). - 15. Pa t ty ,  F. D., I ndus t r i a l  H y g i e n e  and  
Toxicology,  In te r sc ience  (New Y o r k  1961). - 16. Rammsey ,  W. N. M., Clin. 
Chem.  A c t a  2, 214 (1957). - 17. Reissmann, K. R., J. Boley,  J. F. Christanson, 
M. H. Delp,  J.  Lab.  CHn. ivied. 43, 572 (1954). - 18. Reissmann, K. R., M. R. Diet-  
rich, J .  Clin. Inves t .  35, 580 (1956). - 19. Robbins, B. H., J .  Pha rmaco l .  Exp.  
Therap .  37, 203 (1929). - 20. Sherlock, S., Diseases  of t he  l i ve r  and b i l i a ry  
system, 4th edit ion,  B lackwel l  (1960). - 21. Suzuki ,  S., J .  Lab.  P h a r m a c .  17, 
393 (1967). - 22. Welts, H. S., Exptl . ,  Therp .  25, 235 (1925). - 23. Wong, J., 
J.  Biol. Chem.  77, 409 (1928). - 24. Zinkel ,  J. G., R. M. Bush, C. E. Cornelins, 
R. A. F r e e d  Land, Res. Vet.  Sei., 12, 211 (1971). 

Au thor s '  address :  

Dr.  E. A. EI-Dessoukey,  Na t iona l  Resea rch  Centre ,  
I ndus t r i a l  Medicine,  Dokki ,  Cai ro  (Egypt) 


