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Afla tox in  i s  a we l l  known m y c o t o x i n  p r o d u c e d  b y  t o x i g e n i c  
s t r a i n s  of A s p e r g i l l u s  f l a v u s  - p a r a s i t i c u s  g roup  of fungi .  
Natura l  con tamina t ion  of f o o d / f e e d  m a t e r i a l s  w i th  a f l a t o x i n  h a v e  
been r e c o r d e d  f rom a l m o s t  e v e r y  c o u n t r y ,  but  in gene ra l  h i g h e r  
c o n c e n t r a t i o n s  were  r e c o r d e d  f rom t r o p i c a l  and s u b - t r o p i c a l  
c o u n t r i e s  w h e r e  e n v i r o n m e n t a l  cond i t i ons  a r e  more  congenia l  
fo r  mould g rowth  and a f l a t o x i n  p r o d u c t i o n .  

Feed ing  a f l a t o x i n  con t amina t ed  d i e t  (15 m g / k g  f eed )  to  r a b b i t s  
c aused  s i g n i f i c a n t  r e d u c t i o n  in r e d  b l o o d  ce l l  (RBC) count ,  
hemog lob in  concen t r a t i on  and p a c k e d  ce l l  vo lume (PCV) (Verma 
and R a v a l ,  1992) .  D e c r e a s e d  RBC count in v i v o  may be due 
to t he  c y t o t o x i c  e f f e c t  of a f l a t o x i n  (Verma and R a v a l ,  1991) 
and may e l e v a t e  the  f o r m a t i o n  of b i l i r u b i n .  B i l i r u b i n  is  a 
g r e e n i s h  y e l l o w  t o x i c  p igmen t  f o r m e d  du r ing  d e g r a d a t i o n  of 
hemog lob in  at  the  r e t i c u l o e n d o t h e l i a l  t i s s u e  and i s  e x c r e t e d  
b y  the  l i v e r  in t he  b i l e .  T h e r e f o r e ,  the  p r e s e n t  i n v e s t i g a t i o n  
was u n d e r t a k e n  to  examine  b i l e  content  in t he  ga l l  b l a d d e r  
and b i l i r u b i n  c o n c e n t r a t i o n s  in se rum and ur ine  du r ing  a l i a -  
t o x i n - i n d u c e d  t o x a e m i a  in r a b b i t s .  

MATERIALS AND METHODS 

Toxigen ic  s t r a i n  of A. p a r a s i t i c u s  (NRRL 3240) was grown on 
SMKY l i q u i d  medium at  28+2~ f o r  10 d a y s  (Diene r  and D a v i s ,  
1966) .  Ob ta i ned  c u l t u r e  f i l t r a t e s  we re  e x t r a c t e d  w i th  c h l o r o -  
fo rm and the  a f l a t o x i n  content  was q u a n t i f i e d  us ing  Sh imadzu  
U.V.-160A s p e c t r o p h o t o m e t e r  (Nabney  and N e s b i t t ,  1965) .  The 
a f l a t o x i n  c o n c e n t r a t e  in c h l o r o f o r m  was t h o r o u g h l y  m i x e d  wi th  
t he  b a l a n c e d  d i e t  to get  a c o n c e n t r a t i o n  of 15 mg a f l a t o x i n / k g  
of f e e d .  T h i s  t o x i n - m i x e d  r a t i o n  was l e f t  o v e r n i g h t  to  a l l o w  
f o r  c h l o r o f o r m  e v a p o r a t i o n .  The p r e s e n c e  of t o x i n  in such  
t o x i n - m i x e d  r a t i o n  was e n s u r e d  b y  t a k i n g  r andom s a m p l e s  f o r  
a n a l y s i s .  Feed  f o r  con t ro l  r a b b i t s  was s i m i l a r l y  mixed  wi th  
c h l o r o f o r m  a b o v e  and was a n a l y z e d  to r u l e  out any  t r a c e  of 
a f l a t o x i n  (Verma and R a v a l ,  1992) .  
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T a b l e  1. Bi le  conten t  in ga l l  b l a d d e r  du r ing  a f l a t o x i c o s i s  in 
r a b b i t s  

L i v e r  we i gh t  (gin) Bi le  content  (gin) 
E x p e r i -  With Without  Absolu te  R e l a t i v e  
menta l  b i l e  b i l e  

c o n d i t i o n s  content  content  

Cont ro l  25.9650 23.8926 1.7391 0.2810 
•  • ~0.1100 • 

Treated 27.8038 26.0974 1.4815 0.2470 
+2.7714 +2.6686 +0.1374 +0.0170 

N=10; Values  a r e  Mean + S .E .M.  

Young i n b r e d  New Zealand s t r a i n  of r a b b i t s  ( O r y c t o l a g u s  cun i -  
culus  weigh ing  200-225 gm ( a p p r o x i m a t e l y  1 month o ld)  w e r e  
fed  w i th  r a t i o n  and w a t e r  a d - l i b i t u m ,  and  m a i n t a i n e d  unde r  
l a b o r a t o r y  c o n d i t i o n s .  F o r  p r e s e n t  e x p e r i m e n t  20 r a b b i t s  w e r e  
s e g r e g a t e d  into two g r o u p s .  Group  I r a b b i t s  were  fed  w i th  
a f l a t o x i n - c o n t a m i n a t e d  feed  (15 m g / k g  f eed )  fo r  60 d a y s ,  w h i l e  
Group II  an ima l s  r e c e i v e d  n o n - t o x i c  f eed  and s e r v e d  as  c o n t r o l s .  

On comple t i on  of t r e a t m e n t ,  b lood  s a m p l e s  we re  c o l l e c t e d  f rom 
jugu la r  ve in  and c e n t r i f u g e d  to get  s e r u m .  Urine s a m p l e s  we re  
c o l l e c t e d  f rom u r i n a r y  b l a d d e r  wi th  the  h e l p  of  a g l a s s  s y r i n g e .  
Serum and u r ine  s a m p l e s  we re  a n a l y z e d  f o r  c o n j u g a t e d ,  uncon-  
j uga t ed  and t o t a l  b i l i r u b i n  us ing  the  Diazo me thod  ( M u k h e r j e e ,  
1988) .  Bile  content  in t he  ga l l  b l a d d e r  was m e a s u r e d  b y  w e i g h -  
ing the  i n t ac t  l i v e r  wi th  and w i t hou t  b i l e .  

The S t u d e n t ' s  ' t '  t e s t  was used  fo r  s t a t i s t i c a l  a n a l y s i s .  

RESULTS AND DISCUSSION 

Bile content in the gall bladder of control rabbits was 1.731 gm 
which was reduced to 1.481 gm after feeding aflatoxin conta- 
minated diet for 60 days. Relative bile content also showed 
a sharp decline during aflatoxicosis (Table I). 

T a b l e  2 shows  c o n c e n t r a t i o n s  of con juga t ed ,  unconjuga ted  and 
t o t a l  b i l i r u b i n  in se rum and u r ine  of r a b b i t s  du r ing  a f l a t o x i -  
c o s i s .  While unconjuga ted  b i l i r u b i n  was more  p r e v a l e n t  t han  
con juga ted  ones in t h e  s e r u m ,  the  r e v e r s e  was t r u e  fo r  u r ine  
in t h e  con t r o l  r a b b i t s .  Feed ing  a f l a t o x i n - c o n t a m i n a t e d  d i e t  
to rabbits caused a significant increase in total bilirubin content 
in the serum. Although significantly higher concentrations 
were noted in conjugated and unconjugated bilirubins in treated 
one, the increase in conjugated bilirubin was comparatively 
higher. In the urine of treated rabbits total bilirubin content 
s h o w e d  a 2 . 5 - f o l d  i n c r e a s e  (PW.0.01).  I n c r e a s e s  in con juga ted  
and unconjugated  b i l i r u b i n s  were  2.06 m g / d l  and 3.1 m g / d l  
f o l d ,  r e s p e c t i v e l y .  
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Table  2. Conjugated ,  unconjugated and to t a l  b i l i r u b i n  c o n c e n t r a -  
t ions  in the  serum and ur ine  of a f l a t o x i n - f e d  r a b b i t s  

P a r a m e t e r s  Control  T rea t ed  

Conjugated b i l i r u b i n  
in serum (mg/d l )  

Unconjugated b i l i r u b i n  
in serum (rag/d1) 

Total  b i l i r u b i n  
in serum (rag/d1) 

Conjugated bilirubin 
in ur ine (rag/d1) 

Unconjugated b i l i r u b i n  
in ur ine (rag/d1) 

Total  b i l i r u b i n  
In ur ine (mg /d l )  

0.2662 0.5806 b 
• • 

0.6028 0.9174 c 
• • 

0.8690 1.4980 a 
• • 

2.3852 4.9196 b 
• • 

1.7576 5.5476 c 
• • 

4.1428 I0.4672 a 
• • 

N=10; Values are Mean +- S.E.M. 
Values for the same parameter in the same row with different 
superscript's significantly differ at these levels: 

ap-'0.01; bp~0.02; Cp~0.05. 

The decrease in bile content in the gall bladder could be due 
to bile duct proliferation (Clark et al., 1980, ]982; Jaskiewicz 
et al., 1988; Harvey et al., 1989; Verma et al., 1991) and/or 
decreased transport from sinusoids to the gall bladder as a 
result of increased hepatocellular necrosis during aflatoxicosis. 

The p r e s e n t  r e s u l t s  c l e a r l y  ind ica t e  the  occu r r ence  of h y p e r -  
b i l i r u b i n a e m i a  dur ing  induced  a f l a t o x i c o s i s  in r a b b i t s .  Some 
e a r l i e r  r e p o r t s  a l so  ind ica t e  a r i s e  in the  concen t ra t ion  of 
to ta l  b i l i r u b i n  in the  serum (Al l c ro f t  and Lewis ,  1963; S isk  
et al., 1968; Edds, 1973; Gumbmann and Williams, 1969; Osuna 
et ai.,1977; Mertens, 1979 and Clark et al., 1980, ]982). 
Furthermore, the present data also indicate that the increase 
in to ta l  b i l i r u b i n  concen t ra t ion  is due to i n c r e a s e s  in conjugated  
and unconjugated b i l i r u b i n .  Af la toxin  t r ea tmen t  of an RBC s u s -  
pension in v i t r o  caused  c o n c e n t r a t i o n - d e p e n d e n t  swe l l ing  and 
h e m o l y s i s  (Verma and Rava l ,  1991).  Hepa toce l l u l a r  i n ju r i e s  
are  wel l  known to i nc rea se  concen t ra t ions  of bo th  conjugated  
as wel l  as unconjugated b i l i r u b i n  in the  serum (Robbins  and 
Cot ran ,  1979).  Thus ,  h e p a t o c e l l u l a r  changes ,  along wi th  en -  
hanced  r a t e s  of h e m o l y s i s  may be r e s p o n s i b l e  for  the  i n c r e a s e d  
conjugated  and unconjugated  b i l i r u b i n s .  

The p r e s e n t  r e s u l t  a l so  r e v e a l s  i n c r e a s e d  l e v e l s  of conjugated ,  
unconjugated and to t a l  b i l i r u b i n  in ur ine dur ing  a f l a t o x i n - i n d u c e d  
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toxaemia in r a b b i t s .  Occur rence  of h y p e r b i l i r u b i n a e m i a  and 
d e c r e a s e d  e x c r e t i o n  of b i l e  by  the  l i v e r ,  e v i d e n t  b y  d e c r e a s e d  
b i l e  content  of the  gal l  b l a d d e r ,  may l ead  to t h e i r  i n c r e a s e d  
a p p e a r a n c e  in the  u r ine .  

I t  is  conc luded  from the  above  r e s u l t s  t h a t  induced  ch ron ic  
a f l a t o x i c o s i s  in r a b b i t s  caused  h y p e r b i l i r u b i n a e m i a  and a p p e a r -  
ance of b i l i r u b i n  in the  u r ine .  
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