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B e n z o p h e n o n e ,  a b e n z e n e  d e r i v a t i v e  d i p h e n y l  k e t o n e  i s  w i d e l y  
u s e d  in  p e r f u m e r y  i n d u s t r i e s  f o r  i t s  p e r s i s t a n t  r o s e  l i k e  o d o r  
( Bah l  a n d  B a h l  1980; Sax 1958 ) .  T h i s  c h e m i c a l  h a s  not  b e e n  
i n v e s t i g a t e d  f o r  i t s  p o s s i b l e  t o x i c  e f f e c t s  in l i v i n g  o r g a n i s m s .  
The  p r e s e n t  s t u d y  w a s  u n d e r t a k e n  to d e t e r m i n e  t h e  e f f e c t s  
of b e n z o p h e n o n e  on t h e  l i v e r  of  gu inea  p i g .  T h e  a s s e s s m e n t  
was  made on t h e  b a s i s  of  a l t e r a t i o n s  in t h e  g r o s s ,  m i c r o s c o p i c  
and  h i s t o c h e m i c a l  l e v e l s  of  l i v e r .  

M A T E R I A L S  AND METHODS 

Male gu inea  p i g s  w e i g h i n g  a p p r o x i m a t e l y  550-600 gms .  w e r e  
u s e d  in t h i s  s t u d y  and  in e x p e r i m e n t a l  s e t u p  t h e  a n i m a l s  w e r e  
r a n d o m l y  d i v i d e d  i n t o  two  g r o u p s  a n d  w e r e  k e p t  u n d e r  t h e  
same e n v i r D n m e n t a l  c o n d i t i o n s  ( room t e m p e r a t u r e  25~  z 2Oc) 
and  n u t r i t i o n a l  s t a t u s .  The  t r e a t e d  g r o u p  r e c e i v e d  i n t r a p e r i -  
t o n e a l  i n j e c t i o n  of b e n z o p h e n o n e  5 rng /kg  b o d y  w t .  ( d i s s o l v e d  
in l m l .  o l i v e  o i l )  and  t h e  c o n t r o l  g r o u p  r e c e i v e d  t h e  same 
v o l u m e  of  o l i v e  o i l  (1 m l / k g ,  b o d y  w t . )  d a i l y  f o r  a p e r i o d  
of  15 d a y s .  

An ima l s  w e r e  s a c r i f i c e d  a t  24 h o u r s  a f t e r  t h e  l a s t  d o s e .  P i e c e s  
of  l i v e r  f r o m  b o t h  t r e a t e d  a n d  c o n t r o l  a n i m a l s  w e r e  r e m o v e d ,  
f i x e d  in c a r n o y ' s  f l u i d  f o r  h i s t o p a t h o l o g i c a l  and  h i s t o c h e m i c a l  
s t u d i e s .  F o l l o w i n g  t h e  s t a n d a r d  t e c h n i q u e ,  p a r a f f i n  b l o c k s  w e r e  
p r e p a r e d .  S e c t i o n s  of  3-4 m i c r o n  t h i c k n e s s  w e r e  cut  and  s t a i n e d  
b y  h a e m a t o x y l i n  and  e o s i n  m e t h o d .  H i s t o c h e m i c a l  d e t e c t i o n  
of DNA in l i v e r  was  made b y  s c h i f f ' s  r e a g e n t  (Gur r  1958) and  
d e t e c t i o n  of  g l y c o g e n  was  made b y  p e r i o d i c  a c i d - s c h i f f  ( P A S ) r e a -  
c t i o n  ( H o t c h k i s s  1948) .  

R E S U L T S  AND D I S C U S S I O N  

Guinea pigs exposed to benzophenone daily for 15 days showed 
slight enlargement and distinct nodular cirrhotic lesions of 
liver. The liver became slightly rubbery in consistency. 

Microscopically the hepatic changes observed were disorganiza- 
tion of lobular architecture and hepatic cords. Perilobular 
and centrilobular cirrhosis characterized b y replacement of 
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F i g u r e s  1 - 2 .  S e c t i o n s  of  l i v e r  f r o m  b e n z o p h e n o n e  t r e a t e d  gu inea  
p i g  s h o w i n g  (1)  H e p a t i c  d e g e n e r a t i o n  w i t h  m i l d  f a t t y  c h a n g e s .  
(2)  M i t o t i c  f i g u r e  [ P h o t o m i c r o g r a p h  400X].  

h e p a t o c y t e s  w i t h  c o n n e c t i v e  t i s s u e  w e r e  n o t e d .  T h e s e  p a t h o l o -  
g i c a l  c h a n g e s  r e s e m b l e s  t h a t  of  c h r o n i c  h e p a t i t i s .  N u c l e a r  h y p e r -  
c h r o m a t i a  a n d  v a r i o u s  g r a d e s  of d e g e n e r a t i v e  c h a n g e s  in  a s s o c i -  
a t i o n  w i t h  m i l d  to  m o d e r a t e  f a t t y  c h a n g e s  w e r e  o b s e r v e d  in 
t h e  h e p a t i c  c e l l s  ( F i g . l ) .  H e p a t o c e l l u l a r  n e c r o s i s  was  p r o m i -  
nen t  in d i f f e r e n t  p a r t s  of  t h e  l i v e r ,  m a i n l y  a t  t h e  p e r i p o r t a l  
a r e a s .  At p l a c e s ,  a r e a s  of  r e g e n e r a t i o n  c h a r a c t e r i z e d  b y  u n u s u -  
a l l y  l a r g e r  s i z e  of  t h e  c e l l s  a n d  t h e i r  n u c l e i ,  o c c a s i o n a l  p r e -  
s e n c e  of  more  t h a n  one n u c l e i  in  a s i n g l e  c e l l  and  p r e s e n c e  
of  a f ew  m i t o t i c  f i g u r e s  c o u l d  be  n o t i c e d  ( F i g . 2 ) .  T h i c k e n i n g  
of t h e  w a l l  of  t h e  b l o o d  v e s s e l s  a long  w i t h  s w o l l e n  e n d o t h e l i a l  
c e l l s  l e d  to t h e  c o n s t r i c t i o n  of  t h e i r  lumina  ( F i g . 3 ) .  P r o l i  
f e r a t i o n  of t h e  b i l e  d u c t  e p i t h e l i a l  c e l l s  w e r e  o b s e r v e d  in 
t h e  p e r i p o r t a l  a r e a s .  T h e s e  p r o l i f e r a t e d  c e l l s  s h o w e d  e i t h e r  
c l u m p i n g  or  l e d  to t h e  d e v e l o p m e n t  of  new b i l e  c a n a l i c u l i  ( F i g . 4 ) .  
At some p l a c e s  t h e  h e p a t i c  c a p s u l e  p r o t r u d e d  out  due to t h e  
p r e s s u r e  e x e r t e d  b y  t h e  u n d e r l y i n g  p r o l i f e r a t i n g  b i l e  d u c t  
e p i t h e l i a l  c e l l s .  F i b r i n o u s  t h r o m b i  w i t h  a l a r g e  amount  of  l e u c o -  
c y t i c  i n f i l t r a t i o n  w a s  n o t e d  w i t h i n  t h e  b l o o d  v e s s e l s  l e a d i n g  
to o b l i t e r a t i o n  of  t h e  v e s s e l  lumen ( F i g . 5 ) ,  a n d  e x e r t e d  i t s  
i n f l u e n c e  on m i c r o c i r c u l a t i o n  in t h i s  h i g h l y  v a s c u l a r i z e d  o r g a n .  
S l o w i n g  o r  s t a g n a t i o n  of  b l o o d  f l o w  i s  a p r e d i s p o s i n g  f a c t o r  
in v e n o u s  t h r o m b o s i s .  Z a l o k a r ,  e t  a 1 . ( 1 9 8 1 )  e s t a b l i s h e d  t h e  
c o r r e l a t i o n  b e t w e e n  t h e  c i r c u l a t i n g  l e u c o c y t e s  and  t h e  r i s k  
of i s c h e m i a  and  n e c r o t i c  e v e n t s  due to  m a j o r  d i s t u r b a n c e s  in 
m i c r o v a s c u l a r  f l o w .  S u b c a p s u l a r  a r e a s  w e r e  f i l l e d  w i t h  f i b r i n o u s  
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F i g u r e s  3 - 6 .  S e c t i o n s  of l i v e r  f rom b e n z o p h e n o n e  t r e a t e d  gu inea  
p ig  s h o w i n g  (3)  E n d o t h e l i a l  h y p e r t r o p h y  (4)  P r o l i f e r a t i o n  of 
b i l e  duc t  e p i t h e l i a l  c e l l s  l e a d i n g  to t h e  f o r m a t i o n  of b i l e  c a n a -  
l i c u l i  (5)  F i b r i n o u s  t h r o m b u s  c r o w d e d  w i t h  l e u c o c y t e s  w i t h i n  
t he  b l o o d  v e s s e l  (6)  F i b r i n o u s  e x u d a t e  w i t h  a l a r g e  n u m b e r  
of l e u c o c y t e s  [ P h o t o m i c r o g r a p h  400X].  

e x u d a t e  w i t h  a l a r g e  n u m b e r  of l e u c o c y t e s .  L y m p h o c y t e s ,  m a c r o -  
p h a g e s  a n d  p l a s m a  c e l l s  w e r e  a b u n d a n t l y  s e e n  in  t h e  i n f l a m m a t o r y  
areas (Fig.6). 
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M a c r o p h a g e s  a n d  k u p f f e r  c e l l s  l a d e n  w i t h  b i l e  p i g m e n t s  w e r e  
f r e q u e n t l y  e n c o u n t e r e d  w i t h i n  t h e  h e p a t i c  s i n u s o i d s .  R o b b i n s  
a n d  C o t r a n  (1981)  s u g g e s t e d  t h a t  p r e s e n c e  of l e u c o c y t e s  a t  
t he  s i t e  of i n f l a m m a t i o n ,  c o n s t i t u t e  t he  p r i m e  d e f e n s i v e  f e a t u r e  
of t he  i n f l a m m a t o r y  r e s p o n s e .  

H i s t o c h e m i c a l  s t u d i e s  r e v e a l e d  a d e c l i n e  in  s t o r e d  g l y c o g e n  
in  l i v e r  c e l l s  c h a r a c t e r i z e d  b y  i r r e g u l a r  d i s t r i b u t i o n  a n d  l ow e r  
i n t e n s i t y  of P A S - p o s i t i v e  g r a n u l e s  i n d i c a t i n g  a c t i v e  g l y c o l y s i s .  
A w e a k  F u e l g e n  r e a c t i o n  was  o b s e r v e d  in  t he  h e p a t i c  c e l l s ,  
w h e r e a s  t h e  b i l i a r y  e p i t h e l i a l  c e l l s  e x h i b i t e d  a s t r o n g l y  p o s i t i v e  
r e a c t i o n  i n d i c a t i n g  a c t i v e  m i t o t i c  d i v i s i o n s  in  t h e s e  c e l l s  a t  
t he  e x p e n s e  of m e t a b o l i t e s  f rom o t h e r  h e p a t i c  c e l l s .  T h e s e  
c h a n g e s  may be  i n d i c a t i o n s  of f u t u r e  c a r c i n o g e n i c  t r a n s f o r m a t i o n .  
S i m i l a r  c h a n g e s  f o l l o w i n g  i n t o x i c a t i o n  w i t h  t h e  dye  p - d i m e t h y l  
a m i n o b e n z e n e  ( b u t t e r  y e l l o w )  a r e  r e p o r t e d  b y J e n n i n g s  a n d  
F l o r e y  (1970) .  T h e y  s u g g e s t e d  t h a t  t h e s e  c h a n g e s  e v e n t u a l l y  
p r o d u c e  l i v e r  c a r c i n o m a .  A l t e r a t i o n s  in  t he  m e t a b o l i c  p r o c e s s e s  
in  t he  l i v e r  may be a n o t h e r  f a c t o r  for  h i s t o p a t h o l o g i c a l  c h a n g e s .  
D e p l e t i o n  in  s t o r e d  g l y c o g e n  in  l i v e r  i n d i c a t e d  t he  i n t e r f e r e n c e  
of t h e  c h e m i c a l  t r e a t m e n t  w i t h  c a r b o h y d r a t e  m e t a b o l i s m .  

A n a l y s e s  of t h e  r e s u l t s  of t he  p r e s e n t  i n v e s t i n a t i o n  c l e a r l y  
r e v e a l e d  t h e  h e p a t o t o x i c  n a t u r e  of t he  c h e m i c a l .  As b e n z o p h e n o n e  
i s  w i d e l y  u s e d  in  p e r f u m e r y  i n d u s t r i e s ,  a long t e r m  e x p o s u r e  
s t u d y  on t he  e x a c t  r o l e  of t he  c h e m i c a l  n e e d s  f u r t h e r  i n v e s t i -  
g a t i o n .  
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