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Technica l  HCH (Hexachlorocyc lohexane)  i s  a  mixture  o f
d i f f e r e n t  i s o m e r s  a n d  i t s  m a j o r  i n s e c t i c i d a l  a c t i v i t y
i s  d u e  t o  t h e  g a m m a - i s o m e r .  H C H  h a v e  b e e n  s h o w n  t o
accumulate i n  f a t  d e p o t s  a f t e r  i n g e s t i o n  ( D i k s h i t h
e t  a l , 1989, 1991) . The  accumulat ion  o f  HCH causes
t h e  d i s t u r b a n c e s  o f l i p i d  m e t a b o l i s m  ( C a r l s o n  a n d
Kolmodin-Hidman,  1972 ;  Barros  e t  a l ,  1991) .  Membranes
a r e  t a r g e t s i t e s  f o r  i m m e d i a t e  a n d  d e l a y e d  a c t i o n
o f  HCH (Antunes -Medeira  and  Medeira . 1 9 8 5 )  a n d  a r e
k n o w n  t o  p l a y  a  s i g n i f i c a n t  r o l e  i n  t h e  m o b i l i z a t i o n
o f  l i p i d s  f r o m  t i s s u e s  t o  p l a s m a . Gamma HCH a l t e r s
t h e  a c t i v i t y  o f some m e m b r a n e  b o u n d  p r o t e i n s  a n d
the  membrane  permeabi l i ty  (Magour  et  a l ,  1984 ;  Carrero
e t  a l , 1 9 8 9 ;  T a n d o n  e t  a l .  1 9 8 9 ) .

H C H  i s  a b s o r b e d  f r o m  G I - t r a c t ,  s k i n  a n d  l u n g s .  A
l a r g e amount o f  H C H  i s o m e r s  h a v e  b e e n  s h o w n  t o  b e
absorbed  through GI- tract  (Oshiba  and Kawakita ,  1973) .
However, not much l i t e r a t u r e  i s a v a i l a b l e  o n  t h e
e f f e c t  o f  t e c h n i c a l  H C H  a n d  i t s  m e t a b o l i t e s  o n  r a t
i n t e s t i n a l e p i t h e l i a l c e l l  l i n i n g . Al though HCH is
s t o r e d  i n  f a t t y  t i s s u e s  b u t  t h e  i n t e s t i n a l  c e l l  l i n i n g
i s t h e  f i r s t target s i t e  o f  i t s  c o n t a c t  f o l l o w i n g
o r a l a d m i n i s t r a t i o n . Present i n v e s t i g a t i o n d e a l s
w i t h  t h e  a n a l y s i s o f  H C H - i s o m e r s  i n  d i f f e r e n t i a t i n g
i n t e s t i n a l e p i t h e l i a l c e l l s . The r e s i d u a l l e v e l s
o f  H C H  i s o m e r s i n  t h e  i n t e s t i n a l e p i t h e l i a l c e l l s
w o u l d  b e important i n  u n d e r s t a n d i n g  t h e i r  r e s i d u a l
e f f e c t  o n  f u n c t i o n  a n d  d i f f e r e n t i a t i o n  o f  e p i t h e l i a l
cells.

MATERIALS AND METHODS

M a l e  a l b i n o  r a t s  w e i g h i n g  1 0 0  t o  1 2 0  g  w e r e  p r o c u r e d
f r o m  I n d u s t r i a l  T o x i c o l o g y  R e s e a r c h  C e n t r e ,  L u c k n o w ,
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a n i m a l  b r e e d i n g  c e n t r e and housed  under  normal  hus-
bandary c o n d i t i o n s . Technical hexachlorocyc lohexane
(HCH)  was  procured  f rom Tata  Chemicals ,  Bombay.  The
c o m p o s i t i o n a l  a n a l y s i s  o f  t h e  t e c h n i c a l  H C H  f o r  v a r i -
o u s  s t e r e o  i s o m e r s  i s  a s  d e s c r i b e d  e a r l i e r  ( D i k s h i t h
e t  a l , 1 9 8 9 ) .  R a t s  w e r e o r a l l y  a d m i n i s t e r e d  w i t h
5 0  m g  H C H / k g  b o d y  w e i g h t  ( 1 / 4 0  o f  L D5 0  value)  in  re f i -
n e d  o i l  a n d  s a c r i f i c e d  b y  c e r v i c a l  d o s l o c a t i o n  a f t e r
24 ,  48 ,  72  and 120  hr .

O v e r  n i g h t  f a s t e d  r a t s  w e r e  s a c r i f i c e d .  S m a l l  i n t e s -
t i n e s  w e r e r e m o v e d  a n d  f l u s h e d  g e n t l y  w i t h  n o r m a l
s a l i n e c o n t a i n i n g  1 . 0  m M  d i t h i o t h r e t o l . I n t e s t i n a l
e p i t h e l i a l  c e l l s  w e r e  p r e p a r e d  a l o n g  c r y p t  t o  v i l l u s
a x i s  o n g r a d i e n t  o f d i f f e r e n t i a t i o n  a c c o r d i n g  t o
W e i s e r  ( 1 9 7 3 ) .  E p i t h e l i a l  c e l l s  i n  t h e i r  s e q u e n c e
o f  d i s s o c i a t i o n  f r o m  t h e  i n t e s t i n e  w e r e  p o o l e d  i n t o
f o u r  f r a c t i o n s  o n  t h e  b a s i s  o f  t h e i r  p r o t e i n  c o n t e n t
and a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  a s  d e s c r i b e d  b y
P a n i n i  e t  a l  ( 1 9 7 9 ) . T h e s e  f r a c t i o n s  w e r e  d e s i g n a t e d
a s  U p p e r  v i l l i  ( U V ) ;  M i d d l e  v i l l i  ( M V ) ;  L o w e r  v i l l i
( L V )  a n d  C r y p t  ( C ) ,  c o n t a i n i n g  a p p r o x i m a t e l y  2 0 ,
3 0 ,  3 0  a n d  2 0  p e r  c e n t  o f  t h e  t o t a l  p r o t e i n ,  r e s p e c -
t i v e l y . T h e s e  f o u r  g r o u p s  o f  c e l l s  w e r e  s u s p e n d e d
i n  a p p r o p r i a t e v o l u m e  o f
( p H  7 . 4 )  a n d  h o m o g e n i z e d .

2.5 mM EDTA-NaOH buffer
The  homogenate  was  then

c e n t r i f u g e d  a t  9 0 0  g  f o r  1 5  m i n  a n d  s e d i m e n t  d i s -
carded .

P r e p a r a t i o n s  c o n t a i n i n g  1 0  m g  p r o t e i n / m l  w e r e  e x t r a c -
t e d  w i t h  n - h e x a n e  t h r e e  t i m e s  i n  a  r a t i o  o f  1 : 3 .
The  combined  extract  was  c leaned  with  two  s tep  proce -
d u r e  p r i o r  t o  a n a l y s i s . Samples  were  c leaned  through
l i q u i d - l i q u i d p a r t i t i o n method with a c e t o n i t r i l e
a n d  p a s s e d through prewashed  mixed  phase  chromato-
graphy co lumn embeded with  sodium sulphate  (1X5 cm)
a c t i v a t e d  f l o r e s i l  ( 1 X 3  c m )  a n d  c e l i t e  ( 6 0 0  m g ) .
T h e  e x t r a c t  o b t a i n e d  w a s  c o n c e n t r a t e d  i n  r o t a r y  e v a -
porator  to  about  2 .0  ml  and  treated  with  equal  vo lume
o f concentrated s u l f u r i c a c i d . A f t e r  r e m o v i n g the
a c i d  p h a s e , t h e  f i n a l  e x t r a c t  w a s  w a s h e d  t h o r o u g h l y
with  d is t i l l ed  water  and  analysed  on  GLC (CHEMTECH-
3865)  equipped  with  a  63  Ni -e lec tron  capture  detector .
A  g l a s s  c o l u m n  ( 1 X 5  m  X  2  m m  I . d )  p a c k e d  w i t h  1 . 5  %
O V - 1 7 + 1 . 9 5 %  Q  F - 1  o n 100-200 mesh chromasorb WHP
was used . Operation t e m p e r a t u r e  w e r e  1 9 5 , 200  and
220°C for column, i n j e c t o r  a n d  d e t e c t o r ,  r e s p e c t i v e l y ,
P u r i f i e d  n i t r o g e n  g a s  p a s s i n g  t h r o u g h  s i l i c a  g e l
( 8 X 1 0 - 9 A ° )  a n d  m o l e c u l a r  s i e v e s  ( 2 2 X 1 0- 9  A ° )  w a s
used as a carrier gas at a f l o w  r a t e  o f  6 0  m l  p e r
min.
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Figure  1 . HCH-residual content o f  d i f f e r e n t i a t i n g
i n t e s t i n a l e p i t h e l i a l c e l l f r a c t i o n s
f o l l o w i n g  s i n g l e  o r a l  d o s e  o f  H C H  ( 5 0
mg/kg  body  weight ) .

T h e  o v e r  a l l  r e c o v e r y  o f  H C H - i s o m e r s  i n  d i f f e r e n t
e p i t h e l i a l  c e l l  f r a c t i o n s  w e r e  f o u n d  t o  b e  m o r e  t h a n
9 5  p e r  c e n t , t h e r e f o r e  a  r e c o v e r y  c o r r e c t i o n  f a c t o r
h a s  n o t  b e e n  a p p l i e d  f o r  t h e  c a l c u l a t i o n  o f  r e s u l t s .
A l l t h e  v a l u e s  w e r e c a l c u l a t e d and compared  with
r e s p e c t i v e  r e f e r e n c e  s t a n d a r d s  o b t a i n e d  f r o m  E n v i r o n -
mental Protection Agency, USA.

RESULTS AND DISCUSSION

G a s t r o i n t e s t i n a l t r a c t  i s o n e  o f t h e  m a j o r  r o u t e
o f  a b s o r p t i o n  f o r  e n v i r o n m e n t a l  c h e m i c a l s  i n c l u d i n g
p e s t i c i d e s . A f t e r e n t r y i n t o t h e  G I - t r a c t through
food  and  water , m a j o r i t y  o f  H C H  i s  a b s o r b e d . I n  r a t s
a f t e r o r a l  d o s e  o f  H C H , t h e  i n t e s t i n a l  a b s o r p t i o n
p e r c e n t a g e s  a r e  g e n e r a l l y  i n t h e  r a n g e  o f  8 0 - 9 5 s
(Oshiba  and Kawakita ,  1973 ;  Albro  and Thomas ,  1974) .
Rats i n t e s t i n a l e n t e r o c y t e s r e s i d u a l a n a l y s i s  f r o m
d i f f e r e n t  z o n e s  f o l l o w i n g  s i n g l e  d o s e  o f  H C H  a d m i n i s -
t r a t i o n ( F i g u r e  1 )  i n d i c a t e d  a  m a x i m u m  r e t e n t i o n
of  d i f ferent  HCH isomers  a f ter  one-day  with  a  gradual
increase f r o m  u p p e r  v i l l u s  r e g i o n  t o  c r y p t  b a s e .
T h e  s e c o n d  d a y s  a n a l y s i s  r e v e a l e d  g r a d u a l  d e c r e a s e
i n a c c u m u l a t i o n  o f  H C H  i s o m e r  l e v e l s  i n  t h e  u p p e r
v i l l u s , m i d d l e  v i l l u s a n d  l o w e r  v i l l u s  b e c a u s e  o f
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the ir  metabo l i sm and a lso  probably  due  to  the  shedding
o f  t h e s e  p r o l i f e r a t i n g  c e l l s .  A f t e r  t h i r d  d a y ,  r e s i -
d u a l  a n a l y s i s  s h o w e d  h i g h  a f f i n i t y  o f  r e s i d u a l  r e t e n -
t i o n  i n m i d d l e  a n d  l o w e r  v i l l u s . T h i s  i s  p o s s i b l y
d u e  t o  t h e  p r o g r e s s i v e  u p w a r d  m i g r a t i o n  o f  i m m a t u r e
c r y p t  c e l l s cover ing the  denuded area , c a u s e d  b y
t h e  f a s t  s h e d d i n g  o f  t h e  u p p e r  m a t u r e  c e l l s .  F u r t h e r ,
t h e  c r y p t  c e l l s  w e r e  o b s e r v e d  t o  h a v e  h i g h e r  r e s i d u a l
l e v e l s  f o r  l o n g e r  d u r a t i o n . A s  t h e  c r y p t  z o n e  c o n -
t a i n s  i m m a t u r e  c e l l s ,  i t i s  p o s s i b l e  t h a t  t h e y  a r e
not in a  p o s i t i o n t o  p r o p e r l y  m e t a b o l i z e  t h e  H C H
a n d / o r  i t s  i s o m e r s .  T h e r e f o r e ,  w i t h  t h e  u p w a r d  m o v e -
men t o f  t h e s e  i m m a t u r e  c e l l s , t h e  r e s i d u a l  c o n t e n t
w o u l d  r e m a i n  i n  c o m p a r a t i v e l y  h i g h e r  l e v e l s  i n  t h e
l o w e r  a s  w e l l  a s  m i d d l e  v i l l u s  c e l l s .

The  presence  o f  gamma- isomer  in  the  enterocytes  dur ing
t h e  e n t i r e  p e r i o d  o f  s t u d y  s u g g e s t t h a t  b e i n g  t h e
most e f f e c t i v e i s o m e r ,  i t c o u l d  a l t e r important
f u n c t i o n a l  a s p e c t s  o f  t h e s e  c e l l s .  H o w e v e r ,  t h e  l o w
leve ls  o f  gamma isomer  in  the  enterocytes  as  compared
t o  t h e  o t h e r  H C H  i s o m e r s  i n d i c a t e s  i t s  r a p i d  m e t a -
b o l i s m  a n d  e l i m i n a t i o n  f r o m  t h e  i n t e s t i n e .  P r e s e n c e
o f  h i g h e r  L e v e l s  o f  a l p h a - i s o m e r  i n  t h e  e n t e r o c y t e s
m i g h t  b e  d u e  t o  i t s  h i g h  a m o u n t  p r e s e n t  i n  t h e  t e c h n i -
c a l HCH. P r e s e n c e  o f c o m p a r a t i v e l y  h i g h e r  l e v e l s
o f  a l p h a - i s o m e r  f u r t h e r  i n d i c a t e s  t h a t  i t s  p o s s i b l e
t o x i c o l o g i c a l  e f f e c t  o n  t h e  f u n c t i o n a l  a s p e c t s  o f  i n -
t e s t i n a l  c e l l  l i n i n g  c a n  n o t  t o t a l l y  b e  r u l e d  o u t .  A l -
pha- isomer  i s  a lso  knownto  cause  l iver  tumor(Nagasaki
e t  a 1 , 1 9 7 5 ) . T h e  p r e s e n c e  o f  h i g h e r  l e v e l s  o f  b e t a  H C H
r e s i d u e  i n  a l m o s t  a l l  t h e  c e l l s  o f  d i f f e r e n t  r e g i o n s
f o l l o w i n g s i n g l e e x p o s u r e  o f t e c h n i c a l HCH could
v e r y  w e l l b e  l i n k e d  w i t h  i t s  s t a b l e  n a t u r e  a n d / o r
d u e  t o  i t s  s l o w  r a t e  o f  m e t a b o l i s m  ( M a c h o l z  e t  a l ,
1982) . F u r t h e r  s t u d i e s  o n  t h e  t o x i c o l o g i c a l  i m p l i c a -
t i o n s  i m p o s e d  b y  t e c h n i c a l  H C H  a n d  l i n d a n e  o n  i n t e s -
t i n a l  e p i t h e l i a l  c e l l  f u n c t i o n s  i n  l o n g  t e r m  e x p o s u r e
u n d e r  v a r i o u s  d i e t r y  c o n d i t i o n s  a r e  i n  p r o g r e s s .

Acknowledgement. O n e  o f  u s  [ S . S . ]  i s  g r a t e f u l  t o
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