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Acute i n t o x i c a t i o n  i n  v e r t e b r a t e s  w i t h  the i n s e c t i c i d e  
l i ndane  (hexach lorocyc lohexane)  has been found to 
produce an exaggerated responsiveness to sensory 
s t i m u l i ,  h y p e r s a l i v a t i o n ,  f a s c i c u l a t i o n  o f  v o l u n t a r y  
muscles, convu l s i ons  and death as a r e s u l t  o f  i t s  
n e u r o t o x i c  e f f e c t s  (Joy et  a l .  1982). These e f f e c t s  
most probab ly  r e f l e c t  a p e r i p h e r a l  s i t e  o f  a c t i o n  o f  
l i ndane ,  a l though there  may a lso be a c e n t r a l  increase 
i n  parasympathet ic  tone.  I t  has a lso been suggested 
t ha t  the n e u r o t o x i c  o f  l i ndane  i s  due to i t s  capac i t y  
to induce a h y p e r a c t i v i t y  o f  the c e n t r a l  and p e r i p h e r a l  
c h o l i n e r g i c  system, causing an increase in  
a c e t y l c h o l i n e  re lease  from the c h o l i n e r g i c  synap t i c  
endings (Shankland 1978). Moreover, v a r i a t i o n s  i n  
ce reb ra l  l e v e l s  o f  t r yp tophan  (Aldegunde et  a l .  1980) 
and o ther  amino ac id  n e u r o t r a n s m i t t e r  such g lu tamate,  
aspa r ta te  and ~-aminobuty ra te  (GABA) i n  response to 
l i ndane  i n t o x i c a t i o n  have also been repor ted (Mu~oz- 
Blanco et  a l .  1982). 

In  the present  s tudy a c e t y l c h o l i n e s t e r a s e  a c t i v i t y  
(ACHE) i s  used as a b iochemica l  marker and the t e s t  o f  
t o x i c  a c t i o n .  AChE a c t i v i t y  i n  plasma and synaptosomal 
f r a c t i o n s  from the c e r v i c a l  cord,  pons-medul la ,  
cerebel lum,  m idbra in ,  d iencephalon and te lencepha lon  o f  
r a t s  t rea ted  w i t h  l i ndane  i s  determined. 

S u c c i n y l c h o l i n e  (SCh) i s  a d e p o l a r i z i n g  and 
d e s e n s i t i z i n g  r e l a x a n t  drug which has been used in  the 
t reatment  o f  t h i s  i n t o x i c a t i o n  (Jaeger e t  a l .  1984). 
I t s  e f f e c t  on the n e u r o t o x i c  symptoms and on 
a c e t y l c h o l i n e s t e r a s e  in  the aforement ioned areas was 
a lso s tud ied  i n  order  to determine i t s  t h e r a p e u t i c  
va lue .  
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MATERIALS AND METHODS 

Twenty e i g t h  male Wins tar  r a t s  we igh ing  between 285-290 
g. were d i v i d e d  i n t o  f o u r  g roups.  Each group was f a s t e d  
o v e r n i g h t  be fo re  the expe r imen t s .  Group I ( t en  r a t s )  
was used to de te rmine  the average t ime o f  death a f t e r  
they  were i n j e c t e d  ( i . p . )  w i t h  225 mg/kg l i n d a n e  i n  
corn o i l .  Th i s  group was not  used i n  the a n a l y s i s  
i t s e l f .  Group I I  ( s i x  r a t s )  was used as the c o n t r o l  and 
was i n j e c t e d  ( i . p . >  6 ml /kg corn  o i l .  Group I I l  ( s i x  
r a t s )  r ece i ved  the same t rea tmen t  as Group I .  Group IV 
( s i x  r a t s )  a l so  r ece i ved  the same t r ea tmen t  as I and 
I I I  but  when the  f i r s t  symptoms o f  i n t o x i c a t i o n  
appeared, s u c c i n y l c h o l i n e  was a d m i n i s t e r e d  ( i . p . )  a t  a 
dose o f  1 mg/kg. 

T h i r t y  minutes  a f t e r  t rea tmen t  the an imals  i n  Groups 
I I , I I I  and IV were d e c a p i t a t e d  and b lood samples taken.  
The b r a i n s  and c e r v i c a l  cords were then removed and 
p laced i n  T r i s - H C 1 0 . 0 1 M  at  a pH o f  7 . 4 ,  0 .32 sucrose ,  
a t  0-4 ~ and g e n t l y  s t i r r e d .  

The b r a i n s  were d i s s e c t e d  and the 
c e r e b e l l u m ,  m i d b r a i n ,  d i encepha lon  and 
taken o u t .  

por ts -medu l la ,  
t e l e n c e p h a l o n  

Crude synaptosomal f r a c t i o n s  were prepared as 
p r e v i o u s l y  desc r i bed  (Mu~oz-Blanco e t  a l .  1982). Blood 
samples were c e n t r i f u g e d  a t  3000 x g f o r  10 min at  0-4 
~ AChE a c t i v i t y  was measured i n  plasma a l i q u o t s .  Th i s  
a c t i v i t y  and p r o t e i n  c o n c e n t r a t i o n  were measured i n  
separa te  a l i q u o t s .  

P r o t e i n  was measured by the Lowry method (Lowry et  a l .  
1951) and the enzyme a c t i v i t y  determined a t  540 nm 
f o l l o w i n g  a c e t y l c h o l i n e  i o d i n e  h y d r o l y s i s  as i n  the  
method o f  Booth and C l a r k ,  1978. The u n i t  o f  enzyme 
a c t i v i t y  i s  d e f i n e d  as the amount o f  enzyme t h a t  
h y d r o l y z e s  one mol o f  s u b s t r a t e  per m inu te .  S p e c i f i c  
a c t i v i t y  i s  expressed i n  the  synaptosomal f r a c t i o n s  as 
mU/mg p r o t e i n  and as mU/ml i n  plasma. 

RESULTS AND DISCUSSION 

The animal  i n t o x i c a t e d  w i t h  l i n d a n e  showed symptoms o f  
h y p e r e x c i t a b i l i t y  w i t h  t o n i c - c l o n i c  c o n v u l s i v e  c r i s e s  
a f t e r  a 10-15 min l ag .  Death ocu r red  by g e n e r a l i z e d  
s p a s t i c  p a r a l y s i s  38• minutes  a f t e r  i n j e c t i o n  (Group 
I ) .  The f i r s t  s i g n s  o f  l i n d a n e  i n t o x i c a t i o n  appeared 
10-15 minutes  a f t e r  i t  was a d m i n i s t e r e d ,  
s u c c i n y l c h o l i n e  was them i n j e c t e d  to group IV and 
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Table I .  AChE a c t i v i t y  in d i f fe ren t  CNS areas and plasma in rats 
treated with lindane. Effect of succinylcholine. The a c t i v i t y  
values are expresed in mU/mg protein or mU/ml of plasma. The 
dates are X • S.E.M. In a l l  cases n = 6. 

sc PM CS MB 

Cont ro l ( I I )  205.8• 2?0.6i5.6 85.4i3.e 88o.1• 

Lindane(I I I )  345.1• 370.0• 149.6• 850.9• 

Succinylcholine 
and lindane(IV) 586.7• 467.3• 209.9• 441.5• 

DC TL PLASMA 

Contro l ( I I )  240.9• 289.2• 406.1• 

L indane( l l I )  620.1• 603 .3 •  640.8•  

Succinylcholine 
and lindane(IV) 367.8• 5 8 4 . 4 •  823.0•  

SC= Cervical cord~ PM= pons-medulla; CB= cerebellum~ MB= mid- 
brain~ DC= diencephalon~ TL= telencephalon. 
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h y p e r a c t i v i t y  and c o n v u l s i o n  s i g n i f i c a n t l y  d i m i n i s h e d  
u n t i l  the  an ima ls  were k i l l e d  30 minutes  l a t e r .  

Tab le  I shows AChE a c t i v i t y  i n  plasma and i n  the 
synaptosomal f r a c t i o n s  o f  the d i f f e r e n t  C.N.S. areas 
s t u d i e d  i n  the  t h r e e  e x p e r i m e n t a l  g roups.  F i g u r e  I 
g i v e s  the percentage v a r i a t i o n s  o f  AChE a c t i v i t y  i n  
an ima ls  t r e a t e d  w i t h  l i n d a n e ,  and l i n d a n e  p l us  
s u c c i n y l c h o l i n e  w i t h  respec t  to c o n t r o l s  (Group I f ) .  

From the  r e s u l t s ,  we can see t h a t  l i n d a n e  i n t o x i c a t i o n  
produces a s i g n i f i c a n t  i nc rease  (p < 0.001)  i n  AChE 
a c t i v i t y  i n  both plasma and synaptosomal f r a c t i o n s .  
Th i s  r ang ing  between 36.7% (por ts -medul la)  and 150 % 
( d i e n c e p h a l o n ) .  A d m i n i s t r a t i o n  o f  s u c c i n y l c h o l i n e  to 
r a t s  i n t o x i c a t e d  w i t h  l i n d a n e  inc reased  AChE a c t i v i t y  
i n  the c e r v i c a l  cord (70 %, p < 0 . 0 0 1 ) ,  por ts-medul la  
(26 %, p < 0 .001 ) ,  ce rebe l l um ,  (40 ~, p < 0.001)  and i n  
plasma (28 %, p < 0 . 0 0 1 ) .  On the o t h e r  hand i n  the 
m i d b r a i n  and d iencepha lon  t he re  was a converse decrease 
o f  t h i s  a c t i v i t y  (48 %, p < 0.001)  and (41 %, p < 
0 . 0 0 1 ) ,  r e s p e c t i v e l y .  However, AChE a c t i v i t y  i n  these 
two a r e a s w a s  s t i l l  s i g n i f i c a n t l y  h i g h e r  w i t h  r espec t  
to the c o n t r o l  group (16 %, p < 0 . 0 1 ,  f o r  the  m i d b r a i n  
and 53 %, p < 0.001,  f o r  the d i e n c e p h a l o n ) .  
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A c t i v i t y  was observed (48 ~, p < 0.001 and 41 ~, p < 
0.001, r e s p e c t i v e l y ) .  However, the AChE a c t i v i t y  i n  
these areas p e r s i s t e d ,  s i g n i f i c a n t l y  increased w i t h  
respect  to the c o n t r o l  group (16 ~, p < 0.01,  f o r  
midbra in  and 53 %, p < 0.001, f o r  d iencepha lon ) .  
No d i f f e r e n c e s  were observed i n  te lencepha lon  o f  r a t s  
subjected to the same s u c c i n y l c h o l i n e  t reatment  (F ig .  
I ) .  

There were no s i g n i f i c a n t  d i f f e r e n c e s  in  the 
te lencepha lon  o f  r a t s  subjected to the s u c c i n y l c h o l i n e  
t reatment  (F ig .  1).  

Acute i n t o x i c a t i o n  w i t h  l i ndane  produced a marked 
increase in  AChE a c t i v i t y  i n  both plasma and crude 
synaptosomal f r a c t i o n s  o f  the d i f f e r e n t  C.N.S. areas 
s t u d i e d .  Th is  enhacement i s  probably  due to a d i r e c t  or 
i n d i r e c t  a c t i v a t i o n  by l i ndane  o f  the c e n t r a l  or 
p e r i p h e r i c  c h o l i n e r g i c  n e u r o t r a n s m i t t e r  system which,  
i n  t u r n ,  t r i g g e r e d  o f f  t o n i c - c l o n i c  convu l s i ons  and 
death in  the i n t o x i c a t e d  animals.  These r e s u l t s  are i n  
agreement w i t h  those found by Nordberg (Nordberg et 
a i .1982)  who repor ted an increase o f  a c e t y l c h o l i n e  
(ACh) re lease  in  c o n v u l s i o n s ,  or those by Uchida 
(Uchida et  a l .  1975a,1975b) who a lso found tha t  l i ndane  
increased ACh re lease  on the cockroach abdominal 
g a n g l i o n .  Th is  suggests t ha t  po ison ing  by l i ndane  may 
be a t t r i b u t e d  to a d i r e c t  a c t i o n  on p resynap t i c  
c h o l i n e r g i c  recep to rs  in  C.N.S. which i s  exer ted 
through the enhaced re lease o f  the t r a n s m i t t e r (  
Shankland 1978). Furthermore,  an increase in  AChE 
a c t i v i t y  c o r r e l a t e d  to an increase on ACh tu rnover  i n  
C.N.S. has long been s u f f i c i e n t l y  demostrated (Cheney 
and Costa 1977). The v a r i a t i o n s  on AChE a c t i v i t y  i n  the 
C.N.S. areas s tud ied  could be due to d i f f e r e n c e s  
between them in  c h o l i n e r g i c  i n n e r v a t i o n  and/or  in  the 
accumulat ion o f  t h i s  o rganoch lo r i ne  i n s e c t i c i d e .  The 
genera l i zed  increase in  AChE a c t i v i t y  i n  both plasma 
and C.N.S. areas s t r o n g l y  suggests the involvement  o f  
c h o l i n e r g i c  systems in  the l i ndane  po ison ing  symptoms. 
However, the p o s s i b i l i t y  t ha t  the t r i g g e r i n g  o f  the 
c o n v u l s i v e  c r i s e s  ( the most prominent f e a t u r e  o f  
l i ndane  t o x i c i t y )  (Joy 1982), was i n i t i a l l y  caused by 
an a l t e r a t i o n  o f  o ther  n e u r o t r a n s m i t t e r s  t ha t  may 
r e g u l a t e  c h o l i n e r g i c  systems, probably  the GABAergic 
systems (Booth and C la rk ,  Mu~oz-Blanco et  a l .  1984) 
cannot r u l ed  ou t .  

The a d m i n i s t r a t i o n  o f  s u c c i n y l c h o l i n e ,  a drug used in  
the t reatment  o f  l i ndane  po i son ing ,  produces an 
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a t t e n u a t i o n  i n  the c l i n i c a l  s igns o f  the i n t o x i c a t i o n .  
Al though the e f f e c t s  o f  t h i s  drug on the neuromuscular 
end -p la te  are w e l l  known, the d i r e c t  or i n d i r e c t  a c t i o n  
o f  t h i s  c h o l i n e r g i c  an tagon i s t  on C.N.S. has h a r d l y  
been s t ud i ed .  Never the less ,  i t  has been w ide l y  
demostrated t ha t  muscar in ic  an tagon i s t  i n  C.N.S. 
increase ACh (Cheney and Costa 1977, K i l b i g e r  1984). 
Our r e s u l t s  on the c e r v i c a l  cord,  ports-medulla and 
cerebel lum might be exp la ined  by suggest ing tha t  
s u c c i n y l c h o l i n e  behaves in  these areas as a muscar in ic  
an tagon i s t  which would provoke an increase in  the 
number o f  ACh molecules a v a i l a b l e  f o r  degradat ion  by 
AChE w i t h  a corresponding increase in  i t s  a c t i v i t y .  
I n t r a c a r o t i d  i n f u s i o n  o f  hexamethomium, a n i c o t i n i c  
a n t a g o n i s t ,  used to anaesthet ized dogs have been shown 
to decrease ACh re leased in  C.N.S. (Rao et  a l .  1970). 
There fore ,  we suggest the p o s s i b i l i t y  o f  the midbra in  
and d iencephalon being C.N.S. areas w i t h  a h igh d e n s i t y  
o f  n i c o t i n i c  recep to rs .  Hence, in  these areas, 
s u c c i n y l c h o l i n e  could decrease ACh re lease  and 
consequent ly  AChE a c t i v i t y .  

S u c c i n y l c h o l i n e  admin is tered to sub jec ts  i n t o x i c a t e d  by 
l i ndane  (Jaeger et  a l .  1984) could block the n i c o t i n i c  
recep to rs  i n  the neuromuscular e n d - p l a t e ,  thus impeding 
convu l s i ons  and any o ther  s igns o f  acute i n t o x i c a t i o n .  
Such b lock ing  increases the number o f  molecules 
a v a i l a b l e  f o r  degradat ion  by ACHE, i nc reas ing  i t s  
a c t i v i t y  i n  the plasma. 

In s h o r t ,  our r e s u l t s  suggest a n o n - s p e c i f i c  a c t i o n  of  
s u c c i n y l c h o l i n e  on the c e n t r a l  l e v e l s  s i m i l a r  to t ha t  
o f  a t r o p i n e  on muscar in ic  and n i c o t i n i c  recep to rs  
(Minota and Kuba 1984). They a lso suggest t ha t  the 
de te rm ina t i on  o f  a c e t y l c h o l i n e s t e r a s e  a c t i v i t y  i n  
plasma may be used as a b iochemica l  t e s t  to 
d i f f e r e n t i a t e  d iagnos i s  between acute i n t o x i c a t i o n  by 
organophosphate compound or by l i ndane .  
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