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Organic p e s t i c i d e s  though  e x t e n s i v e l y  used fo r  the  control .  
of insec t  and snai l  pe s t s  a r e  a s e r i ous  env i ronmenta l  h a z a r d .  
S y n t h e t i c  p y r e t h r o i d s ,  which  came a f t e r  o r g a n o c h l o r i n e s ,  c a r b a -  
mates and o r g a n o p h o s p h a t e s ,  became p o p u l a r  not only because  
of t h e i r  e f f e c t i c a c y  but a l so  due to t h e i r  r e l a t i v e l y  f a s t e r  
b i o d e g r a d a b i l i t y  and low mammalian t o x i c i t y  (Khan 1983).  Singh 
and Agarwal  (1986 and 1991);  Singh and Agarwal  (1990) r e p o r t e d  
tha t  the  s y n t h e t i c  p y r e t h r o i d s  a r e  potent  m o l l u s c i c i d e s  as  
t h e i r  t o x i c i t y  to the  sna i l s  Lymnaea acumina ta  and I n d o p l a n o r b i s  
exus tus  is  many t imes h i g h e r  than c a r b a m a t e  and o r g a n o p h o s p h o r u s  
compounds .  

We a re  i n t e r e s t e d  in the  tox ic  p r o p e r t i e s  of p y r e t h r o i d s  from 
the  point  of v iew of using t h e s e  as agents  for  the  con t ro l  
of u n d e s i r a b l e  aqua t i c  s n a i l s ,  p r o v i d e d  t h e s e  were not h a z a -  
rdous  to f i s h e s  l i v ing  in the  same wa t e r s .  Singh and Agarwal  
(1~90) o b s e r v e d  tha t  the  p y r e t h r o i d s ,  c y p e r m e t h r i n ,  p e r m e -  
t h r i n  and l e n v a l e r a t e  though fa ta l  to sna i l s  d id  not k i l l  t he  
f i sh  Channa s t r i a t u s  at  doses  which  needed  to be the  used 
aga ins t  the  sna i l s  Lymnaea acuminata and I n d o p l a n o r b i s  e x u s t u s .  
Al though i t  is  g e n e r a l l y  a c c e p t e d  tha t  the  p r i m a r y  t a rge t  of 
p y r e t h r o i d s  is  the  ne rvous  sy s t em (Wilk inson,  1976),  the  e f fec t  
of t h e s e  compound on the  enzyme s y s t e m s  of sna i l s  and f i s h e s  
h a v e  not been s t u d i e d .  In the  p r e sen t  s t u d y  t he  e f fec t  of c y p e r -  
me th r in  ( ( 5 , R - C y a n o - 3 - p h e n o x y b e n z y l  (1R, 1S, C i s -  t r a n s ) - 2 ,  
2 - D i m e t h y . l - 3 - ( 2 , 2 - D i c h l o r o v i n y l )  C y c l o p r o p a n e  C a r b o x y l a t e )  
was i n v e s t i g a t e d  on the  a c t i v i t y  of l a c t i c  d e h y d r o g e n a s e  (LDH), 
succ in ic  d e h y d r o g e n a s e  (SDII) and Cy toch rome  o x i d a s e  ( C y t o -  
o x i d a s e )  in the  foot and h e p a t o p a n c r e a s  of the  sna i l ,  Lymnaea 
acuminata,  Lamarck  (Lymnae idae )  and the  l i v e r  and muscle  t i s s u e  
of the  Channa s t r i a t u s  (Bloch)  (Channidae  O p h i c e p h a l i d a e ) .  
The fo rmer  is  the  v e c t o r  of the  l i v e r  f l ukes ,  Fasc io l a  h e p a t i c a  
and FascioLa g igan t i ca  which  cause  endemic f a s c i o l i a s i s  in c a t t l e  
and l i v e s t o c k  in the  wet reg ions  of Nor the rn  Ind i a ,  (Singh 
and Agarwal ,  1981) and the  l a t t e r  s h a r e s  the  h a b i t a t  of t h e s e  
s n a i l s .  

Send r e p r i n t  r e q u e s t  to P ro f .  R.A. Agarwal  at the  above  a d d r e s s .  
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MATERIALS AND METHOI~ 

Snails  and f i sh  were mainta ined and t r e a t e d  with c y p e r m e t h r i n ,  
a cco rd ing  to the  method of Singh and Agarwal  (1986) .  Adul t  
L. acumLqata (2 .6  + 0.3 cm in l eng th)  and C. s t r i a t u s  (10.5  
~" 0 .9  cm in length-) were k e p t  in g lass  aqua r i a  containing 3 
1 d e c h l o r i n a t e d  tap  wate r  for  sna i l s  and 6 1 for  f i s h e s .  Each 
aquar ium conta ined  e i t h e r  30 sna i l s  or  10 f i s h e s .  

Snai ls  and f i s h  were  t r e a t e d  wi th  404 or  804 of the  LC50 of  
c y p e r m e t h r i n  for  24 h .  LCS0 doses  were de te rmined  dur ing  e a r l i e r  
s t ud i e s  c a r r i e d  out by  Singh and Agarwal  (The 24 h LCSO for  
c y p e r m e t h r i n  for  L. acumLqata was 0.73 rag/1 (Singh and Agarwal ,  
1986) and for  C.--s tr_iatus 2.3 mg/1 (Singh and Agarwal ,  1990) .  
Af te r  24 h of  t r ea tmen t  the  t e s t  an imals  were r emoved  from 
the  a q u a r i a  and washed  with wa te r .  The h e p a t o p a n c r e a s  and 
foot of L. acuminata  and l i v e r  and muscle  of C. s t r l a t u s  were  
e x c i s e d  and used as  enzyme s o u r c e .  Cont ro l s  were  k e p t  under  
i d e n t i c a l  cond i t ion  without  any t r ea tmen t .  

Lac t ic  d e h y d r o g e n a s e  a c t i v i t y  was measured  a c c o r d i n g  to Anon 
( i984 ) .  F i f t y  mi l l i g rams  of  foot and h e p a t o p a n c r e a t i c  t i s sue s  
of L. acuminata  and 25 mg of l i v e r  and muscle  t i s sues  of  C. 
st~'iatus were  homogenised  in 1 ml of 0 .1 M p h o s p h a t e  buffe~,  
ptl 7.5 f o r 6 m i n  in an ice  ba th  and cen t r i f uged  at 10~000 g for  
30 rain at  4~ Superna tan t s  were used as enzyme s o u r c e .  An 
incuba t ion  mix tu r e  conta in ing 0.01 ml of s u p e r n a t a n t ,  0.038 m 
M s o d i u m p y r u v a t e  s u b s t r a t e  in 0 .5  ml p h o s p h a t e  bu f fe r  and 
0.01 g NADH2 were  incuba ted  a t  37~ for  45 min. Af te r  t h i s ,  
0 .5  ml of  2 - 4 - d i n i t r o p h e n y l  h y d r a z i n e  so lu t ion  was a d d e d  and 
the  mix tu re  was k e p t  at  room t e m p e r a t u r e .  Af te r  20 min, 5 .0  
ml of 0 .4  M NaOH was mixed and le f t  for  30 rain at  room t e m p e r -  
a tu r e ;  o p t i c a l  d e n s i t y  was measured  at 540 nm and c o n v e r t e d  
to the  LDH uni t s  by  means of  a s p e c i a l l y  p r e p a r e d  s t a n d a r d  
c u r v e .  Enzyme a c t i v i t y  has  been e x p r e s s e d  as nano moles of 
p y r u v a t e  r e d u c e d / m i n / m g  p r o t e i n .  

Succinic  d e h y d r o g e n a s e  a c t i v i t y  was measured  b y  the  method 
of Ar r igon i  and Singer  (1962).  50 mi l l ig rams  of foot and h e p a t o -  
panc~-eatic t i s sue  of  L. acuminata  and 25 mg of l i v e r  and muscle  
t i s sue  of C. s t r i a t u s  were homogenized  in 1 ml of 0 .5 M potass ium 
p h o s p h a t e  bu f f e r  (pH 7 .6)  for  5 min in an ice  ba th  and c e n t r i -  
fuged at 10,000 g for  30 min at 4~ Sup e rna t an t s  were p r e -  
inc.--ubated with 50 micromoles  succ ina te  at  37~ for  7 min. The 
p r e i n c u b a t e d  sample  was then kep t  on ice  and 0.05 ml a l i q u o t s  
from t h i s  were used  for  enzyme a s s a y .  

A 2 .9  ml c o c k t a i l  conta in ing  100 micromoles  of p h o s p h a t e  bu f f e r  
(pH 7 . 6 ) ,  300 jam of KCN, 0.80 ~uM of Cacl2,  0 .04 ,uM of DCIP 
( 2 , 6 - d i c h l o r o p h e n o l  i n d o p h e n o l ) ,  50 ~M of succ ina t e ,  0.05 ml 
of 2% PMS (phenaz ine  m e t h o s u l p h a t e )  and 0.05 ml of  p r e i n c u b a t e d  
enzyme sou rce  was p r e p a r e d .  The d e c r e a s e  in a b s o r b a n c e  at  
600 nm was moni tored  for  3 min. Enzyme a c t i v i t y  ha s  been 
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e x p r e s s e d  as micromoles  dye  reduced / ra in / rag  p r o t e i n .  

A c t i v i t y  of c y t o c h r o m e  o x i d a s e  was measured  acco rd ing  to C o p p e r -  
s t e in  and Lazarow ( i 951 ) .  Hundred mi l l i g rams  of foot and h e p a t o -  
p a n c r e a t i c  t i s sue  of L. acuminata  and 50 mg of muscle and l i v e r  
t i s sue  of C. s t r i a t u s  were homogenized  in 1 .0  ml of 0.33 M 
p h o s p h a t e  buf fe r ,  pH / . 4  for  5 rain in an ice  ba th  and c e n t r i -  
fuged at 10,U00 g for  30 min at  4~ Su~erna tan t s  were used 
as enzyme sou rce .  Enzyme a c t i v i t y  at  25 C was measured  in 
a 10 mm pa th  length  c u v e t t e .  3.U ml of r e d u c e d  c y t o c h r o m e  
C so lu t ion  (1 .7  x 10 -5moi / i )  was taken into cuve t t e  and 0.02 
ml of t i s sue  homogenate  was a d d e d .  A b s o r p t i o n  at 550 nm was 
moni tored  for  30 rain. A few mi l l i g r ams  of po t t a s s ium f e r r i c y a n i d e  
was a d d e d  (in o r d e r  to c o m p l e t e l y  o x i d i s e  the  a c t i v i t y  of c y t o -  
chrome C) and the  ex t i nc t i on  was de t e rmined .  Change in a b s o r -  
p t ion was c o n v e r t e d  to a r b i t r a r y  uni ts  (Anon,1984) .  Enzyme 
a c t i v i t y  has  been e x p r e s s e d  in a r b i t r a r y  uni ts / ra in / rag  p r o t e i n .  

P r o t e in  e s t ima t ion  was done by the  method of Lowry et a i . ( 1 9 5 1 ) .  

Each e x p e r i m e n t  was r e p l i c a t e d  at l e a s t  with s ix  d i f f e r e n t  
animals  and tt~e va lues  h a v e  been e x p r e s s e d  as mean + SE of 
s ix  r e p l i c a t e s .  S t u d e n t ' s  ' t '  t e s t  and a n a l y s i s  of v a r i a n c e  were 
a p p l i e d  to loca te  s ign i f i can t  changes  (Sokal  and Roh l f , 1973) .  

RESULTS AND DISCUSSION 

Lac t i c  d e n y d r o g e n a s e  c a t a l y z e s  the  l a s t  s t ep  in g l y c o l y s i s , a s  
i t  r e d u c e s  p y r u v a t e  to l a c t a t e .  Lac t ic  d e h y d r o g e n a s e  a c t i v i t y  
in the  con t ro l  sna i l s  was 332 ~umoles of p y r u v a t e  r educed / ra in / rag  
p r o t e i n  in foot and 35'7 ~umoles of p y r u v a t e  r educed / ra in / rag  p r o t e i n  
in n e p a t o p a n c r e a t i c  t i s sue  (Tab le  1 ) .  E x p o s u r e  to 4096 LC50 
of c y p e r m e t h r i n  for  24 n r e d u c e d  the  LDh a c t i v i t y  in foot and 
l aepa topanc reas ,  to /496 and 6496 of con t ro l s  r e s p e c t i v e l y  ( T a b l e l ) ;  
e x p o s u r e  to 8096 LCS0 for  the  same p e r i o d  caused  5496 and 6096 
r e d u c t i o n  in the  a c t i v i t y  of the  enzyme in foot and h e p a t o p a n c r e a s ,  
r e s p e c t i v e l y  (F ig .  i ) .  

In case  of un t r ea t ed  f i s h e s  LDH a c t i v i t y  was 435 .,umoles of 
p y r u v a t e  r educed / ra in / rag  p ro t e in  in muscle and 534 ~um of p y r u v a t e  
reduced~rain~rag p r o t e i n  in l i v e r  t i s sue .  E x p o s u r e  to c y p e r m e t h r i n  
(40~ and 80~6 LC50) for2~h caused  s ign i f i can t  r e d u c t i o n  in LDH 
a c t i v i t y  (Tab le  1, F ig .  I ) .  Exposu re  of f i s h e s  of 4096 LC50 
for  24 h r e d u c e d  tne  LDH a c t i v i t y  in bo th  muscle  and l i v e r  
to 9096 of cont ro l  va lues  (Tab le  1 ) .  E x p o s u r e  to 8096 LC50 for  
tne  same pe r iod  r e d u c e d  the  a c t i v i t y  of t h i s  enzyme to 8596 
of con t ro l s  in muscle and 76961 in l i v e r  (F ig .  I ) .  

Ana lys i s  of v a r i a n c e  (P ~ 0 .05)  demons t r a t ed  tha t  i n h i b i t i o n  
of LDH a c t i v i t y  was dose  dependen t  bo th  in sna i l s  and 
f i s h e s .  

5ucc in ic  d e h y d r o g e n a s e  is  the  a c t i v e  r e g u l a t o r y  enzyme of th~ 
t r i c a r b o x y l i c  ac id  c y c l e .  In case  of un t r ea t ed  con t ro l  s n a i l s ,  
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F i g u r e  i .  F i g u r e  showing p e r c e n t  change  in t he  l a c t i c  
d e h y d r o g e n a s e ,  succ in i c  d e h y d r o g e n a s e  and c y t o c h r o m e  
o x i d a s e  a c t i v i t y  in foot  and h e p a t o p a n c r e a t i c  t i s s u e  of 
Lymnaea  acumina ta  and musc le  and l i v e r  t i s s u e s  of Channa 
S t r i a t n s  e x p o s e d  to 80% LC50 of c y p e r m e t h r i n  for  " ~ .  

Data a r e  means fo r  s i x  r e p l i c a t e s  wi th  con t ro l  t aken  
as 100%. 

T , S i g n i f i c a n t l y  (P ~ 0 .05)  d i f f e r e n t  be tween  c o n t r o l s  
and t r e a t e d  g r o u p s ,  when s t u d n e t ' s  ' t '  t e s t  was a p p l i e d .  

s u c c i n i c  d e h y d r o g e n a s e  a c t i v i t y  was 38 ,n moles  of d y e  r e d u c e d /  
rain/rag p r o t e i n  in foot  and 41 ~u moles  of  d y e  r e d u c e d / r a i n / r a g  
p r o t e i n  in h e p a t o p a n c r e a t i c  t i s s u e .  E x p o s u r e  to 40% LC50 of 
c y p e r m e t h r i n  fo r  24 h enhanced  the  SDH a c t i v i t y  in foot and 
h e p a t o p a n c r e a s ,  to 127% and 129% of con t ro l  r e s p e c t i v e l y  ( T a b l e 1 ) .  
E x p o s u r e  to 80% LC50 for  the  same p e r i o d  enhanced  i t  to 152% 
and 154% of c o n t r o l s ,  r e s p e c t i v e l y  (F ig .  i ) .  

Succ in ic  d e h y d r o g e n a s e  a c t i v i t y  in u n t r e a t e d  C. s t r~ ia tuswas  50 
,l~ moles  of  d y e  r e d u c e d / m i n / m g  p r o t e i n  in m u s c l e - a n d  55 ,u moles  
of  d y e  r e d u c e d / r a i n / r a g  p r o t e i n  in l i v e r  t i s s u e .  E x p o s u r e  to 
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c y p e r m e t h r i n  (40% and 80% LC50) for  24 h caused  s i g n i f i c a n t  
enhancement  in SDH a c t i v i t y  (Tab le  1,  F ig .  1 ) .  E x p o s u r e  of 
f i s h e s  to 40% LC50 for  24 h enhanced  the  SDH a c t i v i t y  in muscle 
and l i v e r  to 114% and 118% of con t ro l s  r e s p e c t i v e l y  (Tab le  i )  
whi le  e x p o s u r e  to 80% LC50 for  the  same pe r iod  enhanced  the  
a c t i v i t y  of t h i s  enzyme to 126% and 130% of c o n t r o l s  r e s p e c t i v e l y  
(F ig .  I ) .  

Change in SDH a c t i v i t y  bo th  in f i s h  and sna i l  depended  on the  
dose  of C y p e r m e t h r i n  used .  

In case  of un t r ea t ed  sna i l s  c y t o c h r o m e  o x i d a s e  a c t i v i t y  was 
13 uni ts / ra in / rag  p r o t e i n  in foot and 14 uni ts / ra in / rag  p r o t e i n  
in h e p a t o p a n c r e a t i c  t i s s u e .  E x p o s u r e  to 40% LC50 of cyp~. rmethr in  
for  24 h r e d u c e d  the  c y t o - o x i d a s e  a c t i v i t y  in foot and h e p a t o p a n -  
c r e a s ,  to 57% and 46% whi le  e x p o s u r e  to 80% LC50 b rough t  the  
a c t i v i t y  down to 42% and 33% c o n t r o l s  r e s p e c t i v e l y  (Table  1,  
Fig. i). 

Cytocnrome  o x i d a s e  a c t i v i t y  in u n t r e a t e d  C. s t r i a t u s  was 25 
Units/rain/rag p r o t e i n  in muscle and 24 uni ts / ra in / rag  p r o t e i n  in 
the  l i v e r  t i s s u e .  Trea tment  with 40% and 80~ LC50 of c y p e r m e t h -  
r in  for  24 h r e d u c e d  the  c y t o - o x i d a s e  a c t i v i t y  in muscle and 
l i v e r  to 84% and 80% at  the  l e s s e r  dose ,  and 72% and 68% of 
con t ro l s  r e s p e , ; t i v e l y  at  the  h i g h e r  dose  (Table  1, F ig .  1 ) .  

Ana lys i s  of v a r i a n c e  ( P <  0.05)  showed tha t  i n h i b i t i o n  ~3f c y t o -  
o x i d a s e  a c t i v i t y  bo th  in case  of sna i l  and f i sh  was dose  
dependen t .  

It  is  ev iden t  from the  da te  g iven  above  tha t  the  s y n t h e t i c  
p y r e t h r o i d ,  c y p e r m e t h r i n ,  r educes  the  a c t i v i t i e s  of l a c t i c  d e h y d -  
rogenase  and c y t o c h r o m e  o x i d a s e  and enhance  the  a c t i v i t y  succ in ic  
d e h y d r o g e n a s e  in the  foot and h e p a t o p a n c r e a t i c  t i s sue  of the  
snai l  L. acuminata  and muscle and l i v e r  of the  f i sh  C. s t r i a t u s .  
I t  thu-s a f f ec t s  bo th  the  anae rob i c  and a e r o b i c  metabol ism of 
the  t r e a t e d  an imal s .  The a l t e r n a t i o n s  in the  a c t i v i t y  of LDH, 
SDH and c y t o - o x i d a s e  were  g r e a t e r  in the  n e p a t o p a n c r e a t i c  and 
l i v e r  t i s sue s  as  compared  to the  foot and muscle t i s sue s  of 
the  sna i l s  and f i sh  r e s p e c t i v e l y ;  i t  seems tha t  the  p e s t i c i d e  
is  t aken  up by the  h e p a t o p a n c r e a s / l i v e r  t i s sue  for  d e t o x i f i c a t i o n .  

Narahashi(1983) has stated that there are two types of pyrethro- 
ids: Type I are those pyrethroids which do not have an alpha 
cyano  g roup .  These  cause  r e p e t i t i v e  d i s c h a r g e s ,  i n c r e a s e  in 
d e p o l a r i z a t i o n  a f t e r  po ten t i a l  and s low sodium cu r r en t  dur in~ 
the  p o l a r i z a t i o n  in the  n e r v e  c e l l s .  Type  II p y r e t h r o i d s ,  l i k e  
c y p e r m e t h r i n ,  d e l t a m e t h r i n  and f e n v a l e r a t e  which  p o s s e s s  an 
a lpha  cyano  g roup ,  cause  membrance d e p o l a r i z a t i o n  without  r e p e -  
t i t i v e  d i s c h a r g e s ,  no i n c r e a s e  in d e p o l a r i z a t i o n  a f t e r  po ten t i a l  
and a long ta i l  c u r r e n t .  This  d i f f e r e n c e  be tween t y p e  I and 
T y p e  II  a re  thought  to be only q u a n t i t a t i v e  by  N a r a h a s h i  (1983) 
with no d i f f e r e n c e  at the  q u a l i t a t i v e  l e v e l .  Had t h i s  been the  
case ,  and i f  p y r e t h r o i d s  had  been changing the  n e r v e  memberane 
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p e r m e a b i l i t y  a lone  t h e n  p y r e t h r o i d s  p o s s e s s i n g  a cyano  g roup  
would h a v e  been  l e s s  t o x i c  t han  the  t y p e  I p y r e t h r o i d s .  H o w e v e r ,  
our  s t u d i e s  show the  t o x i c i t y  of  cyano  g roup  conta in ing  p y r e -  
t h r o i d s ,  v i z .  c y p e r m e t h r i n  and d e l t m e t h r i n  i s  h i g h e r  than  t y p e  
I p y r e t h r o i d s  (Singh and Aga rwa l ,  1990; Sahay  e t  a l . ,  1991) .  

P y r e t h r o i d s  r e p o r t e d l y  change  the  n e r v e  membrane  p e r m e a b i l i t y  
of Na+. ~Vhile such  changes  a r e  s a i d  to be  t o t a l l y  i n d e p e n d e n t  
of m e t a b o l i c  e n e r g y .  The Na+, K+ pump cannot  funct ion  wi thou t  
us ing the  ATP bound e n e r g y .  I t  i s  l i k e l y  p y r e t h r o i d s  wh ich  
p o s s e s s  a cyano  g roup  a f f e c t  t he  e l e c t r o n  t r a n s p o r t  c h a i n  and 
t h e r e b y  s low down the  ca t ion  e x c h a n g e  pump.  T h i s  migh t  a l s o  
be  c o n t r i b u t i n g  to t he  changes  in t he  s h a p e  of t he  ac t i on  p o t e n t -  
i a l s  b y  t y p e  I I  p y r e t h r o i d s .  

We do not f u l l y  u n d e r s t a n d  the  r e a s o n  fo r  t h e  i n c r e a s e  in t he  
a c t i v i t y  of  SDH a f t e r  e x p o s u r e  to c y p e r m e t h r i n .  Gupta and Kapoor  
(1975) a l so  r e p o r t e d ,  an i n c r e a s e  in t he  a c t i v i t y  of  SDH in 
m a l a t h i o n  e x p o s e d  r a t s .  I t  a p p e a r s  t h a t  t he  s t r e s s  p r o d u c e d  
by  an a d v e r s e  e f f e c t  on a e r o b i c  and a n a e r o b i c  m e t a b o l i s m  c a u s e s  
t he  SDH a c t i v i t y  to r i s e .  The i n h i b i t i o n  of c y t o c h r o m e  o x i d a s e  
b y  c y p e r m e t h r i n  may be due to t he  p r e s e n c e  of the  cyano  g r o u p ,  
wh ich  i s  a l so  an i n h i b i t o r  of  c y t o - o x i d a s e ,  (~Vilkinson, 1976; 
Lehninger, 1984). 

Acknowledgem en t .  A j a y  Singh i s  t n a n k f u l  to C . S . I . R . G o v t .  of  
I nd i a  fo r  f i n a n c i a l  s u p p o r t .  
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