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P a r a q u a t  (1, 1 -d imethy l - -4 ,  4 - d i p y r i d y l i u m )  i s  an h e r b i c i d e  w i d e l y  
used  in  many c o u n t r i e s  i n c l u d i n g  T h a i l a n d .  Man a p p e a r s  to  be a 
s p e c i e s  h i g h l y  s u s c e p t i b l e  t o  t h e  t o x i c i t y  o f  P a r a q u a t  which i s  
c h a r a c t e r i z e d  by d e l a y e d  p r o g r e s s i v e  pulmonary  f i b r o s i s  (Bus e t  
a l .  1976; Webb 1983).  L igh t  m i c r o s c o p e  s t u d i e s  o f  r a t  lungs  
exposed  t o  p . o .  a d m i n i s t r a t i o n  o f  P a r a q u a t  400 mg/kg BW i n d i c a t e  
i n t r a - a l v e o l a r  hemorrhage ,  p e r i v a s c u l a r  lymphocyte  i n f i l t r a t i o n  
and p rominen t  a l v e o l a r  e p i t h e l i a l  c e l l s  w i th  da rk  n u c l e i  
(Kimbrough and Gaines  1970). 

E x t e n s i v e  use  o f  p e s t i c i d e s  has c r e a t e d  c o n c e r n s  ove r  t h e i r  
d e t r i m e n t a l  e f f e c t s  on l i v i n g  a q u a t i c  r e s o u r c e s ,  i n c l u d i n g  f i s h  in  
T h a i l a n d .  Dur ing a f r e s h w a t e r  f i s h  e p i d e m i c  in  1983, t h e  
p o s s i b i l i t y  o f  P a r a q u a t  p r o d u c i n g  l e s i o n s  in  f i s h  which might  be 
f o l l o w e d  be s e c o n d a r y  i n f e c t i o n  was a s p e c u l a t i v e  c o n t r o v e r s y  
(Menasavet  e t  a l .  1983).  Many i n v e s t i g a t o r s  have r e p o r t e d  t h e  
a c u t e  t o x i c i t y  o f  P a r a q u a t  in  many f r e s h  w a t e r  f i s h  s p e c i e s  o f  
T h a i l a n d  ( A n u t a r a k u l  1977; Menasavet  e t  a l .  1983; Chiwaporn e t  a l ,  
1984; Kanjanopas  1984).  The p r e s e n t  s t u d y  d e s c r i b e s  the  
h i s t o p a t h o l o g i c a l  e f f e c t s  o f  Thai  S i l v e r  ba rb  P u n t i u s  g o n i o n o t u s ,  

B l e e k e r ,  exposed  to  P a r a q u a t ,  under  l a b o r a t o r y  c o n d i t i o n s .  This  
s p e c i e s  o f  f i s h  was s t u d i e d  because  t h e y  a r e  commonly p r e s e n t  in  
t he  n a t u r a l  env i ronmen t ,  a r e  o f  economics  i m por t a nc e  and a r e  
r e a d i l y  a v a i l a b l e ,  a l l  o f  which make them s t a n d a r d  f i s h  f o r  
t o x i c o l o g i c a l  t e s t i n g  in  T h a i l a n d .  

MATERIALS AND METHODS 

P u n t i u s  g o n i o n o t u s ,  B l e e k e r ,  a v e r a g e  we igh t  3 .45•  g, were 

p u r c h a s e d  from a f i s h  farm (Sang Sawang Pan P r a ) .  A l l  a n i m a l s  
were a c c l i m a t e d  f o r  15 days  p r i o r  to  e x p o s u r e  to  P a r a q u a t  in  t h e  
L a b o r a t o r y  c o n d i t i o n  ( r enewa l  s t a t i c  c o n d i t i o n  in  d e c h r o l i n a t e d  
Bangkok t a p  w a t e r  w i th  p h y s i c a l  and c h e m i c a l  p r o p e r t i e s  d e s c r i b e d  
be low) .  They were f e d  d a i l y  on p e l l e t e d  food  u n t i l  t he  day b e f o r e  
t h e  e x p e r i m e n t .  

Send r e p r i n t  r e q u e s t s  t o  P a l a r p  S i n h a s e n i  a t  t h e  above a d d r e s s  

308 



T a b l e  1. P a r a q u a t  c o n c e n t r a t i o n  i n  t e s t  s o l u t i o n s  d u r i n g  24 hou r s  
and  48 h o u r s .  

P a r a q u a t  P a r a q u a t  c o n c e n t r a t i o n  i n  t e s t  s o l u t i o n s  
Nominal c o n c e n t r a t i o n s  (mg/L) 

(mg/L) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Z4 h 48 h 

1 .0  n = 2  n : 2  
a v e r a g e  O. 8 a v e r a g e  O. 7 

4 . 0  n = 2 n : 2 
a v e r a g e  3 . 8  a v e r a g e  3 .3  

A n a l y t i c a l  g r a d e  (99.6% w/w) P a r a q u a t  D i c h r o l i d e  was p r o v i d e d  by 
t h e  p l a n t  p r o t e c t i o n  d i v i s i o n  o f  I n d u s t r i a l  Chemical  
I n t e r n a t i o n a l ,  F e r n h u r s t ,  E n g l a n d .  A s t o c k  s o l u t i o n  was p r e p a r e d  
i n  d i s t i l l e d  w a t e r .  C o n c e n t r a t i o n s  o f  P a r a q u a t  i n  t e s t  s o l u t i o n s  
were  d e t e r m i n e d  i n  d u p l i c a t e s  t h r o u g h o u t  t h e  e x p e r i m e n t  by  
d i t h i o n i t e  r e d u c t i o n  and d e t e c t e d  u s i n g  a Shimudzu UV v i s i b l e  
s p e c t r o p h o t o m e t e r  a t  369 nm. ( B a s e l t  1980) .  D u r i n g  48 h o u r s ,  
P a r a q u a t  c o n c e n t r a t i o n s  i n  t h e  t e s t  s o l u t i o n s  were w i t h i n  70% 
o f  t h e  o r i g i n a i  c o n c e n t r a t i o n s  ( T a b l e  1) .  

S t a t i c  b i o a s s a y s  were c o n d u c t e d  u s i n g  Bangkok d e c h l o r i n a t e d  
t a p  w a t e r  ( t o t a l  h a r d n e s s  iO0-115 ppm as  CaCOa, t o t a i  a l k a l i n i t y  
84-104  mg/L as  CaCOa, P a r a q u a t  <10 ng/L, pH 6 .5  a t  22• ~ )  i n  
g l a s s  a q u a r i a  c o n t a i n i n g  20 L o f  t e s t  s o l u t i o n ,  a e r a t e d  t h r o u g h o u t  
t h e  e x p e r i m e n t  t o  e n s u r e  a d e q u a t e  oxygen s u p p l y .  Toxicant :  
renewals were done on alternate days. 

F i s h  were  exposed  t o  P a r a q u a t  a t  c o n c e n t r a t i o n s  o f  0 , 1 , 4  mg/L 
(12 f i s h  i n  each  a q u a r i u m ,  two d u p l i c a t e  t a n k s  a t  each  
c o n c e n t r a t i o n  o f  P a r a q u a t ) .  These c o n c e n t r a t i o n s  were chosen  
b e c a u s e  t h e y  a r e  lower  t h a n  l e t h a l  c o n c e n t r a t i o n s  p r e v i o u s l y  
d e t e r m i n e d  (Menasave t  e t  a l .  1984) .  Af te r '  5 and 12 days  o f  
e x p o s u r e ,  6 f i s h  from each  t a n k  were sampled .  

A l l  f i s h  were  k i l l e d  by d e c a p i t a t i o n .  Organs  t a k e n  f o r  
histological examination were skin, muscle, gills, heart, liver, 
kichley, spleen, stomach, intestine and brain. Tissues were 
fixed in 10% buffered formalin, embedded in paraplast, sectioned 
at 5.6 um and stained with hematoxylin and eosin for light 
microscopic examination. 

RESULTS AND DISCUSSION 

A f t e r  5 and  12 days  o f  e x p o s u r e ,  no abno rma l  b e h a v i o r  was n o t i c e d  
and none  o f  t h e  f i s h  d i e d  b e f o r e  t he  t e r m i n a t i o n  o f  t h e  
e x p e r i m e n t .  H i s t o l o g i c a l  e x a m i n a t i o n  o f  t i s s u e s  from f i s h  o f  t h e  
c o n t r o l  and exposed  g roups  r e v e a l e d  t h a t  a l l  t i s s u e s ,  w i t h  t he  
e x c e p t i o n  o f  g i l l s  o f  f i s h  a t  4 mg/L f o r  12 days ,  were q u i t e  
n o r m a l .  The morb id  chmlges  f o u n d  i n  t i l e  g i l l s  were  c h a r a c t e r i z e d  
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F i g u r e  1, Pho tomic rog raph  o f  a HE s e c t i o n  400X th rough  a g i l l  
f i l a m e n t  from P u n t i u s  g o n i o n o t u s ,  B l e e k e r .  

a) normal f i s h  (upper )  b) f i s h  exposed  to  4 mg/L f o r  12 days  
( l o w e r ) .  
Note a marked s w e l l i n g  o f  t h e  2nd g i l l  ] a m e l i a  under" e p i t h e l i a l  
and e n d o t h e l i a l  basement  membrane (ar row)  and v a c u o l a t i o n  w i t h i n  
e p i t h e l i a l  c e l l s  (V). 
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by marked s w e l l i n g  o f  the  second g i l l  l ame l l a  e s p e c i a l l y  under  the  
basement membrane o f  e n d o t h e l i a l  and e p i t h e l i a l  c e l l s  in which 
hyd rop ic  v a c u o l a t i o n  was p r e s e n t  (F igure  1).  

G i l l s  a re  the  on ly  organ o f  Pun t ius  gon iono tus ,  t h a t  were d e t e c t e d  
to  have any h i s t o p a t h o l o g i c a l  changes f o l l o w i n g  Paraquat  exposure  
o f  4 mg/L f o r  12 days.  In f i s h ,  g i l l s  a re  the  p r imary  s i t e  f o r  
b o t h  p a s s i v e  and a c t i v e  exchange of  gases  and ions (Lag le r  e t  a l .  
1977). The e f f i c i e n t  p a s s i v e  t r a n s f e r  o f  molecu les  from wate r  t o  
b lood  of  f i s h  i nvo lves  permeat ion  o f  the  mucous c o a t ,  e p i t h e l i a l  
c e l l ,  b a s a l  lamina and the  p i l l a r  c e l l  f l a n g e  (Steen and Kruysse 
1964). Paraquat  i t s e l f  i s  an i o n i z e d  compound wi th  h i g h l y  
h y d r o p h i l i c  n a t u r e .  Toxicant  wi th  t he se  p r o p e r t i e s  a re  thought  to  
be p o o r l y  absorbed  th rough  c e l l  membranes by s imple  d i f f u s i o n  
(Klaassen 1980). Seve ra l  i n v e s t i g a t o r s  have r e p o r t e d  poor  
a b s o r p t i o n  and r a p i d  s e c r e t i o n  o f  Paraquat  from f i s h  (Conning e t  
a l .  1969; Funderburk and Bozar th  1967). 

Cellular swelling of gill filaments, although it implies an early 
and completely reversible manifestation of injury, usually becomes 
apparent only sometime after the critical damaging biochemical 
event and function derangement have occured. The increased 
permeability of cell membrane with or without loss of 
intracellular reserves of energy may be involved. It is therefore 
likely that the exposure of 4 mg/L of Paraquat for a longer period 
of  t ime can cause  d e t r i m e n t a l  e f f e c t s  in f i s h .  

During the freshwater fish epidemic which occurred in Thailand in 
1983, the levels of Paraquat detected in the environment were 
between 0.030-0.051 mg/L (Menasavet et al. 1984). It has been 
previously accepted that the potential hazards of Paraquat to 
freshwater fish are considerably reduced by its rapid inactivation 
in the environment (Calderbank. 1968). Therefore the 
controversial possibility of Paraquat acute toxicity producing 
lesions in fish followed by bacterial infection causing widespread 
epidemic seems unlikely. 
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