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It is well known that the phosphorothionate insecticides 
require activation to their oxygen analogs by enzymatic 
mechanisms in order to be lethal to the species involved. At the 
same time there are competing reactions to detoxify the compounds. 
Activation of parathion to paraoxon has been studied by POTTER 
and O'BRIEN (1964) in both aquatic and terrestrial vertebrates 
including turtles, trout, mud puppies, frogs, pigeons, rabbits, 

toads, guinea pigs, mice, rats and pigs. The pathways have been 
studied in rats, mice and guinea pigs in detail by NEAL (1967 a,b). 

With regard to marine species, little is known concerning 

the effect of the organophosphate insecticides on these animals or 

the metabolism of these compounds by the species. It was of 
interest, therefore, to attempt to correlate the toxicity of 
parathion with its metabolism by lobsters. This species has 
already been shown by BRODIE and MAICKEL (1962) to be able to 
metabolize several drugs and that the activity is primarily in the 

hepatopancreas. MELLETT et al. (1969) reported that lobsters 
could also metabolize the drug cyclophosphamide. Since a search 
of the literature failed to reveal data on the susceptibility of 
lobsters to organophosphate poisoning, a study was also done on 
the acute toxicity of parathion to this species. 

MATERIALS AND METHODS 

Adult male rats were obtained from Charles River 
Breeding Laboratories (Wilmington, Massachusetts). They were 
housed in air-conditioned rooms and supplied food and water 
ad libitum. Male lobsters were obtained locally (Pt. Judith 
Fishermen's Cooperative, Galilee, Rhode Island) and maintained 
in artificial seawater at 10~ 

Parathion for the lethality study was supplied by the 
Monsanto Company (99.7%). The parathion (99. 1%) and paraoxon 
for the metabolism studies were gifts of the American Cyanamid 
Corporation. The parathion was dissolved in 20% ethanol - 80% 
propylene glycol for the lethality study and in ethanol alone for the 
metabolism experiments. Appropriate controls for the solvents 
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w e r e  e m p l o y e d .  A c e t y l c h o l i n e s t e r a s e  f r o m  bov ine  r e d  b lood  c e l l s  
was  p u r c h a s e d  f r o m  S i g m a  C h e m i c a l  C o r p o r a t i o n .  

To t e s t  f o r  the acu t e  l e t h a l i t y  of p a r a t h i o n ,  i t  was  i n j e c t e d  
at v a r i o u s  d o s e s  into the c h e l i p e d  s inus  of the l o b s t e r .  I nd iv idua l  
l o b s t e r s  w e r e  then  p l a c e d  in  l a r g e  g l a s s  j a r s  con t a in ing  a p p r o x i -  
m a t e l y  t h r e e  l i t e r s  of  a e r a t e d  a r t i f i c i a l  s e a w a t e r  at 13~ The 
e x p e r i m e n t  was  t e r m i n a t e d  at the end of  48 h o u r s .  

L i v e r s  f r o m  r a t s  and h e p a t o p a n c r e a s e s  f r o m  l o b s t e r s  w e r e  
r e m o v e d ,  b lo t t ed  gen t l y ,  w e i g h e d  and h o m o g e n i z e d  in 1. 15% KC1. 
A m o u n t  h o m o g e n i z e d  and p e r c e n t  h o m o g e n a t e  v a r i e d  depend ing  on 
the a c t i v i t y  of the t i s s u e .  A 9 , 0 0 0  x g s u p e r n a t a n t  was  p r e p a r e d  
by  c e n t r i f u g i n g  f o r  Z0 m i n u t e s  in a S e r v a l l  r e f r i g e r a t e d  c e n t r i f u g e .  
T o  ob ta in  a m i c r o s o m a l  f r a c t i o n ,  the 9 ,000  x g f r a c t i o n  was  
c e n t r i f u g e d  f o r  1 h o u r  at  105 ,000  x g in  a n I E C  u l t r a c e n t r i f u g e .  

The metabolism of parathion to paraoxon was studied by 
incubating varying amounts of microsomes with 1 ml phosphate 
buffer (0. IM at pH 8.0 or as otherwise indicated), 0. 1 ml NADPH 
(I0 mg/ml), 0. 1 ml glucose-6-phosphate (Z0 mg/ml), 0. 025 ml 
p~rathion (4.0 mg/ml ethanol), and sufficient water to make a 
total of 2.0 ml. Incubation was carried out at 20 ~ or 37~ for Z0 
minutes in 20 ml beakers. At the end of that period, the paraoxon 
formed was assayed for by incubating 0. i0 to 0.40 ml of this 
with 1.0 ml of acetylcholinesterase (0.32 units), 0.6 ml acetyl- 

choline chloride (18. Z mg/ml), and sufficient calcium free 

Ringer's bicarbonate buffer to make three ml. Incubations were 
carried out in a Warburg apparatus according to the method of 

DUBOIS and MANGUN (1947). A standard curve for paraoxon 
inhibition was used. 

The m e t a b o l i s m  of p a r a t h i o n  to p - n i t r o p h e n o l  was  
m e a s u r e d  u s i n g  the m e t h o d  of V I L L E N E U V E  et  al. (1970). A 25% 
whole  h o m o g e n a t e  was  u s e d  f o r  r a t s  and a 50% whole  h o m o g e n a t e  
f o r  l o b s t e r s .  

P r o t e i n  con ten t  was  d e t e r m i n e d  us ing  the m e t h o d  of LOWRY 
et  al .  

S t a t i s t i c a l  a n a l y s i s  was  done u s ing  S t u d e n t ' s  t w o - t a i l e d  t 
t e s t  f o r  c o m p a r i s o n  b e t w e e n  m e a n s .  A p a i r e d  t - t e s t  was  u s e d  fo r  
the t e m p e r a t u r e  s t u d y  w h e r e  s a m p l e s  w e r e  f r o m  the s a m e  
a n i m a l .  
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R E S U L T S  

The r e s u l t s  of i n j e c t i n g  v a r i o u s  d o s e s  of p a r a t h i o n  in to  the 
c h e l i p e d  s inus  of l o b s t e r s  i s  p r e s e n t e d  in Tab le  I. An a p p r o x i m a t e  
LD50 va lue  would  be 0 .3  m g / k g .  DUBOIS et  al.  (1949) have  
r e p o r t e d  tha t  the i n t r a p e r i t o n e a l  LD50 fo r  m a l e  r a t s  is  7 m g / k g .  
An LD50 on the s t r a i n  of r a t s  e m p l o y e d  in  this  s tudy  was  c a r r i e d  
out as a c l a s s  e x e r c i s e  and a l so  y i e lded  a va lue  of a p p r o x i m a t e l y  
7 m g / k g .  A l t h o u g h  it  is  d i f f i cu l t  to c o m p a r e  the two r o u t e s  of 
a d m i n i s t r a t i o n ,  it would  a p p e a r  tha t  l o b s t e r s  a r e  m o r e  s e n s i t i v e  
to the l e tha l  e f f e c t s  of p a r a t h i o n  than  a r e  r a t s .  I t  i s  of i n t e r e s t ,  
h o w e v e r ,  that  whi le  r a t s  e i t h e r  die wi th in  a few h o u r s  o r  s u r v i v e ,  
in the l o b s t e r s  dea ths  at  the l o w e r  d o s e s  o f t en  o c c u r r e d  du r ing  the 
p e r i o d  Z4 to 48 h o u r s  a f t e r  i n j e c t i o n .  

TABLE I 

Lethality of Parathion a Injected into Cheliped Sinus of Lobsters 

Dose  N u m b e r  Dea ths  in P e r c e n t  
( mg /kg )  I n j e c t e d  48 h r  De a ths  

2 Z Z i00 

1 2 2 i00 

0. 5 4 4 I00 

0.4 3 Z 67 

0.3 Z 1 50 

0.2 3 1 33 

0. i 1 0 0 

O. O5 1 0 0 

a D i s s o l v e d  in  Z0% e thano l  - 80% p r o p y l e n e  g lyco l .  

Preliminary e x p e r i m e n t s  on the c o n v e r s i o n  of p a r a t h i o n  to 
p a r a o x o n  by  r a t s  u s i n g  the m e t h o d  ou t l i ned  above  i n d i c a t e d  tha t  
i n i t i a l  i n c u b a t i o n  of t i s s u e  c o n t a i n i n g  0. Z to 0 . 5  m g  p r o t e i n  r e s u l t e d  
in p a r a o x o n  c o n c e n t r a t i o n s  which  cou ld  be m e a s u r e d  by  a c e t y l -  
c h o l i n e s t e r a s e  inh ib i t ion .  Nine m a l e  r a t s  in wh ich  the m i c r o s o m a l  
p r o t e i n  c o n t e n t  of the f i r s t  i n c u b a t i o n  r a n g e d  f r o m  0. Z6 to 0 . 4 8  m g  
y i e l d e d  an  a v e r a g e  p r o d u c t i o n  of 139 n a n o g r a m s  of p a r a o x o n  pe r  
m g  p r o t e i n  p e r  h r  wi th  a s t a n d a r d  e r r o r  of 14 .9  when  the 
r e a c t i o n  was  c a r r i e d  out  at  37~ at pH 8 . 0 .  In  the c a s e  of l o b s t e r s ,  
no p a r a o x o n  f o r m a t i o n  cou ld  be d e t e c t e d  u s i n g  th is  m e t h o d  e v e n  
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though  up to 1Z. Z m g  m i c r o s o m a l  p r o t e i n  w e r e  e m p l o y e d .  The 
r e a c t i o n  was  a l so  t e s t e d  at pH 6 .0  and pH 7 . 0  and at a t e m p e r a t u r e  
of Z0~ to see  i f  p e r h a p s  the c o n d i t i o n s  f o r  f o r m a t i o n  by the 
l o b s t e r  n e e d e d  to be d i f f e r e n t  f r o m  that  f o r  the r a t ,  but  a g a i n  no 
p a r a o x o n  was  d e t e c t e d .  

The data on the formation of p-nitrophenol from parathion 
by rats and lobsters are presented in Table If. It is readily 
apparent that rats metabolize parathion (either directly or after 

transformation into paraoxon) to p-nitrophenol several times 
faster in vitro than do lobsters. It is of interest that when the 

temperature of incubation was decreased to Z0~ there was a sig- 
nificant decrease in activity in the rats but a significant increase 
in activity in the lobsters. This increase is in contrast to the 
decrease in activity with temperature in the clam (Mercenaria 
mercenaria) nitroreductase system (CARLSON, 1972) but is in 
agreement with the findings of BUHLER and RASMUSSON (1968) 
who found that the microsomal metabolizing systems from fish 
have lower temperature optimum than mammalian systems. 

T A B L E  II 

M e t a b o l i s m  of P a r a t h i o n  to p - N i t r o p h e n o l  by  R a t s  and L o b s t e r s  

Spec i e  s T e m p e  r a t u r e  

20~ 37~ 

Rat 275 +_ ii.3 a 463 + 30.1 b 

Lobster 36 + Z.0 Z8 + 1.0 b 

a N a n o g r a m s  p - n i t r o p h e n o l / r a g  p ro  t e i n / h r ;  me  an +- s t a n d a r d  
e r r o r  f o r  g r o u p s  of t h r e e  a n i m a l s .  

b S i g n i f i c a n t l y  d i f f e r e n t  f r o m  20~ g r o u p  at 5% leve l .  

DIS C USSI ON 

A l t h o u g h  the m e t a b o l i s m  of p a r a t h i o n  i n v o l v e s  m o r e  than 
one p a t h w a y ,  i t  would  a p p e a r  f r o m  the in v i t r o  m e t a b o l i c  s tud ies  
a lone  tha t  l o b s t e r s  shou ld  be quite  r e s i s t a n t  to p a r a t h i o n  s ince  the 
h e p a t o p a n c r e a s  was  able  to de tox i fy  p a r a t h i o n  to p - n i t r o p h e n o l  but  
no c o n v e r s i o n  of p a r a t h i o n  to i ts  tox ic  m e t a b o l i t e  p a r a o x o n  cou ld  be 
d e t e c t e d .  H o w e v e r ,  this  i n s e n s i t i v i t y  was  not  s u p p o r t e d  by the 
a c t u a l  t o x i c i t y  data .  The r e a s o n  f o r  this  l a c k  of c o r r e l a t i o n  b e t w e e n  
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the in vitro and in vivo data is not readily apparent. One 
possibility is that the in vitro reaction rates do not correlate with 
the actual i_~n situ reaction rates. Another possibility is that 
other organs in the lobster are responsible for the conversion of 
parathion to paraoxon and thus the lethality of the parent 
compound. Additional studies on in vivo metabolism and 
metabolism in other organs are necessary before the question can 
be fully answered. 

ACKNOWLEDGEMENTS 

The author wishes to acknowledge the technical assistance 
of Mrs. Cynthia Fontneau. This work was supported by the Sea 
Grant College Program at the University of Rhode Island and a 
grant from the University of Rhode Island Research Committee. 

REFERENCES 

BRODIE, B.B. and R.P. MAIGKEL: In Metabolic factors 
controlling duration of drug action, B.B. Brodie and E.G. Erdos, 
ed., New York, Macmillan, 196Z. 

BUHLER, D.R. and M.E. RASMUSSON: Gomp. Biochem. Physiol. 
Z5, ZZ3 (1968). 

CARLSON, G.P.: Comp. Biochem. Physiol., in press (197Z). 

, J. DOULL, P.R. SALERNO and J.M. COON: 
exp. Therap. 9__77, 79 (1949). 

and G.H. MANGUN: Proc. Soc. exp. Biol. 137, 64 

DUBOIS, K.P. 
J. Pharmacol. 

DUBOIS, K.P. 
(1947). 

LOWRY, O. 
RANDALL: 

MELLETT, 
ADAMSON: 

H. , N.J. ROSEBROUGH, A.L. FARR and R. J. 
J. Biol. Chem. 193, Z65 (1951). 

L.B., S. ELDAREER, D.P. RALL and R.H. 
Arch. int. Pharmacodyn. 177, 60 (1969). 

NEAL, R.A.: Biochem. J. 103, 183 (1967a). 

NEAL, R.A.: Biochem. J. !05, Z89 (1967b). 

POTTER, J.L. and R.D. O'BRIEN: Science 144, 55 (1964). 

VILLENEUVE, D, G. , W.E.J. PHILLIPS and J. SYROTIUK: 
Environ. Contain. and Toxicol. 5, 125 (1970). 

Bull. 

300 


