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EPN [EPN-e thy ] ;  _O--4--nitrophenyl O--ethyl p h e n y i p h o s p h o n o t h i o n a t e ]  
i s  a commerc ia l  o r g a n o p h o s p h o r u s  e s t e r  tOP] i n s e c t i c i d e  c a u s i n g  
n e u r o l o g i c a l  damage in  humans ( X i n t a r a s  and Burg 1980) and c l a s s -  
J c a l  OP--induced d e l a y e d  n e u r o p a t h y  [OPII)N] i n  hens  (Abou- l )on ia  
and Graham 1979) .  The minimum e f f e c t i v e  n e u r o t o x i c  dose  of  EPN i s  
of  c o n c e r n  b e c a u s e  t he  heavy a g r i c u l t u r a l  use  of  EPN on c o t t o n  
p r o v i d e s  c o n s i d e r a b l e  o p p o r t u n i t y  f o r  o c c u p a t i o n a l  e x p o s u r e .  
There  i s  a l s o  i n t e r e s t  i n  t h e  r e l a t i v e  n e u r o t o x i c  p o t e n t i a l  of  
p a i r s  o f  O-me thy l  and _Q---ethyl p h e n y l p h o s p h o n o t h i o n a t e s ,  s i n c e  5-  
to  :10 f o l d  d i f f e r e n c e s  i n  a c t i v i t y  a r e  known to  oc ( 'u r ,  and t h e i r  
b a s i s  i s  o b s c u r e  ( l l ansen  e t  a l  1985, J o h n s o n  e t  a l  1986) .  

i n  h e n s ,  thr ac t r te  o r a l  LI)50 of  EPN i s  a p p r o x i m a t e l y  10 mg/kg,  
w h i l e  the  e f f e c t i v e  po do~e fo r  i n d u c i n g  i r r e v e r s i b l e  o v e r t  
a t a x i a  .is a p p r o x i m a t e l y  100 mg/kg (Abou-l.)onia and Graham 1979) .  
BPN--ethyl i s  n e v e t ' t h e l e s s  a h i g h l y  e f f i c i e n t  n e u c o t o x i e a n t ,  c a u s -  
i n g  p a r a l y s i s  i n  hens  a f t e r  90 dose.s of  1 .3  mg/kg/  day p e r e n t a n e -  
o u s l y  or  90 doses  of  3--4 mg/kg/day po { F r a n c i s  e t  a l  1982) .  BPN- 
e t h y l  was a more e f f e c t i v e  d e l a y e d  n e u r o t o x i c a n t  t h a n  ] e p t o p h o s  
[ O . - 2 , 5 - d i c h t o v o - 4 - b r o m o p h e n y l  _O-.methyl p h e n y l p h o s p h o n o t h i o n a t e ] ,  
a[~d l e s s  n e u r o t o x i c ,  bu t  more a c u t e l y  t o x i c ,  t h a n  EPN-methyl [_qO- 
4 - n i t r o p h e n y l  O-methy l  p h e n y l p h o s p h o n o t h i o n a t e ]  ( F r a n c i s  e t  a l  
1982) .  t lowever,  hens  i n  m u l t i p l e  dos_ing r e g i m e n s  i n  our  l a b o r a -  
t o r y  were no t  c o n c u r r e n t l y  t r e a t e d  w i t h  a t r o p i n e ,  and Chrzanowski  
and J e l i n e k  (198] )  s u g g e s l  t h a t  a t r o p i n e  may p o t e n t i a t e  t h e  de-- 
l a y e d  n e u r o t o x i c i t y  of  OPs by d e l a y i n g  t h e i r  e x c r e t i o n .  The i n -  
c r e a s e d  p e r s i s t e n c e  i n  t h e  o r g a n i s m  c o u l d  i n c r e a s e  t he  i n h i b i t i o n  
of  NTE to  c r i t i c a l  l e v e l s ,  s i m u l a t i n g  the  e v e n t s  i n  m u l t i p l e  d o s -  
i n g  r e g i m e n s  ( ,h)hnson and R i c h a r d s o n  1984) .  

To e s t a b l i s h  t he  n e u r o t o x l c  p o t e n t i a l  of  EPN--ethyl and EPN-methyl 
r e l a t i v e  to  each o t h e r  and to  the  human n e u r o t o x i c a n t  l e p t o p h o s ,  
we d e t e r m i n e d  t i le  minimum po n e u r o t o x i c  dose  of  EPN-e thy l  and 
EPN--methyl, u s i n g  hens  comparab l e  to  t h o s e  of  our  m u l t i p l e  d o s i n g  
r e g i m e n s .  To a s s e s s  the  h y p o t h e s i s  t h a t  a t r o p i n e  a l t e r s  the  n e u -  
r o t o x i c  p o t e n t i a l  of  OPs, we compared t h e  o n s e t  of  a t a x J a  i n  hens  
exposed  to  d e s b r o m o l e p t o p h o s  [O-2,5-dichlorophenyl O_-methyl 

Send r e p r i n t  r e q u e s t s  to  B. Magnus F r a n c i s  a t  t he  above a d d r e s s .  
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p h e n y l  p h o s p h o n o t h i n n a t e ]  w i t h  and w i t h o u t  c o n c u r r e n t  a t r o p i n e  
a d m i n i s t r a t i o n .  U n l i k e  E P N - e t h y l ,  d e s b r o m o l e p t o p h o s  c a u s e s  OPIDN 
a t  d o s e s  1-2 o r d e r s  o f  m a g n i t u d e  be low i t s  LDnn ( F r a n c i s  e t  a l  
1982) and i t  i s  t h e r e f o r e  p o s s i b l e  t o  c o m p a r e - - t h e  e f f e c t s  o f  
a t r o p i n e  on m a r g i n a l l y  n e u r o t o x i c  d o s e s .  

MATERIALS AND METHODS 

White  l e g h o r n  hens  were  a c q u i r e d  a t  20 weeks o f  age and h e l d  f o r  
4--6 weeks u n t i l  egg  l a y i n g  was w e l l  e s t a b l i s h e d .  Laye r  mash, s u p -  
p l i e d  by t h e  U n i v e r s i t y  o f  I l l i n o i s  P o u l t r y  Farms ,  and w a t e r  
were  p r o v i d e d  ad l i b i t u m  a t  a l l  t i m e s .  Hens were  t r e a t e d  w i t h  a 
s i n g l e  po dose  o f  d e s b r o m o l e p t o p h o s  [ O - 2 , 5 - d i c h l o r o p h e n y ]  O-me- 
t h y l  p h e n y l p h o s p h o n o t h i o n a t e ] ,  EPN--ethyl [ O - 4 - n i t r o p h e n y ]  O - e t h y l  
p h e n y l p h o s p l m n o t h i o n a t e ]  o r  EPN-methyl  [ O - 4 - n i t r o p h e n y l  O - m e t h y l  
p h e n y l p h o s p h o n o t h i o n a t e ] .  The OPs were  a d m i n i s t e r e d  i n  g e l a t i n  
c a p s u l e s ;  no c a r r i e r  was u sed .  A t r o p i n e  s u l f a t e  [Sigma Chemi- 
c a l s ]  was p r e p a r e d  in d i s t i l l e d  w a t e r ,  100 mg/ml,  and was admin -  
i s t e r e d  t o  hens  Ip  i m m e d i a t e l y  b e f o r e  t r e a t m e n t  w i t h  t h e  OPs, and 
s y m p t o m a t i c a l l y  f o r  up to  4 days  a f t e r  t r e a t m e n t  w i t h  g P N - e t h y l  
o r  EPN-methy l .  

Hens were  examined  a t  l e a s t  once  each  day ,  anti t h e i r  a b i l i t y  t o  
walk c h a r a c t e r i z e d  on a 5 p o i n t  s c a l e  in  which  0 ,: normal  g a i t  
and b e h a v i o r ;  +1 = s u s p i c i o n  o f  abnormal  g a i t ;  +2 = o v e r t  a t a x i . a  
and s t u m b l i n g ;  +3 = s e v e r e  a t a x i a  w i t h  t o t a l  i n a b i l i t y  t o  s t a n d ;  
+4 = p a r a l y s i s  ( F r a n c i s  e t  a l  1980, 1982, 1985) .  Hens were  k e p t  
f o r  a t  l e a s t  30 days  a f t e r  t r e a t m e n t  to  d e t e r m i n e  t h e  d e g r e e  o f  
r e c o w ~ r y  from a t a x i a .  

RESULTS AND DISCUSSION 

When d e s b r n m o l e p t o p h o s  [DBL] was a d m i n i s t e r e d  t o  hens  a t  d o s e s  o f  
20 to  30 mg/kg,  minor  d i s t u r b a n c e s  o f  g a i t  were  s e e n  f o r  24 h o u r s  
a f t e r  t r e a t m e n t .  T r a n s i e n t  s t a g e  +2 d e l a y e d  a t a x i a  was s e e n  i n  3 
o f  6, and pe rmanen t  d e l a y e d  a t a x i a  [ f i n a l  s t a t u s  ~2] o c c u r r e d  in 
1 o f  6, hens  t r e a t e d  a t  20 mg/kg .  N e i t h e r  o f  t h e  hens  t r e a t e d  a t  
30 mg/kg d e v e l o p e d  even  t r a n s i e n t  s t a g e  +2 a t a x i a ,  and 4 o f  4 
hens  t r e a t e d  w i t h  50 mg/kg d e v e l o p e d  p e r m a n e n t  a t a x J a  [ f i n a l  s t a -  
t u s  ~-2], p r o g r e s s i n g  t o  p a r a l y s i s  [+4] i n  2 o f  4 h e n s .  As can be 
s e e n  in  TabJe  1, t h e  s e v e r i t y  o f  a t a x i a  w i t h i n  d o s e s  was n o t  
d e p e n d e n t  on a t r o p i n e  a d m i n i s t r a t i o n .  In e a r l i e r  s t u d i e s ,  t h e  
minimum e f f e c t i v e  n e u r o t o x i c  dose  o f  DBL was a l s o  be tw een  20 and 
30 mg/kg (Sanborn  e t  a l  1977, M e t c a l f  e t  a l  1983) ;  t h e  p r e c i s e  
dose  a p p e a r s  t o  v a r y  w i t h  i n d i v i d u a l  h e n s ,  r a t h e r  t h a n  w i t h  a t ro - -  
p i n e  a d m i n i s t r a t i o n .  At h i g h e r  d o s e s  [50 o r  100 m g / k g ] ,  n e i t h e r  
t h e  i n i t i a l  weakness  on day 1-3  a f t e r  t r e a t m e n t ,  no r  t h e  s e v e r i t y  
o f  t h e  p e r m a n e n t  a t a x i a ,  c o r r e l a t e d  w i t h  a t r o p i n e  t r e a t m e n t .  

For  b o t h  EPN-methyl  and E P N - e t h y l ,  p e r m a n e n t  s t a g e  +2 a t a x i a  oc= 
c u r r e d  o n l y  w i t h  t r e a t m e n t  a p p r o a c h i n g  200 mg/kg ,  d e s p i t e  p r o -  
f m m d  and l o n g - l a s t i n g  d e b i l i t y  s e e n  a t  a l l  l e v e l s  o f  t r e a t m e n t  
[ T a b l e s  2, 3 ] .  S i n c e  1 hen t r e a t e d  w i t h  200 mg/kg EPN-methyl  and 
1 hen t r e a t e d  w i t h  200 mg/kg E P N - e t h y l  r e c o v e r e d  t o  s t a g e  +1 /+2 ,  
t h i s  seeRs  to  be t h e  minimum e f f e c t i v e  n e u r o t o x i c  dose  f o r  b o t h  
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T a b l e  1. E f f e c t s  o f  d e s b r o m o l e p t o p h o s  g i v e n  i n  a s i n g l e  o r a l  d o s e  
w i t h  and w i t h o u t  a t r o p i n e .  

t len A t r o p i n e  1 DBL 2 F i n a l  
No. ( m g / h e n )  ( m g / k g )  S t a t u s  

_ _  Days  t o  R e a c h  S t a g e :  
+] +2 ~3 +4 D e a t h  

718 50 20 +1 9 17 - -  
733 .... 20 +1 /+2  11 ]5  --- 
734 - -  20 ,-2 4 15 19 
758 50 20 +1 10 . . . . . . . .  
731 - -  20 ~1 12 . . . . .  
708 50 20 +1 3 . . . . . . . . . .  

752 50 30 0 / ~ I  I0  
701 .... 30 0 /+~ 1 

727 50 50 e4 2 1 - -  15 .... 
729 50 50 + 3 / + 4  2 15 17 ...... :-- 
730 - -  50 +3/+4  2 12 17 . . . . . . .  
728 .... 50 +4 1 10 12 ]7  - -  

726 - -  100 +4 2 1 12 15 
725 50 ] 0 0  §  3 2 18 .... 

1 A t r o p i n e  was a d m i n i s t e r e d  i p  a t  t h e  t i m e  o f  d e s b r o m o ] e p t o p h o s  
a d m i n i s t r a t i o n .  No s u b s e q u e n t  d o s e s  o f  a t r o p i n e  w e r e  a d m i n i s t e r e d  
b e c a u s e  h e n s  d i d  n o t  e x h i b i t  c h o l i n e r g i c  s y m p t o m s .  

2 D e s b r o m o ] e p t o p h o s  was  a d m i n i s t e r e d  p o ,  i n  a s i n g l e  d o s e ,  w i t h - .  
o u t  c a r r i e r ,  i n  a g e l a t i n  c a p s u l e .  

c o m p o u n d s  i n  o u r  h e n s .  T h e s e  d a t a  e s s e n t i a l l y  c o n f i r m  t h e  e s t i -  
m a t i o n  o f  h b o u - D o n i a  (1979 )  t h a t  t h e  s i n g l e  po d o s e  o f  E P N - e t h y l  
t h a t  i n d u c e s  OPH)N l i e s  b e t w e e n  100 and  200 m g / k g .  The s o m e w h a t  
g r e a t e r  r e s i s t a n c e  o f  o u r  h e n s  t o  p a r a l y s i s  i s  a l m o s t  c e r t a i n l y  
due  t o  t h e i r  y o u n g e r  a g e ,  s i n c e  s e n s i t i v i t y  t o  OPIDN i s  known t o  
i n c r e a s e  w i t h  a g e  ( J o h n s o n  and  B a r n e s  1 9 7 0 ) .  

The s i m i l a r i t y  o f  n e u r o t o x i c  p o t e n t i a l  s e e n  i n  t h e  p r e s e n t  a c u t e  
d o s i n g  c o m p a r i s o n  o f  E l ) N - m e t h y l  a n d  E P N - e t h y l  i s  n o t  s e e n  in  m u l -  
t i p l e  d o s i n g  r e g i m e n s  ( F r a n c i s  e t  a l  1980 ,  F r a n c i s  e t  a l  1982 ,  
F r a n c i s  e t  a l  1 9 8 5 ) .  In  t h o s e  s t u d i e s ,  E P N - m e t h y l ,  a d m i n i s t e r e d  
at. 10 m g / k g / d a y ,  c a u s e d  p e r m a n e n t  s t a g e  +2 a t a x i a  i n  I o f  2 h e n s ;  
t h e  o t h e r  r e c o v e r e d  t o  s t a g e  +1. At 5 m g / k g / d a y ,  E P N - m e t h y l  in--  
d a t e d  t r a n s i e n t  s t a g e  +2 a t : a x i a  a f t e r  33 d a y s  i n  2 o f  2 h e n s ,  b u t  
b o t h  r e c o v e r e d .  E P N - e t h y l ,  i n  c o n t r a s t ,  i n d u c e d  p e r m a n e n t  s t a g e  
+2 a t a x i a  i n  4 o f  5 h e n s  t r e a t e d  w i t h  5 m g / k g / d a y  f o r  90 d a y s ;  
t i m  5 t h  h e n  d i e d  a f t e r  30 d o s e s .  E P N - e t h y l  a l s o  i n d u c e d  p e r m a n e n t  
a t a x i a  [ s t a g e  +2] i n  ~ o f  3 h e n s  t r e a t e d  o r a l l y  a t  4 m g / k g / d a y  
f o r  90 d a y s .  

The c o n t r a s t  b e t w e e n  E P N - - e t h y l  a n d  EPN--methyl  i n  a c u t e  and  mul t i . - -  
p l e  d o s i n g  r e g i m e n s  i s  p e r t i n e n t  b o t h  t o  t h e  p r o b l e m  o f  r e g u l a t . -  
i n g  o c c u p a t i o n a l  e x p o s u r e  o f  d e l a y e d  n e u r o t o x i c a n t s ,  a n d  t o  t h e  
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Table 2. Effect of EPN-ethyl given in a single oral dose with 
a t r o p i n e  t o  p r o t e c t  a g a i n s t  c h o l i n e r g i c  e f f e c t s .  

Hen A t r o p i n e 1 :  EPN 2 F i n a l  DaYS to Reach. Stage.; 
No. ( m g / h e n )  ( m g / k g )  S t a t u s  +1 +2 +3 +4 D e a t h  

404 50 - -  0 /+1  8 6 ..... 1 
406 100 .... 0 /+1  1 . . . . . .  
8 4 6  2 0  - - -  0 1 . . . . . . . . . . . . .  

815 6 50 0 /+1  26 22 19 1 
816 6 60 0 /+1  23 20 19 1 

826 97 75 0 / + 1  17 16 - -  1 - -  
848 100 75 . . . . . . . . . . . . . . . . .  1 
863 105 75 0 /+1  16 6 4 1 .... 
847 107 75 0 / + ]  15 5 - -  1 - -  

405 100 100 0 / + 1  7 6 - -  1 
407 130 100 +1 8 7 .... 1 
722 50 100 +1 10 6 - -  1 
898 50 100 .~1 6 .... 4 1 
723 100 110 O/J-1 8 7 6 1 

408 100 150 +1 /+2  9 8 7 ] - -  

732 450 200 +2 - -  12 11 1 - -  
736 200 200 +1 11 10 - -  1 .... 
409 300 200 +3/+4  ..... 12 11 1 - -  
410 50 200 . . . . . . . . . . . . . . . . . . . .  1 

1 Atropine was administered ip at 
t ra t ion  and thereaf ter  when 
Cumulative dose is  shown. 

2 EPN-ethyl was administered 
capsule without car r ie r .  

t h e  t i m e  o f  EPN--e thy]  a d m i n i s -  
h e n s  e x h i b i t e d  c h o l i n e r g i c  s y m p t o m s .  

i n  a s i n g l e  po d o s e ,  i n  a g e l a t i n  

p r o c e s s  o f  r i s k  a s s e s s m e n t .  I f  o n l y  t h e  a c u t e  d o s i n g  r e g i m e n  i s  
c o n s i d e r e d ,  E P N - e t h y l  a n d  E P N - m e t h y l  a r e  s i m i l a r  t o  e a c h  o t h e r  a n d  
t o  l e p t o p h o s ,  s i n c e  t h e  l a t t e r  h a s  a minimum e f f e c t i v e  n e u r o t o x i c  
d o s e  o f  a p p r o x i m a t e l y  250 m g / k g  i n  o u r  h e n s  ( S a n b o r n  e t  a l  1977,  
F r a n c i s  e t  aS 1 9 8 2 ) .  I n  m u l t i p l e  d o s i n g  r e g i m e n s ,  E P N - m e t h y l  i s  
s i m i l a r  t o  l e p t o p h o s  i n  t h a t  b o t h  i n d u c e  p e r m a n e n t  a t a x i a  [ s t a g e  
+2] when g i v e n  a t  10 m g / k g / d a y ,  b u t  n o t  a t  5 m g / k g /  d a y ,  f o r  90 
d a y s .  B o t h  d i v e r g e  f r o m  E P N - e t h y l ,  w l l i ch  i s  s e e n  t o  be  c o n s i d e r -  
a b l y  more  n e u r o t o x i c  i n  m u l t i p l e  d o s i n g  r e g i m e n s .  

T h e r e f o r e ,  t h e  d a t a  a r g u e  s t r o n g l y  f o r  t h e  u s e  o f  m u l t i p l e  a s  
w e l l  a s  a c u t e  d o s i n g  r e g i m e n s  t o  e v a l u a t e  n e u r o t o x i c  p o t e n t i a l  o f  
OPs .  T h i s  i s  p a r t i c u l a r l y  p e r t i n e n t  f o r  t h e  r e l a t i v e l y  p e r s i s t e n t  
OPs l i k e  EPN, i s o f e n p h o s  a n d  e h l o r p y r i f o s ,  w h i c h  h a v e  b e e n  shown 
t o  be d e l a y e d  n e u r o t o x i c a n t s  a t  l e v e l s  a b o v e  t h e i r  LD i n  h e n s  
( H i x s o n  1984,  W i l s o n  e t  a l  1 9 8 4 ) ,  a n d  a r e  p e r s i s t e n t  i n  ~ge  
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T a b l e  3 .  E f f e c t  o f  EPN--methyl  g i v e n  i n  a s i n g l e  o r a l  d o s e  w i t h  
a t r o p i n e  t o  p r o t e c t  a g a i n s t  c h o l i n e r g i e  e f f e c t s .  

Hen A t r o p i n e 1 :  EPN 2 F i n a l  
No. ( m g / h e n )  ( m g / k g )  S t a t u s  

. . . .  Days  t 0  R e a c h  S t a g e :  
+1 +2 +3 -~4 D e a t h  

846 20 - -  0 1 . . . . . .  
404 50 - -  0 / + 1  8 6 .... ] 
406 100 - -  0 / + 1  1 . . . . . .  

813 4 50 0 /+1  3 2 . . . . .  
814 4 50 0 / + 1  2 1 0 .... 
724 100 50 0 / + 1  8 7 5 1 
844 18 75 +1 4 3 1 - -  
849 14 75 0 5 3 2 1 

w - -  

415 100 100 0 / ~ 1  9 6 - -  1 - -  

770 350 180 +1/+2 11 --- 10 1 --- 

412 300 200 +1/+2 - -  12 10 1 - -  
41]  300 200 +4 . . . .  8 1 - -  
739 400 200 .~4 - -  13 10 1 - -  

1 A t r o p i n e  was a d m i n i s t e r e d  i p  a t  t h e  t i m e  o f  EPN--methyl  a d m i n i s - -  
t r a t i o n  a n d  t h e r e a f t e r  when h e n s  e x h i b i t e d  c h o l i n e r g i c  s y m p t o m s .  
C u m u l a t i v e  d o s e  i s  s h o w n .  

2 EPN--methyl  was a d m i n i s t e r e d  p o ,  i n  a s i n g l e  d o s e ,  w i t h o u t  c a r -  
r i e r ,  i n  a g e l a t i n  c a p s u l e .  

o r g a n i s m ,  b u t  f o r  w h i c h  f e w  d a t a  on m u l t i p l e  d o s i n g  r e g i m e n s  a r e  
a v a i l a b l e  ( F r a n c i s  e t  a l  1 9 8 5 ) .  F o r  s u c h  c o m p o u n d s ,  r e g u l a t o r y  
r e l i a n c e  on t h e  h i g h  s i n g l e  d o s e s  n e e d e d  t o  c a u s e  n e u r o p a t h y  may 
be  d i s a s t r o u s l y  o p t i m i s t i c .  

Not  o n l y  i n h i b i t i o n  o f  NTE, b u t  a l s o  a g i n g  o f  t h e  OP-NTE c o m p l e x  
i s  t h o u g h t  t o  be  r e q u i r e d  f o r  OPIDN t o  d e v e l o p  ( J o h n s o n  a n d  
R i c h a r d s o n  J 9 8 4 ) .  B o t h  d i f f e r e n t i a l  a b s o r p t i o n  f r o m  t h e  6I  t r a c t  
a n d  d i f f e r e n t i a l  a g i n g  b e t w e e n  O - m e t h y l  a n d  O - - e t h y l  a n a l o g s  o f  
l e p t o p h o s  h a v e  b e e n  s u g g e s t e d  a s  t h e  b a s i s  f o r  t h e  s i g n i f i c a n t l y  
g r e a t e r  i n  v i v o  n e u r o t o x i c i t y  o f  l e p t o p h o s - m e t h y l  c o m p a r e d  t o  
l e p t o p h o s - e t h y l  ( H a n s e n  e t  a l  1985 ,  J o h n s o n  e t  a l  1 9 8 6 ) .  The 
d a t a  f r o m  t h e  p r e s e n t  s t u d y ,  o f  h e n s  t r e a t e d  w i t h  t h e  O - m e t h y l  
and  O - - e t h y l  a n a l o g s  o f  EPN, s u g g e s t  t h a t  d i f f e r e n c e s  b e t w e e n  O- 
e t h y l  a n d  O . - m e t h y l  p h o s p h o n a t e s  m u s t  be  e v a l u a t e d  s e p a r a t e l y  f o r  
e a c h  a n a l o g o u s  p a i r ,  s i n c e  . . . .  i n  c o n t r a s t  t o  t h e  5 - f o l d  d i f f e r -  
e n c e  b e t w e e n  l e p t o p h o s - e t h y l  a n d  l e p t o p h o s - m e t h y l  - - -  t h e r e  i s  
e s s e n t i a l l y  no d i f f e r e n c e  b e t w e e n  s i n g l e  d o s e  o f  E P N - m e t h y l  a n d  
E P N - e t h y l  t h a t  i n d u c e s  n e u r o p a t h y .  
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North Central Region Pesticide Impact Assessment Program, pro- 
jects  145 and 172. I wish to thank R. L. Netcalf for his synthe- 
sis of EPN-methyl and desbromoleptophos used in this study. 

REFERENCES 

Abou-Donia  MB, Graham (1979) De layed  n e u r o t o x i c i t y  of  O - e t h y l  O-- 
4 - n i t r o p h e n y l  p h e n y l p h o s p h o n o t h i o n a t e :  t o x i c  e f f e c t s  o f  a 
s i n g l e  o r a l  dose  on t h e  n e r v o u s  sys t em of  h e n s .  Tox Appl Pharm 
4 8 : 5 7 - 6 6  

Chrzanowski  RL, J e l i n e k  A6 (1981) M e t a b o l i s m  of  pheny]  c a r b o n - 1 4 -  
l a b e l e d  O - e t h y l  O-(4-nitrophenyl)phenylphosphonothionate i n  
t h e  r a t  and ~n hens  a t  t o x i c  arid s u b t o x J c  dose l e v e l s .  J Agr i  
Food Cbem 2 9 : 5 8 0 - 5 8 7  

F r a n c i s  BM, Hansen L6, M e t c a l f  RL (1980) N e u r o t n x i c i t y  of  h a l o g e -  
n a t e d  O - p h e n y l  O - a l k y l  p h o s p h o n o t h i o a t e s .  J .  E n v i r o n .  S c i .  
H e a l t h  B 15 :313 :331  

F r a n c i s  BM, Hansen L6, M e t c a ] f  RA, M e t e a ] f  RL (1982) Compar i son  
of  the  d e l a y e d  n e u r o t o x i c i t y  of  O-methy l  and O - e t h y l  a n a l o g s  
of  EPN, l e p t o p h o s  and c y a n o f e n p h o s .  J E n v i r o n  Se i  H e a l t h  B 
1 7 : 6 ] ] - 6 3 3  

F r a n c i s  BM, Hansen LG, M e t c a l f  RL (1985) T o x i c i t y  of  o r g a n o p h o s -  
phorus  e s t e r s  to l a y i n g  hens  a f t e r  o r a l  and dermal  a d m i n i s t r a -  
t i o n .  J E n v i r o n  Sci  t l e a l t h  B 2 0 : 7 3 - 9 5  

Hansen LG, Cozzi  EM, M e t c a l f  RL, Hansen TK (1985) E f f e c t  o f  d i s -  
p o s i t i o n  on t he  r e l a t i v e  d e l a y e d  n e u r o t o x i c  p o t e n c y  among l e p -  
tophos  a n a l o g s .  P e s t i c  Bioehem P h y s i o l  2 4 : 1 3 6 - 1 4 8  

Hixson ,  E . J .  {]984) C o n s i d e r a t i o n  of  dose f o r  d e l a y e d  n e u r o t o x -  
i c i t y  t e s t i n g  in  hens ,  i n :  De layed  N e u r o t o x i c i t y ,  J.M. Cranmer 
and E . J .  H ixson ,  eds ;  I n t o x  P r e s s ,  L i t t l e  Rock 

Johnson  MR, Read DJ, Yoshikawa H (1986} The e f f e c t  of  s t e r i c  f a c -  
t o r s  on t he  i n t e r a c t i o n  of  some p h e n y l p h o s p h o n a t e s  w i th  
a c e t y l c h o l i n e s t e r a s e  and n e u r o p a t h y  t a r g e t  e s t e r a s e  of  hen 
b r a i n .  P e s t i c  Bioehem 25, 133--142 

J o h n s o n  MY, Barnes  JM (1970) Age and t he  s e n s i t i v i t y  of  c h i c k s  t o  
t he  d e l a y e d  n e u r o t o x i c  e f f e c t s  of  some o r g a n o p h o s p h o r u s  com- 
pounds .  Biochem Pharmacol  3045--3047 

J o h n s o n  MY, R i c h a r d s o n  RJ (1984) B i o c h e m i c a l  E n d p o i n t s :  Neuro-  
t o x i c  e s t e r a s e  a s s a y ,  pp 178-187 i n :  Delaye{~ N e u r o t o x i c i t ~  
Cranmer JM, Hixson EJ, eds ,  I n t o x  P r e s s ,  L i t t l e  Rock 

M e t c a l f  RL, F r a n c i s  BM, M e t c a l f  RA, Hansen L6 (1983) Acute  and 
d e l a y e d  n e u r o t o x i e i t y  of  l e p t o p h o s  a n a l o g s .  P e s t i c  Biocbem 
P h y s i o l  2 0 : 5 7 - 6 6  

Sanbo rn  JR, M e t c a l f  RL, t l ansen  L6 (1977) The n e u r o t o x i c i t y  of  O-- 
( 2 , 5 - - d i c h l o r o p h e n y l )  O-methy l  p h e n y l p h o s p h o n o t h i o n a t e  an lm- 
p u r i t y  and p h o t o p r o d u c t  of  l e p t o p h o s  ( P h o s v e l )  i n s e c t i c i d e .  
P e s t i c  Biochem P h y s i o l  7 : 1 4 2 - 1 4 5  

W i l s o n  BW, Hooper M, Chow E, H i g g i n s  RJ, gnaak  JB (1984) A n t i -  
d o t e s  and n e u r o p a t h l c  p o t e n t i a l  of  i s o f e n p h o s .  B u l l  E n v i r o n  
Contam Tox 3 3 : 3 8 6 - 3 9 4  

X i n t a r a s  C, Burg JR (1980) S c r e e n i n g  and p r e v e n t i o n  of  human n e u -  
r o t o x i c  o u t b r e a k s :  I s s u e s  and p r o b l e m s .  I n :  E_xper imenta l  and 
C l i n i c a l  N e u r o t o x i c o ! o g ~ .  Spence r  PS, Schaumberg HH, eds .  
W i l l i a m s  and W i l k i n s ,  B a l t i m o r e  

Reces June 30, 1986; a c c e p t e d  Augus t  28, 1986 

288 


