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ABSTRACT 

Aspects of the activity and metabolism of acephate, an 

organophosphorus insecticide, were studied in non-diapausing, 

laboratory-bred larvae of the western spruce budworm 

Choristoneura occidentalis Freeman, larvae of the Mediterranean 

flour moth Anagasta kuehniella (Zeller), and in male Wistar 

rats. Inhibition of human erythrocyte acetyl.cho1inesterase 

(AChE) - in vitro was investigated also. 

Topically applied acephate was twice as toxic to 

last-instar larvae of western spruce budworm (LD 23.2 pg/g) as 
50 

to last-instar larvae of Mediterranean flour moth 
(LD 50 

48.3 

yg/g). However, it was less toxic to budworm larvae than 

methamidophos (LD 7.5 yg/g) or paraoxon 
50 ( LD50 1.34 pg/g). 

These results were supported by a series of - in-vitro experiments 

in which anti-AChE activities were paraoxon > methamidophos > 

acephate. Methamidophos was confirmed to be a metabolite of 

acephate. 

The inhibition of AChE by acephate was progressive for 30 

to 60 minutes. Maximum inhibition of AChE from insects was 

reached faster than maximum inhibition of AChE from rats and 

man. From 10 to 33% of 'AChE were inhibited immediately, 

depending on the enzyme source. 

Treating the insects with sublethal doses of acephate 

produced substantial and irreversible depression of AChE 

iii 



a c t i v i t i e s ,  b u t  a f t e r  s i m i l a r  d o s e s  i n  r a t s ,  t h e  b r a i n  a n d  

e r y t h r o c y t e  AChE a n d  s e r u m  c h o l i n e s t e r a s e  a c t i v i t i e s  h a d  

r e t u r n e d  t o  79  t o  9 3 %  o f  t h e  c o n t r o l  l e v e l s  a f t e r  7 2  h o u r s .  

A c e p h a t e  w a s  m e t a b o l i z e d  q u a n t i t a t i v e l y  t o  m e t h a m i d o p h o s  i n  

t h e  i n s e c t s  a n d  i n  r a t  l i v e r s  f o r  u p  t o  1 2  h o u r s  a f t e r  

t r e a t m e n t s  w i t h  l o w  d o s e s .  T h e r e a f t e r ,  b o t h  compounds  a p p e a r e d  

t o  b e  t r a n s f o r m e d  r a p i d l y  i n t o  i n n o c u o u s  s u b s t a n c e s  a n d  

e l i m i n a t e d .  

I n c u b a t i o n  o f  a c e p h a t e  w i t h  m i c r o s o m a l  p r e p a r a t i o n s  f r o m  

r a t  l i v e r s  a n d  m i d g u t s  o f  budworm l a r v a e  p r i o r  t o  o r  d u r i n g  

i n c u b a t i o n  w i t h  AChE d i d  n o t  a f f e c t  t h e  an t i -AChE a c t i v i t y  o f  

a c e p h a t e .  M e t h a m i d o p h o s  a n d  a c e p h a t e  c o u l d  n o t  b e  shown t o  

s y n e r g i z e  o r  a n t a g o n i z e  e a c h  o t h e r ' s  an t i -AChE a c t i v i t i e s  - i n  

v i t r o .  

I n  o r g a n i s m s  t r e a t e d  w i t h  a c e p h a t e ,  n o  s u b s t a n c e  c o u l d  b e  

d i s c o v e r e d  w i t h  g r e a t e r  an t i -AChE,  o r  i n s e c t i c i d a l ,  a c t i v i t y  

t h a n  m e t h a m i d o p h o s ;  n o r  c o u l d  a n y  i n d i r e c t  e v i d e n c e  b e  f o u n d  i n  

s u p p o r t  o f  a n y  h y p o t h e t i c a l  s u b s t a n c e  t h a t  m i g h t  a r i s e  f r o m  

e i t h e r  a c e p h a t e  o r  m e t h a m i d o p h o s  a n d  b e  t h e  t o x i c  p r i n c i p l e  o f  

t h e s e  t w o  i n s e c t i c i d e s .  

A d i a p a u s e - f r e e  c o l o n y  of w e s t e r n  s p r u c e  budworm w a s  

e s t a b l i s h e d  a n d  m a i n t a i n e d ,  w i t h  a g e n e r a t i o n  t i m e  o f  38 t o  40  

d a y s .  F e m a l e s  d e p o s i t e d  a n  a v e r a g e  o f  307  e g g s ;  t h e  s u r v j v a l  w a s  

a b o u t  9 1 % .  
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1. INTRODUCTION 

P e s t  c o n t r o l  is  n e c e s s a r y  f o r  t h e  p r o d u c t i o n  o f  a d e q u a t e  

f o o d  a n d  f i b r e ,  w h i c h  a r e  v i t a l  t o  t h e  w e l l - b e i n g  o f  m a n k i n d .  

F o r  c e n t u r i e s ,  man h a s  s u p p l e m e n t e d  t h e  i n a d e q u a c y  o f  i n h e r e n t  

r e g u l a t o r y  m e c h a n i s m s  w i t h  o t h e r  p e s t  c o n t r o l  p r a c t i c e s ,  s u c h  a s  

b i o l o g i c a l ,  c u l t u r a l ,  p h y s i c a l ,  a n d  m e c h a n i c a l  c o n t r o l s .  O n l y  

r e c e n t l y ,  s y n t h e t i c  i n s e c t i c i d e s  h a v e  p r o v i d e d  e f f e c t i v e ,  f a s t  

c o n t r o l .  N o w  t h e  f i r s t  l i n e  o f  d e f e n c e  a g a i n s t  many'  d e v a s t a t i n g  

i n s e c t  p e s t s ,  t h e y  h a v e  m i n i m i z e d  c a t a s t r o p h i c  c r o p  d a m a g e ,  

p r e s e r v e d  v a l u a b l e  f o r e s t s  a n d  p a r k l a n d s  f r o m  d e s t r u c t i o n ,  a n d  

p r o t e c t e d  h o u s e h o l d s  a g a i n s t  d a m a g i n g  i n s e c t s .  M o r e o v e r ,  

s y n t h e t i c  i n s e c t i c i d e s  h a v e  b e e n  c r e d i t e d  w i t h  s a v i n g  m i l l i o n s  

o f  l i v e s  t h r o u g h  c o n t r o l  o f  d i s e a s e - c a r r y i n g  p e s t s .  T h u s ,  

p e s t i c i d e s  h a v e  b e e n  o f  g r e a t  b e n e f i t  t o  man ,  a n d  c o n t i n u e  t o  

p l a y  a  m a j o r  p a r t  i n  c r o p  p r o d u c t i o n  a n d  human h e a l t h .  

C h l o r i n a t e d  h y d r o c a r b o n s  w e r e  among t h e  f i r s t  s y n t h e t i c  

o r g a n i c  i n s e c t i c i d e s  t o  b e  u s e d  w i d e l y  a g a i n s t  many s p e c i e s  o f  

i n s e c t  p e s t s .  F o r e s t  p e s t s  l i k e  t h e  s p r u c e  budworm, g y p s y  m o t h ,  

a n d  t u s s o c k  m o t h  a g a i n s t  w h i c h  man h a d  b e e n  c o m p a r a t i v e l y  

h e l p l e s s ,  became  s u s c e p t i b l e  t o  t r e a t m e n t .  DDT p r o v e d  t o  b e  

e f f e c t i v e  i n  s p r a y  p r o g r a m m e s  a n d  w a s  g e n e r a l l y  c o n s i d e r e d  t o  b e  

s u i k a b l e  f o r  u s e  i n  f o r e s t  i n s e c t  c o n t r o l .  



Soon, however, the success of chlorinated hydrocarbon 

insecticides was reduced by the development of resistance by 

insect populations. In addition, persistent residues of the 

parent compounds and their metabolites were detected more and 

more frequently in non-target locations, e.g., in air, natural 

water bodies, soil, and in the food and tissues of 

invertebrates, fish, birds, mammals, and man. Chemical 

persistence and resultant environmental contamination provoked 

concern that continued widespread use of such pesticides would 

cause adverse long-term effects on the environment and on human 

health. Thus, despite its effectiveness and successes, the use 

of DDT to control forest pests remained controversial (Harwood 

1975). Finally, DDT and other chlorinated hydrocarbons were 

taken out of common use during the 1960's. High priority was 

given to searching for environmentally less hazardous 

insecticides, especially for t h ~  control of spruce budworm. 

Since many organophosphorus ( O P )  and carhamate insecticides 

are very effective, yet relatively non-persistent, their 

toxicity, metabolism, and selectivity have been actively 

investigated. As a result, several insecticides with reduced 

environmental impact have been used. These include malathion, 

dimethoate, fenitrothion, carbaryl., acephate and its metabolite, 

methamidophos. 

An ideal insecticide should be highly toxic to s pest 

insect, but innocuous to other forms of life with which it comes 

into contact (Wint.eringham and Barnes 1955). It should show its 



maximum physiological selectivity against only one or a few 

insect species. Although insecticides of such specificity may 

not exist, acephate, an OP insecticide with high insecticidal 

activity and low mammalian toxicity, perhaps comes close to it. 

As a promising candidate in forest and agricultural pest control 

programmes, it has generated investigations to understand its 

selectivity. It is now widely used for insect control, but the 

molecular basis of its selectivity is still not well understood. 

Information concerning the fate of a pesticide after 

application is essential for its safe and effective use. It is 

important., for instance to know whether a compound will persist 

or be detoxified. Persistency may provide prolonged control, but 

rapid detoxi.fication may be even more desirable to avoid 

accumulation. Of particular significance in this respect is 

metabolic transforma tion of a pesticide by biological systems. 

The importance of this becomes apparent when one considers these 

facts: that t-he toxicity of an insecticide can be decreased or 

intensified upon conversion to a metabolite; that the duration. 

of its toxic action is related to the rate and manner in which 

it is metabolized; that. the rate of eliminat.ion from the .body 

depends on the physico-chemical properties of its m6tahol ic 

products; and that its transport. to a site of action can be 

limited by the rate at which it is metabolized and the character 

of the metabolic products (Menzie 1969). Therefore, it is 

important t.o know the pathways of metabolism as well. as the 

degree of accumulation of metabolic products in tissues. From a 



practical standpoint, the identification and quantification of 

residue 1-evels of pesticides and their metabolites are necessary 

in order to evaluate fully the effects of pest control 

programmes that involve pesticides. 

It is the objective of this research to investigate aspects 

of the mechanism of selectivity of acephate by studying the 

toxicity and metabolism in a target insect species and other 

non-target species. To accomplish this, laboratory cultures of 

the insects had to be established, to ensure the supply as 

needed. 



2. LITERATURE REVIEW 

2.1. The Western Spruce Rudworm -- 

The problem of infestations and outbreaks of spruce 

budworms, Choristoneura spp., in the coniferous forests of North 

America has long been recognized. Specjos in this genus are 

amongst the most destructive forest insect pests (McKnight 

l968), defoliating mil-lions of hectares of conifer forests in 

Canada and the United States. One of this group i s  the western 

spruce budworm, - C. occidentalis Freeman (Freeman 1967). It is 

very widely distributed and the most destructive defoliator in 

western North America, ranging from interior southern British 

Columbia to Washington, Oregon, California, Montana, Idaho, 

Colorado, and New Mexico (Carolin and Honing 1972; Stehr 1967). 

Its principal host is the Douglas-fir, but it also attacks true 

firs including grand-, white-, and subalpine-f irs; and blue, 

Englemann, and white spruces (Carolin and Honing 1972; McKnight 

1 9 6 8 ) .  



2 . l . 1 .  L i f e - h i s t o r y ,  I n f e s t a t i o n ,  a n d  O u t b r e a k s  -- 

T h e  l i f e - h i s t o r y  o f  w e s t e r n  s p r u c e  budworm u n d e r  f i e l d  

c o n d i t i o n s  w a s  d e s c r i b e d  b y  C a r o l  i n  a n d  H o n i n g  ( 1 9 7 2 )  a n d  

McKnigh t  ( 1 9 6 8 ) .  A c o m p l e t e  c y c l e  f r o m  e g g  t o  a d u l t  n o r m a l l y  

r e q u i r e s  1 2  m o n t h s .  However ,  a  s m a l l  p r o p o r t i o n  o f  some 

p o p u l a t i o n s  may u n d e r g o  a  s e c o n d  d i a p a u s e  a n d ,  t h e r e f o r e ,  

r e q u i r e  2 4  m o n t h s  t o  c o m p l e t e  t h e i r  d e v e l o p m e n t .  

O v i p o s i t i o n  u s u a l l y  t a k e s  p l a c e  i n  midsummer .  The  e g g s  a r e  

l a i d  i n  m a s s e s  o f  2 5  t o  4 0  e g g s  o n  t h e  n e e d l e s  o f  h o s t  t rees .  

T h e  e g g s  h a t c h  i n  a b o u t  1 0  d a y s .  T h e  new1.y h a t c h e d  l a r v a e  d o  n o t  

f e e d ,  b u t  s e e k  s u i t a b l e  s i tes  w h e r e  t h e y  s p i n  h i b e r n a c u l a ,  m o l t  

t o  s e c o n d  i n s t a r ,  a n d  r e m a i n  d o r m a n t  o v e r  w i n t e r .  T h e y  o c c u r  

m o s t  d e n s e l y  o n  t h e  f o l i a g e  a n d  b a r k  o f  b r a n c h e s  o f  t h e  lower 

c r o w n ,  a n d  o n  t h e  mid -c rown  b o l e  o f  t h e  h o s t  t rees .  T h e  

s e c o n d - i n s t a r  l a r v a e  e m e r g e  f r o m  t h e i r  h i b e r n a c u l a  i n  e a r l y  May 

o f  t h e  f o l l o w i n g  s e a s o n ,  o r  s o o n  a f t e r  maximum d a i l y  

t e m p e r a t u r e s  r e a c h  1 6 • ‹ C .  T h e s e  l a r v a e  move t o  t h e  f o l i a g e  w h e r e  

t h e y  t u n n e l  i n t o  o l d  n e e d l e s  a n d  f e e d .  A b o u t  t h e  t i m e  when t h e  

b u d s  s t a r t  t o  s w e l l ,  t h e  g r o w i n g  l a r v a e  o f  t h i r d  a n d  f o u r t h  

i n s t a r s  l e a v e  t h e  o l d  n e e d l e s ,  a n d  b o r e  i n t o  and  f e e d  o n  t h e  

d e v e l o p i n g  n e e d l e s  w i t h i n  t h e  b u d s .  A s  t h e  new s h o o t s  u n f u r l ,  

t h e  l a r v a e  s p i n  loose w e b s  b e t w e e n  t h e  n e e d l e s  a n d  t i p s .  T h e  

f l o w e r s  o f  t r u e - f i r s  a r e  a l s o  a n  i m p o r t a n t  f o o d  s o u r c e  f o r  t h e  

l a r v a e .  T h e  f o u r t h ,  f i f t h ,  a n d  s i x t h  ( l a s t )  i n s t a r s  a r e  f o u n d  

w i t h i n  t h e  w e b s ,  w h e r e  t h e y  f e e d  o n  t h e  new f o l i a g e  u n t i l  i t  i s  



d e s t r o y e d  b e f o r e  m o v i n g  t o  e s t a b l i s h  new f e e d i n g  s i t es  o n  o l d e r  

f o l i a g e .  T h e  l a r v a e  become f u l l - g r o w n  i n  30 t o  40 d a y s  a f t e r  

a t t a c k i n g  t h e  b u d s .  T h e y  p u p a t e  a t  t h e i r  f e e d i n g  s i tes  b y  J u l y ,  

a n d  t h e  m o t h s  e m e r g e  a f t e r  a b o u t  1 0  d a y s  a n d  s t a r t  t h e  new 

c y c l e .  I n  t h e  t w o - y e a r - c y c l e ,  t h e  t h i r d  i n s t a r  l a r v a e  c e a s e  

t h e i r  a c t i v i t y  i n  J u l y  o f  t h e i r  f i r s t  f e e d i n g  s e a s o n ,  a n d  s p i n  

s e c o n d  h i b e r n a c u l a .  T h e  l a r v a e  e m e r g e  t h e  f o l l o w i n g  Nay,  

c o n t i n u e  f e e d i n g ,  a n d  c o m p l e t e  t h e i r  d e v e l o p m e n t .  Coo l  

t e m p e r a t u r e s  a p p a r e n t l y  a r e  r e s p o n s i b l - e  f o r  t h e  s e l e c t i o n  a n d  

m a i n t a i n a n c e  o f  p o p u l a t i o n s  w i t h  a  s e c o n d  d i a p a u s e .  

A p a r t  f r o m  m i n i n g  t h e  n e e d l e s ,  a t t a c k i n g  t h e  d e v e l o p i n g  

b u d s ,  a n d  w e b b i n g  a n d  d e s t r o y i n g  t h e  new f o l i a g e  (McGugan 1 9 5 4 ) ,  

t h e  i n s e c t  a l s o  h a r m s  n a t u r a l  r e g e n e r a t i o n  b y  a t t a c k i n g  a n d  

d e s t r o y i n g  t h e  y o u n g  c o n e s  o f  i t s  p r i n c i p a l  h o s t  t rees,  t h u s  

r e d u c i n g  t h e  s e e d  d r o p  (Dewey 1 9 7 0 ) .  E p i d e m i c  p o p u l a t i o n  l e v e l s  

c a u s e  loss  o f  g r o w t h ,  t o p k i l l i n g ,  a n d ,  i n  some c a s e s ,  t h e  d e a t h  

o f  t h e  t r ee s  ( K e e n  1 9 5 2 ) .  T h e  i m p o r t a n c e  o f  t h i s  i n s e c t  a s  a  

p e s t  i n  t h e  f o r e s t  i n d u s t r y  h a s  l e d  t o  e n o r m o u s  e f f o r t s  a n d  

e x p e n d i t u r e  f o r  i t s  s t u d y  a n d  c o n t r o l - .  

O c c a s i o n a l  o u t b r e a k s  o f  e n d e m i c  p o p u l a t i o n s  t o  e p i d e m i c  

l e v e l s  h a v e  b e e n  r e c o r d e d .  S i n c e  1 9 0 0 ,  t h e r e  h a v e  b e e n  f i v e  

m a j o r  o u t b r e a k s  o f  t h e  w e s t e r n  s p r u c e  budworm i n  s o u t h w e s t e r n  

B r i t i s h  C o l u m b i a  a l o n e  (Anonymous  1 9 7 7 ) ,  a n d  s e v e r a l  more j n  t h e  

U n i t e d  S t a t e s  ( J o h n s o n  a n d  D e n t o n  1 9 7 5 ) .  T h e s e  o u t b r e a k s  

p e r s i s t e d  f o r  s e v e r a l  y e a r s  b e f o r e  s u b s i d i n g  t o  n o r m a l  

i n f e s t a t i o n s .  T h e  r e a s o n s  f o r  s u c h  o u t b r e a k s  a r e  n o t  f u l l y  



u n d e r s t o o d .  I t  h a s  b e e n  s p e c u l a t e d  t h a t  e x i s t i n g  n a t u r a l  c o n t r o l  

m e c h a n i s m s  become i n s u f f i c i e n t  t o  h o l d  a n  e n d e m i c  p o p u l a t i o n  i n  

c h e c k  so t h a t  i t  c a n  e r u p t  and  become a n  e p i d e m i c .  C l i m a t e  and  

a g e  o f  t h e  t rees  a r e  b e l i e v e d  t o  b e  m a j o r  t r i g g e r i n g  m e c h a n i s m s  

( G r e e n b a n k  1.963).  

2 . 1 . 2 .  L a b o r a t o r y  F e a r i n g  

The c o n t i n u i n g  n e e d  f o r  b a s i c  r e s e a r c h  o f t e n  c a l l s  f o r  a  

l a r g e  and c o n s t a n t  s u p p l y  o f  i n s e c t s  and  t h u s  f o r  p r a c t i c a l  m a s s  

r e a r i n g  t e c h n i q u e s .  C l e a r l y ,  i t  is i m p o r t a n t  t o  h a v e  f i e l d  

p o p u l a t i o n s  a v a i l a b l e  f o r  s p e c i f i c  r e s e a r c h  p r o j e c t s ,  b u t  

d e p e n d e n c e  o n  a  w i l d  p o p u l a t i o n  p r o d u c e s  p r o b l e m s ,  s u c h  a s  a n  

i r r e g u l a r  s u p p l y  o f  t h e  p r o p e r  s t a g e s  and n u m b e r s  r e q u i r e d ,  

a p a r t  f r o m  t h e  d i f f i c u l t y  and  t i m e - c o n s u m i n g  e f f o r t  t o  c o l l e c t  

them. R e a r i n g  i n  t h e  l a b o r a t o r y  c a n  c i r c u m v e n t  s u c h  

d i f f i c u l t i e s .  

Many i n s e c t  s p e c i e s  h a v e  b e e n  r e a r e d  t o  o r d e r  i n  t h e  

l a b o r a t o r y  f o r  many y e a r s ,  e s p e c i a l l y  f o r  r e s e a r c h  o n  p e s t  

p r o b l e m s  i n  f o r e s t r y .  W e l l i n g t o n  ( 1 9 4 9 )  d e s c r i b e d  t h e  s u c c e s ' s f u l  

r e a r i n g  o f  some p h y t o p h a g u s  l ~ p i d o p t e r a  o n  a n  a r t i f i c i a l  d i e t ,  

u s i n g  s p r u c e  budworm a s  o n e  o f  t h e  t e s t  i n s e c t s .  The d i e t  was a n  

a g a r - b a s e  t o  w h i c h  were a d d e d  a  s u s p e n s i o n  o f  c r u s h e d  b a l s a m - f i r  

b u d s ,  a  c h e m i c a l  i n h i b i t o r  o f  f u n g a l  g r o w t h ,  and  a u t o l y s e d  

y e a s t .  S u c c e s s f u l  l a b o r a t o r y  r e a r i n g  o f  s p r u c e  budworm u s i n g  

n a t u r a l  f o o d  s o u r c e s  h a s  a l s o  b e e n  r e p o r t e d .  R e r g o l d  ( 1 9 5 1 )  and 



S t e h r  ( 1 9 5 4 )  u s e d  f r o z e n  s h o o t s  f r o m  b a l s a m - f i r ,  and  Heron  

( 1 9 6 1 )  u s e d  f r e s h  t e r m i n a l  s h o o t s  of t a m a r a c k ,  E a r i x  l a r j c i a n a .  

T h e  l a r v a e  were r e a r e d  i n  P e t r i - d i s h e s .  A l l  t h e s e  t e c h n i q u e s  

r e s u l t e d  i n  s a t i s f a c t o r y  s u r v i v a l  a n d  d e v e l o p m e n t  o f  t h e  i n s e c t ,  

c o m p a r a b l e  t o  t h o s e  o f  i n s e c t s  r e a r e d  o n  f r e s h  f i r  f o l i a g e .  

However ,  n a t . u r a l  s o u r c e s  o f  f i r  f o l i a g e  a r e  s t i l l  r e q u i r e d  a s  

f o o d  m a t e r i a l s .  T h i s  s u p p l y  is  s e a s o n a l  and r e q u i r e s  l a r g e  

f r e e z e r  s p a c e  f o r  s t o r a g e  i n  o r d e r  t o  m a i n t a i n  c o n t i n u o u s  i n s e c t  

c u l t u r e s .  

McMorran ( 1 9 6 5 )  d e s c r i b e d  a  d i e t  f o r  t h e  s p r u c e  budworm, 

b a s e d  o n  o n e  p r e v i o u s 1 . y  d e v e l o p e d  f o r  r e a r i n g  c o t t o n  b o l l w o r m s .  

Wheat  embryo  was s u b s t i t u t e d  f o r  w h e a t  g e r m  b e c a u s e  s p r u c e  

budworm l a r v a e  d i d  n o t  e s t a b l i s h  o n  a  d i e t  c o n t a i n i n g  w h e a t  g e r m  

f r o m  w h i c h  t h e  o i l  had b e e n  removed .  The r e s u l t s  i n d i c a t e d  t h a t  

t h i s  s y n t h e t i c  d i e t  was  v e r y  s u i t a b l e  f o r  r e a r i n g  s e v e r a l  

s u c c e s s i v e  g e n e r a t i o n s .  Compared t o  s p r u c e  budworms r e a r e d  o n  

f r o z e n  b a . l s a m - f i r  b u d s ,  t h e  s y n t h e t i c  d i e t - f e d  i n s e c t s  h a d  a  

h i g h e r  s u r v i v a l ,  d e v e l o p e d  f a s t e r ,  a n d  were h e a v i e r  and more 

f e c u n d .  A l l e n  -- e t  a l .  ( 1 9 6 8 )  r e a r e d  a  c l o s e l y  r e l a t e d  s p e c i e s ,  C .  - 

p i n u s ,  o n  t h e  same d i e t ,  a n d  r e p o r t e d  t h a t  t h e s e  l a r v a e  

a p p r o a c h e d  f i e l d - c o l l e c t e d  s p e c i m e n s  i n  s i z e .  S u r v i v a l  was h i g h  

enough  a t  70% t o  make t h e  t e c h n i q u e  e f f i c i e n t  f o r  m a s s  r e a r i n g .  

Improvement  i n  t h e  r e a r i n g  t e c h n i q u e  t o  a  more e f f i c i e n t  and  

r e l a t i v e l y  s i m p l e  me thod  was  l a t e r  d e v e l o p e d  and d e s c r i b e d  b y  

G r i s d a l e  ( 1 9 7 3 ) .  U s i n g  M c M o r r a n l s  d i e t ,  t h e  1 -a rvae  were r e a r e d  

i n  r i b b e d  p l a s t i c  c u p s  i n t o  which  t h e  d i e t  had  b e e n  p o u r e d  and 



then sprayed with an anti-fungal solution of sorbic acid and 

methyl-p-hydroxybenzoate in ethyl alcohol. The cups had the 

advantage that each second-instar larva could establish its own 

feeding site between the ribs. With this system, up to 10,000 

larvae/week were produced. In all these rearing techniques, the 

second-instar larvae were placed in cold storage at 0 to 5 O C  

upon emergence for 4 to 8 months to simulate natural diapause. 

Although colonies with normal diapause are useful in some 

work, the ability to produce a non-diapausing colony on 

artificial diet would certainly give mass rearing an enormous 

advantage by increasing the number of generations reared in a 

given period, and ensuring a constant supply. 

Harvey (1957) found that some - C. fumiferana co'uld develop 

without diapause if the first-instar larvae were exposed to 

photoperiods of at least 15 h at 22OC.  Shorter photoperiods 

ensured almost universal diapause, and longer photoperiods 

resulted in progressively greater proportions of non-diapausing 

insects, approaching 100% in continuous light. The response was 

reduced by lower temperatures. The author developed a 

diapause-free strain with a two-month life-cycle after selection 

through six generations. The insects retained the same-general 

characteristics as the diapausing stock population. The larvae 

were noticed to leave the hibernacula after its construction, 

fed readily on frozen balsam-fir buds, and developed normally. 

Therefore, both temperature and photoperiod appear to be 

essential to development without diapause. 



Lyon -- e t  a l .  ( 1 9 7 2 )  r e a r e d  d i a p a u s i n g  a n d  d i a p a u s e - f r e e  

w e s t e r n  s p r u c e  budworm o n  a n  a r t i f  i ' c i a l  d i e t ,  mod i f  i e d  a f t e r  

M c M o r r a n l s  ( 1 9 6 5 ) .  The  m a i n  c h a n g e s  w e r e  r e p l a c i n g  f o r m a l d e h y d e  

w i t h  p o t a s s i u m  s o r b a t e ,  i n c r e a s i n g  t h e  a g a r  a n d  r e d u c i n g  t h e  

w a t e r  c o n t e n t s ,  a n d  s u b s t i t u t i n g  a  c o m m e r c i a l l y  p r e p a r e d  v i t a m i n  

m i x t u r e .  T h e  l a r v a e  w e r e  r e a r e d  i n  c l e a r  o n e - p i n t  p l a s t i c  

c o n t a i n e r s .  P a p e r  c o v e r s  w e r e  u s e d  t o  a l l o w  some w a t e r  l o s s  f r o m  

t h e  d i e t  a n d  t o  p r e v e n t  c o n d e n s a t i o n  o n  t h e  c o n t a i n e r  w a l l s .  

T h e y  w e r e  h e l d  a t  2 3  t o  2 6 ' ~  a n d  33 t o  5 2 %  R H ,  w i t h  24 h 

p h o t o p e r i o d .  T h e  a u t h o r s  a l s o  n o t e d  t h e  c r i t i c a l  f a c t o r  f o r  

p r e v e n t i n g  d i a p a u s e  t o  be t h e  p h y s i c a l  e n v i r o n m e n t ,  p r e s e n t e d  t o  

t h e  f i r s t - i n s t a r  l a r v a e .  T h e  s e c o n d - i n s t a r  l a r v a e  c o u l d  b e  made  

t o  d i a p a u s e  o r  f o r e g o  d i a p a u s e ,  d e p e n d i n g  o n  t h e i r  r e a r i n g  

e x p e r i e n c e  i n  t h e  f i r s t - i n s t a r .  T h e  n e w l y  h a t c h e d  l a r v a e  w e r e  

c o n f i n e d  so  t h a t  t h e y  h a d  i m m e d i a t e  a c c e s s  t o  p a l a t a b l e  f o o d  a t  

t h e  b o t t o m - h a l f  o f  t h e  r e a r i n g  c o n t a i n e r .  T h e s e  p o s i t i v e l y  

p h o t o t a c t i c  l a r v a e  w e r e  p r e v e n t e d  f r o m  c r a w l i n g  away f r o m  t h e  

f o o d  b y  e x c l u d i n g  l i g h t  f r o m  t h e  e m p t y  s p a c e  a b o v e  t h e  f o o d .  

W i t h  t h e s e  c o n d i t i o n s  t h e  m a j o r i t y  o f  t h e  l a r v a e  w o u l d  f e e d  i n  

t h e i r  f i r s t - i n s t a r  a n d  f o r e g o  d i a p a u s e .  I t  w a s  p o s s i b l e  t o  ' r e a r  

a b o u t  7 . 5  g e n e r a t i o n s / y e a r  w i t h  t h e  d i a p a u s e - f r e e  c o l o n y .  

I t  w a s ,  t h e r e f o r e ,  p o s s i b l e  t o  r e a r  t h e  s p r u c e  budworm a n d  

t o  b r e a k  i t s  n a t u r a l  d i a p a u s i n g  b e h a v i o u r  o n  a r t i f i c i a l .  d i e t .  

T h e s e  h a v e  b e e n  u s e f u l  f i n d i n g s .  T h e y  p e r m i t  r a p i d  a d j u s t m e n t s  

i n  c o l o n y  s i z e  a n d  a l l o w  f o r  e f f i c i e n t  u t i l i z a t . i o n  o f  t h e  

i n s e c t s  i n  t h e  l a b o r a t o r y .  



2.1.3. Chemical Control 

Aerial application of insecticides against the fe~ding 

larval stages has been used in spruce budworm control operations 

in North America since the 1940s, especially during extensive 

outbreaks. Several insecticides have been used over the years. 

Effective control with DDT was reported (Carolin and Coulter 

1971; Eaton -- et al. 1949; Fettes 1960; Johnson and Denton 1975; 

MacDonald and Webb 1963). DDT was highly toxic to thc larval 

instars (Brown -- et a1 . 1947; Secrest and Tbornton 1959). Aerial. 

spraying in Atlantic Canada using DDT was begun in 1948 (Markin 

1979). However, despite the successes of these programmes, and 

the finding by Carolin and Coulter (1971) that DDT posed little 

ecological disturbance in sprayed forest, the use of DDT 

remained controversial because of public concern about residues 

and adverse environmental impact (Blajs and Parks 1964; Cope 

1961; Fettes 1960; Fettes and Randall 1962; Harwood 1.975; Ide 

1956). The need arose, therefore, for alternative insecticides 

with the efficacy of DDT but without its allegedly advkrse 

effects on the environment. Such insecticides should be 

effective in controlling the spruce budworm, but should not 

persist in the environment or be toxic to other organisms. 

Relatively non-persistent O P  and carbarnate insecticides 

were investigated extensively (Hopewell 1975;  opew well and Nigam 

1974; Randall 1962). As a result of such studies, several 



environmentally more acceptable insecticides have been used to 

replace DDT; including carbaryl, dimethoate, dichlorvos, 

malathion, phosphamidon, naled, pyrethrum, and fenitrothion 

(Anonymous 1974, 1975; Carolin and Honing 1972; Johnson and 

Denton 1975; Mackenzie et al. 1975). -- 

Acephate is an OP insecticide that has been introduced 

fairly recently (Spencer 1982). With an oral LD50,  to male rats, 

of 945 mg/kg, acephate appears to be of exceptionally low acute 

mammalian toxicity while being an excellent in'secticide (Magee 

1974). As a promising candidate for controlling the spruce 

budworm, it is important to investigate the basis of its 

selectivity. 

2.2. The Organophosphorus Insecticides --  

2.2.1. General Mechanism - of Action 

The ability of OP insecticides to react with and inhibit 

acetylcholinesterase (FChE) is generally regarded as .the 

biochemical mechanism of action for their insecticidal activity 

and toxicity (Eto 1974; O'Brien 1967). AChE is a hydrolytic 

enzyme responsible for terminating the action of acetylcholine 

(ACh), the cholinergic neurotransmitter. 

AChE is present in relatively large quantities in insects 

(~ma'llman and Mansingh 1969). Biochemical and histological 



s t u d i e s  h a v e  shown v e r y  h i g h  AChE a c t i v i t y  i n  t h e i r  c e n t r a l  

n e r v o u s  s y s t e m s  (CNS) ( O I R r i e n  1 9 7 6 ;  P i c h o n  1 9 7 4 ) .  I t s  a c t i v i t y  

i n  t h e  h e a d  a n d  n e r v o u s  s y s t e m  of i n s e c t s  v a r i e s  w i t h  t h e  

p h y s i o l o g i c a l  s t a t e  o f  t h e  a n i m a l s ,  e s p e c i a l l y  d u r i n g  l a r v a l  

d e v e l o p m e n t  ( D e w h u r s t  -- e t  a l .  1 9 7 0 ;  G r z e l a k  -- e t  a l .  1 9 7 0 ;  M a n s i n g h  

a n d  S m a l l m a n  1 9 6 7 a ,  b ;  Van d e r  Kloot 1 .955) .  E x c l u s i v e  o f  a d u l t s ,  

t h e  b r a i n  a n d  n e r v o u s  s y s t e m  o f  l a s t  i n s t a r s  showed  t h e  h i g h e s t  

a c t i v i t y  ( S m a l l m a n  a n d  M a n s i n g h  1 9 6 9 ) .  N o  A C ~ E  h a s  b e e n  f o u n d  a t  

t h e  n e u r o m u s c u l a r  j u n c t i o n  o f  i n s e c t s  ( P i c h o n  1 9 7 4 ;  O I F r i e n .  

1 9 6 7 ) .  

I n  v e r t e b r a t e s ,  t w o  k i n d s  o f  C h E  a r e  common. T r u e  ChE, or  

AChE, is f o u n d  i n  t h e  C N S ,  n e u r o m u s c u l a r  j u n c t i o n  a n d  w i t h i n  t h e  

m e m b r a n e s  o f  r e d  b l o o d  c e l l s ;  i t  i s  a l s o  c a l l e d  s p e c i f i c  o r  

e r y t h r o c y t e  ChE. P s e u d o c h o l i n e s t e r a s e ,  s o m e t i m e s  c a l l e d  

b u t y r y l c h o l i n e s t e r a s e  ( B u C h E ) ,  o r  s i m p l y  ChE, is  f o u n d  i n  

n u m e r o u s  t i s s u e s ,  i n c l u d i n g  b l o o d  p l a s m a ,  l i v e r ,  a n d  n e r v o u s  

t i s s u e s .  I t  is  a l s o  c a l l e d  n o n s p e c i f i c  o r  p l a s m a  ChE b y  some 

a u t h o r s  ( M a c k e n z i e  - e t  - a l .  1 9 7 5 ;  Mayer  1 9 8 0 ;  O I R r i e n  1 9 7 6 ) .  

I n h i b i t i o n  o f  AChE a t  c e r t a i n  s t r a t ~ g i c  l o c a t i o n s  c a n  c a u s e  t h e  

d e a t h  o f  a n  a n i m a l ,  w h e r e a s  i n h i b i t i o n  o f  BuChE a t  m o s t  s i tes 

p r o d u c e s  n o  a p p a r e n t  f u n c t i o n a l  d e r a n g e m e n t .  

AChE h a s  t w o  ACh b i n d i n g  s i t es  a t  e a c h  c a t a l y t i c  c e n t r e :  a n  

a n i o n i c  a n d  a n  e s t e r a t i c  s i t e .  T h e  a n i o n i c  s i t e  b i n d s  t h e  

q u a t e r n a r y  n i t r o g e n  o f  t h e  c h o l j n  m o i e t y  o f  ACh, w h e r e a s  t h e  

c a t a l y t i c  p r o c e s s  o c c u r s  a t  t h e  e s t e r a t i c  s i t e  b y  n u c l e o p b i l i c  

a t t a c k  o n  t h e  a c y l  c a r b o n  o f  t h e  s u b s t r a t e .  T h e  e s t e r a t i c  s i t e  



contains a serine hydroxyl. ( O H )  group, whose nucleophilicity, 

i.e., the extent to which it will react with a relatively 

positive centre, is enhanced by hydrogen bonding to the 

imidazole group of neighbouring histidine residues (Corbett 

1974; Taylor 1980). It is the OH group of this special serine 

which is acylated by the ACh (OIRrien 1976). During the reaction 

to enzymatic attack on the substrate an intermediate 

enzyme-substrate complex is formed, which then acylates the 

enzyme to acetyl-enzyme conjugate by covalent bonding (Lehninger 

l975), with the concomitant release of choline. The 

acetyl-enzyme conjugate is labile to hydrolysis, which results 

in the deacetylation, with the formation of acetate and free 

enzyme. The rate of overall reaction is governed by the rate of 

deacetylation, this being the slowest step (Corbett 1974; 

O'Brien 1976). This rate, or the catalytic centre activity, is 

about 3 x lo5 ACh molecules/active centre of AChE/min at 37OC; 

this is equivalent to a turnover time of 150 Psec (Aldridge 

1971; Taylor 1980). 

The overall mechanism of inhibition of the AChE by OP 

insecticides is fairly well understood. It has been demonstrated 

to be the result of an actual chemical reaction between the 

enzyme and the phosphorus compound (Fukuto 1957; Heath 1961; 

OIBrien 1960). The reaction mechanism is analogous to that of 

the reaction with the natural substrate, ACh. OP insecticides 

phosphorylate F C ~ E  by virtue of an electrophilic attack of the 

phosphorus atom (P) on the serine hydroxyl of the enzyme. Hence, 



a requirement for potency is that an electron-withdrawing 

substituent be attached to the P in order to give it sufficient 

electrophilic character, such as the presence of a positive 

formal charge ( 6 + )  on the P of the oxygen analogue of an OP 

insecticide, like paraoxon. As P becomes more positive 

(increased 6+) by a more electrophilic substitution, the 

reactivity of the compound with the enzyme is increased. The 

overall process leads to the phosphorylation of the AChE. 

Dephosphorylation, if occuring at all, is much slower than 

deacetylation. Dephosphorylation rates, reported for some OP's, 

may be slower by a factor of lo5 to lo6 (Aldridge 1971). 

Some phosphorylated AChE can undergo progressive conversion 

to a form which cannot he reactivated by dephosphorylation. This 

is known to be due to dealkylation, with the loss of an alkyl 

group attached to the phosphorus. In this case, the 

phosphate-enzyme ester bond becomes entirely resistant to 

hydrolysis under physiological condition, i. e., the enzyme 

becomes permanently phosphorylated and blocked. This phenomenon 

is known as ageing and is the basis for the cumulative toxicity 

of OP poisons. It occurs at different rates with many different 

phosphorylated AChEs (Coult et al. 1966; Pickering and Malone -- 
1967). The AChE cannot be recovered, and further activity of the 

enzyme in a biological system must be replenished by new 

synthesis. 

According to O'Rrien (1967), OP insecticides are either 

direct or latent inhibitors of AChE. Direct inhibitors are those 



compounds which prove to be potent without metabolic activation. 

Many OP insecticides, however, are latent inhibitors, which owe 

their potency - in vitro to the fact that they are converted or 

activated in the body t.o give compounds which are direct 

inhibitors. They are activated during metabolism in the 

biological systems. This has been the subject of many reviews 

(Casida and Lykken 1969; Fukuto and Metcalf 1969; Hodgson 1968; 

Lykken and Casida 1969; Menzer and Dauterman 1970; OIRrien 

1967). 

Reactions involving oxidative enzymes of microsomal 

mixed-function oxidase system (MFO), hydrolases or transferases 

are among the important classes in the metabolism (Dauterman 

1971; Matsumura 1975). However, among these the MFO of the 

microsomal fraction of cell homogenates have an extremely broad 

spectrum of substrates and catalyse a wide variety of 

biotransformations, thus playing a central role in the 

metabolism of insecticides (Nakatsugawa and Morelli 1976). 

MFO-mediated activations of phosphorothionates and 

phosphoramidates, OP insecticides which are poor inhibitors of 

AChE - in vitro, have been studied thoroughly. The desulfuration 

of parathion and the N-methyl hydroxylation of ~chGadan to 

potent AChE inhibitors are classical cases. The activation 

products are the oxygen analogues (P=O) of phosphorothionates 

and the hydroxy alkyl derivatives of phosphoramidates (OIRrien 

1960). Other examples include the desulfuration of malathion 

( ~ ' ~ r i e n  1957), fenitrothion (Hollingworth et al. 1967), and the -- 



hydroxylation of dimefox (Arthur and Casida 1958). Another 

mechanism of activation of OP insecticides by the MFO involves 

the oxidation of thioethers to sulfoxides and sulfones (Metcalf 

et al. 1957). All activation processes lead to increased - - 
polarity by shifting the distribution of electrons so that the P 

becomes more positive (increased 8+) and thus more reactive as 

well as more strongly attracted to the esteratic site of the 

AChE. 

Much evidence supports the hypothesis that the MFO of 

insects and mammals catalyze similar reactions (Arias and 

Terriere 1962; Rull 1965; Hayaishi 1969; Holtzman - et - al. 1967; 

Menzer and Casida 1965; Morello -- et al. 1971; O'Brien and Wolfe. 

1959; Tsukamoto and Casida 1967). In insects, the MFO activity 

has been demonstrated in fat body, malpighian tubules, and 

midgut, whereas in mammals it is found mainly in liver, kidneys, 

lungs, small intestine, adrenal glands, and testes (Hodgson and 

Tate 1976). 

2.2.2. Mechanisms - of Selectivity 

Selectivity of insecticidal activity is generally indicated 

by differences in response between various organisms to a 

toxicant; it may exist between populations of different taxa, 

between strains of one species, or even between individuals of 

one species. 



Various mechanisms can cause insecticides to be selectively 

toxic. One or several mechanisms may operate simultaneously, 

depending on the organisms and insecticide(s) involved in any 

particular situation. 

Most mechanisms accounting for selectivity are 

physiological or biochemical in nature, but non-physiological 

mechanisms are known also. The non-physiological mechanisms 

normally depend on whether or not organisms come into contact 

with an insecticide, whereas physiol.ogica1 mechanisms involve 

events taking pl-ace after organisms have come into contact with 

a toxicant. 

Selective toxicity of pesticides, if exploited 

appropriately, can reduce hazards, or injury, assocjated with 

the use of such chemicals in pest control. Signi ficant progress 

has been achicved in this respect during the past decade. For 

instance, pesticides for the control of harmful tetranychid 

mites are used now which spare beneficial phytosejid mites. The 

euphemism Integrated Pest Management is often used to adumbrate 

progress of this nature madc in pest control practices in recent 

years. 

In order to be able to improve pest control practices 

further through the use of insecticide selectivity, it is 

essential to have a thorough knowledge of the mechanisms that 

function in selectivity. 



2.2 .2 .1 .  Rehav iou r  P a t t e r n  and L i f e  S t a g e s  -- - 

An i n s e c t i c i d e  c a n  be  s e l e c t i v e  t o  o r g a n i s m s  o n l y  by v i r t u e  

o f  d i f f e r e n c e s  i n  b e h a v i o u r  and h a b i t a t .  S u s c e p t i b l e  o r g a n i s m s  

may p o s s e s s  b e h a v i o u r  p a t t e r n s  t h a t  b r i n g  them i n t o  c o n t a c t  w i t h  

an i n s e c t i c i d e  which t h e  u n s u s c e p t i b l e  o r g a n i s m s  a v o i d .  I n  s u c h  

a  c a s e ,  i t  i s  t h e  e t h o l o g i c a l  f a c t o r s  t ha t .  c a u s e  t h e  

s e l e c t i v i t y ,  n o t  p h y s i o l o g i c a l  o r  biochemical .  d i f f e r e n c e s .  

Knowledge o f  t h e  b e h a v i o u r  o f  t h e  o r g a n i s m s  is n e c e s s a r y  t o  

p r e d i c t  and a t t a i n  t h i s  k ind  o f  s e l e c t i v i t y .  I n s e c t i c i d e s  a r e  s o  

a p p l i e d  a s  t o  r e s u l t  i n  maximum e x p o s u r e  o f  t h e  t a r g e t  

o r g a n i s m s ,  and a t  t h e  same t i m e  t o  a v o i d  o r  min imize  t h e  

e x p o s u r e  o f  n o n - t a r g e t  o r g a n i s m s .  T h e r e f o r e ,  i t jnvol-ves  

m a n i p u l a t i n g  i n s e c t i c i d e  a p p l i c a t i o n s  t o  t a k e  a d v a n t a g e  o f  t h e  

o v e r a l l  s i t u a t i o n s .  Me tca l f  - e t  - a l .  ( 1 9 5 7 )  used  s p e c i f i c  

b e h a v i o u r  p a t t e r n s  t o  s p a r e  p o l l i n a t o r s  by s p r a y i n g  t h e  f i e l d s  

when t h e y  w e r e  n o t  a c t i v e .  Anderson and A t k i n s  ( 1 9 5 8 )  and 

J o h a n s e n  ( 1 9 7 7 )  supplemented  t h i s  t e c h n i q u e  by u s i n g  

i n s e c t i c i d e s  w i t h  s h o r t  r e s i d u a l  l i f e ,  s o  t h a t  t o x i c  r e s i d u e s  

would have d i s a p p e a r e d  by t h e  t i m e  t h e  n o n - t a r g e t  s p e c i e s  became 

a c t i v e .  I n  a d d i t i o n ,  d i f f e r e n t i a l  s u s c e p t i b i l i t y  i n  f h e  l i f e  

s t a g e s  c a n  a l s o  be  e x p l o i t e d  by m a n i p u l a t i n g  t h e  i n s e c t i c i d e  

a p p l i c a t i o n s .  P e s t  s p e c i e s  c a n  b e  t r e a t e d  a t  t h e i r  mos t  

s u s c e p t i b l e  s t a g e ,  or when n o n - t a r g e t  s p e c i e s  a r e  mos t  t o l e r a n t .  

D i f f e r e n t i a l  s u s c e p t i b i l i t y  of  j n s e c t  l i f e  s t a g e s  were r e p o r t e d  

f o r  h e t e r o m e t a b o l o u s  p r e d a t o r s  ( R a r t l e t t  1964)  and 



hoJ-ometabolous insects in general (Rartlett 1.958; van den Boscb 

and Stern 1962). 

2.2.2.2. Penetration into Organisms 

Mechanisms of transport of insecticides across insect 

integuments a stil.1 not fully understood, nor is it known 

insecticide selectivity is caused by penetration differences. 

O'Brien (1967) has attributed this lack of understanding to 

difficulties in measuring penetration rates, which may vary with 

such factors as application methods, insect species or sites of 

appl.ication. Given such uncertainties surrounding the uptake of 

insecticides, it is not surprising that attempts to correlate 

rates of uptake with chemical structure and polarity, have not 

proven to be consistent and satisfactory. OIBrjen (1967) stated 

that there is no evidence that insects, reptiles, amphibia, or 

mammals have integuments whose permeabilities differ in any 

consistent way from one another with respect to the role of 

polarity in permeabi J ity. 

Although details of mechanisms and factors influencing 

penetration of insecticides through the integuments are still 

not well understood, comparative in-vivo studies have shown -- 

considerable differences to exist between insect species. 

Buerger and OIRrien (1965) found the penetration rates of a 

number of insecticides through the integuments of the American 

cockroach and adult yellow mealworm as measured by toxicities of 



topically applied insecticides to be proportional to the 

polarity of a given chemical, but no such correlation was noted 

for the integument of the house cricket. Krueger and O'Brien 

(1959) attributed the 15-fold difference in the toxicity of 

topically applied malathion to German and American cockroaches 

to differences in penetration. They found that the rate of 

metabolism and the LDS0 values of malathion were the same in 

both insects when the insecticide was applied by direct 

injection into the body. These differences, therefore, could 

have some toxicological significance and be a considerable 

factor in selectivity among species. 

Injected/contact toxicity ratio is often used as an 

indicator of insecticide selectjvity, especially between insects 

and mammals (O'Brien 1961). Generally, such ratios are lower for 

insects than for mammals, indicating that mammals are relatively 

less susceptible to poisoning by contact insecticides than are 

insects (Corbett 1974; Winteringham 1969). Although the ratio 

may indicate the degree of penetration of insecticides through 

the integuments to some extent, the selectivity may also be due 

in part to the relatively high surface-to-volume ratio of 

insects, and the apparent high accessibility of their CNS to 

contact, lipophilic insecticide(Winteringham 1969). 

Insecticide penetration through the integument has also 

been implicated as a factor for resistance in insect species 

(Ebeling 1974). Reduced penetration has been report.ed as a 

possible resistance mechanism for a number of species against 



several insecticides (Plapp and Hoyer 1968). Decreased 

penetration rates of malathion were shown in resistant strains 

of mosquito larvae (Matsumura and Brown 1963), and of diazinon 

on flies (El Rasheir 1967; Forgash et al. 1962; Krueger et al. -- - - 

1960). 

2.2.2.3. Metabolism 

After entry into an organism, most organic xenobiotics, 

including insecticides, are metabolized, usually becoming more 

polar and amenable to excretion. At the same time, such 

enzyme-catalyzed transformations can alter significantly the 

biological activities of xenobiotics, rendering insecticides 

more toxic, less toxic, or non-toxic. Differences in rates and 

kinds (e.g., activating versus detoxifying) of metabolic 

reactions between organisms are, therefore, most important in 

the selectivity of insecticides (Hollingworth 1976; O'Rrien 

1967). Undoubtedly, the MFO is the most general and important of 

the metabolic enzyme systems, catalyzing a wide range of 

chemical reactions. Although some OP compounds may become more 

toxic (section 2.2.1), MFO-mediated metabolism more typically 

serves animals as a detoxification mechanism (Nakatsugawa and 

Morelli 1976). In addition, several other enzymes are known to 

operate in biological systems, aiding detoxification of 

insecticides mainly. These include the phosphatases, 

carboxyesterases, amidases, and g l u t a t h i o n e - S - t r a n s f e r a s e s .  



Eval-uating several OP insecticides, O'Rrien (1961) found 

that mammals possess much more efficient detoxifying enzymes 

than insects. For instance, levels of carboxyesterases and 

amidases are proportionately higher in mammals than in insects. 

Therefore, insecticides that can be hydrolyzed rapidly by these 

enzymes would be selectively toxic to insects (Daut~rman - et - al. 

1959; Krueger and O'Rrien 1959; O'Erien et al. 1958). -- 
Enzymes catalyzing activation and detoxification reactions 

can operate simultaneously on different chemical groups within 

the same molecule of the t-oxicant. In this case, t.he net resu1.t 

of activation and detoxification determines the toxicity of a 

particular insecticide. This remarkable mechanism is the basis 

for the selective toxicity of malathion. Malathion is highly 

toxic to most insects but of low toxicity to mammals, its 

selectivity being caused largely by much higher carboxyesterase 

activities in the mammals (O'Brjen 1967). Malathion is activated 

to malaoxon in animals of both phyla by the MFO. However, the 

activation product, malaoxon, is also rapidly degraded in 

mammals, but not in susceptible insects. Krueger and 0 '  Rrien 

(1959) showed that the net operation of the activation 'and 

detoxification processes led to an accumulation of the 

activation product, malaoxon, in insects, but not in mammals, 

and that the detoxification in mammals was due al-most entirely 

to cleavage at. the carboxy-ester group. Typically, the mouse 

degraded 68% by carboxyesterase, whereas insects (housefl-ies, 

German and American cockroaches) degraded only about 30% by this 



route. 

It is also important to note that the mechanisms of 

resistance f requent.1.y entail increased activities of such 

detoxifying enzymes in insects (Hodgson and Plapp 1970). 

Oppenoorth and Welling (1976) stated that detoxifying hydrolytic 

enzymes are important causes of resistance to OP compounds. 

~ncreased activities of hydrolases (phosphatases and 

carhoxyesterases) , glutathione-S-transferases, and MFO in 

resistant strains of several insect species have been reported 

by several workers (Collins and Forgash 1970; ElRashir and 

Oppenoorth 1969; Motoyama and Dauterman 1972; Welling and 

Rlaakmeer 1971; Yang et al. 1971). -- 

2.2.2.4. Excretion 

Excretion of toxic insecticides by insects and mammals is 

often considered to play a minor role in insecticide 

selectivity. This is because most insecticides are relatively 

apolar and not readily excreted by insects and mammals. 

Metabolism, rendering the compounds more apolar (e.g., 

hydrolysis and glucoside formation, often following 

hydroxylation), is often prerequisite to excretion. Since such 

preliminary reactions are usually detoxifying in themselves, the 

primary focus of discussion often centers around metabolism as 

the determinant factor in selectivity. 



Urinary excretion can be important when the parent material 

is hydrophilic. Although polar anti-AChEs are relatively few, it 

is an important factor when considering the properties of most 

phosphoramidates, including acephate and methamidophos. Acephate 

and its metabolic product, methamidophos, are highly polar 

compounds, with octanol-water partition coefficients of 0.043 

and 0.029, respectively (Larson 1975). By comparison, paraoxon, 

a lipophilic compound, has a value of 38.84 (Hussain - et - al. 

1974). In view of the fact that mammals have advanced and 

efficient excretory systems compared with that of an insects, 

the hydrophilicity of acephate can be of significance for its 

selectivity to mammals. Larson (1975) concJ.uded that the 

tolerance of mice to intoxication by acephate was partly related 

to the rapid excret-ion of parent material as well as the 

metabolically formed methamidophos through the urinary system. 

The lower toxicity of the propionyl analogue of acephate to the 

mouse when compared with that of its hexanoyl analogue was also 

attributed to the more hydrophiljc nature of the former compound 

(Kao and Fukuto 1977). A large proportion of the applied dose of 

propionyl analogue was evidently found in the urine of mice, 

which passed through unchanged after 6 h of exposure. 

Substantially less of the more lipophilic hexanoyl analogue was 

found in the urine of the mouse after exposing for the same 

period. 



2 . 2 . 2 . 5 .  P e n e t r a t i o n  t o  T a r g e t  S i t e  - -- -- 

AChE is t h e  common t a r g e t  o f  OP i n s e c t i c i d e s .  A s  d i s c u s s e d  

e a r l i e r  ( s e c t i o n  2 . 2 . 1 ) ,  i n  i n s e c t s  t h e  enzyme  is e n t i r e l y  

g a n g l i o n i c ,  i .e . ,  i n  t h e  CNS, w h e r e a s  i n  mammals i t  is f o u n d  i n  

t h e  CNS a s  w e l l  a s  a t  o t h e r  p e r i p h e r a l  s i t e s  s u c h  a s  t h e  

n e u r o m u s c u l a r  j u n c t i o n s  a n d  b l o o d .  I t  is  known t h a t  i o n  b a r r i e r s  

e x c l u d e  o r  s l o w  t h e  p e n e t r a t i o n  o f  p o l a r  compounds  i n t o  t h e  CNS 

o f  i n s e c t s  a n d  mammals.  AChE i n  t h e  CNS o f  b o t h  a n i m a l s ,  

t h e r e f o r e ,  is w e l l  p r o t e c t e d  f r o m  s u c h  compounds .  H o w e v e r ,  t h e  

p e r i p h e r a l .  AChE i n  mammals is e x p o s e d  t o  t h e  a t t a c k  b y  s u c h  

p o l a r  an t i -AChE compounds .  I n  a d d i t i o n ,  f a c t o r s  s u c h  a s  l i p i d  

s o l u b i l i t y ,  m e t a b o l i s m ,  a n d  s i z e  o f  m o l e c u l e s  c o u l d  a l s o  

i n f l u e n c e  t h e  p e n e t r a t i o n  o f  t h e  b a r r i e r s .  B r o o k s  ( 1 9 7 6 )  s t a t e d  

t h a t  p a s s i v e  d i f f u s i o n  t h r o u g h  t h e  b a r r i e r s  is r e l a t e d  t o  l i p i d  

s o l u b i l i t y ,  a n d  t h a t  l i p o p h i l i c  s u b s t a n c e s  p a s s  t h r o u g h  t h e s e  

b a r r i e r s  r e a d i l y .  O ' R r i e n  ( 1 9 6 7 )  n o t e d  t h a t  m e t a b o l i s m  c o u l d  

i n f l u e n c e  t h e  i n f l u x  o f  a  d i f f u s i n g  s p e c i e s  b y  e l i m i n a t i n g  

b a c k - d i f f u s i o n  t h r o u g h  i n c o r p o r a t i o n  o f  m e t a b o l i c  p r o d u c t s  i n t o  

n o n - d i f f u s i b l e  o r  s l o w l y  d i f f u s i n g  compounds ,  a n d  t h a t .  ' t h e  

i n f  l u x  r a t e  d e c r e a s e s  w i t h  i n c r e a s i n g  m o l e c u l e  s i z e .  F i n d i n g  

t h a t  t h e  t o x i c i t i e s  o f  s e v e r a l  n e r v e  p o i s o n s  t o  t h e  m o u s e  a n d  

f i v e  i n s e c t  s p e c i e s  were i n d i c a t i v e  o f  a n  i o n - i m p e r m e a b l e  

b a r r i e r  p r o t e c t i n g  t h e  n e r v o u s  s y s t e m s  o f  t h e  i n s e c t s  b u t  n o t  

t h a t  of t h e  mammal l e d  O ' R r i e n  ( 1 9 6 7 )  t o  c o n c l u d e  t h a t  t h e  a b o v e  

s e l e c t i v i t y  is  c a u s e d  b y  t h e  e x i s t e n c e  o f  p e r i p h e r a l . ,  



ion-sensj tive AChE in the vertebrate but not in the insects. 

According to the above discussion, compounds like 

methamidophos and acephate could well penetrate the ion barrier 

despite their polarity. In addition, methamidophos is relatively 

stable at physiological pHI allowing it to persist at high 

concentrations in insects (Khasawinah et al. 1978), and acephate -- 

is converted to methamidophos to some extent in biological 

systems (Kao and Fukuto 1977; Rull 1979). slow penetration of 

the ion barrier by methamidophos to reach the target enzyme is 

supported by the finding of Khasawinah et al. (1978) that, -- 

compared to other effective OP insecticides like methyl 

paraoxon, methamjdophos was slow in producing acute symptoms of 

poisoning and AChE inhibition in housefly. This is because of 

the requirement for sufficient internal concentration for a 

period long enough to permit the development of its slowly 

expressed toxicity. Rojakovick and March (1972 found a 

significantly slower reaction with acephate than that observ~d 

for methamidophos by Khasawinah et al. (1978). This result, - - 

therefore, is consistent with a delay factor that would result 

from a slow conversion of acephate to methamidophos. 

2.2.2.6. Affinity to the Target Enzyme -- 

A further selective mechanism can be traced to the target 

enzyme itself, as expressed by differences in the affinity of a 

toxicant to homologous enzymes from different. organisms. Van 



Asperen and Dekhuijzen (1958) observed that AChE from fly heads 

was a hundred times more susceptible to inhibition by dichlorvos 

than was AChE from mouse brain. The inhibition in mouse brain 

was slowly reversible, and the concentration of the toxicant was 

reduced by binding to non-active sites. Potter and O'Rrien 

11963) traced lower toxicity of injected paraoxon in the frog 

than the mouse, to differences in affinities to their respective 

AChEs. Since these animals did not differ widely in the 

metabolism and distribution of injected paraoxon, target 

sensitivity seems to be the major determinant in this case of 

selectivity. Dauterman and OIBrien (1964) investigated the 

selective inhibition of AChE in bees and houseflies by 

diisopropyl phosphorothionate. The chemical was more toxic to 

the houseflies than to the bees, with greater AChE inhibitjon in - 

vitro. These differences in sensitivity suggest that there are 

differences in the nature of AChE between species which can 

confer selectivity on the inhibitors (O'Rrien 1961); e . .  the 

distance between the anionic and esteratic centres of an insect 

was found to be as much as 0.1 nm greater than that for a 

mammalian AChE (Corbett 1974). Since most OP insectjcides do'not 

possess a positively charged site in their molecules at the 

correct distance from the phosphorus atom attaching to the 

esteratic site of the AChE, other factors must account for 

differences in reacting with different FChE's. 

According to Fukuto (1971), reactivity with the esteratic 

site is by far the most important factor determining the 



anti-AChE activity of OP's. It has been demonstrated that the 

ability of an OP to inhibit AChE can be enhanced by hydrophobic 

interactions of non-polar groups on the OP with hydrophobic 

patches on the enzyme (Hansch and Deutsch 1966; O'Brien 1976). 

It was later shown to be a factor in the activity of 

fenitrothion (Fukuto 1971), a broad-spectrum insecticide whose 

activity is comparable with that of methyl-parathion, but with 

very much lower toxicity to mammals. Hol1ingwort.h et al. (1967) -- 

investigated a series of P=O analogues of fenitrothion. They 

found that introduction of alkyl substituents at the 3-position 

of the phenyl ring renders the compound more inhibitory to 

housefly-head AChE, with inhibition increasing in the order H < 

CH3 < iso-C H 
3 7 '  

while the opposite effect is observed with 

bovine erythrocyte AChE. Further studies suggested that the 

formation of an enzyme-inhibitor complex with housefly AChE is 

aided by interaction of the 3-alkyl substituent with the anionic 

site, but is hindered in the case of bovine erythrocyte AChE. A 

similar explanation was given for the more than 200-fold greater 

toxicity of the diisopropyl homologue of parathion to houseflies 

than to honey bees (Fukuto 1971- ) . 
In insects, mutants have been found whose A C ~ E  has an 

enormously reduced susceptibility to OP insecticides. This 

results from altered AChE, reducing its sensitivity to 

inhibition by the compounds, while still binding the natural 

substrate, ACh, almost normally. The phenomenon of ten 

constitutes a major factor in the development of resistant 



species (Oppenoorth and Welling 1976). Altered AChE was 

demonstrated in several resist-ant strains of spider mites and 

ticks (Smissaert 1964; Smissaert - et - al. 1970; Wharton and 

~oulston 1970). Indication of altered A C ~ E  was observed in a 

carbarnate-resistant strain of green rice leafhopper (Iwata and 

Hama 1972). Their AChE was less susceptible to inhjbition by 

carbamates than AChE from non-resistant populations. Tripathi 

and O'Rrien (1973) found a strain of houseflies which appeared 

to be resistant to tetrachlorvinphos due to the presence of an 

altered AChE. The enzyme showed a considerably decreased rate of 

inhibition, which was found to be mainly due to a greatly 

reduced affinity for the enzyme-insecticide complex. The authors 

concluded that a change in enzyme structure affects binding 

sites for tetrachlorvinphos. Large differences in inhibit ion 

rates of AChE compared with normal strains were also found in 

houseflies resistant to dimethoate (Devonshire and Sawicki 1974) 

and Anopheles albinanus resistant to parathion and propoxur 

(Ayad and Georghiou 1975). 

2.2.2.7. Polyfactorial Selectivity 

Hollingworth (1976) and O'Erien (1-967) used the term 

polyfactorial selectivity to describe the situation where more 

than one of the processes discussed above contributed 

significantly to the selectivity of a chemical on different 

organisms. It involves the interactions between these factors, 



and is probably the dominant. feature determining selectivity. 

For instance, slow penetration will give low toxicity if there 

is a degradative system present (OIRrien 1961). OIRrien (1967) 

described the selective nature of dimethoate. He claims that 

among mammalian species the selectivity is monofactorial, due 

exclusively to the rate of degradation in the liver. In insects, 

variations in penetration, activation, and target selectivity 

are all profound, indicating polyfactorial selectivity. 

Hollingworth (1976) stated that selectivity is generally 

polyfactorial. OIRrien - et - al. (1965) described famphur as 

equally toxic to milkweed bugs and mice. Desulfuration of the 

molecule to produce the toxic metaboljte, famoxon, occurred to 

the same extent in both species. However, detoxification was 

five times slower in the milkweed bug than it was in the mouse. 

It was discovered that the milkweed bug was compensating for 

this difference through the mechanism of AChE insensitivity. - In 

vitro, its AChE was 15 times less sensitive to inhibition by 

famoxon than was that of the mouse AChE. 

The selective toxicity of the thiono analogue of mevinphos 

between the mouse and housefly was studied by Morello -- et*al. 

(1968). Its lower toxicity to the mouse was attributed to the 

overall detoxification being much more effective in the mouse; 

moreover, mouse brain F C ~ E  was four- to five-fold less sensitive 

to inhibition by mevinphos than was fly head AChE, and the 

phosphorylated mouse AChE recovered much more rapidly from 

inhibition than the fly AChE. 



2.2.3. Acephate 

Acephate is the N-acetylated derivative of methamidophos, 

another excellent broad-spectrum insecticide and acaricide. 

~ethamidophos was marketed in 1970 under the trade name Monitor R 

in the united States by Chevron Chemical Company and Chemagro, 

K and under the trade name Tamaron in Europe by Farbenfabriken 

Bayer (Magee 1974). It is relatively toxic to higher animals, 

having an oral LD50 to rats of 20 mg/kg. The discovery by Magee 

in 1968 at Chevron Chemical Company that N-acetylation of 

methamidophos greatly reduced the mammalian toxicity led to the 

development of acephate as a new insecticide. It was marketed by 

the company in 1972 under the trade name OrtheneR (Magee 1974). 

It combines the good insecticidal and acaricjdal activity of its 

parent compound, methamidophos, with low toxicity to higher 

animals (rat, oral LD 945 mg/kg; mouse, oral LD50: 361 mg/kg; 50 ' 

dark-eyed junco, LD50: 106 mg/kg; bluegills, 96 h LC50: 2050 

ppm; cutthroat trout, LC50: > 100 ppm) (Magee 1974; Spencer 

1982; Woodward and Mauck 1980; Zinkl et al. 1981). -- 

2.2.3.1. As an Insecticide 

Effective against many pest insects, acephate has many 

registered uses in Canada and the U. S. A. Significant reduction 

of mines by the leaf-miner, Liriomyza sativae Blanchard, and by 



t h e  p inworm,  K e i f e r i a  l y c o p e r s i c e l l a  ( W a l s i n g h a m ) ,  was r e p o r t e d  

i n  t o m a t o e s  f o r  u p  t o  21 d a y s  a f t e r  s p r a y i n g  ( L i n d q u j s t  and  

K r u e g e r  1 9 7 5 ;  P o e  and  E v e r e t t  1 9 7 4 ) .  C o n t r o l  o f  g r e e n  p e a c h  

a p h i d s ,  Myzus p e r s i c a e  ( S u l z e r ) ,  o n  c a b b a g e  and s p i n a c h  was 

d e m o n s t r a t e d  b y  H a r d i n g  ( 1 9 7 3 ) .  A s i m i l a r  r e s u l t  was o b t a i n e d  o n  

sweet p e p p e r  b y  B u r b u t i s  e t  a l .  ( 1 9 7 2 ) ,  who a l s o  r e p o r t e d  - - 

e f f e c t i v e  c o n t r o l  o f  E u r o p e a n  c o r n  b o r e r ,  O s t r i n i a  n u b i l a l i s  

( H u b n e r ) .  T r i c h o p l u s i a  - n i  ( H u b n e r ) ,  t h e  c a b b a g e  l o o p e r ,  was 

c o n t r o l l e d  w i t h  a c e p h a t e  ( C h a l f a n t  e t  a l .  1 9 7 3 ) .  Mistr ic  and - - 
S m i t h  ( 1 9 7 3 )  and Tappan  - e t  - a l .  (1.974) showed t - h a t  a c e p h a t e  

p r o t e c t e d  t o b a c c o  p l - a n t s  a g a i n s t  damage b y  t o b a c c o  budworm, 

H e l i o t h i s  v i r e s c e n s  ( F a b r i c i u s ) ,  t o b a c c o  hornworm, Manduca s e x t a  

( L i n n a e u s )  , t o b a c c o  f  l c a  b e e t l e ,  E p i t r i x  h i r t i p e n n i s  

( M e l s h e i m e r ) ,  and  g r e e n  p e a c h  a p h i d s .  I n  c o t t o n ,  a c e p h a t e  is  

recommended f o r  u s e  a g a i n s t  t h e  t o b a c c o  budworm, t h e  bol . lworm, 

H e l i o t h i s  - z e a  ( B o d d i e ) ,  a n d  b o l l  w e e v i l s ,  Anthonomous g r a n d i  s 

g r a n d i s  Roheman ( R u l l  1 9 7 9 ;  P l a p p  1 9 7 2 ) .  O t h e r  a g r i c u l t u r a l  

i n s e c t  p e s t s ,  s u s c e p t i b l e  t o  a c e p h a t e ,  i n c l u d e  t h e  l e a f  r o l l e r ,  

T i s c h e r i a  m a l i f o l i e l l a  C l e m e n s ,  i n  a p p l e s  (Robb 1 9 7 2 ) ,  c i t r u s  

b l a c k f l y ,  A l e u r o c a n t h u s  woglumi  Ashby ,  i n  c i t r u s  ( N i g g  -- e t ' a l .  

1 9 7 9 ) ,  s c a l e  i n s e c t s ,  C e r o c o c c u s  d e k l e i  K o t s z t a r a k  and  ves t ,  o n  

o r n a m e n t a l  p l a n t s  ( R e i n e r t  1 9 7 6 ) ,  and palm a p h i d s ,  C e r a t a p h i s  

v a r i a b i l i s  H.R.L., o n  "Malayan  Dwar f"  c o c o n u t  pa lm ( R e i n e r t  and  

Woodie l  1974 ) . 
A c e p h a t e  a l s o  showed good c o n t r o l  o f  s t o r e d  p r o d u c t .  a n d  

h o u s e h o l d  p e s t s .  W a t t e r s  ( 1 9 7 7 )  r e p o r t e d  t h a t .  t r e a t m e n t  o f  



s t o r e d  w h e a t  w i t h  32 ppm of a c e p h a t e  p r o v i d e d  f r o m  90 to  1 0 0 8  

m o r t a l i t y  o f  r u s t y  g r a i n  b e e t l e ,  C r y p t o l e s t e s  f e r r u g i n e u s  

( s t e p h e n s ) ,  a n d  r e d  f l o u r  b e e t l e ,  T r i b o l i u m  c a s t a n e u m  ( H e r b s t ) ,  

f o r  270 t o  277 d a y s .  W r i g h t  and  H i l l m a n n  ( 1 9 7 5 )  f o u n d  t h a t  i t  

was  a t  l e a s t  equal .  i n  a c t i v i t y  t o  commonly u s e d  h o u s e h o l d  s p r a y s  

a g a i n s t  t h e  German c o c k r o a c h ,  R l a t t e l l a  g e r m a n i c a  ( L i n n a e u s ) .  

The e f f e c t i v e n e s s  o f  a c e p h a t e  i n  c o n t r o l l i n g  many f o r e s t  

i n s e c t  p e s t s  h a s  b e e n  e x t e n s i v e l y  s t u d i e d .  A g a i n s t  t h e  

~ o u g l a s - f i r  t u s s o c k  m o t h ,  O r g y i a  p s e u d o t s u g a t a  (McDunnough) ,  

a c e p h a t e  a t  1 . 1 2  kg/ha was a b o u t  a s  e f f e c t i v e  a s  DDT a t  0 . 8 5  

kg/ha w i t h  91-.7% and 99 .9% r e d u c t i o n  o f  t h e  l a r v a l  p o p u l a t i o n  

d e n s i t y ,  r e s p e c t i v e l y ,  a f t e r  s e v e n  d a y s  (Neisess - e t  - a l .  1 9 7 6 ) .  

~ i m j l a r  r e s u l t s  w e r e  o b t a i n e d  b y  R r e w e r  and M a r k i n  ( 1 9 7 8 ) .  Doane 

a n d  Dunbar  ( 1 9 7 3 )  showed t h a t  a c e p h a t e  g a v e  e x c e l l e n t  c o n t r o l  o f  

t h e  g y p s y  m o t h ,  L y m a n t r i a  d i s p a r  ( L i n n a e u s ) ,  and e l m  spanworm,  

Ennomos s u b s i g n a r i u s  ( H u b n e r ) .  A c e p h a t e  h a s  a l s o  b e e n  e f f e c t i v e  

a g a i n s t  s e v e r a l  o t h e r  f o r e s t  i n s e c t s  i n c l u d i n g  e l m  l e a f  b e e t l e ,  

P y r r h a l t a  l u t e o l a  ( M u l l e r )  ( B r e w e r  1 9 7 3 1 ,  hemlock  l o o p e r ,  

Lambdina  f i s c e l l a r i a  f i s c e l l a r i a  ( G u e n e e )  (Cameron and  M a s t r o  

1 9 7 5 ) ,  l o d g e p o l e  n e e d l e m i n G r ,  E u c o r d y l - e a  m i l l e r i  ( R u s c k )  (Brown 

e t  &. 1 9 7 9 ) ,  and  D o u g l a s - f i r  n e e d l e  m i d g e ,  C o n t a r i n i a  - 
p s e u d o t s u g a e  C o n d r a s h o f f  ( M i t c h e l l  and  Neisess 1 9 7 9 ) .  

F c e p h a t e  h a s  b e e n  e f f e c t i v e  i n  c o n t r o l l i n g  t h e  s t r a i n s  o f  

s p r u c e  budworms a t  r a t e s  o f  1 . 1 2  and  0 .56 kg /ha ,  g i v i n g  

r e s p e c t i v e l y  9 8 . 8  and  9 3 %  m o r t a l i t y  o f  t h e  f o u r t h -  and  

f i f t . h - i n s t a r s  l a r v a e  a t  1 5  d a y s  a f t e r  t h e  s p r a y i n g  ( M s r k i n  



1 9 7 9 ) .  The f o u r t h -  and f i f t h - i n s t a r  l a r v a l  s t a g e s  a r e  t h o s e  

recommended f o r  i n s e c t i c i d e  s p r a y i n g  b y  C a r o l i n  and Honing 

( 1 9 7 2 ) ,  b e c a u s e  t h e  i n s e c t s  a r e  t h e n  f e e d i n g  e x t e r n a l l y  o n  t h e  

n e e d l e s .  However,  s u c h  e x a c t  t i m i n g  i s  n o t  n e c e s s a r y  f o r  

a c e p h a t e ,  s i n c e  B r e w e r  and  O 'Nea l  ( 1 9 7 7 )  d e m o n s t r a t e d  t h a t  

s p r a y i n g  d o n e  a t  t h e  same r a t e s  when t h e  l a r v a e  were i n  t h e  

s e c o n d -  and t h i r d - i n s t a r s  g a v e  good p r o t e c t i o n  t o  D o u g l a s - f i r  

f o l i a g e ,  w i t h  o n l y  6 and 28% d e f o l i a t i o n ,  r e s p e c t i v e l y ,  compared 

w i t h  a  92% d e f o l i a t i o n  f o r  t h e  u n t r e a t e d  a r e a s .  The f i n d i n g  was 

s u b s t a n t i a t e d  b y  t h e  l a b o r a t o r y  s t u d i e s  o f  R o b e r t s o n  ( 1 9 8 0 )  

w h e r e  t h e  t o x i c i t y  o f  a c e p h a t e  was  t e s t e d  o n  a l l  t h e  s i x  l a r v a l  

i n s t a r s  by  f e e d i n g  and  s p r a y i n g .  F e e d i n g  tests were d o n e  by  

i n c o r p o r a t i n g  t h e  t o x i c a n t  i n  1 - i q u e f i e d  a r t i f i c i a l  d i e t ,  w h e r e a s  

s p r a y  t r e a t m e n t s  were d o n e  by  s p r a y i n g  the i n s e c t s  d i r e c t l y  i n  

P e t r i - d i s h e s  h e l d  i n  a  g l a s s  s p r a y  chamber .  The a u t h o r  c o n c l u d e d  

t h a t  t h e  d i f f e r e n c e s  i n  s u s c ~ p t j b i l i t y  d e p e n d e n t  o n  a g e  and  

i n s t a r s  a p p e a r e d  to  b e  q u a l i t a t  j v e l y  s m a l l ,  and  t h e  p r a c t i c a l  

i m p l i c a t i o n  was  t h a t  t h e  s t a g e  o f  l a r v a l  development i n  t h e  

f i e l d  p o p u l a t i o n  a t  t h e  t i m e  o f  s p r a y  a p p l i c a t i o n  may n o t  b e  a  

s i g n i f i c a n t  f a c t o r .  

E v i d e n c e  i n d i c a t e s  t h a t  a c e p h a t e  is somewhat 

p l a n t - s y s t e m i c .  Ry d e f i n i t i o n ,  s y s t e m i c  i n s e c t i c i d e s ,  when 

a p p l i e d  t o  s e e d s ,  r o o t s ,  s t e m s  o r  l e a v e s  o f  p l a n t s ,  a r e  a b s o r b e d  

and t r a n s l o c a t e d  t o  v a r i o u s  p l a n t  p a r t s  i n  a m o u n t s  l e t h a l  t o  

i n s e c t s  f e e d i n g  t h e r e o n  ( M e t c a l f  and  t lint 1 9 6 2 ) .  Werner  ( 1 9 7 4 a )  

r e p o r t e d  t h e  s y s t e m i c  a c t i v i t y  o f  a c e p h a t e  i n  s e e d s  and  



seedlings of southern pines after treatment with 10.4 mg/mL for 

24 h. It caused a 95% mortality of pales weevils, Hylobius pales 

(Herbst), fed on one-week-old seedlings or three weeks after the 

seed treatments, with the detection of 13.6% of the acephate. 

Rapid uptake and distribution of acephate by loblolly pine 

seedlings were shown when the roots were placed in nutrient 

solution containing 1 mL of a mixture of 7 mg 14c-acephate and 

11.6 mg analytical acephate (Werner 1974b). A considerable 

amount of the radioactive material (8.9, 8.5, and 36.5%) was 

taken up, respectively, by the roots and translocated to the 

stem and needles within 24 h. After that the translocation from 

the roots to the needles proceeded faster than it was absorbed 

by the roots. At 120 h the concentration in the root tissues 

declined to 2.9%, whereas those in the needles increased 

rapidly, reaching 77.6%. Highly toxic levels of the insecticide 

remained in the needles at 120 h after the treatment, giving > 

80% mortality when bioassayed with adult pales weevils. Reinert 

and Woodiel (1974) also reported the systemic activity of 

acephate through root absorption. They recorded 100% control of 

palm aphids on "Malayan Dwarf" coconut four months after a soil 

drench with acephate at 15 g/tree. An in-furrow treatment of 

sorghum at planting time with 1.12 kg/ha also provided effective 

control of chinch bug, Rlissus leucopterus leucopterus (Say), 

and greenbug, Schizaphis graminum (Rondani) on the sorghum 

seedlings up to 11 days (Mize -- et al. 1980). 



Brewer and OINeal (1977) and Richmond et al. (1978) - - 
suggested that the systemic activity of acephate accounted for 

its ability to kill spruce budworm larvae even though the 

spraying was done after the larvae had entered the Douglas-fir 

needles. Mortality of 98 and 99% was reported inside the needles 

and buds, respectively, one day after the treatment with about 

0.45 kg/ha. No translocation to other parts of the tree was 

shown. The toxicity, therefore, may have been caused only by the 

penetration or absorption of the insecticide into the needles. 

In another study, Bull (1979) reported that within 24 h, > 50% 

of acephate applied to cotton leaves was absorbed and 

translocated throughout the plants, including the fruits. 

However, no bioassay study was conducted to support the systemic 

action. 

Despite the general effectiveness of acephate in 

controlling many insect pests in the field, laboratory 

experiments indicate that it is comparatively less toxic than 

most other insecticides, especially to the spruce budworm 

larvae, when treated topically (Robertson et al. 1976, 1978). -- 
They reported LD50 values at seven days after treatments. to 

sixth-instar larvae as 29.7 and 27 ug/g body weight, which were 

higher than those of most insecticides tested under the same 

laboratory conditions, e.g., dichlorvos 3.9 pg/g; fenitrothion 

3.4 pg/g; malathion 24.5 ug/g; methamidophos 10 pg/g; naled 5.3 
\ 

ug/g; phosphamidon 7.9 ug/g; carbaryl 20 ug/g; pyrethrum 1 ug/g. 



The fact that acephate showed systemic activity also 

indicates that it acts as a stomach poison, in addition to its 

contact effect. Data reported by Robertson (1980) and Robertson 

et al. (1976) demonstrated this. Acephate was less toxic than -- 
carbaryl to sixth-instar larvae of spruce budworm by contact 

action (LD equivalent of 122.9 g/ha for acephate and 82.5 g/ha 
50 

for carbaryl), but its toxicity by feeding was much higher with 

an LC50 of 8.1 ppm compared with 80.2 ppm for carbaryl. 

2.2.3.2. Persistence -- in the Environment 

Because the use of persistent and toxic pesticides has been 

restricted severely, much emphasis has been placed upon finding 

insecticides of low mammalian toxicity and low persistence. 

According to available evidence, acephate meets these criteria. 

Studies of acephate residues after spraying of forest trees 

have confirmed its low persistence, although the reported 

results vary. Such differences may have been caused by differing 

application methods and climates in which the experiments were 

conducted. Sundaram and Hopewell (1976) reported a residual 

half-life of < one day for acephate on spruce foliage applied by 

simulated aerial spray at 0.28 kg/ha, with a 95% loss of the 

initial deposit of 55.15 ppm within five days, and complete 

disappearance after 32 days. Szeto - et al. (1978) found that 
\ - 

aerial application at 1.12 kg/ha, gave a residue of 3.62 ppm in 

Douglas-fir needles with a half-life of six days and became 



non-detectable after 60 days. Richmond -- et al. (1978) found the 

residue level of as high as 45 ppm persisted on Douglas-fir 

application by ground spraying, giving an initial concentration 

of 135 ppm. Szeto -- et al. (1978) also studied the persistence of 

acephate in forest litter. It persisted for 30 and 10 days, 

respectively, in litter collected from areas densely covered by 

tree canopy and from open areas at least 10 to 15 m away from 

any tree cover, although the initial concentrations were much 

lower in litter from densely covered than from open areas of 

2 2 
forest floor, namely 0.62 ug/cm and 1.16 pg/cm , respectively. 

In all of these cases, methamidophos was either detected in 

trace or very low concentrations as an environmental metabolite 

of acephate. It disappeared within the same time as the parent 

compound. 

Nigg -- et al. (1981) found no build-up of acephate residues 

in citrus foliage after three treatments, applied at three-week 

intervals with 22.8 g/tree using a handgun or with 1.92 g/tree 

using a mist blower. They considered that it was not dangerous 

to come in contact with the foliage after seven days, and .the 

estimated half-life was 12.6 and 6.8 days, respectively. These 

results were comparable with earlier findings by Nigg - et - al. 

(1979) and Fitzpatrick and Bogan (1980), reporting a half-life 

of 10.3 and 15 days, respectively, in rind and pulp of fruits of 
\ 

different citrus varieties, and 8.9 days for that on the 

foliage. Significant levels of methamidophos, with about the 

40 



same h a l f - l i f e ,  were a l s o  d e t e c t e d  i n  t h e s e  s t u d j e s .  

S p r a y i n g  a n d  d u s t i n g  o f  f i e l d  t o b a c c o  w i t h  a c e p h a t e  l e f t  n o  

d e t e c t a b l e  r e s i d u e  o n  c u r e d  and  f e r m e n t e d  c i g a r - w r a p p e r  o r  

f  l u e - c u r e d  t o b a c c o  r e g a r d l e s s  o f  t i m e  i n t e r v a l s  f r o m  l a s t  

a p p l i c a t i o n  t o  h a r v e s t  ( T a p p a n  - e t  - a l .  1 9 7 4 ) .  L i n d q u i s t  and 

K r u e g e r  ( 1 9 7 5 )  r e p o r t e d  t h e  d i s a p p e a r a n c e  o f  n e a r l y  5 0 %  o f  

a c e p h a t e  s e v e n  d a y s  a f t e r  s p r a y i n g  g r e e n h o u s e  t o m a t o e s ,  and  a  

f u r t h e r  d e c l i n e  t o  a b o u t  2 0 %  was o b s e r v e d  a f t e r  21  d a y s .  A 

h a l f - l i f e  o f  t h r e e  d a y s  i n  a n  a g r i c u l t u r a l  s o i l  was  r e p o r t e d  b y  

S p e n c e r  ( 1 9 8 2 ) .  

S z e t o  -- e t  a l .  ( 1 9 7 9 )  f o u n d  t h a t  80% o f  a d d e d  a c e p h a t e  was 

r e c o v e r e d  f r o m  pond w a t e r ,  h e l d  a t  9OC f o r  42 d a y s  i n  t h e  

l a b o r a t o r y ,  b u t  o n l y  45% f r o m  c r e e k  w a t e r  a f t e r  50 d a y s .  

I n c u b a t i o n  o f  t h e  w a t e r s  w i t h  t h e i r  r e s p e c t i v e  b o t t o m  s e d i m e n t s ,  

w i t h o u t  a u t o c l a v i n g  them p r i o r  t o  t h e  t r e a t m e n t s ,  g r e a t l y  

j n c r e a s e d  t h e  r a t e s  o f  a c e p h a t e  d e g r a d a t i o n ,  w i t h  a  r e c o v e r y  o f  

a b o u t  20% f r o m  pond w a t e r  p l u s  s e d i m e n t  a f t e r  42 d a y s  and  28% 

f r o m  c r e e k  w a t e r  p l u s  s e d i m e n t  a f t e r  50  d a y s .  T h e r e  was  n o  

d e t e c t a b l e  l o s s  o f  a c e p h a t e  t o  t h e  a t m o s p h e r e .  A p p l i e d  t o  t h e  

w a t e r  o f  a  s t r e a m  a t  a b o u t  1 , 0 0 0  p p b ,  a c e p h a t e  became 

n o n - d e t e c t a b l e ,  w i t h i n  96 h  o f  a p p l i c a t i o n ,  i n  b o t h  t h e  s t r e a m ' s  

w a t e r  and  s e d i m e n t  a t  and  b e l o w  ( 1 5 0  t o  2 , 0 0 0  m )  t h e  p o i n t  o f  

r e l e a s e  (Geen e t  el- .  1 9 8 1 ) .  -- 



2.2 .3 .3 .  I m p a c t  - o n  N o n - t a r g e t  O r g a n i s m s  

A c e p h a t e  p r o d u c e s  o n l y  m i n o r  e f f e c t s  o n  s o m e  w a t e r  

o r g a n i s m s  e x p o s e d  u n d e r  l a b o r a t o r y  c o n d i t i o n s .  Among s e v e r a l  

i n s e c t i c i d e s  t e s t e d  o n  c u t t h r o a t  t r o u t ,  a c e p h a t e  was t h e  l e a s t  

t o x i c ,  w i t h  a  96-h LC o f  > 1 0 0  mg/L (Woodward and  Mauck 1 9 8 0 ) .  
50 

The LC50 v a l u e s  f o r  t h e  o t h e r  i n s e c t i c i d e s  were t r i c h l o r f o n  1 . 7  

m g / ~ ,  f e n i t r o t h i o n  2.9 mg/L, c a r b a r y l  4  m g / ~  and a m i n o c a r b  28 

mg/L. A c e p h a t e  was  a l s o  t h e  l e a s t  t o x i c  t o  amphipods  a n d  

s t o n e f l y  n a i a d s ,  a l t h o u g h  t h e s e  w e r e  c o n s i d e r a b l y  more  s e n s i t i v e  

t h a n  t h e  c u t t h r o a t  t r o u t .  The 96-h LC was > 25  mg/L f o r  t h e  
50 

a m p h i p o d s ,  and  t h e  r a n g e  was f r o m  5.2-28 mg/L, d e p e n d i n g  o n  t h e  

pH o f  t h e  w a t e r ,  f o r  t h e  s t o n e f l y  n a i a d s .  S t u d i e s  o f  

p h y s i o l o g i c a l  e f f e c t s  o n  a d u l t  r a i n b o w  t r o u t  e x p o s e d  t o  a c e p h a t e  

a t  t h e  a p p r o x i m a t e  48-h LC50 v a l u e  o f  1 , 6 6 0  mg/L c a u s e d  a  

d e c r e a s e d  h e a r t  r a t e ,  and  i n c r e a s e d  r e s p i r a t i o n  r a t e  and  b u c c a l  

a m p l i t u d e  ( D u a n g s a w a s d i  and  Klaverkamp 1 9 7 9 ) .  T h e r e  was  n o  

d i f f e r e n c e  i n  t h e  f r e q u e n c y  o f  c o u g h i n g  b e t w e e n  c o n t r o l  a n d  

e x p o s e d  f i s h .  

The i m p a c t  o f  a c e p h a t e  o n  s t r e a m  e c o s y s t e m s  a p p e a r s  t o *  b e  

l o c a l i z e d  a n d  t e m p o r a r y .  A c e p h a t e  a d d e d  t o  a  s t r e a m  a t  a b o u t  

1 , 0 0 0  ppb  w a s  r a p i d l y  t a k e n  u p  b y  f i s h ,  i n s e c t  nymphs a n d  

l a r v a e ,  b u t  t h e  r e s i d u e s  d e c l i n e d  t o  t r a c e  o r  n o n - d e t e c t a b l e  
\ 

l e v e l s  w i t h i n  24 h ,  and  n o  m o r t a l i t i e s  were n o t e d  (Geen - e t  - a l .  

1 9 8 1 ) .  The b r a i n  AChE a c t i v i t y  o f  l o n g n o s e  and  common s u c k e r s  

was  d e p r e s s e d  t e m p o r a r i l y  b y  2 9 % ,  when t h e y  were c a g e d  i n  



s t r e a m s  d u r i n g  a e r i a l  s p r a y i n g  o f  a c e p h a t e  f o r  s p r u c e  budworm 

s u p p r e s s i o n ,  and  r e t u r n e d  to  n o r m a l  w i t h i n  e j g h t  d a y s  ( R a b e n i  

and  S t a n l e y  1 9 7 9 ) .  The c o n c e n t r a t i o n s  o f  a c e p h a t e  i n  e a c h  s t r e a m  

w e r e  1 4 0  ppb  and 1 1 3  ppb  a t  1 h  a f t e r  s p r a y i n g  and 41  p p b  and 9  

p p b  a f t e r  t w o  d a y s ,  r e s p e c t i v e l y .  N o  s i g n i f i c a n t  e f f e c t  was 

r e c o r d e d  i n  b r o o k  t - r o u t  and l a n d l o c k e d  s a l m o n ,  e x p o s e d  t o  t h e  

same t r e a t m e n t s .  

S t u d i e s  o f  t h e  i m p a c t  o f  a c e p h a t e  o n  f o r e s t  a n i m a l s  showed 

i n c o n s i s t e n t  r e s u l t s ,  d e p e n d i n g  o n  t h e  p r o c e d u r e s  f o r  c o l l e c t i n g  

t h e  d a t a .  B u c k n e r  and MacLeod ( 1 9 7 5 )  were n o t  a b l e  t o  d e t e c t  a n y  

a d v e r s e  e f f e c t  o n  f o r e s t - i n h a b i t i n g  b i r d s ,  s m a l l  mammals, and  

a m p h i b i a ,  u s i n g  p o p u l a t i o n  c e n s u s  and  f i e l d  o b s e r v a t i o n ,  

b e g i n i n g  f i v e  d a y s  a f t e r  a e r i a l  a p p l i c a t i o n  o f  a c e p h a t e  a t  0 . 5 6  

kg /ha .  Z i n k l  - e t  - a l .  ( 1 9 7 9 ,  1 9 8 0 )  o b s e r v e d  no  s i g n  o f  OP 

p o i s o n i n g  o r  m o r t a l i t y  i n  b i r d s  and g r o u n d  s q u i r r e l s  a f t e r  

a e r i a l  a p p l i c a t i o n  o f  a c e p h a t e  a t  t h e  same l e v e l ,  b u t  

c o n v e r s e l y ,  by m o n i t o r i n g  t h e  a c t i v i t y  o f  b r a i n  AChE, t h e y  f o u n d  

t h a t  i t  c a u s e d  marked  and w i d e s p r e a d  d e p r e s s i o n  o f  t h e  AChE 

a c t i v i t y  i n  t h e s e  o r g a n i s m s .  A 30 t o  50% d e p r e s s i o n  was 

r e c o r d e d ,  b e g i n i n g  o n e  d a y  a f t e r  t h e  s p r a y i n g ,  and l a s t i n g  3 3  

d a y s  i n  t h e  b i r d s ,  but. o n l y  s i x  d a y s  i n  t h e  g r o u n d  s q u i r r e l s .  

However ,  i n  a c o n t r o l l e d  l a b o r a t o r y  s t u d y ,  Z i n k l  -- e t  a l .  ( 1 9 8 1 )  

d e m o n s t r a t e d  t h a t  d a r k - e y e d  j u n c o e s  f e d  w i t h  a  s i n g l e ,  

s u b - l e t h a l  d o s e  o f  26 .52 mg/kg bad  d e p r e s s e d  b r a i n  AChE a c t i v i t y  

b y  44.2% w i t h i n  3  h  a f t - e r  t h e  t r e a t m e n t ,  b u t  n o  p r o l o n g a t i o n ,  

r e c o v e r i n g  a f t e r  t h r e e  d a y s ,  and  t h e  symptoms o f  a t a x i a ,  



tremors, dyspnea, and sternal prostration were seen only during 

the first 4 h after dosing. 

The mortality of ants at specific locations during aerial 

spraying of acephate to forest areas, was related to the 

concentrations of spray deposits reaching the ground (Szeto - et 

al. 1979). Higher concentrations caused higher mortality within - 
a shorter period. The LT50 values were 11.6 h, 11.2 h, and 47.5 

h, respectively, for locations with spray deposits of 1.95, 

2 1.59, and 0.55 ug/cm . The effect on honey bees appeared to be 
temporary(~uckner and MacLeod 1975). Mortalities of nurse bees 

within the hives occurred for two days, and pollen collections 

were curtailed for as long as five days after the spraying, but 

the production of honey crops by the colonies was said not to be 

reduced. Hydorn -- et al. (1979) observed that caged spiders from 

forest areas sprayed with acephate showed abnormal behaviour and 

low survival. Examination of the stomach contents of brook trout 

from these areas indicated increased consumption of spiders and 

other arthropods after the spraying, suggesting the 

susceptibility of the arthropods. 

Acephate was more toxic to a predaceous mite, Phytoseiulus 

persimilis Athias-Henriot, than to its prey, Tetranychus urticae 

Koch, regardless of application method (Lindquist and Wolgamott 

1980). Significant toxicity occurred in food-chain effects. 

Acephate applied as soil drenches was more toxic than as foliar 

sprays. It killed significant numbers of predators feeding on 

the poisoned hosts until 21 days after the application. 



E f f e c t s  of a c e p h a t e  o n  m j c r o o r g a n j s m s  a p p e a r e d  t o  b e  

i n s i g n i f i c a n t .  T r e a t m e n t  o f  s o i l  w i t h  20 ppm o f  a c e p h a t e  or  

m e t h a m i d o p h o s  d i d  n o t  g i v e  a n y  a d v e r s e  e f f e c t  upon  p o p u l a t i o n  

l e v e l s ,  n i t r i f i c a t i o n s ,  a m r n o n i f i c a t i o n s ,  s u l p h u r  o x i d a t i o n ,  or  

t h e  r e s p i r a t i o n  r a t e  o f  a c t i n o m y c e t e s ,  b a c t e r i a ,  o r  f u n g i  t e s t e d  

o v e r  50 d a y s  ( F o t c h  a n d  J o s e p h  1 9 7 4 ) .  

Mechan i sm A c t  i o n  

T h e  q u e s t i o n  o f  how a c e p h a t e  e x e r t s  i t s  a c t i o n  i n  a n i m a l s ,  

i n c l u d i n g  i n s e c t s ,  is  n o t  f u l l y  s e t t l e d .  C o r b e t t  ( 1 9 7 4 )  

c l a s s i f i e d  i t  a s  a n  AChE i n h i b i t o r .  R u t  o t h e r  w o r k e r s  d i s p u t e  

t h i s ,  c l a i m i n g  t h a t  i t  is  a  p o o r  - i n  v i t r o  i n h i b i t o r  o f  h o u s e f l y  

h e a d  AChE, a n d  t h a t  i t s  i n  v i v o  t o x i c i t y  s u g g e s t s  t h a t  i t  i s  a n  -- 

i n d i r e c t .  i n h i b i t o r ,  b e i n g  c o n v e r t e d ,  e n z y m a t i c a l l y  or  

c h e m i c a l l y ,  t.o a  b i o l o g i c a l l y  more p o t e n t  an t i -AChE compound i n  

t h e  h o u s e f l y  ( R o j a k o v i c k  a n d  March  1 9 7 2 ;  S u k s a y r e t r u p  a n d  P l a p p  

1 9 7 7 ) .  Kao a n d  F u k u t o  ( 1 9 7 7 1  a l s o  r e p o r t e d  p o o r  i n  v i t r o  - 
i n h i b i t i o n  o f  AChE f r o m  s e v e r a l  s o u r c e s  b y  p r o p i o n y l  a n d  

h e x a n o y l  a n a l o g u e s  o f  a c e p h a t e .  

M e t h a m i d o p h o s  is  a  s t r o n g e r  AChE i n h i b i t o r  - i n  v i t r o  t h a n  

a c e p h a t e ,  a l t h o u g h  i t s  s t r e n g t h  is  s t i l l  much b e l o w  t h a t  o f  m o s t  

o f  t h e  p o t e n t  i n h i b i t o r s  s u c h  a s  p a r a o x o n .  S i n c e  s o m e  a c e p h a t e  

is u s u a l l y  c o n v e r t e d  t o  m e t h a m i d o p h o s  i n  p l a n t s ,  v e r t e b r a t e s ,  

a n d  i n s e c t s ,  i t  is  o f t e n  s t a t e d  t h a t  m e t h a m i d o p h o s  i s  t h e  a c t i v e  

p r i n c i p l e  o f  a c e p h a t e ,  a n d  t h a t  i t s  s e l e c t i v i t y  d e p e n d s  o n  t h i s  



metabolic activation. Magee reported this conversion 

occur in pinto beans and suggested it as one possible 

explanation for the bioactivity of acephate. Studies with 

loblolly pine seedlings, white spruce trees, and Douglas-firs 

prompted various workers to attribute the insecticidal activity 

to the conversion of acephate to methamidophos or the 

combination of methamidophos with acephate (Richmond et al. - - 
1978; Sundaram et al. 1977; Werner 1974b). Geen et al. (1981) - - -- 

reported the conversion of acephate to methamidophos in fish 

from cages in an acephate treated stream, but no toxicity 

occurred, and the methamidophos had become non-detectable 24 h 

after treatment of the stream with acephate. 

The toxicity mechanisms of acephate alone and of 

methamidophos, both alone and as an activation product of 

acephate, have been studied to some extent in insects. 

~ojakovick and March (1972) studied the toxicity of acephate in 

houseflies, and reported an LD of 1.8 pg/g of body weight. 
5 0 

They observed that the first knockdown of the flies occurred 24 

h after the treatments with LDZ5 and LD 
50 ' and 10 h after 

treatment with LDgO. At these times the AChE activity ofathe 

heads and thoraxes dropped to between 30 and 40% of normal. 

Later studies by Khasawinah et al. (1978) reported on the -- 

activity of methamidophos in houseflies, with an LD50 of 1.2 

W/g. They found that methamidophos was not activated or 

degraded in the insects, and that it was slow in producing the 

acute symptoms of poisoning when compared with other effective 



OP i n s e c t i c i d e s  l i k e  m e t h y l  p a r a t h i o n ,  a s  shown by H o l l i n g w o r t h  

e t  a l .  ( 1 9 6 7 ) .  H o u s e f l i e s  t r e a t e d  w i t h  0 . 0 4  u g  o f  m e t h y l  -- 
p a r a t h i o n / f l y  p r o d u c e d  0 .002  a n d  0 . 0 0 4  p g  o f  m e t h y l  

p a r a o x o n / f l y ,  r e s p e c t i v e l y ,  f o r  t h e  s u s c e p t i b l e  a n d  r e s i s t a n t  

s t r a i n s ,  a f t e r  2  h ,  w h i c h  w a s  t h e  t i m e  f o r  t h e  a p p e a r a n c e  o f  

m a j o r  symptoms .  T r e a t m e n t  w i t h  m e t h a m i d o p h o s  a t  c o m p a r a b l e  d o s e s  

( 0 . 0 4 8  t o  0 . 0 5  p g / f l y )  p r o d u c e d  t h e  i n t e r n a l  l e v e l s  o f  

m e t h a m i d o p h o s  o f  0 . 0 3 2  a n d  0 .02  p g / f l y ,  r e s p e c t i v e l y ,  f o r  t h e  

s u s c e p t i b l e  a n d  r e s i s t a n t  s t r a i n s ,  a f t e r  2 h ,  a n d  t h e s e  l e v e l s  

r e m a i n e d  u n c h a n g e d  a t  4  h  a n d  8 h ,  when m a j o r  symptoms  a p p e a r e d .  

K h a s a w i n a h  -- e t  a l .  ( 1 9 7 8 )  a r g u e d  t h a t  s u c h  r e l a t i v e l y  s t a b l e  a n d  

h i g h  l e v e l s  o f  i n t e r n a l  m e t h a m i d o p h o s  is n e c e s s a r y  t o  c o m p e n s a t e  

f o r  i t s  m o d e r a t e  - i n - v i t r o  an t i -AChE a c t i v i t y  o f  3 . 9  x  

~ o - - ~ M )  i n  c o m p a r i s o n  w i t h  t h a t  o f  me thy l .  p a r a o x o n  
50 

o f  1 x 

K h a s a w i n a h  -- e t  a l .  1 1 9 7 8 )  a l s o  o b s e r v e d  t h e  knockdown a n d  

m o r t a l i t y  o f  h o u s e f l i e s ,  w h i c h  w e r e  f i r s t  e v i d e n t  n e a r l y  8  h  

a f t e r  t h e  t r e a t m e n t  a t  LD a n d  L D  
25 50 ' a n d  4  h a t  LDgO. A t  t h e s e  

t i m e s  t h e  AChE a c t i v i t y  d r o p p e d  d r a s t i c a l l y  t o  b e l o w  1 0 %  o f  

n o r m a l  a c t i v i t y  i n  t h e  h e a d s  a n d  t o  a l m o s t  n o  a c t i v i t y  i n  ' t h e  

t h o r a x e s .  ~ o j a k o v i c k  a n d  March  ( 1 9 7 2 1 ,  showed t h a t  t h e  s l o w e r  

a c t i o n  a n d  knockdown t i m e  o f  a c e p h a t e  c o u l d  p o s s i b l y  be 

a c c o u n t e d  f o r  b y  t h e  t i m e  n e e d e d  f o r  a c e p h a t e  c o n v e r s i o n  a n d  

a c c u m u l a t i o n  o f  m e t h a m i d o p h o s .  

S t u d i e s  b y  B u l l  ( 1 9 7 9 )  o n  t h e  m e t a b o l i s m  a n d  t o x i c i t y  o f  

a c e p h a t e  a n d  m e t h a m i d o p h o s  w i t h  a d u l t  b o l l  w e e v i l s  a n d  t w o  



strains of tobacco budworm larvae, one susceptible and the other 

resistant, also suggested the conversion of acephate to 

methamidophos as an explanation of the toxicity. The susceptible 

tobacco budworms were only moderately more susceptible than the 

resistant strain to both acephate and methamidophos by about 

2.5- and 0.5-fold, respectively. Internal extracts indicated 

that the absorbed acephate was metabolized to a small amount of 

methamidophos in the larvae of both strains, about 1% of the 

treated dose (1 vg) at 2 h after topical treatment, and 2% at 8 

h after the treatment, which accounted for the small difference 

in toxicity. Methamidophos was 75-fold more toxic than acephate 

to the boll weevils. Since acephate was rapidly absorbed by the 

weevils, its low toxicity was attributed to an apparent 

inability of the insect to metabolize it to methamidophos. No 

methamidophos was detected from the internal extracts of the 

boll weevils following topical treatment. with acephate. 

The - in-vitro model oxidation system has given invaluable 

information on the probable pathway of oxidative metabolism of 

many pesticides by oxidative enzymes. Therefore, in studying the 

conversion of acephate to methamidophos or to other more potent 

anti-AChE agents as a possible mechanisms of action, tests were 

conducted in controlled environments in vitro. Commonly, - 
metabolic activation is by MFO-mediated oxidation. However, 

using m-chloroperbenzoic acid (MCPBA) as a chemical oxidant, 

instead of MFO, Eto -- et al. (1977) produced compounds by the 

chemical oxidation of acephate and methamidophos, having greater 



anti-AC~E activities than either possesses alone. Using the 

methamidophos concentration of 1.4 x b which produced 18% 

inhibition of human plasma ChE before the treatment with MCPBA, 

and the acephate concentration of 1 x ~ o - ~ M  which produced no 

inhibition before the treatment, methamidophos oxidized by MCPRA 

inhibited the ChE almost completely after 15 mint and oxidized 

acephate inhibited the ChE by about 35% in 60 min. However, 

incubation of the same concentration of methamidophos with rat 

liver microsomes did not produce such remarkable results, 

achieving only a maximum of 58% inhibition after 3.5 h. From 

certain chemical evidence, these authors concluded that the 

product formed by the activation of methamidophos was the 

sulf oxide derivative, 0,s-dimethyl phosphoramidothiolate 

S-oxide. This active intermediate, however, was not identified. 

In another study, Klaverkamp and Hobden (1980) reported the 

activation of acephate (3 x ~ o - ~ M )  shown by increased inhibition 

of fish brain AChE when the acephate was incubated for 4 h with 

fresh and boiled liver homogenates. A small, yet significant, 

increase in the inhibition (3.3%) produced by acephate in boiled 

homogenate was presumed to result from non-enzymatic processes. 

The authors considered that the differences (5.2%) between AChE 

inhibition by acephate after incubation with fresh and boiled 

liver honogenates, represented activation by enzymatic 

processes. They did not identify the activation product, but 

Speculated that it resulted from deacetylation of acephate. 



Studies by several other workers were not able to support 

the findings. Khasawinah -- et al. (1978) observed no change in fly 

head AChE inhibition by methamidophos (1 x M )  following 6 h 

of incubation with either cockroach guts or mouse liver slices, 

and suggested that no major activation or degradative changes 

occurred in these systems. Kao and Fukuto (1976) also failed to 

discover activation of methamidophos when they incubated it with 

a variety of oxidizing agents, including MCPBA , 

peroxytrifluroacetic acid, mouse liver microsomes, and related 

chemical oxidation systems. They suggested that if an active 

product of methamidophos was formed it evidently was highly 

transitory. In addition, Suksayretrup and Plapp (1977) found 

methamidophos and acephate to be poor substrates for MFO and 

glutathione-dependent transf~rases in strains of houseflies, 

susceptible and resistant to many OP's. 

Although far from being consistent, or free of 

contradictions, the evidence thus far tends to favour the - in 

vivo activation of acephate to methamidophos, which in turn 

exerts the toxic effects. A poor anti-AChE by itself, acephate 

is partly converted to methamidophos, a stronger anti-AChE,. in 

many biological systems including plants, higher animals, and 

insects. There is no complete evidence to confirm the formation 

of other active intermediate or metabolites in vivo or in vitro -- - 
model oxidation systems. 

Most of the studies on the activity of acephate that 

invoive insects were mainly on houseflies and cockroaches, but 



d i r e c t  i n v e s t i g a t i o n  o n  a c e p h a t e l s  r a n g e  o f  t a r g e t  i n s ~ c t  p e s t s  

a r e  less common. N o t  a l l  i n s e c t s  o r  e v e n  s t r a i n s  o f  a n  i n s e c t  

r e s p o n d e d  t o  a c e p h a t e  t r e a t m e n t s  b y  t h e  same  b e h a v i o u r  o r  b y  t h e  

same  a c t i v a t i o n  m e c h a n i s m s .  Some i n t e r e s t i n g  r e v e r s a l s  i n  

s e l e c t i v i t y  h a v e  b e e n  o b s e r v e d  ( B u l l  1 9 7 9 ) .  

I t  w o u l d  b e  i n v a l u a b l e  t o  s t u d y  some o f  t h e  t o x i c o l o g i c a l  

a n d  b i o c h e m i c a l  r e s p o n s e s  i n  t a r g e t  i n s e c t  s p e c i e s .  T o  t h i s  e n d ,  

t h e  w e s t e r n  s p r u c e  budworm w a s  c h o s e n  a s  t h e  m a i n  s p e c i e s  i n  t h e  

s t u d y ,  w i t h  t h e  M e d i t e r r a n e a n  f l o u r  m o t h .  R a t s  a n d  human 

( e r y t h r o c y t ~  F C h E )  were i n c l u d e d  t o  s t u d y  t h e  e f f e c t s  o n  

n o n - t a r g e t  o r g a n i s m s .  



3 .  MATERIALS AND METHODS 

3 .1 .  R e a r i n g  o f  W e s t e r n  S p r u c e  Budworm - - 

3 .1 .1 .  S t o c k  C o l o n y  

P u p a e  o f  a  n o n - d i a p a u s i n g  c o l o n y  were o b t a i n e d  f r o m  D r .  J. 

L. R o b e r t s o n  o f  t h e  P a c i f i c  S o u t h w e s t  F o r e s t  and  Range 

E x p e r i m e n t a l  S t a t i o n ,  F o r e s t  S e r v i c e ,  B e r k e l e y ,  C a l i f o r n i a .  The 

co l -ony  h a d  o r i g i n a t e d  f r o m  l a t e - i n s t a r  l a r v a e  c o l l e c t e d  i n  

e a s t e r n  Montana and  n o r t h w e s t  I d a h o  i n  1964  (Lyon  e t  a l .  1 9 7 2 ) .  -- 

The f i r s t  g e n e r a t i o n s  had  b e e n  r e a r e d  w i t h  n o r m a l  d i a p a u s e .  

B e g i n n i n g  i n  1 9 6 7 ,  a  s u b s a m p l e  o f  t h i s  c o l o n y  i n  t h e  f i f t h  

g e n e r a t i o n  was p r o p a g a t e d  w i t h o u t  d i a p a u s e .  

3 . 1 . 2 .  R e a r i n g  E n v i r o n m e n t  

The r e a r i n g  t e c h n i q u e s  were b a s e d  o n  t h o s e  o f  Lyon - e t  - a l .  

( 1 9 7 2 )  and R o b e r t s o n  ( 1 9 7 9 ) .  The l a r v a e  were r e a r e d  o n  

ready-mixed  a r t i f i c i a l  d i e t  a c c o r d i n g  t o  McMorran ( 1 9 6 5 )  and  

G r i s d a l e  (1-973) ( T a b l e  I ,  BIO-MIX # 9 7 6 9 ,  B i o - S e r v ,  I n c . ,  

F r e n c h t o w n ,  N e w  J e r s e y ,  0 8 8 2 5 ,  U .  S .  A. 1, i n  210-cc  ( 7 - 0 2 )  c l e a r  

p o l y s t y r e n e  s p e c i m e n  c o n t a i n e r s  w i t h  f i t . t e d  p a p e r  c o v e r s  

(Lab-Tek P r o d u c t ,  D i v i s i o n  o f  Mil-c=s L a b o r a t o r i e s ,  I n c . ,  



Table I : Spruce budworm d i e t ,  BIO-MIX #9769, and mixing i n s t r u c t i o n s  

11 a s  provided by t h e  commercial supplier-- . 

P a r t  I n g r e d i e n t  

Agar 
D i s t i l l e d  water  

Casein 
F i b e r  
S a l t  mix Wesson 
Wheat germ, t o a s t e d  
Methyl parahydroxybenzoate 
Aur eomyc i n  
Ascorbic  a c i d  
Choline c h l o r i d e  
Sucrose 
Linseed o i l  

21 C- Vitamin mixture  #722 

4M KOH s o l u t i o n  
Formaldehyde 

Mixing i n s t r u c t i o n s  f o r  1 L of d i e t  

Add 25.3 g of P a r t  A (agar )  t o  835 mL of water .  

While s t i r r i n g  agar  s o l u t i o n  c o n s t a n t l y ,  b r i n g  t o  a f u l l  b o i l  
f o r  1 min. 

T rans fe r  aga r  s o l u t i o n  t o  b l ende r .  Cool t o  65 t o  70•‹C, add 
135.2 g of P a r t  B ,  10  g of P a r t  C ,  and 5.6 mL of P a r t  D. 

Blend f o r  60 s e c  o r  u n t i l  mixed thoroughly. 

Dispense immediately. 

1/ Bio-Serv, I n c . ,  Frenchtown, New J e r s e y .  - 
21 Premixed by s u p p l i e r .  - 



Naperville, Illinois). These features allowed easy observation 

of the insect's development, and prevented moisture from 

condensing on the container walls by allowing water loss through 

the cover. Moisture condensation on container walls could easily 

drown newly-hatched larvae; it also promotes fungal growth on 

the diet. 

All rearing stages were held at 26O - + 1•‹C and 30 to 40% RH, 

in a room with 16-h photoperiod provided by two florescent 

40-watt tubes. The rearing containers were spaced so as to allow 

light to reach them. 

3.1.3. Preparation -- of Diet 

The diet was prepared according to instructions from the 

supplier (Table I), and poured immediately into 150 x 25 mm 

sterilized plastic Petri-dishes, to a depth of about 2 cm, and 

allowed to gel. After 1 to 2 h, the gelled diet was cut into 

cubes about 2 x 2 x 2 cm. Each rearing cup was half-filled with 

these cubes. If the diet was not used immediately, it was kept 

uncut in the Petri-dishes at 4OC for up to two weeks. 

3.1.4. Propagation - of Colony 

Rearing cups containing larvae destined for propagation, 

were kept separated from those with larvae for research, and the 

cups were not opened until pupation had commenced in order to 



avoid contamination. 

3.1.4.1. Pupal Collection -- and Egg Production 

Pupae were collected from the reari~g cups about twice 

weekly and sexed according to the number of abdominal segments 

visible on the venter. Five distinct segments were noticeable in 

the male, four in the female (Figure 1). The pupae were then 

placed in brown paper bags of about 20 x 13 x 39 cm with six 

strips of Scotch wax paper loosely tossed in, each strip 2 to 4 

cm wide and 30 cm long. The wax paper was provided for newly 

emerged moths to cling to and for mating and oviposition. Fifty 

male and 50 female pupae were placed in each bag. The pupae and 

the emerged adults were held in the same environmental 

conditions as the larvae. 

3.1.4.2. Egg Collection and Washing 

After 7 to 10 days, depending on the age of the pupae 

collected, the bags were opened and strips of wax paper withaegg 

masses adhering to them were collected. The adult moths were 

transferred to new bags, prepared as before, for another 

oviposition. The eggs were collected from these new bags after 

three days. The procedure was repeated for one more time before 

the adults were disposed of by deep freezing at -12'~. 



Figu re  1 : Western sp ruce  budwom pupae showing t h e  abdominal 

segments used f o r  s e p a r a t i n g  t h e  s exes .  

L e f t  - Female pupa w i t h  fou r .  

Right  - Male pupa w i t h  f i v e .  





T h e  s t r i p s  of wax p a p e r  w e r e  c u t  i n t o  p i e c e s  t o  s e p a r a t e  

e a c h  e g g  m a s s .  T h e  e g g s  a n d  t h e  p i e c e s  o f  p a p e r  t o  w h i c h  t h e y  

a d h e r e d  were i m m e d i a t e l y  s u r f a c e - d i s i n f e c t e d  t o  a v o i d  l a t e r  

c o n t a m i n a t i o n  o f  t h e  d i e t ,  e s p e c i a l l y  b y  s a p r o p h y t i c  f u n g i .  T h e  

d i s i n f e c t a n t  w a s  1 0 %  f o r m a l d e h y d e  s o l u t i o n  m i x e d  w i t h  a  d r o p  o f  

w e t t i n g  a g e n t ,  p o l y o x y e t h y l e n e  s o r b i t a n  m o n o l a u r a t e  (Tween 2 n R  ) 

( S i g m a  C h e m i c a l  Company, S t .  L o u i s ,  ~ i s s o u r i ) .  T h e  e g g s  w e r e  

s t i r r e d  g e n t l y  i n  t h e  s o l u t i o n  f o r  1 0  m i n  u s i n g  a  Number-3 

c a m e l ' s  h a i r  b r u s h .  D i s i n f e c t i o n  w a s  f o l l o w e d  b y  t w o  t e n - m i n u t e  

w a s h e s  i n  d i s t i l l e d  w a t e r .  T h e  e g g  m a s s e s  were a l l o w e d  t o  d r y  

f o r  1 t o  2 h  o n  Whatman f i l t e r  p a p e r  i n  P e t r i - d i s h e s .  

3 . 1 . 4 . 3 .  R e a r i n g  o f  L a r v a e  - 

E a c h  m a s s  o f  5 0  t o  1 0 0  e g g s  w a s  p l a c e d  i n  a  r e a r i n g  c u p  

w i t h  c u b e s  o f  d i e t .  T h e  c u p  w a s  c o v e r e d  w i t h  t h e  p a p e r  c o v e r ,  

a n d  w r a p p e d  w i t h  a l u m i n i u m  f o i l  a r o u n d  t h e  t o p - h a l f .  P i n - s i z e d  

h o l e s  were p u n c t u r e d  t h r o u g h  t h e  f o i l  f o r  m o i s t u r e  t o  e s c a p e .  

T h e  c u p  w a s  t h e n  p l a c e d  o n  a  s h e l f  f o r  t h e  e g g s  t o  h a t c h  a n d  t h e  

l a r v a e  t o  d e v e l o p .  T h e  a l u m i n i u m  f o i l  w r a p p i n g  w a s  n e c e s s a r y  i n  

o r d e r  t o  k e e p  l i g h t  f r o m  t h e  t o p - h a l f  o f  t h e  c u p .  H a v i n g  t h e  

b o t t o m - h a l f  o f  t h e  c u p  i l l u m i n a t e d ,  a t t r a c t e d  t h e  p o s i t i v e l y  

p h o t o t a c t i c ,  n e w l y - h a t c h e d  l a r v a e  t o  t h e  d i e t .  W i t h o u t  t h e  f o i l  

t h e  y o u n g  l a r v a e  m i g r a t e d  t o  t h e  t o p  o f  t h e  c u p ,  away f r o m  t h e  

d i e t ,  a n d  d i a p a u s e d .  



A f t e r  a b o u t  1 5  d a y s  e a c h  c u p  w a s  o p e n e d  a n d  t h r e e  o r  f o u r  

f r e s h  c u b e s  o f  t h e  d i e t  w e r e  a d d e d  t o  t h e  p a r t i a l l y  d r i e d  o l d  

d i e t .  T h e  c o v e r  w a s  r e p l a c e d  a n d  t h e  c u p  r e t u r n e d  t o  t h e  s h e l f  

f o r  f u r t h e r  d e v e l o p m e n t  o f  t h e  l a r v a e .  L a r v a e  i n  s u i t a b l e  s t a g e s  

o f  d e v e l o p m e n t  w e r e  c o l l e c t e d  f o r  r e s e a r c h  a s  r e q u i r e d .  T h e  

c o l o n y  s i z e  c o u l d  b e  a d j u s t e d  e a s i l y ,  a c c o r d i n g  t o  t h e  n e e d  a t  

a n y  g i v e n  t i m e .  

3 . 2 .  R e a r i n g  - o f  M e d i t e r r a n e a n  F l o u r  Moth ,  A n a g a s t a  k u e h n i e l l a  

3 . 2 . 1 .  S t o c k  C o l o n y  

A t  t h e  s t a r t  o f  t h i s  i n v e s t i g a t i o n ,  t h e  n u m b e r s  o f  t h e  

s t o c k  c o l o n y  i n  t h e  i n s e c t a r y  a t  S imon  F r a s e r  U n i v e r s i t y  w e r e  

i n c r e a s e d .  T h i s  c o l o n y  h a d  b e e n  m a i n t a i n e d  f o r  s e v e n  y e a r s ,  

s i n c e  1 9 7 4 .  

3 . 2 . 2 .  R e a r i n g  E n v i r o n m e n t  

R e a r i n g  w a s  d o n e  a c c o r d i n g  t o  t h e  t e c h n i q u e  d e v e l o p e d  b y  

M r .  A. S y e d  o f  S imon  F r a s e r  U n i v e r s i t y  I n s e c t a r y  ( p e r s o n a l  

c o m m u n i c a t i o n ) .  T h e  l a r v a e  w e r e  m a i n t a i n e d  o n  a  d i e t  c o m p r i s i n g  

w h o l e  w h e a t  g r a i n s ,  w h o l e  w h e a t  f l o u r ,  p a b l u m  ( c e r e a l  m i x ) ,  a n d  

w a t e r ,  i n  t h e  r a t i o  o f  10:1. :1:1 (w/w/w/v) ,  i n  3.6-L g l a s s  j a r s  
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( ~ i g u r e  2 ,  l e f t ) .  T h e y  were k e p t  a t  2 % '  + I'c w i t h  30 t o  4 0 %  RH - 
a n d  12-h  p h o t o p e r i o d .  

P r o p a g a t .  i o n  R e a r  j. ng  

F o r  e g g  o v i p o s i t i o n ,  5 o r  6 c o t t o n  b a l l s  w e r e  p u t  i n  e a c h  

g l a s s  j a r  i n  w h i c h  t h e  a d u l t s  h a d  b e g u n  to  e m e r g e  ( F i g u r e  2 ,  

r i g h t ) .  A b o u t  f i v e  d a y s  l a t e r ,  t h e  c o t t o n  b a l l s ,  w i t h  e g g s  l a i d  

o n  t h e m ,  w e r e  c o l l e c t e d  a n d  p l a c e d  o n  f r e s h l y  p r e p a r e d  d i e t .  T h e  

new j a r s  w e r e  c o v e r e d  w i t h  b r o w n  p a p e r  towels a n d  k e p t  o n  

s h e l v e s  u n t i l  a n o t h e r  g e n e r a t i o n  h a d  d e v e l o p e d .  L a s t - i n s t a r  

l a r v a e  w e r e  c o l l e c t e d  f o r  r e s e a r c h  when r e q u i r e d .  

3 :3. V e r t e b r a t e s  

M a l e  W i s t a r  r a t s ,  2 t o  6 m o n t h s  o l d ,  w e r e  u s e d .  T h e y  w e r e  

o b t a i n e d  f r o m  Woodlyn  L a b o r a t o r i e s  L i m i t e d ,  G u e l p h ,  O n t a r i o .  

W a t e r  a n d  r o d e n t  l a b o r a t o r y  chow ( R a l s t o n  P u r i n a  Company,  s t .  

L o u i s ,  M i s s o u r i )  w e r e  g i v e n  - a d  l i b i t u m  t h r o u g h o u t  e a c h  s t u d y ,  

u n t i l  t h e  r a t s  w e r e  k i l l e d .  



F i g u r e  2 : J a r s  f o r  r e a r i n g  Medi te r ranean  f l o u r  moth. 

L e f t  - Larvae and t h e i r  g a l l e r i e s .  

Right  - Adult  moths w i t h  c o t t o n  b a l l s  f o r  o v i p o s i t i o n .  





3.4. Chemicals 

3.4.1. Insecticides and Synergist 

Insectjcjdes used were technical and analytical grades of 

acephate, 0,s-dimethyl a c e t y l p h o s p h o r a m i d o t h i o a t e  (A), 

analytical grade methamidophos, 0,s-dimethyl 

phosphoramidothioate (F), and analytical grade paraoxon, diethyl 

p-nitrophenyl phosphate (C) (Figure 3). Acephate and 

methamidophos were obtained from the Chevron Chemical Company, 

Richmond, California, and paraoxon from the American Cyanamid 

Company, Princeton, New Jersey. These chemicals were dissolved 

in acetone, buffer solution, or ethanol, according to the 

requirement of the study. 

Aldrin and Dieldrin, both of analytical grades, obtained 

from the Shell Chemical Company, New York, were used in the 

microsomal activation study. These insecticides were dissolved 

in methyl cellosolve (ethylene glycol monomethyl ether). 

Piperonyl butoxide, 80% technical grade, was used to 

inhibit the MFO in a microsomal activation study. A 1 x 1 0 - ~ ~ 1  

stock solution was prepared in absolutc ethanol with 1% 

Triton-X. The solution was diluted to 1 x M, when it was 

added to the incubation medium of the microsomal activation 

system made up in buffer solution. 



Figure 3 : Chemical structures of the insecticides. 

R 
Acephate (Orthene ) ,  0,s-dimethyl acetyl- 

phosphoramidothioate. 

R 
Methamidophos  o on it or^, Tamaron ) 0, S-dimethyl 

phosphoramidothioate. 

Paraoxon, Diethyl p-nitrophenyl phosphate. 





3 . 4 . 2 .  B u f f e r  

P h o s p h a t e  b u f f e r  s o l u t i o n s ,  0.1M, pH 7 . 6 ,  were u s e d  i n  t h e  

s t u d i e s ,  p r e p a r e d  f r o m  0.2M s t o c k  s o l u t i o n s  a c c o r d i n g  t o  G o m o r i  

( 1 9 5 5 ) .  The s o l u t i o n s  o f  pH 8 . 8 ,  were p r e p a r e d  when a c e p h a t e  was  

t o  b e  d i s s o l v e d  i n  b u f f e r  s o l u t i o n .  The  pH o f  t h e  p r e p a r e d  

s o l u t i o n s  was c h e c k e d  u s i n g  a  pH meter (pH METER 2 6 ,  R a d i o m e t e r  

C o p e n h a g e n ) .  

3 .4 .3 .  NADPH-generat ing S y s t e m  

The s o l u t i o n ,  mak ing  u p  a  componen t  o f  t h e  i n c u b a t i o n  

medium f o r  t h e  a c t i v a t i o n  s t u d y ,  was  p r e p a r e d  i n  b u f f e r  

s o l u t i o n .  A 1-mL s o l u t i o n  o f  t h e  s y s t e m  c o n t a i n e d  2  y m o l e s  o f  

NADPH, 20 y m o l e s  o f  g l u c o s e - 6 - p h o s p h a t e ,  0 .5  u n i t s  o f  

g l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e ,  and  25 y m o l e s  o f  magnes ium 

c h l o r i d e .  

3.4.4.  R e a g e n t s  

3 .4 .4 .1 .  P r o t e i n  A n a l y s i s  

The method  o f  Lowry -- e t  a l .  ( 1 9 5 1 )  was  a p p l i e d .  The r e a g e n t s  

u s e d  were a s  f o l l o w s :  8 %  (w:v)  o f  s o d i u m  c a r b o n a t e  (Na C 0 3 ) ;  1% 
2 

( w : v )  o f  c o p p e r  s u l p h a t e  (CuSO ) ;  2% (w:v)  o f  s o d i u m  p o t a s s i u m  
4 

t a r t r a t e  (NaKC H O ) ;  1 N  s o d i u m  h y d r o x i d e  (NaOH); and  1 N  f o l i n  
4 4 6  



p h e n o l  r e a g e n t .  These  r e a g e n t s  were e i t h e r  d i s s o l v e d  o r  d i l u t e d  

i n  d e i o n i z e d  d i s t i l l e d  w a t e r .  ~ o v i n e  serum a lbumin  (Sigma 

Chemical  Company, S t .  L o u i s ,  M i s s o u r i ) ,  i n  b u f f e r  s o l u t i o n ,  was 

used a s  t h e  s t a n d a r d  r e f e r e n c e .  

3 . 4 . 4 . 2 .  Enzyme A s s a y s  

The AChE was a s s a y e d  a c c o r d i n g  t o  El lman -- e t  a l .  ( 1 9 6 1 ) .  

A c e t y l t h i o c h o l i n e  i o d i d e  (ACth)  or  b u t y r y l t h i o c h o l i n e  i o d i d e  

( B t h ) ,  0.075MI were used  a s  t h e  s u b s t r a t e ,  r e s p e c t i v e l y ,  f o r  

a s s a y i n g  t h e  AChE of  a l l  t h e  o r g a n i s m s  used i n  t h e  s t u d y  o r  f o r  

a s s a y i n g  t h e  plasma ChE o f  t h e  r a t s .  D i t h i o b i s n i t r o b e n z o i c  a c i d  

(DTNB), O . O l M ,  was used a s  t h e  chromogenic  r e a g e n t .  A l l  t h e  

r e a g e n t s  were  d i s s o l v e d  i n  b u f f e r  s o l u t i o n .  They were o b t a i n e d  

from Sigma Chemica l  Company, S t .  ~ o u i s ,  M i s s o u r i .  

3.5.  B i o a s s a y s  

3.5.1.  I n s e c t  T r e a t m e n t s  

L a s t - i n s t a r  l a r v a e  o f  w e s t e r n  s p r u c e  budworm were t r e a t e d  

t o p i c a l l y  w i t h  e i t h e r  a c e p h a t e ,  or  methamidophos,  o r  paraoxon.  

The d e s i r e d  d o s a g e ,  d i s s o l v e d  i n  1 VL a c e t o n e ,  was a p p l i e d  to  

t h e  d o r s a l  t h o r a c i c  r e g i o n  o f  i n d i v i d u a l  l a r v a e  w i t h  a  

c a l i b r a t e d  10-VL g l a s s  s y r i n g e  (Hami l ton  s y r i n g e  N o .  7011 ,  



fitted with a hypodermic needle (No. 2 point and 22 style), the 

stainless steel plunger being driven by a repeating dispenser 

(PB600-1, Hamilton Company, Reno, Nevada). The hypodermic needle 

was bent at a 45'-angle near its tip to facilitate proper 

droplet formation and treatment. Groups of five larvae were 

anesthesized with CO for 10 sec prior to treatment. Each group 
2 

of the treated larvae was held in a glass Petri-dish (100 x 20 

mm) for observation. Two pieces of thinly sliced diet mix were 

placed in each dish as food. The larvae were held at a room 

temperature of 24" - + 1•‹C. Thirty to 50 larvae were treated at 

each dose level. Four or five dose levels were used for each 

chemical. Larvae held for control observations were treated in 

the same manner with 1 VL of acetone. Mortality counts were made 

24 h after the treatments; mortality was determined by probing 

each larva lightly with a needle; a larva was considered to be 

dead when there was no observable response or movement. 

Last-instar larvae of the Mediterranean flour moth were 

tested identically, except that only the toxicity of acephate 

was determined; groups of 10 larvae were treated and held in one 

Petri-dish for observation and mortality counting, . 6 

groups/dose; wheat flour was provided as food. 



3.5.2. Analysis of Data -- 

The data were analysed according to Swaroop (1966) to 

compute 
LD50 

values and their confidence limits. Using 

logarithms of doses and probits of the corresponding 

mortalities, regression equations and correlation coefficients 

were computed. 

3.6. Cholinesterase Inhibition 

3.6.1. In-vitro Studies 

3.6.1.1. Sources - of Acetylcholinesterase 

Last-instar larvae of the western spruce budworm and 

Mediterranean flour moth, rat brains, and human blood were the 

sources of AChE used for the study. 

AChE was obtained from the heads and ventral nervous 

systems of spruce budworm larvae. Each larva was dissected by 

cutting the dorsal cuticle longitudinally from the last 

abdominal segment to the head. The cuticle was then pinned down 

on both sides of the body to expose the internal organs. The 

alimentary canal was removed by cutting through it near the 

anus, lifting and pulling it forward towards the head. The 

exposed nervous system, adhering to the ventral cuticle, was 



cleaned of fat and extraneous cell debris by gently squirting 

with 0.7% sodium chloride solution using a Pasteur pipette. 

Large particles were removed with forceps. The head and nervous 

system were taken with a portion of the ventral cuticle by 

cutting it along both sides of the nervous system. They were 

washed in cold buffer solution before extracting the AChE. 

Whole larvae were used for the extraction of AChE from the 

flour moth because they were very much smaller. The larvae were 

washed in cold buffer solution before the extraction. 

Six-month-old rats were decapitated and bled; the brains 

were removed from the skulls and washed in cold buffer solution. 

Major blood vessels were separated from the brains by dissection 

and discarded. 

- Human AChE was obtained from red blood cells as described 

by Hussain and Oloffs ( 1 9 7 9 ) .  A 50-yL blood sample, collected 

from a finger tip, was used for each preparation. The tip of the 

finger was wiped with 70% ethanol, and allowed to dry before the 

skin was pierced with a sterile disposable lancet. The blood was 

collected in a 50- pL micropipette, and added to 9  mL of cold 

buffer solution. 

3.6.1.2. Extraction and Preparation - of Acetylcholinesterase 

With the exception of the human blood, the procedure used 

to prepare the enzyme from each of the other sources was the 

same. The samples were homogenized in cold buffer solution, 



using either 1-0 heads and ventral nerve cords of spruce budworm 

larvae, or 20 whole flour moth larvae, or 0.1 g of rat brain per 

mL. Each batch of the preparations consisted of 5 mL of 

homogenate of the heads and ventral nerve cords of spruce 

budworm larvae, or 5 mL of the entire flour moth larvae, or 10 

mL of the rat brain. The tissues were homogenized for about 3 

min in an all-glass tissue homogenizer (PYREX brand), with the 

tube immersed in crushed ice during the homogenization. The 

homogenates were then centrifuged at 10,000 - g for 1 h at 0 to 

4•‹C in a Sorvall RC2-B superspeed automatic refrigerated 

centrifuge with an SS-34 fixed-angle rotor. The supernatants 

were collected and stored at -20•‹C until used, within 2 weeks. 

AChE from human erythrocytes was prepared by centrifuging 

the diluted blood samples in a table-top centrifuge at 2,000 - g 

for 15 min, to sediment the erythrocytes. The supernatant 

containing the plasma was discarded and the sedimented 

erythrocytes were washed by resuspending in buffer solution, 

then centrifuged again for another 10 min. The supernatant was 

again discarded, and the erythrocytes were suspended in 2 mL 

buffer solution; 0.6 mL of the latter suspension was added' to 

8.4 mL buffer solution to give a final volume of 9 mL of 

erythrocyte suspension, the concentration used in the study. The 

preparation was used immediately for the AChE study. 



3 .6 .1 .3 .  D e t e r m i n a t i o n  o f  I n h i b i t o r  A c t i v i t i e s  -- 

AChE p r e p a r a t i o n s  f r o m  e a c h  s o u r c e  w e r e  u s e d  t o  d e t e r m i n e  

t h e  150 l e v e l s ,  i . e . ,  t h e  c o n c e n t r a t i o n s  o f  e a c h  o f  t h e  

i n s e c t i c i d e s  i n h i b i t i n g  50% o f  t h e  AChE. A c e p h a t e  and  

m e t h a m i d o p h o s  were d i s s o l v e d  i n  b u f f e r  s o l u t i o n ,  b u t  p a r a o x o n  i n  

a b s o l u t e  e t h a n o l .  The a s s a y s  w e r e  d o n e  a c c o r d i n g  t o  E l l m a n  e t  - 
a l .  ( 1 9 6 1 )  a t  37•‹C. The a s s a y  d e p e n d s  o n  t h e  AChE-ca ta lyzed  - 

h y d r o l y s i s  o f  t h e  s u b s t r a t e  ( A C t h )  and  t h e  e s t i m a t i o n  o f  

t h i o c h o l i n e  b y  f o l l o w i n g  t h e  i n c r e a s e  o f  y e l l o w  c o l o u r  p r o d u c e d  

when it  r e a c t s  w i t h  t h e  DTNR i o n .  A b s o r b a n c e  was  r e a d  a t  412 nm 

o n  a  C a r y  1 4  r e c o r d i n g  s p e c t r o p h o t o m e t e r ,  w i t h  t h e  c u v e t t e  

c o m p a r t m e n t s  k e p t  a t  37•‹C u s i n g  a  w a t e r  b a t h .  

F o r  a s s a y i n g ,  0.1-mL a l i q u o t s  o f  thawed r a t  b r a i n  o r  s p r u c e  

budworm AChE p r e p a r a t i o n s  w e r e  mixed  w i t h  2.9-mL a l i q u o t s  o f  

b u f f e r  i n  t e s t - t u b e s  and i n c u b a t e d  i n  a  m e t a b o l i c  s h a k e r  a t  37OC 

f o r  1 0  m i n ;  t h e n  a p p r o p r i a t e  d o s e s  o f  o n e  o f  t h e  i n s e c t i c i d e s ,  

d i s s o l v e d  i n  50 UL o f  b u f f e r  o r  e t h a n o l ,  w e r e  a d d e d  t o  e a c h  

t e s t - t u b e .  A f t e r  a n o t h e r  10-min i n c u b a t i o n  i n  t h e  m e t a b o l i c  

s h a k e r ,  50 VL o f  b o t h  t h e  s u b s t r a t e  and  DTNB were a d d e d  t o  e a c h  

t e s t - t u b e ,  e x c e p t  f o r  t h e  r e f e r e n c e  t u b e  which  r e c e i v e d  50 U L  o f  

b u f f e r  i n s t e a d  o f  s u b s t r a t e .  The c o n t e n t s  were mixed w i t h  a  

" V o r t e x "  m i x e r  and  t r a n s f e r r e d  t o  s i l i c a  c u v e t t e s  ( 1 0  mm p a t h  

l e n g t h )  f o r  m e a s u r i n g  and  r e c o r d i n g  c h a n g e s  i n  a b s o r b a n c e  d u r i n g  

1 0  m i n .  



The same procedure was used for assaying the inhibition of 

AChE activity from flour moth larvae. However here, a 50-VL 

enzyme preparation was incubated in 2.95 mL of buffer solution. 

Human erythrocyte AChE was assayed after the cells had been 

lysed by adding 0.1 mg saponin (Sigma Chemical Company, St. 

~ouis, Missouri) to each erythrocyte preparation (Michel 1949). 

A 3-mL volume of the preparation was pipetted into each 

test-tube and incubated as above. The absorbance was also read 

in the same manner as described above. 

3.6.1.4. Progressive Inhibition - of Acetylcholinesterase 

AChE, prepared as described (Section 3.6 .'1.2) , was 

incubated for 0, 10, 20, 30, 60, 120, 180, and 240 min with 

acephate, methamidophos, or paraoxon at their sub-I 5o 

concentrations respective to the enzyme, derived from the 

previous experiment using 10-min exposures. The substrate and 

DTNB were added at the end of each incubation period and 

absorbances recorded as described. Control samples without the 

insecticides were incubated for 0, 60, and 240 min. 

3.6.1.5. Interaction 

Interaction of acephate and methamidophos were investigated 

by exposure of AChE to acephate and methamidophos, either 

separately or in combination. The insecticides were added at 

70 



their respective sub-I concentrations at about equivalent to 
50 

the IZ5. Then the samples were incubated for 10 min and assayed 

as described (Section 3.6.1.3). 

3.6.2. In-vivo Studies 

3.6.2.1. Insects 

Individual last-instar larvae of western spruce budworm and 

Mediterranean flour moth were treated with sublethal doses of 8 

pg/g and 15 ug/g of acephate, respectively, as described for the 

bioassay studies (Section 3.5.1). After the exposure periods of 

0, 1, 2, 4, 8, 12, 18, 24, 30, 36, 48, 60, and 72 h, five spruce 

budworm and 10 flour moth larvae were placed on dry ice for 15 

min, then allowed to thaw before the AChE was extracted and 

assayed as described previously (Section 3.6.1). Each group of 

spruce budworm heads and nervous systems, and flour moth larvae 

was homogenized in 1 mL and 1.5 mL buffer solution, 

respectively. The activity was converted to nmoles of substrate 

hydrolyzed/mg protein/min. Protein concentration of each enzyme 

preparation was determined by the technique of Lowry - et - al. 

(1951). Readings at 660 nm wavelength were taken using a Unicam 

SP600 series 2 spectrophotometer. 



3.6.2.2. Rats 

Male Wistar rats were used, 60 to 80 days old and weighing 

from 100 to 360 g. They were caged individually and maintained 

at 22 " - + 1•‹C. 

Each of 12 rats was treated once with acephate at 270 mg/kg 

of body weight. The insecticide, at 27 mg/mL in distilled water, 

was administered by stomach tube, in a dose based on the 

animal's body weight. Eight cont.ro1 rats received water only. 

Groups of three acephate-treated and two control rats were 

taken, respectively, 0.5, 8, 24, and 72 h after the treatments. 

A 50-pL blood sample was collected from each rat by tail 

bleeding. 

_ The blood was collected with 50-pL micropipettes and added 

to 9 mL of buffer solution and processed further as described 

for the human erythrocytes in Section 3.6.1.2, but the 

supernatant containing the plasma was collected and assayed for 

the ChE activity, also done according to Ellman - et - al. (1961). 

The plasma ChE was assayed as the difference in activity with 

and without quinidine sulfate which specifically inhibits pla.sma 

ChE (0.15 mg quinidine sulfate added to 3 mL buffer containing 

plasma (Sabine 1955). The rats were then killed immediately by 

decapitation. The brains were removed and frozen at -12•‹C for 

one week, when the AChE was extracted and assayed as described 

in Section 3.6.1. The activities of AChE and plasma ChE were 

converted to nmoles of substrate hydrolyzed/m~ blood/min. 



3 .7 .  Me tabo l i sm  

3.7.1.  T r e a t m e n t s  

3 .7 .1 .1 .  I n s e c t s  

L a s t - i n s t a r  l a r v a e  o f  t h e  s p r u c e  budworm and f l o u r  moth 

w e r e  t r e a t e d  t o p i c a l l y  w i t h  a c e p h a t e  a t  a b o u t  10  and 30% o f  t h e  

p r e v i o u s l y  d e t e r m i n e d  
LD 50 

v a l u e s .  The p r o c e d u r e s  were a s  

d e s c r i b e d  i n  S e c t i o n  3.5.1.  A f t e r  0 ,  1, 2 ,  4 ,  8 ,  1 2 ,  1 8 ,  24 ,  3 0 ,  

4 8 ,  6 0 ,  and 72 h  o f  e x p o s u r e ,  g r o u p s  o f  f i v e  s p r u c e  budworm and 

1 0  f l o u r  moth l a r v a e  were f r o z e n  on d r y  i c e  f o r  1 5  min.  The 

l a r v a e  were t h e n  thawed f o r  10  min and weighed b e f o r e  e x t r a c t i o n  

o f  a c e p h a t e  and methamidophos.  

3 .7 .1 .2 .  R a t s  

The r a t s  u s e d  i n  t h i s  s t u d y  were t h o s e  t r e a t e d  f o r  t h e  

i n - v i v o  AChE i n h i b i t i o n  s t u d y  d e s c r i b e d  i n  S e c t i o n  3.6.2.2: The -- 

l i v e r  was removed f rom e a c h  d e c a p i t a t e d  r a t ,  washed i n  c o l d  t a p  

w a t e r ,  b l o t t e d  w i t h  p a p e r  towels, we ighed ,  c u t  i n t o  s m a l l  

p i e c e s ,  and p u t  i n  100 mL o f  a c e t o n i t r i l e  i n  a  235-cc ( 8  • ’1 .  

0 2 . )  g l a s s  j a r .  The j a r s  were capped  t i g h t l y  and k e p t  i n  i c e  f o r  

a b o u t  2 h  b e f o r e  t h e  e x t r a c t i o n  was c a r r i e d  o u t .  



3 .7 .2 .  E x t r a c t i o n  and C l e a n - u p  

3 .7 .2 .1 .  I n s e c t s  

Each  w e i g h e d  s a m p l e  was  homogenized i n  20 mL o f  

p e s t i c i d e - g r a d e  a c e t o n i t r i l e ,  w i t h  5  g  o f  a n h y d r o u s  g r a n u l a r  

s o d i u m  s u l p h a t e ,  i n  a  1 5 0  x  25 mm g l a s s  t u b e ,  u s i n g  a  

h o m o g e n i z e r  f i t t e d  t o  a  P o l y t r o n  PT20. The s u p e r n a t a n t  was 

f i l t e r e d  t h r o u g h  a P y r e x  g l a s s  wool p l u g ,  t o p p e d  w i t h  a  l a y e r  

o f  a n h y d r o u s  g r a n u l a r  s o d i u m  s u l p h a t e  i n  a  f i l t e r  f u n n e l ,  a n d  

c o l l e c t e d  i n  a  250-mL r o u n d - b o t t o m  f l a s k .  The e x t r a c t i o n  

p r o c e d u r e  was r e p e a t e d  twice,  e a c h  t i m e  w i t h  20 mL o f  

a c e t o n i t r i l e .  A f t e r  t h e  t h i r d  e x t r a c t i o n ,  t h e  e n t i r e  e x t r a c t  was 

p o u r e d  i n t o  t h e  f i l t r a t i o n  f u n n e l .  The t e s t - t u b e  and  t h e  

h o m o g e n i z e r  were r i n s e d  w i t h  20 mL o f  a c e t o n i t r i l e  w h i c h  was 

a l s o  f i l t e r e d  i n t o  t h e  same f l a s k .  The e x t r a c t  was e v a p o r a t e d  t o  

d r y n e s s  w i t h  a  f l a s h  e v a p o r a t o r  a t  38OC. The r e s i d u e s  were 

p i c k e d - u p  i n  o n e  t o  1 0  mL o f  g l a s s - d i s t i l l e d  a c e t o n e  f o r  

a n a l y s i s  by  g a s - l i q u i d  c h r o m a t o g r a p h y  (GLC) w i t h o u t  f u r t h e r  

c l e a n - u p .  

3 .7 .2 .2 .  R a t s  

The p r o c e d u r e  o f  S z e t o  -- e t  a l .  ( 1 9 8 2 )  f o r  f i s h  e x t r a c t i o n  

a n d  c l e a n - u p  was f o l l o w e d .  A n h y d r o u s  g r a n u l a r  s o d i u m  s u l p h a t e  a t  

2 : l  ( w / w )  was  a d d e d  t o  e a c h  j a r  c o n t a i n i n g  t h e  w e i g h e d  l i v e r  and  



100 mL of acetonitrile. The liver was homogenized for about 3 

min using the homogenizer fitted to the Polytron PT20. The 

supernatant was filtered as described and collected in a 

graduated cylinder. The extraction was repeated twice with 75 mL 

of acetonitrile each. Finally, the extraction jar and 

homogenizer were rinsed with 50 mL of acetonitrile which was 

also filtered and collected. The final volume of each crude 

extract was determined. 

An aliquot of the crude extract, equivalent to 2 g wet 

liver weight, was transferred into a 250-mL round-bottom flask, 

and evaporated to dryness by flash evaporation at 38OC. The 

residues were picked up in 1 mL of ethyl acetate (HPLC grade), 

followed by the addition of 4 mL of glass-distilled hexane. To 

clean up this solution, a glass column was packed, from the 

bottom up, with a glass wool plug, followed by 2 cm of Na2S04, 4 

cm of a 1:2.5 (w/w) mixture of Nuchar C-190N charcoal (Matheson 

Coleman & Bell, East Rutherford, New Jersey) and Whatman CF 11 

cellulose powder (Whatman Ltd., Kent, England), and 2 cm of 

Na2S0 
4 ' 

The packed column was pre-washed with 10 mL of ethyl 

acetate, followed by 25 mL of hexane. The extract was then 

transferred from the round-botton flask to the clean-up column. 

The resulting eluate was discarded. Finally, acephate and 

methamidophos residues were eluted from the column with 35 mL of 

ethyl acetate. The eluate was flash-evaporated at 38OC, and 

picked-up in volumes of acetone suitable for GLC analysis. 



3.7.3. Gas-Liquid Chromatography - Analysis 

A Tracor 222 gas chromatograph was used. It was equipped 

with two •’1-ame photometric detectors (524 nm phosphorus filter), 

and U-shaped Pyrex glass column (36 cm x 3 cm I.D.) packed with 

1% Carbowax 20M TPA on Chromosorb w "HP", 100-200 mesh. The 

operating parameters were: detector 160•‹C; injection port 195OC; 

column oven programmed from 145 to 190'~ at 2g•‹C/min; gas flow 

rates for N , H , and air were 70, 150, and 180 ml/min, 

respectively. 

The clean extracts were injected directly, or were suitably 

diluted, for the analysis. If 8 pL of undiluted extract gave no 

response, the results were reported as non-detectable (N.D.). 

The limits of quantification of ac~phate and methamidophos were 

4 ppb and 2 ppb, respectively, equivalent to 4% chart 

deflection. Detectable responses below these limits were 

reported as trace and computed as one-half of the appropriate 

quantification limits. 

Analytical grades of acephate and of methamidophos were 

used to prepare standard solutions in glass-distilled acetone. 

Solutions of 0.6:0.3 a nd 0.06:0.03 1-I g/mL of 

acephate:methamidophos were prepared from stock solution of 

60:30 pg/mL, at each time the analysis were to be performed. A 

standard curve was constructed for each standard solution, and 

was used to determine the concentrations of acephate and 

methamidophos residues in the sample extracts. The resjdues were 



i d e n t i f i e d  b y  t h e  p e a k s  o n  t h e  c h r o m a t o g r a m s ,  and q u a n t i f i e d  by 

m e a s u r i n g  t h e  p e a k  h e i g h t .  

R e c o v e r y  S t u d i e s  

T o  t e s t  r e c o v e r i e s  o f  a c e p h a t ~  and m e t h a m i d o p h o s ,  s a m p l e s  

o f  r e s i d u e - f r e e  i n s e c t  l a r v a e  and r a t  l i v e r s  w e r e  f o r t i f j e d  w i t h  

a c e p h a t e  a t  1 and 0 .01  ppm, and w i t h  me thamidophos  a t  0 . 5  and 

0 .005  ppm. They  were t h e n  e x t r a c t ~ d  and  p r o c e s s e d  a s  d e s c r i b e d .  

R e c o v e r i e s  r a n g e d  f r o m  93.0 to  1 0 8 . 8 % ;  d e t a i l s  a r e  shown i n  

t a b l e  11. 

3 .-8. M i c r o s o m a l  A c t i v a t i o n  

3 .8 .1 .  P r e p a r a t i o n  - o f  Microsomes 

3 . 8 . 1 . 1 .  I n s e c t  M i d g u t s  

The m i d g u t s  o f  l ? s t - i n s t a r  l a r v a e  o f  w e s t e r n  s p r u c e  budworm 

were i s o l a t e d  by c r o s s - s e c t i o n i n g  e a c h  l a r v a  a t  t h e  

i n t e r s e g m e n t a l  membrane b e t w e e n  t h e  t h o r a x  and abdomen,  and 

i m m e d i a t e l y  b e h i n d  t h e  l a s t  p a i r  o f  p r o l e g s .  The m i d g u t  was t h e n  

e x t r a c t e d  w i t h  f o r c e p s  f r o m  t h e  r e s u l t i n g  m i d d l e  s e c t i o n .  I t  was 

s e c t i o n e d  l o n g i t u d i n a l l y  w i t h  a  s c a l p e l ,  a n d  r i n s e d  i n  c o l d  

b u f f e r  s o l u t i o n  t o  remove i t s  c o n t e n t s ,  and t h e n  washed 





t ~ o r o u g h l y  i n  c l e a n ,  c o l d  b u f f e r .  

S a m p l e s  o f  20 m i d g u t s  w e r e  t h e n  h o m o g e n i z e d  i n  5  mL o f  c o l d  

b u f f e r  w i t h  a  P o t t e r  h o m o g e n i z e r  w i t h  a  m o t o r - d r i v e n  t e f l o n  

p e s t l e .  T h e  h o m o g e n i z e d  s a m p l e s  w e  l a t e r  c o m b i n e d  f o r  

c e n t r i f u g a t i o n  a t  0  t o  4 ' ~  f o r  1 5  m i n  a t  1 0 , 0 0 0  - g .  T h e  

s u p e r n a t a n t  was  f i l t e r e d  t h r o u g h  g l a s s  w o o l  a n d  t h e n  c e n t r i f u g e d  

a t  0 to  4 ' ~  f o r  60 m j n  a t  1 0 5 , 0 0 0  g  i n  a  S o r v a l l  OTD 75R - 
u l t r a c e n t r i f u g e  w i t h  a  T i 6 0  f i x e d - a n g l e  r o to r  (Yu a n d  T e r r i e r e  

1 9 7 9 ) .  T h e  s u p e r n a t a n t  w a s  d e c a n t e d  a n d  t h e  m i c r o s o m a l  p e l l e t s  

w e r e  r e s u s p e n d e d  i n  c o l d  b u f f e r  s o l u t i o n ,  a t  t h e  e q u i v a l e n t  o f  

20  m i d g u t s / m L ,  b y  g e n t l e  h o m o g e n i z a t i o n .  P r o t e i n  c o n c e n t r a t i o n  

o f  t h e  s u s p e n s i o n  w a s  d e t e r m i n e d  b y  t h e  t e c h n i q u e  o f  Lowry - e t  

a l .  ( 1 9 5 1 ) .  The  m i c r o s o m a l  s u s p e n s i o n  was  e i t h e r  u s e d  - 

i m m e d i a t e l y  o r  s t o r e d  i n  i ce ,  i n  t h e  c o l d  room a t  4OC, a n d  u s e d  

w i t h i n  3 d a y s ,  w i t h  n o  loss o f  t h e  a c t i v i t y .  

3 . 8 . 1 . 2 .  R n t  L i v e r s  

Microsomes were p r e p a r e d  f r o m  p e r f u s e d  l i v e r s  o f  m a l e  

W i s t a r  r a t s ,  a b o u t  s i x  m o n t h s  o l d .  E a c h  r a t  was  k i l l e d  b y  

d e c a p i t a t i o n ,  a n d  t h e  t h o r a c i c  a n d  a b d o m i n a l  c a v i t i e s  were 

o p e n e d  i m m e d i a t e l y  t o  e x p o s e  t h e  l i v e r .  T h e  l i v e r  was  p e r f u s e d  

w i t h  c o l d  1 . 1 5 %  p o t a s s i u m  c h l o r i d e  s o l u t i o n ,  pH 7 . 4 ,  b y  

i n s e r t i n g  a  h y p o d e r m i c  n e e d l e  i n t o  t h e  p o r t a l  v e i n ,  u n t i l  t h e  

l i v e r  t u r n e d  p a l e  y e l l o w .  T h e  l i v e r  w a s  t h e n  removed f r o m  t h e  

t h o r a x i c  c a v i t y ,  washed  t h o r o u g h l y ,  a n d  h o m o g e n i z e d  f o r  30 sec 



in 4 mL of cold 1.15% potassium chl-oride solution per 1 g of 

liver weight, using a VirTis blender at full speed (Chan et al. -- 
1967). The homogenate was centrifuged for 30 min at 10,000 - g and 

0 to 4 O C .  Microsomes were prepared from the supernatant as 

described in the previous section (3.8.1.1), and finally picked 

up in buffer at the equivalent of 1 g wet liver weight/mL. 

Protein was determined according to Lowry -- et al. (1951). The 

microsomal suspension was stowed frozen at -12OC, and used 

within a week without loss of the activity. 

3.8.2. Determination - of Cytochrome P-450 

The carbon monoxide-binding-complex method of Omura and 

Sat.0 (1964) was applied. A 3-mL microsomal preparation, with or 

without dilution, was reduced with about 100 mg of sodium 

dithionite (Na2S204). CO was then slowly bubbled through the 

reduced sample for about 1 min, using a Pasteur pipette, and CO 

difference spectra were immediately determined with a Cary-14 

recording spectrophotometer by scanning from 390 to 520 my. The 

concentration was determined by the peak height of the specatrum 

between 450 and 490 my (AOD 450 - 490). 



I n c u b a t  i o n  M i c r o s o m a l  P r e p a r a t i o n s  w i t h  I n s e c t i c i d e s  

3 .8 .3 .1 .  A l d r i n  

F o r  e a c h  i n c u b a t i o n ,  t h e  f o l l o w i n g  were added t o  a  50-mL 

Er l enmyer  f l a s k :  0.5 mL microsomal  p r e p a r a t i o n ,  1 mL o f  

NADPH-generating s o l u t i o n ,  and 5.5 mL of  b u f f e r .  I t  was t h e n  

shaken  i n  a  Dubnoff m e t a b o l i c  s h a k e r  a t  37OC f o r  10 min ,  b e f o r e  

10 pg o f  a l d r i n  were added i n  50 pL met.hy1 c e l l u s o l v e .  The 

i n c u b a t i o n  t i m e s  were 0 ,  1 5 ,  30 ,  and 60 min. To one  o f  t h e  

i n c u b a t i o n  med ia ,  p i p e r o n y l  b u t o x i d e  was added t o  a n  e q u i v a l e n t  

o f  ~ o - ~ M ,  and i n c u b a t e d  f o r  60 min. 

3.8.3.1.1. E x t r a c t i o n  

The r e a c t i o n  was s t o p p e d  by s h a k i n g  and e x t r a c t i n g  t h e  

i n c u b a t i o n  m i x t u r e  w i t h  20 mL o f  a 1:l m i x t u r e  o f  hexane  and 

a c e t o n e .  E v e r y t h i n g  was t h e n  t r a n s f e r r e d  i n t o  a  s e p a r a t o r y  

f u n n e l ,  where  t h e  s o l v e n t  and aqueous  p h a s e s  were a l lowed  t o  

s e p a r a t e .  Two a d d i t i o n a l  e x t r a c t i o n s  were made, e a c h  w i t h  20 mL 

o f  t h e  same s o l v e n t  m i x t u r e  r o u t e d  t h r o u g h  t h e  i n c u b a t i o n  f l a s k  

i n  o r d e r  t o  remove t r a c e s  o f  i n s e c t i c i d e s  which may have  a d h e r e d  

to  t h e  g l a s s .  The combined hexane  e x t r a c t s  were washed t w i c e  

w i t h  2% NaZSO The hexane  p h a s e s  were t h e n  s t o r e d  o v e r  g r a n u l a r  
4 ' 

a n h y d r o u s  NaZSO a t  - 2 0 ' ~  u n t i l  a n a l y s e d ,  w i t h i n  one  week. 
4 



E x t r a c t i o n  e f f i c i e n c y  w a s  c h e c k e d  b y  a d d i n g  20 y g  of 

d i e l d r i n  a n d  1 0  yg  o f  a l d r i n  t o  a n  i n s e c t i c i d e - f r e e  i n c u b a t i o n  

medium a n d  e x t r a c t i n g  i m m e d i a t e l y .  

3 . 8 . 3 . 1 . 2 .  A n a l y s i s  

A T r a c o r  CT 220 g a s  c h r o m a t o g r a p h ,  e q u i p p e d  w i t h  6 3 ~ i  

e l e c t r o n  c a p t u r e  d e t e c t o r  w a s  u s e d  f o r  t h e  a n a l - y s i s  o f  a l d r i n  

a n d  d i e l d r i n  r e s i d u e s .  T h e  e x t r a c t s  were i n j e c t e d  i n t o  a  

U-shaped  P y r e x  g l a s s  c o l u m n ,  1 8 3  x  0 . 3  c m  I.D., p a c k e d  w i t h  2% 

OV 1 p l u s  6 %  OV 210 o n  C h r o m o s o r b  W ' H . P . " ,  80-100 m e s h .  T h e  

c a r r i e r  g a s  w a s  n i t r o g e n  w i t h  a  f l o w  r a t e  o f  70  ml /min .  O t h e r  

o p e r a t i n g  p a r a m e t e r s  were: i n j e c t o r  p o r t ,  1 5 0 • ‹ C ;  c o l u m n  o v e n ,  

225•‹C;  d e t e c t o r ,  245•‹C.  

T h e  e x t r a c t s  w e r e  s u i t a b l y  d i l u t e d  w i t h  r e d i s t i l l e d  h e x a n e  

b e f o r e  t h e  i n j e c t i o n .  A s t a n d a r d  s o l u t i o n  c o n t a i n i n g  a l d r i n  a n d  

d i e l d r i n  i n  h e x a n e  w a s  u s e d  t o  p r e p a r e  a  s t a n d a r d  c u r v e  o n  e a c h  

d a y  when t h e  e x t r a c t s  were a n a l y s e d .  

3 . 8 . 3 . 2 .  A c t i v a t j o n  - o f  A c e p h a t e  

T h e  i n c u b a t i o n  medium a n d  c o n d i t i o n s  u s e d  w e r e  t h e  same a s  

d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n  ( 3 . 8 . 3 . 1 ) .  A c e p h a t e  w a s  a d d e d  

t o  t h e  medium i n  0 . 1  mL o f  b u f f e r  a n d  i n c u b a t ~ d  f o r  1 h .  T h e  

c o n c e n t r a t i o n s  o f  a c e p h a t e  u s e d  w e r e  9 5 1  y g  ( 0 . 5 2  x M )  a n d  

3 3 8  yg ( 0 . 2 0  x 1 0 - ~ b I ) / m ~  o f  i n c u b a t i o n  medium,  r e s p e c t i v e l y ,  f o r  



a s s a y i n g  w i t h  t h e  AChE o f  s p r u c e  budworm l a r v a e  and o f  r a t  

b r a i n s .  The AChEs were p r e p a r e d  a s  d e s c r i b e d  i n  s e c t i o n  3.6 .1 .2 .  

A c t i v a t i o n  o f  a c e p h a t e  was d e t e r m i n e d  by t h e  i n c r e a s e d  

i n h i b i t i o n  o f  a c t i v i t i e s  o f  t h e  AChEs, done a s  d e s c r i b e d  i n  

s e c t i o n  3.6.1.3.  A f t e r  1 h  o f  i n c u b a t i o n  a  2.9-mL a l i q u o t  o f  t h e  

i n c u b a t i o n  medium was t r a n s f e r r e d  i n t o  e a c h  t u b e ,  p r e p a r e d  i n  

d u p l i c a t e .  Then 0.1 mL o f  t h e  a p p r o p r i a t e  A C ~ E  was added t o  e a c h  

t u b e ,  and i n c u b a t e d  f o r  10  min a t  37OC, b e f o r e  a s s a y i n g .  



4 .  RESULTS A N D  DISCUSSION 

4.1.  R e a r i n g  o f  Weste rn  S p r u c e  Rudworm - 

A c o l o n y  o f  non-d iapaus ing  w e s t e r n  s p r u c e  budworm was 

e s t - a b l  i s h e d  i n  1980. Reared a s  d e s c r i b e d ,  t h e  i n s e c t s  r ep roduced  

s u c c e s s f u l l y  and an  ample s u p p l y  o f  l a s t - i n s t a r  l a r v a e  was 

a v a i l a b l e  f o r  t h i s  r e s e a r c h .  A d j u s t m e n t s  o f  t h e  c o l o n y  s i z e  were 

made a c c o r d i n g  t o  t h e  need a t  any  p a r t i . c u l . a r  t i m e  d u r i n g  t h e  

c o u r s e  o f  t h e  r e s e a r c h .  

The t i m e  r e q u i r e d  f o r  t h e  i . n s e c t  t o  d e v e l o p  and comple t e  

i t s  l i f e - c y c l e  was d e t e r m i n e d .  F o r t y - t h r e e  d e v e l o p i n g  j n s e c t s  

were  o b s e r v e d ;  f o u r  o f  t h e s e ,  o r  9 . 3 & ,  d i e d  b e f o r e  r e a c h i n g  t h e  

a d u l t  s t a g e .  The l a r v a e  were r e a r e d  i n d i v i d u a l l y  i n  30-mL c l e a r  

p l a s t i c  c u p s  f o r  e a s y  o b s e r v a t i o n .  

R e s u l t s  a r e  shown i n  T a b l e  111. The i n s e c t s  r e q u i r e d  48 t o  

50 d a y s  f o r  deve lopment  f rom o v i p o s i t i o n  t h r o u g h  a d u l t  

m o r t a l i t y ,  o r  38 t o  40 d a y s  f o r  a  c o m p l e t e  g e n e r a t i o n  'from egg 

t o  egg .  The e g g s  h a t c h e d  s e v e n  d a y s  a f t e r  o v i p o s i t i o n .  The 

a v e r a g e  t i m e s  f o r  t h e  deve lopmen t  o f  t h e  o t h e r  s t a g e s ,  

r e s p e c t i v e l y ,  f o r  male  and f e m a l e  w e r e :  l a r v a e  21.5 and 2 2 . 5  

d a y s ;  p re -pupae  0.5 d a y  f o r  b o t h  t h e  s e x e s ;  pupae 7.9 and 7.8 

d a y s .  A f u r t h e r  breakdown on t h e  deve lopment  o f  t h e  l a r v a e  

showed tha t .  e a c h  o f  t h e  f i r s t  f i v e  i n s t a r s  had a  d u r a t i o n  o f  3  



Table I11 : Development t ime f o r  non-diapausing colony of western 

sp ruce  budworm, C. occidentaZis. 

Stage  of development 1 / 
Number of days (X + S .D.)- 

2 / male-  31 f ema le -  

4 / 
Egg- 7.00 - + 0 7.00 - + 0 

5 I Larva- 

1 

2 

3 

4 

5 

6 

Sub- to ta l  f o r  t h e  l a r v a e  21.54 22.53 

Pre-pupa 

Pupa 

Adult  

T o t a l  48.71 49.43 

1/ Number of l a r v a e  observed was 43, b u t  3 d ied  a s  l a r v a e  and 1 a s  - 
pupa ( 9 . 3 % ) ,  and were n o t  inc luded  f o r  computing t h e  means. 

2 1  Mean of  24  obse rva t ions .  - 
31 Mean of 1 5  obse rva t ions .  - 
4 /  Sex n o t  known, n = 43. - 
5/ Sex determined a t  pupal  s t a g e .  - 



t o  3 . 6  d a y s ,  b u t  5  t o  6 d a y s  f o r  t h e  s i x t h  i n s t a r .  The  a d u l t  

l i f e - s p a n  w a s  1 1 . 8  a n d  1 1 . 6  d a y s ,  r e s p e c t i v e l y .  T h e  f e m a l e  h a d  

t h e  l o n g e r  p e r i o d  o f  l a r v a l  d e v e l o p m e n t ,  and  t h u s ,  t h e  o v e r a l l  

p e r i o d  f o r  t h e  c o m p l e t i o n  o f  t h e  g e n e r a t i o n .  T h i s  is c o n s i s t e n t  

w i t h  t h e  g e n e r a l  o b s e r v a t i o n  i n  t h e  c o l o n y ,  w h e r e  t h e  f e m a l e  

p u p a e  n o r m a l l y  o c c u r  o n e  o r  t w o  d a y s  l a t e r  t h a n  t h e  m a l e  p u p a e .  

T a b l e  I V  s h o w s  t h e  f e c u n d i t y  o f  t h e  s p r u c e  budworm. E a c h  o f  

1 2  p a i r s  o f  n e w l y  e m e r g e d  m a l e  a n d  f e m a l e  m o t h s  w a s  p u t  i n  a  

l a r v a l  r e a r i n g  c u p  ( S e c t i o n  3 . 1 . 2 )  c o n t a i n i n g  s t r i p s  o f  wax 

p a p e r  f o r  o v i p o s i t i o n ,  ~ n d  p l a c e d  i n  a  b rown  p a p e r  b a g .  T h e  

m o t h s  m a t e d  w i t h i n  o n e - h a l f  d a y  o f  t h e i r  e m e r g e n c e .  T h e  f i r s t  

e g g  m a s s  w a s  l a i d  w j t h i n  a b o u t  o n e - h a l f  d a y  a f t e r  m a t i n g .  F i v e  

o r  s i x  e g g  m a s s e s  w e r e  l a j d  b y  e a c h  f e m a l e  o n  s u c c e s s i v e  d a y s .  

The  e g g  m a s s e s  c o n t a i n e d  f r o m  22 t o  1 2 3  e g g s .  The  t o t a l  number  

o f  e g g s  l a i d  b y  e a c h  f e m a l e  r a n g e d  f r o m  254 t o  3 6 9 ,  w i t h  a mean 

of 3 0 7 .  Most f e m a l e s  t e n d e d  t o  l a y  more e g g s  i n  t h e  f i r s t  t h r e e  

m a s s e s  t h a n  i n  t h e  l a s t  t w o  o r  t h r e e .  Two f e m a l ~ s  d i d  n o t  

o v i p o s i t ,  a l t h o u g h  m a t i n g  of o n e  p a i r  was  o b s e r v e d .  

The  s y n t h e t i c  d i e t  d e v e l o p e d  b y  McMorran ( 1 9 6 5 )  a l s o  h a s  

b e e n  u s e d  s u c c e s s f u l l y  f o r  t h e  r e a r i n g  o f  s e v e r a l  c l o s e l y  

r e l a t e d  s p e c i e s  s u c h  a s  t h e  e a s t e r n  s p r u c e  budworm, D o u g l a s - f i r  

t u s s o c k  m o t h ,  c o r n  e a r w o r m ,  s o y b e a n  a n d  c a b b a g e  l o o p e r s  

( G r i s d a l e  1 9 7 3 ) .  Lyon -- e t  a l .  (1 .972)  w e r e  s u c c e s s f u l  i n  r e a r i n g  

c o l o n i e s  o f  d i a p a u s i n g  a n d  n o n - d i a p a u s i n g  w e s t e r n  s p r u c e  budworm 

o n  a  s l i g h t l y  m o d i f i e d  d i e t .  T h e y  a l s o  i n d i c a t e d  t h e  p o s s i b i l i t y  

o f  r e a r i n g  o t h e r  s p e c i e s  o f  t h e  g e n u s  C h o r i s t o n e u r a  w i t h o u t  



Table I V  : Fecundity of 10 female western spruce budworms, 

C. occidentaZis: numbers of eggs per egg mass. 

I/ Day of oviposition- Total egg production 
per female 

Total 3,071 

% + S.D. - 

1/ Egg masses were laid on successive days, beginning about one- - 
half day after mating. 



d i a p a u s e ,  b y  a  s i m p l e  a d j u s t m e n t  i n  t h e  l a b o r a t o r y  t e c h n i q u e .  

C o m p a r i n g  t h i s  c o l o n y  o f  - C. o c c i d e n t a l i s  w i t h  t h o s e  r e a r e d  

i n  t h e  l a b o r a t o r y  by  Lyon -- e t  a l .  ( 1 9 7 2 )  a n d  R o b e r t s o n  ( 1 9 7 9 ) ,  

t h e  f o l l o w i n g  g e n e r a l  o b s e r v a t i o n s  were n o t e d :  The  h a t c h i n g  of 

t h e  e g g s  w i t h i n  s e v e n  d a y s  o f  o v i p o s i t i o n  w a s  i n  c o m p l e t e  

a g r e e m e n t . ;  l a r v a l  d e v e l o p m e n t  i n  t h i s  c o l o n y  was  7  to  9  d a y s  

s h o r t e r ;  t h e  p e r i o d  f o r  t h e  p u p a l  s t a g e  w a s  l o n g e r  b y  a b o u t  o n e  

d a y ;  t h e  a d u l t  l j f e - s p a n  w a s  l o n g e r  b y  5 t o  7  d a y s .  T h e  s h o r t e r  

l a r v a l  d e v e l o p m e n t  p e r i o d  w a s  c a u s e d  m a i n l y  b y  s h o r t e r  f i r s t  a n d  

s e c o n d  i n s t a r s .  T h e y  l a s t e d  3  t o  3 . 5  d a y s ,  w h e r e a s  t h e  r e p o r t e d  

p e r i o d s  were n i n e  and  f i v e  d a y s ,  r e s p e c t i v e l y .  T h e  g e n e r a t i o n  

t i m e  o f  3 8  to  40 d a y s  f r o m  e g g  t o  e g g ,  w a s  s h o r t e r  h e r e  t h a n  

t h o s e  r e p o r t e d  b y  R o b e r t s o n  ( 1 9 7 9  a n d  Lyon e t  a l .  ( l 9 7 2 ) ,  b y  3  -- 

t o  4 d a y s  a n d  9  t o  11 d a y s ,  r e s p e c t i v e l y .  

T h e s e  d i f f e r e n c e s  c o u l d  h a v e  b e e n  c a u s e d  b y  d i f f e r e n c e s  i n  

t h e  r e a r i n g  e n v i r o n m e n t ,  s u c h  a s  t h e  h i g h e r  t e m p e r a t u r e  o f  26'  - + 

1 • ‹ c  and  t h e  r e l a t i v e  h u m i d i t y  o f  30  t o  4 0 %  u s e d  i n  t h i s  work .  By 

c o n t r a s t ,  t e m p e r a t u r e s  o f  23  t o  26OC a n d  r e l a t i v e  h u m i d i t i e s  o f  

3 0  t o  50% w e r e  r e p o r t e d  b y  Lyon - e t  - a l .  ( 1 9 7 2 )  a n d  R o b e r t s o n  

( 1 9 7 9 ) .  I n  t h e  f i e l d ,  t e m p e r a t u r e  c h a n g e s  h a v e  b e e n  shown t o  

a f f e c t  l a r v a l  d e v e l o p m e n t  s i g n i f i c a n t l y ,  e s p e c i a l l y  t h a t  o f  

f i r s t  a n d  s e c o n d  i n s t a r s  ( S h e p h e r d  1 9 6 1 ) .  A c c o r d i n g  t o  P e t e r s o n  

( 1 9 5 3 )  t e m p e r a t u r e  a n d  h u m i d i t y  a r e  p r o b a b l y  t h e  m o s t  i m p o r t a n t  

e n v i r o n m e n t a l  f a c t o r s  i n  t h e  h a b i t a t s  w h e r e  i n s e c t s  b r e e d .  

B u r s e l l  ( 1 9 6 4 )  s t a t e d  t h a t  w i t h i n  t h e  l i m i t  o f  t o l e r e n c e  t h e  

v e l o c i t y  o f  i n s e c t  d e v e l o p m e n t  is g r e a t l y  a f f e c t e d  b y  



t e m p e r a t u r e .  T h e r e f o r e ,  t h e  h i g h e r  t e m p e r a t u r e  u s e d  h e r e  c o u l d  

b e  t h e  i n f l u e n t i a l  f a c t o r ,  e s p e c i a l l y  i n  t h e  d e v e l o p m e n t  o f  t h e  

f i r s t -  a n d  s e c o n d - i n s t a r  l a r v a e .  

Lyon -- e t  a l .  ( 1 9 7 2 )  a l s o  s t u d i e d  t h e  r ~ l a t i o n s h j p  o f  a d u l t  

a g e  t o  f e c u n d i t y .  H i g h e s t  f e c u n d i t y  w a s  o b t a i n e d  w i t h  m a t i n g  

t a k i n g  p l a c e  when t h e  a d u l t s  w e r e  less t h a n  o n e  d a y  o l d .  T h e  

a v e r a g e  number  o f  1 7 4  e g g s  o b t a i n e d  b y  Lyon -- e t  a l .  1 1 9 7 2 )  w a s  

less t h a n  t h e  a v e r a g e  o f  307  r e c o r d e d  h e r e  w i t h  s i n g l e - p a i r  

m a t i n g  o f  a d u l t s  when b o t h  w e r e  l e s s  t h a n  o n e  d a y  o l d .  A c c o r d i n g  

t o  Lyon -- e t  a l .  ( 1 9 7 2 )  s i n g l e - p a i r  m a k i n g s  were n o t  a s  p r o d u c t i v e  

a s  t h o s e  o f  t h e  m u l t i p l e - p a i r  m a t i n g ~ .  N o  d e f i n i t e  e x p l a n a t i o n  

c o u l d  b e  g i v e n  f o r  t h e  h i g h e r  f e c u n d i t y  r e c o r d e d  o t h e r  t h a n  t h e  

a p p a r e n t  d i f f e r e n c e s  i n  t h e  o v e r a l l  r e a r i n g  e n v i r o n m e n t . .  T h e  

a d - u l t  l i f e - s p a n  h e r e  w a s  l o n g e r  t h a n  t h a t  r e p o r t e d  b y  R o b e r t s o n  

( 1 9 7 9 ) ,  b u t  t h e  a v e r a g e  p e r i o d s  f o r  m a t i n g  a n d  o v i p o s i t i o n  w e r e  

a b o u t  t h e  same a s  t h o s e  o b s e r v e d  b y  Lyon e t  a 1  . ( 1 9 7 2  ) . -- 

S a n i t a t i o n  is  e s s e n t i a l  t o  r e a r i n g  t h e  s p r u c e  budworm 

s u c c e s s f u l l y  i n  t h e  l a b o r a t o r y  a n d  o n  a r t i f i c i a l  d i e t .  

C o n t a m i n a t i o n  o f  t h e  d i e t  b y  s a p r o p h y t i c  f u n g i  a n d  b a c t e r i a  is a  

common p r o b l e m .  A l t h o u g h  t h e s e  m i c r o o r g a . n i s m s  a r e  ' n o t  

p a t h o g e n i c ,  i n s e c t s  c a n n o t  s u r v i v e  o n  i n f e c t e d  a r t i f i c i a l  d i e t .  

T h e r e f o r e ,  a n y  c o n t a m i n a t i o n ,  i f  d e t e c t e d  e a r l y  e n o u g h ,  must .  be 

e r a d i c a t e d  a t  o n c e  i n  o r d e r  t o  p r e v e n t  s p r e a d i n g  a n d  t o t a l  l o s s  

o f  t h e  i n s e c t  c u l t u r e .  I t  h a s  b e e n  f o u n d ,  i n  t h i . s  r e s p e c t ,  t o  b e  

a m o s t  v a l u a b l e  s a f e g u a r d  t o  m a i n t a i n  p a r t  o f  t h e  c o l o n y  i n  

s e p a r a t e  q u a r t e r s .  T h i s  a l l o w s  c o m p l e t e  e r a d i c a t i o n  o f  a n  



i n f e c t i o n  i n  o n e  f a c i l i t y ,  w h i l e  b r e e d i n g  c a n  b e  c o n t i n u e d  

e l s e w h e r e .  

I t  s h o u l d  b e  n o t e d  t h a t  e s t a b l i s h i n g  a  c o l o n y  f o r  t h e  

p r e s e n t  p r o j e c t  f a i l e d  u n t i l  t h e  p a r a m o u n t c y  o f  s a n i t a t i o n  a n d  

t h e  v a l u e  o f  a s p a r e  c u l t u r e  were r e c o g n i z e d  a n d  r e m e d i a l  

a c t i o n s  i m p l e m e n t e d .  B e f o r e  t h a t ,  l a r v a e  a l w a y s  d i e d  s h o r t l y  

a f t e r  h a t c h i n g ,  u n t i l  t h e  c o l o n y  w a s  l o s t ,  b e c a u s e  t h e  s u r f a c e s  

o f  t h e  d i e t  c u b e s ,  i n f e c t e d  w i t h  s a p r o p h y t e s ,  h a d  become s l i m y  

a n d  s t i c k y ,  t h u s  t r a p p i n g  a n d  k i l l i n g  t h e  n e w l y - h a t c h e d  l a r v a e .  

A c c o r d i n g  t o  F i o - S e r v ,  I n c . ,  t h e  t o t a l  a e r o b i c  p l a t e  c o u n t  

o f  m i c r o b i a l  a n a l y s i s  o f  t h e  d i e t  o r i g i n a l l y  p u r c h a s e d  was  a b o u t  

1 0 , 0 0 0  c o l o n i e s / g .  M i x i n g  t h e  d i e t  i n g r e d i e n t s  w i t h  t h e  a g a r  

i m m e d i a t e l y  a f t e r  b o i l  i n g ,  d i d  n o t  r e d u c e  t h e  i n f e c t j o n .  

S u b s e q u e n t l y ,  a t  t h e  t i m e  o f  o r d e r i n g  t h e  d i e t ,  i t  was  s p e c i f i e d  

t h a t  t h e  d i e t  m u s t  y i e l d  < 1 0 0  c o l o n i e s / g .  T h e r e a f t e r ,  r e a r i n g  

o f  t h e  s p r u c e  budworm o n  t h e  d i e t s  c o m p l y i n g  w i t h  t h e s e  

s p e c i f i c a t i o n s  r e m a i n e d  l a r g e l y  p r o b l - e m - f r e e .  O c c a s i o n a l  

i n f e c t i o n s ,  o c c u r r i n g  d u r i n g  p r o c e s s i n g ,  were d e t e c t e d  e a r l y  so 

t h a t  s u c h  i n f e c t i o n s  c o u l d  b e  e r a d i c a t e d .  

4 . 2 .  R e a r i n g  - o f  M e d i t e r r a n e a n  F l o u r  Moth 

T h e  d i e t  m i x t u r e  d e s c r i b e d  i n  s e c t i o n  3 . 2 . 2  w a s  s u i t a b l e  t o  

r e a r  a n d  m a i n t a i n  t h e  f l o u r  m o t h  c u l . t u r e ,  a n d  t o  r a i s e  e n o u g h  o f  

t h e  i n s e c t s  f o r  t h i s  r e s e a r c h .  



O n l y  a  g e n e r a l  o b s e r v a t i o n  w a s  made o n  t h e  d e v e l o p m e n t  of 

t h e  f l o u r  m o t h .  T h e  i n s e c t  c o m p l e t e d  i t s  l i f e - c y c l e  i n  30 t o  40 

d a y s .  T h e  e g g s  h a t c h e d  w i t h i n  3 t o  4 d a y s  o f  o v i p o s i t i o n ,  and  

r e m a i n e d  i n  t h e  l a r v a l  s t a g e  f o r  a b o u t  20 d a y s .  T h e  p u p a l  s t a g e  

l a s t e d  f o r  7 t o  1 0  d a y s ,  when t h e  m o t h  e m e r g e d  a n d  l i v e d  f o r  1 2  

t o  20  d a y s .  

Roles a n d  M a r z k e  ( 1 9 6 6 )  d e s c r i b e d  a n  a r t i f i c i a l  medium f o r  

r e a r i n g  f l o u r  m o t h ,  c o n s i s t i n g  o f  g a i n e s  m e a l ,  w h o l e  w h e a t  

f l o u r ,  c o r n  m e a l ,  d r i e d  y e a s t ,  h o n e y ,  g l y c e r i n e ,  w h e a t  g e r m ,  a n d  

o a t  m e a l .  The  i n s e c t  d e v e l o p e d  f r o m  e g g  t o  a d u l t  e m e r g e n c e  

w i t h i n  28 d a y s .  S t r o n g  -- e t  a l .  ( 1 9 6 8 )  r e p o r t e d  t h a t  t h e  i n s e c t  

d e v e l o p e d  w i t h i n  32  d a y s ,  when i t  w a s  r e a r e d  o n  d i e t  made  u p  o f  

p o u l t r y  l a y i n g  mash  m i x t u r e ,  c h i c k  s t a r t e r ,  r o l l e d  b a r l e y ,  

r a i . s i n s ,  a n d  g l y c e r i n e .  D e s p i t e  t h e  u s e  o f  a d i f f e r e n t  d i e t  f o r  

t h e  p r e s e n t  c o l o n y ,  t h e  i n s e c t  a l s o  r e q u i r e d  a b o u t  t h e  same  

l e n g t h  o f  t i m e s  f o r  i t s  d e v e l o p m e n t  a s  r e p o r t e d  e a r l i e r .  

T h e r e f o r e ,  a  s i m i l a r  c u l t u r e  o f  t h e  f l o u r  m o t h  was  a b l e  t o  b e  

m a i n t - a i n e d  w i t h  l ess  i n g r e d i e n t s  m a k i n g  u p  t h e  d . i e t  m i x t u r e .  

P e t e r s o n  ( 1 9 5 3 )  s u g g e s t e d  t h e  u s e  o f  w h o l e  w h e a t  f l o u r  a n d  c o r n  

meal s e p a r a t e l y  f o r  r e a r i n g  t h e  l a r v a l  s t a g e s .  T h e  f i r s t - i n a s t a r  

l a r v a e  were t o  b e  r e a r e d  i n  t h e  w h o l e  w h e a t  f l o u r  b e c a u s e  t h e y  

w e r e  o b s e r v e d  t o  g r o w  b e t t e r  i n  i t ,  w h e r e a s  t h e  o t h e r  i . n s t a r s  

w e r e  t o  b e  r e a r e d  i n  t h e  c o r n  m e a l .  T h i s  p r o c e d u r e  is  l a b o r i o u s ,  

r e q u i r i n g  t h e  t r a n s f e r  o f  t h e  l a r v a e  a f t e r  t h e i r  f i r s t  i n s t a r  

i n t o  t h e  c o r n  m e a l  f o r  f u r t h e r  d e v e l o p m e n t .  



The successful rearing and maintainance of the cul-ture 

through the generations indicated that the diet used here 

provided a complete source of food for the insect to develop 

through the entire life cycle. The presence of whole wheat 

grains seem to provide spaces in the medium, facilitating 

movement and gallery-making by the larvae, and also for spinning 

the webs for pupation. The use of cotton balls for oviposition 

facilitated the collecting of eggs. 

4.3. Bioassay 

Results of the bioassays are summarized in Table V. The 

toxicities of the chemicals to last-instar larvae of the western 

spruce budworm were, in that order: acephate < methamidophos < 

paraoxon. Acephate was approximately three and 17 times less 

toxic than methamidophos and paraoxon, respectively; 

methamidophos was about 5.5 times less toxic than paraoxon. 

Paraoxon is the oxygen analogue of parathion and of extreme 

toxicity to animals. Its LD50, rats, oral is 1.8 mg/kg 

(Fairchild 1978). Therefore, the high toxicity of paraoxon to 

the spruce budworm could be expected. 

Acephate was twice as toxic to the spruce budworm as to the 

Mediterranean flour moth (Table V). Although this difference is 

not overwhelming, it may be an indication of acephate's efficacy 

in controlling spruce budworm under field conditions. Without a 

doubt, its vertebrate selectivity ratio, VSR (Hollingworth 





1976), makes it much more acceptable for use in the field than 

either methamidophos or paraoxon. The VSR'S for these three 

compounds 
(LD50 

rat, oral/LD spruce budworm, topical) are 
50 

acephate 41, methamidophos 2.7, and paraoxon 1.3. 

Robertson - et - al. (1976, 1978) reported toxicities of 

acephate and methamidophos to last-instar larvae of the spruce 

budworm following topical applications. They reported LD50 

values of 27.0 and 29.7 yg/g for acephate, and 10.0 pg/g for 

methamidophos. Although about similar to my results, it is not. 

possible to compare them because Robertson -- et al. (1976, 1978) 

determined mortalities seven days after application of the 

insecticides. Not only is that an unusually long period for the 

determination of mortality of insects after application of an 

insecticide, it also raises the question of the longevity of 

last-instar larvae, which is 5 to 6 days according to Lyon - et 

al. (1972) and according to this study (Table IIT). - 



4.4. Cholinesterase Inhibition 

4.4.1. In-vitro Studies 

4.4 .l. 1. Determination of Inhibitor Activities - 

OP insecticides can he ranked according to the strength of 

their - in-vitro inhibition of A C ~ E .  The concentration of an OP 

insecticide which inhibits 50% of AChE under specified 

conditions, called the I 
50 ' is often used as a measure of this 

inhibitory strength. Thus, the lower the 
50 

of an O P  

insecticide, the stronger an inhibitor of AChE it will be. This 

study was to determine these values for acephate, methamidophos, 

and paraoxon, using AChE from different organisms. The method of 

Dixon and Webb (1964) was used to compute the 1 
50 

values, by 

evaluating the linear relationship between 1/17 and i, where v is 

the velocity of the inhibited reaction in percent of the 

activity of the reaction without the inhibitor, and i is the 

concentration of the inhibitor. 

The results are presented in Table VI. In each case, the 

strengths of the three insecticides were: acephate < 

methamidophos < paraoxon, thus reflecting the acute toxicities 

of these chemicals when applied topically to the spruce budworm 

(Table V), and their acute oral toxicities to rats, which are, 

LD50,  24 h, mg/kg: acephate 945, methamidophos 18, and paraoxon 

95 





1.8 ( F a i r c h i l d  1978;  S p e n c e r  1 9 8 2 ) .  

Such d a t a ,  a s  shown i n  T a b l e  VI, p r o b a b l y  have  g i v e n  rise 

t o  t h e  o f t e n  found s t a t e m e n t  t h a t  a c e p h a t e  i s  a  poor  i n h i b i t o r  

o f  AChE, w h i l e  methamidophos is o f  modera t e  anti-AChE a c t i v i t y .  

A p p a r e n t l y ,  t h e  i m p l i c a t i o n  h a s  b e e n  t h a t  paraoxon is  t h e  

" s t a n d a r d "  and t h a t  compounds w i t h  I 
50 > '50 

o f  paraoxon a r e  o f  

"modera t e "  o r  "poor"  anti-AChE s t r e n g t h .  Such i n t e r p r e t a t i o n  

l e a v e s  unanswered q u ~ s t i o n s  r e g a r d i n g  a c e p h a t e ' s  s e l e c t i v i t y ,  

mode o f  a c t i o n ,  a c t j v a t j - o n ,  e t c .  

Closer s c r u t i n y  o f  t h e  same d a t a ,  however ,  r e v e a l s  much 

b e t t e r  i n f o r m a t i o n .  For  i n s t a n c e ,  how much s t r o n g e r  

methamidophos and paraoxon a r e ,  t h a n  a c e p h a t e ,  c a n  be  e x p r e s s e d  

by t h e  f r a c t i o n s  '50 a c e p h a t e / I  50 methamidophos and 
'50 

a c e p h a t e / I  50 pa raoxon ,  r e s p e c t i v e l y .  These  f r a c t i o n s  a r e  

q u a n t i t a t i v e  i n d i c e s  o f  t h e  - i n - v i t r o  ant-i-AChE s t r e n g t h  o f  

a c e p h a t e ,  r e l a t i v e  t o  t h o s e  o f  methamidophos and paraoxon.  They 

show t h a t  t h e  - i n - v i t r o  anti-AChE s t r e n g t h  o f  a c e p h a t e ,  r e l a t i v e  

t.o t h a t  o f  methamidophos,  d e c r e a s e s  a s  b o t h  i ts  - i n - v i t r o  

s t r e n g t h ,  r e l a t i v e  t o  t h a t  o f  pa raoxon ,  and i t s  a c u t e  t o x i c i t y  

( L D 5 0 )  d e c r e a s e  f rom t h e  house  f l y  t o  mammals ( T a b l e  V I I ) :  I n  

o t h e r  words ,  r e g a r d l e s s  o f  w h e t h e r  o r  n o t  a c e p h a t e ' s  t o x i c i t y  - i n  

v i v o  d e p e n d s ,  i n  p a r t  o r  e n t i r e l y ,  on some t y p e  o f  a c t i v a t i o n ,  

i t s  s e l e c t i v i t y  is  r e f l e c t e d  by i t s  - i n - v i t r o  a c t i v i t y  p e r  s3, 

i . e . ,  by i t s  d i r e c t  e f f e c t .  on AChE w i t h o u t  a c t i - v a t i o n  t o  a m o r e  

e f f e c t i v e  molecul .a r  s p e c i e s .  R e l a t i v e  t o  methamjdophos,  i t  is 

e i g h t  t i m e s  less e f f e c t i v e  a g a i n s t  human e r y t h r o c y t e  AChE t h a n  





against house fly AChE; relative to paraoxon, its anti-AChE 

effectiveness is 8.4 times lower, Table VIL. 

The information may be summarized as follows. (i) The acute 

toxicity of acephate decreases from the house fly to the rat 

(Table VII). (ii) This is reflected by a decrease in the 

in-vitro anti-AChE strength of acephate relative to that of - 

methamidophos and by a similar decrease relative to paraoxon. 

(iii) Acephate per - se inhibits AChE - in vitro in proportion to 

its toxicity in vivo. (iv) Paraoxon is about as toxic to the 
7- 

spruce budworm as to the rat (LD50 1.34  and 1.8 mg/kg), 

methamidophos is slightly more than twice as toxic (LD 7.5 and 
50 

18 mg/kg), but acephate is 4 1  times more toxic to the insect 

than the mammal (LD 23 and 9 4 5  mg/kg). 
5 0 

Unquestionably other factors, such as penetration into 

organisms, transport within organisms, types and rates of 

metabolic transformations, etc., will have strong effects on the 

selectivity of acephate in addjtion to its reaction with AChE - in 

vitro. Nevertheless, the data, as presented in Table VII, are 

consistent and should allow one to predict suscept ibil. ity t.o 

acephate and its degree of selectivity on account of -- in-v'itro 

inhibition of AChE by acephate relative to methamjdophos and 

paraoxon. 

This approach also circumvents common problems of enzyme 

kinetics, and consequent erroneous conclusions. For instance, a 

direct comparison of results between species (Table VI) is 

invalid as the enzyme concentrations in A C ~ E  preparations were 



n o t  known. The  a c t i v i t y  o f  e a c h  p r e p a r a t i o n  w i t h o u t  i n h j b i t o r ,  

i n  t e r m s  o f  s u b s t r a t e  t r a n s f o r m e d / m i n / m L  ( T a b l e  V P ) ,  s t i l l  d o e s  

n o t  g i v e  t h e  c a t a l y t i c - c e n t r e  a c t i v i t y  ( a s  a n  i n d e x  o f  t h e  

enzyme  c o n c e n t r a t i o n )  a s  i t  w i l l  v a r y  w i t h  t h e  s o u r c e  o f  t h e  

AChE ( A l d r i d g e  1 9 7 1  ) .  

4 . 4 . 1 . 2 .  P r o g r e s s i v e  I n h i b i t i o n  - o f  A c e t y l c h o l i n e s t e r a s e  

The  i n h i b i t i o n  w i t h  t i m e  o f  AChE f r o m  d i f f e r e n t .  s o u r c e s  b y  

a c e p h a t e ,  m e t h a m j d o p h o s ,  a n d  p a r a o x o n  was  d e t e r m i n e d .  T h e  

e n z y m e s  were i n c u b a t e d  w i t h  c o n c e n t r a t j o n s  b e l o w  t h e  known I 
5 0 

o f  t h e  r e s p e c t i v e  c h e m i c a l s  f o r  u p  t o  240 m i n ,  b e f o r e  s u b s t r a t e  

w a s  a d d e d  a n d  t h e  a c t i v i t y  d e t e r m i n e d  a s  b e f o r e .  

D a t a  i n  T a b l e  V I I I ,  a n d  g r a p h i c a l l y  d e p i c t e d  i n  F i g u r e s  4 

t o  7 ,  show t h e  f o l l o w i n g  p a t t e r n .  A c e p h a t e ,  u n l i k e  m e t h a m j d o p h o s  

a n d  p a r a o x o n ,  i n h i b i t e d  23 to  3 3 %  o f  t h e  i n s e c t s '  A C ~ E  i n s t a n t l y  

( F i g u r e  4  a n d  5 ) .  R u t  t h e  p a t t e r n  o f  i n h i b i t i o n  o f  the mammal ian  

AChE w a s  v e r y  s i m i l a r  f o r  a l l  t h r e e  an t i -AChE a g e n t s  ( F i g u r e  6 

a n d  7 ) .  T h i s  a c e p h a t e - t y p i c a l  phenomenon ,  namely t h e  i n s t a n t  

i n h i b i t i o n  o f  t h e  i n s e c t s '  AChE b y  a c e p h a t e ,  may e v e n  b e  amore 

p r o n o u n c e d  t h a n  is a p p a r e n t  i n  t h e s e  e x p e r i m e n t s  ( F i g u r e  4  a n d  

5 )  , i f  o n e  t a k e s  i n t o  a c c o u n t  t h a t  m a x i m a l  i n h i b i t i o n  w i t h  t i m e  

b y  a c e p h a t e  w a s  h i g h e r  f o r  mammal i an  ( 7 7 %  a n d  8 2 % )  t h a n  i n s e c t  

( 7 3 %  a n d  6 2 % )  AChE. F o r  i n s t a n c e ,  i f  a c e p h a t e  c o n c e n t r a t i o n s  

t h a t  i n h i b i t  8 0 %  a f t e r  240  m i n  i n  a l l  AChE p r e p a r a t i o n s  c o u l d  b e  

c h o s e n ,  t h e  i n s t a n t  e f f e c t  of  a c e p h a t e  c o u l d  b e  e x p e c t e d  t o  b e  
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Figure 4 : Progressive inhibition of AChE activity from spruce 

budworm larvae, when exposed to acephate (2.3 x lo-%) , 

methamidophos (3.3 x ~ o - ~ M )  , and paraoxon (0.9 x 1 0 ~ ~ 1 )  

i n  uitro. 



m~---,, Control 

A-A Acephate 

a----a Methamidopho: 

o ~ ~ . ~ ~ ~ . . ~ ~ ~ ~ . ~  o  Paraoxon 

50 100 150 200 

INCUBATION TIME (min) 



Figure  5 : Progres s ive  i n h i b i t i o n  of AChE a c t i v i t y  from f l o u r  moth 

l a r v a e ,  when exposed t o  acephate  (0.9 x lo-%) , 

methamidophbs ( 3 . 2  x 1 0 ~ ~ 1 )  , and paraoxon (0.9 x 10 - '~ )  

in v i t ro .  



- 

- 1 A ~Acepha te  

\'.A 
rJ---- Methamidophos 

\ O.=lll-lllll-lll 0 Paraoxon 

50 100 

INCUBATION 
150 200 
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Figure 6 ,  : Progressive inhibition of AChE activity from human 

-2 
erythrocytes, when exposed to acephate (1.1 x 10 M), 

methamidophos (1.3 x ~ o - ~ M )  , and paraaxon (0.2 x 10-'1) 

in v i t r o .  



R-----m Control 
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Figure.7 : Progressive inhibition of AChE activity from rat brains, 

when exposed to acephate (0.5 x lo-%) , methamidophos 

(1.0 x ~ O - ~ W )  , and paraoxon (0.1 x ~ o - ~ M )  in v i t ro .  



A A Acephate 

INCUBATION TIME (min) 



e v e n  more d i s t j n g u i s h i n g .  

I n  g e n e r a l ,  i n h i b i t i o n  o f  AChE p r o g r e s s e d  r a p i d l y  f o r  20 t o  

30  m i n ,  s l o w l y  f r o m  30 t o  60 m i n ,  a n d  n e g l i g i b l y ,  or  n o t  a t  a l .1 ,  

t h e r e a f t e r  ( F i g u r e  4  t o  7 ) .  T h i s  may b e  i n t e r p r e t e d  t o  r e p r e s e n t  

t w o  p h a s e s .  A c c o r d i n g  t o  A l d r i d g e  a n d  D a v i s o n  ( 1 9 5 2 ) ,  t h e  

i n i t i a l  r a p i d  i n h i b i t i o n  i n  t h e  r e a c t i o n  o f  OPs w i t h  AChE is t h e  

r e v e r s i b l e  s t e p  o f  t h e  r e a c t i o n  m e c h a n i s m ,  w h i c h  i s  f o l l - o w e d  b y  

t h e  i r r e v e r s i b l e  s t e p  o f  p h o s p h o r y l a t i o n  o f  t h e  enzyme.  

4 . 4 . 1 . 3 .  I n t e r a c t i o n  

The  c o m b i n e d  e f f e c t s  o f  a c e p h a t e  a n d  m e t h a m i d o p h o s  a r e  

shown i n  T a b l e  I X .  T h e r e  w e r e  n o  s y n e r g i s t i c  e f f e c t s ;  i n  f a c t ,  

t h e  t o t a l  i n h i b i t i o n  r e m a i n e d  b e t w e e n  6 . 7  and  1 5 . 2 8  bel-ow a n  

e x p e c t e d  a d d i t i v e  i m p a c t .  

When t w o  b i o l o g i c a l l y  a c t i v e  x e n o b i o t i c s  a r e  s i m u l t a n e o u s l y  

p r e s e n t  i n  l i v i n g  s y s t e m s ,  t h e y  c a n  i n t e r a c t ,  c a u s i n g  e f f e c t s  

t h a t  a r e  s y n e r g i s t i c .  O ' B r i e n  ( 1 9 6 6 )  r e f e r s  t o  " s y n e r g i s m "  i n  

c a s e s  i n  w h i c h  t w o  compounds  g i v e n  t o  a n  o r g a n i s m ,  p r o d u c e  a n  

e f f e c t  w h i c h  is  g r e a t e r  t h a n  a n  a d d i t i v e  e f f e c t .  A p a r t  f r o m  , t h e  

" m e t a b o l i c "  m e c h a n i s m  a s  t h e  c a u s e  o f  s y n e r g i s m ,  K a r c z m a r  e t  a l .  -- 

( 1 9 6 3 )  p o s t u l a t e d  t h a t  o t h e r  f a c t o r s  may b e  i n v o l v e d ,  s u c h  a s  a  

j o i n t  e f f e c t  u p o n  t h e  n e u r o e f f e c t o r  i n  w h i c h  o n e  compound 

" s e n s i t i z e s "  AChE t o  t h e  o t h e r .  R e s u l t s  o b t a i n e d  i n  t h e  p r e s e n t  

s t u d y  d i d  n o t  show a n y  s y n e r g i s t i c  e f f e c t  o n  t h e  AChE o f  

a c e p h a t e  p l u s  m e t h a m i d o p h o s ,  a n d  c o u l d ,  t h e r e f o r e ,  b e  c o n s i d e r e d  
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only as additive. 

4.4.2 .  In-vivo Acetylcholinesterase Inhibition 

OPs inhibit the AChE of vertebrates and insects (O'Erien 

1961). The extent of -- in-vivo inhibition of AChE has been 

correlated with the symptoms of poisoning by OPs. Houseflies and 

rats treated with parathion and malathion, have AChE inhibition 

which was closely correlated with the observed symptoms of 

poisoning (Plapp and Bigley 1961; Seume -- et al. 1960). 

Acephate is a weak inhibitor of AChE - in vitro, but because 

it has a high insecticidal activity, its effects upon AChE - in 

vivo following treatment were examined. Spruce budworm and flour 

moth larvae were treated topically with acephate at 8 and 15 

pg/g, respectively, and rats were treated by direct stomach 

feeding at 270 mg/kg. These concentrations were approximately 

equivalent to 30% of the LD of each. 
50 

The activities of FChE up to 7 2  h following the treatments 

are listed in Tables X and XI for the spruce budworm and flour 

moth larvae, respectively, and in Table XI1 for the ChE activity 

of brains, erythrocytes, and plasma of rats. The graphical 

presentation in Figures 8 and 9 shows the pattern of inhibition 

over 72 h. Treatments with acephate at the respective 

concentrations partially inhibited the AChE activities in these 

organisms. In the two insect species, the patterns of inhibition 

were very similar. The inhibition took place rather quickly, 



Table X : A c t i v i t y  of AChE i n  sp ruce  budworm l a r v a e  from 1 t o  72 h 

a f t e r  t o p i c a l  t rea tment  w i t h  acephate  a t  8 pg/g of body 

weight .  

Exposure t ime P r o t e i n  content  S u b s t r a t e  hydrolyzed- pe rcen t  
(h) (mg ImL) 0 f 

c o n t r o l  

Cont ro l  20.04 + 3.18 - 0.67 - + 0.14 100.00 

1 22.00 + 0.87 - 0.66 - + 0.13 98.15 

11 nmoles of subs t ra te /mg of pro te in lmin .  - 

21 N = 3. - 



Table X I  : A c t i v i t y  of AChE i n  f l o u r  moth l a r v a e  from 1 t o  72 h 

a f t e r  t o p i c a l  t rea tment  w i th  acephate  a t  15 pg/g of body 

weight .  

Exposure t ime P r o t e i n  content  S u b s t r a t e  hydrolyzed- pe rcen t  
(h) (mg/mL) of 

2 I 2 I 
c o n t r o l  

(X - + S.D.)- (g - + S.0.)- 

Control  

1 

2 

4 

8 

12  

18  

24 

3 0 

3 6 

4 8 

60 

7 2 

11 nmoles of subs t ra te /mg of pro te in /min .  - 

21 N = 3 .  - 
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F i g u r e  8 : AChE a c t i v i t i e s  i n  sp ruce  budworm and f l o u r  moth l a r v a e  

a f t e r  t o p i c a l  t r e a t m e n t s  w i t h  acephate  a t  8 and 15  ~ g / g  

of body weight ,  r e s p e c t i v e l y .  



A A Spruce budworm larvae AChE . - 
A Flour moth larvae AChE 

0 20 40 60 80 

TIME AFTER TREATMENT (h) 



Figure  9 : ChE a c t i v i t i e s  of e ry th rocy te s ,  b r a i n s ,  and plasma 

of r a t s  a f t e r  t rea tment  w i th  acephate  a t  270 mg/kg 

of body weight by d i r e c t  stomach feeding .  



Erythrocyte AChE 

20 40 60 

TIME AFTER TREATMENT (h) 



w i t h  a  d r a s t i c  r e d u c t i o n  i n  AChE a c t i v i t y  w i t h i n  4 h a f t e r  

t r e a t m e n t ,  d e c r e a s i n g  t h e  enzyme  a c t i v i t y  t o  a p p r o x i m a t e l y  7 2  

a n d  6 3 % ,  r e s p e c t j v e l y ,  f o r  t h e  s p r u c e  budworm a n d  f l o u r  m o t h  

l a r v a e .  T h e r e a f t e r ,  f r o m  4 t o  72  h ,  FChE a c t i v i t i e s  f l u c t u a t e d  

b e t w e e n  70  a n d  8 0 %  f o r  s p r u c e  budworm a n d  b e t w e e n  a p p r o x i m a t e l y  

5 0  t o  60% f o r  f l o u r  m o t h .  T h e  g r e a t e r  d e p r e s s i o n  j n  t h e  f l o u r  

m o t h  e v i d e n t l y  r e f l e c t i n g  t h e  h i g h e r  d o s e  a p p l i e d  t o  t h i s  

i n s e c t .  R e c o v e r y  o f  AChE i n  t h e  i n s e c t s  d i d  n o t  o c c u r .  

I n  r a t s ,  t h e  i n h i b i t i o n  p a t t e r n s  o f  a l l  t h r e e  e n z y m e s  were 

q u i t e  s i m i l a r .  A c t i v i t i e s  were r e d u c e d  s t r o n g l y  a  h a l f - h o u r  

a f t e r  t h e  t r e a t m e n t  o f  t h e  r a t s ,  r e a c h i n g  max ima l  i n h i b i t i o n  o f  

b r a i n  AChF a t  t h a t  t i m e ,  w h i l e  a c t i v i t i e s  o f  t h e  o t h e r  t w o  

e n z y m e s  d e c l i n e d  f u r t h e r ,  w i t h  m a x i m a l  i n h i b i t i o n s  8  h  a f t e r  t h e  

t r e a t m e n t .  A f t e r  r e a c h i n g  t h e i r  r e s p e c t i v e  m a x i m a l  i n h i b i t i o n  

l e v e l s ,  t h e  a c t i v i t i e s  o f  a l l  t h r e e  e n z y m e s  b e g a n  t o  r e c o v e r  

g r a d u a l l y .  A t  t h e  e n d  o f  t h e  e x p e r i m e n t ,  72  h  a f t e r  t r e a t m e n t s ,  

t h e  AChE a c t i v i t i e s  h a d  r e t u r n e d  t o  90 a n d  9 3 8 ,  w h e r e a s  r e c o v e r y  

of p l a s m a  ChE h a d  p r o g r e s s e d  t o  7 9 %  ( T a b l e  X I I ,  F i g u r e  9 )  . 
A p p r o x i m a t e l y  o n e - t h i r d  o f  t h e  m e d i a n  l e t h a l  d o s e  (LD ) o f  

5 0 

a c e p h a t e  w a s  a p p l i e d  t o  e a c h  o f  t h e  t w o  i n s e c t  s p e c i e s  ( 8  a n d  15 

mg/kg)  a n d  t h e  r a t s  ( 2 7 0  m g / k g ) ;  y e t ,  i n  t h e  mammal, b r a i n  a n d  

e r y t h r o c y t e  AChE, a s  w e l l  a s  b l o o d  p l a s m a  ChE, w e r e  i n i t i a l l y  

d e p r e s s e d  much more s e v e r e l y  t h a n  t h e  AChE i n  t h e  t w o  

l e p i d o p t e r a n s .  R u t  i n  t h e  l a t t e r  n o  r e c o v e r y  o f  t h e  AChE c o u l d  

b e  d e t e c t e d ,  w h e r e a s  enzyme  a c t i v i t i e s  i m p r o v e d  r e m a r k a b l y  i n  

t h e  r a t s ,  b e g i n i n g  a b o u t  8  h  a f t e r  t r e a t m e n t  ( F i g u r e s  8 a n d  9 ) .  



Again, these are differences indicative of a defence mechanism 

against acephate insults possessed by mammals, but not insects. 

Recovery from the consequences of OP inhibition in vivo -- 
depends on -- de-novo synthesis of the irreversibly inhibited 

enzymes or on gradual de-phosphorylation, analogous to the 

extremely rapid de-acetylation step in ACh hydrolysis. The 

latter step can be accelerated by certain nucleophilic reagents 

which have been widely recommended as O P  antidotes, although 

their use in humans has been controversial (Rarckow et al. -- 
1969). 

The pronounced recovery of the severely inhibited rat 

enzymes (Figure 9) indicates that rapid but reversible 

inhibition by enzyme phosphorylation is followed by gradual 

de-phosphorylation. On the other hand, the insects' AChE, 

although not depressed as severely by acephate at one-third of 

the LDS0,  was inhibited irreversibly and activity did not 

recover. In insects therefore, acephate either leads to 

irreversible AChE inhibition through ageing, or rates of 

de-phosphorylation are too slow to become manifest within 70 h. 

This difference between the rat and the two lepidopterans, may 

well be important in acephate's selectivity, especially if it 

were augmented by significant formation of methamidophos in 

insects but not in mammals, 

It is also possible, but very unlikely, that inhibition is 

irreversible in both the insects and rats but that rats 

synthesize new enzymes at very high rates whereas insects do 



n o t .  T h e r e  is no  e v i d e n c e  known t o  s u p p o r t  t h i s  p o s s i b i l i t y .  

R e p o r t s  by o t h e r s  a r e  c o n t r a d i c t o r y  i n  t h i s  r e g a r d .  

Recove ry  o f  v e r t e b r a t e  AChE f rom p h o s p h o r y l a t i o n  is  common 

( H o l l i n g w o r t h  1 9 7 6 ) .  Mouse b r a i n  AChE i n h i b i t e d  by  d i c h l o r v o s  

was s l o w l y  r e v e r s i b l e ,  a c c o u n t i n g  fo r  i t s  l o w e r  s e n s i t i v i t y  t o  

t h e  i n h i b i t o r  compared t o  t h a t  o f  t h e  h o u s e f l y  h e a d s  ( v a n  

Aspe ren  and D e k h u i j z e n  1 9 5 8 ) .  

Recove ry  o f  h o u s e f l y  AChE i n h i b i t e d  by  s e v e r a l  OPs o c c u r r e d  

r a p i d l y  -- i n  v i v o ,  a f t e r  an  i n i t i a l  s t e a d y  d e c l i n e  i n  t h e  a c t i v i t y  

(Mengle  and O ' B r i e n  1960;  O ' R r i e n  1 9 6 7 ) .  Brady  and S t e r n b u r g  

( 1 9 6 7 )  d i s p u t e d  t h e s e  f i n d i n g s  when t h e y  f a i l e d  t o  r e c o r d  t h e  

r e c o v e r y  t h e m s e l v e s .  Khoo and Sherman ( 1 9 7 3 )  a l s o  f a i l e d  t o  f i n d  

s i g n i f i c a n t  r e c o v e r y  o f  i n s e c t  AChE -- i n  v i v o  a f t e r  OP p o i s o n i n g .  

T h e r e f o r e ,  i t  a p p e a r s  q u i t e  common t h a t  i n s e c t  AChE i n h i b i t e d  - i n  

v i v o  by  OPs,  f a i l s  t o  r e c o v e r .  A c e p h a t e ,  a p p l i e d  t o p i c a l l y  t o  

h o u s e f l i e s ,  c a u s e d  i n h i b i t i o n  o f  t h e  AChE which d i d  n o t  r e c o v e r  

( R o j a k o v i c k  and March 1 9 7 2 ) ,  i n  a g r e e m e n t  w i t h  t h e  r e s u l t s  

o b t a i n e d  i n  t h e  p r e s e n t  s t u d y  on s p r u c e  budworm and f l o u r  moth 

l a r v a e .  A c c o r d i n g  t o  R o j a k o v i c k  and March ( 1 9 7 2 ) ,  t h e  d e g r e e  o f  

i n h i b i t i o n  seemed t o  b e  a  f u n c t i o n  o f  t h e  amount o f  a c e p h a t e  

a p p l i e d :  t h e  i n h i b i t i o n  was f a s t e r  and g r e a t e r  a t  h i g h e r  d o s e s .  

A d r o p  i n  AChE a c t i v i t y  t o  40 t o  55% o c c u r r e d  w i t h i n  5 t o  8  h  

when t h e  h o u s e f l i e s  were t r e a t e d  a t  LD 
90  

a  nd LDSO , w h e r e a s  a 

g r a d u a l  d r o p  t o  75% o c c u r r e d  12  h  a f t e r  t r e a t m e n t  a t  LD . 
25 

The m e t a b o l i c  c o n v e r s i o n  o f  a c e p h a t e ,  a t  l e a s t  i n  p a r t ,  t o  

methamidophos  h a s  now been  shown. S t u d i e s  on  t h e  i n h i b i t i o n  o f  



AChE by  d i r e c t  u s e  of m e t h a m j d o p h o s ,  i n d j c a t e d  a  h i g h  d e g r e e  of 

p a r a l l e l i s m  t o  t h e  e f f e c t  shown i n  t h e  t r e a t m e n t  w i t h  a c e p h a t e .  

K h a s a w i n a h  - e t  - a l .  ( 1 9 7 8 )  r e p o r t e d  a  p a t t e r n  o f  AChE i n h i b i t i o n  

i n  h o u s e f l j e s  t o p i c a l l y  t r e a t e d  w i t h  m e t h a m i d o p h o s ,  p a r a l l e l  t o  

t h a t  when t h e  f l i e s  were t r e a t e d  w i t h  a c e p h a t e ,  a s  r e p o r t e d  b y  

R o j a k o v i c k  a n d  March  ( 1 9 7 2 ) .  T h e r e  w a s  l i t t l e  o r  n o  r e c o v e r y  o f  

t h e  i n h i b i t e d  AChE w i t h  t i m e  i n  t h e  f l i e s  t r e a t e d  w i t h  

m e t h a m i d o p h o s ,  a n d  t h e  d e g r e e  o f  i n h i b j t i o n  w a s  r e l a t i v e l y  

d e p e n d e n t  o n  t h e  d o s a g e  l e v e l .  T h e  F C ~ E  i n h i b i t i o n  w a s  s l o w l y  

p r o g r e s s i v e  w i t h  t i m e ,  r e a c h i n g  t h e  maximum l e v e l  a t  6 4 ,  1 6 ,  a n d  

1 6 %  o f  n o r m a l  f o r  t h e  h e a d  AChE, a n d  a t  56 ,  1 2 ,  a n d  2% f o r  t h e  

t h o r a x i c  AChE, r e s p e c t i v e l y ,  when t h e  t r e a t m e n t  was  w i t h  
LD25 

LD 50 ' a n d  LD . The  t i m e  o f  maximum i n h i b i t i o n s  o c c u r r e d  a f t e r  
9 0  

a b o u t  3 a n d  2 5  h ,  r e s p e c t i v e l y ,  f o r  t h e  h e a d  a n d  t h o r a x i c  A C ~ E ,  

a t  LD , a n d  a f t e r  8  h  f o r  b o t h  enzyme  p r e p a r a t i o n s  a t  LD a n d  
2 5  5  0  

LDgO. D i s c r e p a n c i e s  b e t w e e n  some o f  t h e  r e s u l t s  o f  work  d o n e  

w i t h  i n s e c t s  b y  o t h e r s  a n d  t h e  r e s u l t s  shown i n  T a b l e s  X ,  X I ,  

X I 1  a n d  F i g u r e s  8  a n d  9 ,  a r e  m o s t  l i k e l y  o w i n g  t o  work  w i t h  O P ' s  

o t h e r  t h a n  a c e p h a t e  or  w i t h  s p e c i e s  o t h e r  t h a n  - C.  o c c i d e n t a l i s  

a n d  - A.  k u e h n i e l l a .  

T r e a t m e n t s  o f  r a t s  w i t h  m e t h a m i d o p h o s  ( R o b i n s o n  a n d  

B e i e r g r o h s l e i n  1 9 8 0 )  p r o d u c e d  a b o u t  t h e  same  p a t t e r n  o f  ChE 

j n h i b i t i o n  a s  t h a t  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y  when t h e  r a t s  

w e r e  t r e a t e d  w i t h  a c e p h a t e .  T h e  i n h i b i t i o n  o f  p l a s m a  ChE 

p r o c e e d e d  a t  a  slower r a t e  t h a n  d i d  t h e  j n h i b i t i o n  o f  b r a i n  a n d  

e r y t h r o c y t e  AChE. The  r a t e s  f o r  t h e  l a t t e r  t w o  w e  n o t  



significantly different. Inhibited brain AChE reactivated at a 

faster rate than the inhibited plasma ChE, achieving 88 and 65% 

of the control activity, respectively, at 25 h after the 

treatment. 

4.5. Metabolism - of Acephate 

Data on the metabolism of acephate in spruce budworm larvae 

treated topically at 3.5 and 8 pg/g are listed in Tables XI11 

and XIV, respectively. There was no mortality of the larvae when 

they were sampled at each interval. Methamidophos was detected 

one hour after the treatment and it remained detectable until 72 

h later. Figures 10 and 11 present these data graphically, 

showing the distribution of acephate and methamidophos with 

time. The percentage residue recovered was calculated from the 

initial concentration of acephate, which was considered to be 

100%. Following the treatment with the lower dose of acephate, 

there was a rapid decline in residue concentrations for about 12 

h. The decline was intermediate from 12 to 24 h (Figure 10) and 

12 to 48 h (Figure ll), followed by a gradual phase until 72, h, 

by which time the loss was almost 100%. Correlating with the 

initial rapid decline of acephate, there was a small build-up of 

methamidophos, which reached a peak of about 5% of the initial 

acephate concentration within 1 h after treatment (Table XIII). 

Then the methamidophos residue continued a gradual decline to 

trace amounts at 72 h. Larvae treated at the higher dose showed 



Table XI11 : Residues of acephate  and methamidophos i n  spruce  budworm 

l a r v a e  t r e a t e d  t o p i c a l l y  w i t h  acephate  a t  3.5 ~ g / g  of 

body weight .  

Time a f t e r  Acephate Methamidophos 
t rea tment  

(h) ppm - + S.D. %- ppm - + S.D. 
11 2 1 11 %- %- 

60 0.04 + 0.01 - 1.22 0.01 - + 0 0.30 25.00 

7 2 0.01 + 0.30 0.30 T r a c e  - - 4 / 
- 

11 Percen t  of i n i t i a l  concen t r a t ion  of acephate  (0 h ) .  - 
21 A s  pe rcen t  of acephate  concen t r a t ion  a t  t h e  t ime a f t e r  t rea tment .  - 
31 Non-detectable.  - 
41 < 4 ppb f o r  acephate ;  < 2 ppb f o r  methamidophos. - 



Table X I V  : Residues of acephate and methamidophos i n  spruce budworm 

l a r v a e  t r e a t e d  t o p i c a l l y  wi th  acephate  a t  8 pg/g of body 

weight.  

Time a f t e r  Acephat e Methamidophos 
t rea tment  

(h) ppm - + S.D. %- ppm - + S.D. 11 2 I 11 %- %- 

11, 2/  A s  i n  Table X I I I .  - - 
3/ Non-detectable. - 



Figure  10  : Acephate and methamidophos r e s i d u e s  i n  spruce  budworm 

l a r v a e  t r e a t e d  t o p i c a l l y  w i th  acephate  a t  3.5 pg/g of 

body weight ,  i n  % of i n i t i a l  concen t r a t ion  of 

acephate .  
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Figure  11 : Acephate and methamidophos r e s i d u e s  i n  spruce  budworm 

l a r v a e  t r e a t e d  t o p i c a l l y  w i t h  acephate  a t  8 pg/g of 

body weight ,  i n  % of i n i t i a l  concen t r a t ion  of 

acephate .  
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t h a t  t h e  p a t t e r n  of d e c l i n e  o f  a c ~ p h a t - e  w a s  s i m i l a r  t o  t h a t  f o r  

t h e  lower d o s e .  The  r e s i d u e  d e c l i n e d  t o  a b o u t  3 9 ,  1 4 ,  a n d  1%,  

r e s p e c t i v e l y  a t  8 ,  2 4 ,  a n d  72h  a f t e r  t h e  t r e a t m e n t .  T h e  a m o u n t  

o f  m e t h a m i d o p h o s  d e t e c t e d  1 h  a f t e r  t h e  t r e a t m e n t  w a s  a b o u t  t h e  

same  a s  t h a t  o b t a i n e d  w i t h  t h e  lower d o s e  ( 0 . 1 6  - v s .  0 . 1 5  p p m ) ,  

e v e n  t h o u g h  t h e  a c e p h a t e  r e s i d u e  w a s  > 2 . 5  t i m e s  h i g h e r .  A t  t h i s  

t i m e  t h e  m e t h a m i d o p h o s  l e v e l  w a s  a b o u t  2% o f  t h e  i n i t i a l  h i g h e r  

a c e p h a t e  c o n c e n t r a t i o n  b u t  a l m o s t  5% o f  t h e  l o w e r  ( T a b l e s  X I 1 1  

a n d  X I V ) .  T h e  m e t h a m i d o p h o s  r e s i d u e  i n c r e a s e d  t o  r e a c h  a p e a k  o f  

a b o u t  1 0 %  o f  t h e  i n i t i a l  a c e p h a t e  c o n c e n t r a t i o n  a f t e r  8  h  , 

b e f o r e  d e c l i n i n g  t o  a b o u t  0 .4% a f t e r  7 2  h .  

T a b l e s  XV a n d  XVI p r e s e n t  t h e  r e s i d u e s  f o u n d  i n  f l o u r  mo th  

l a r v a e  t r e a t e d  w i t h  5 a n d  1 5  u g / g ,  a n d  s a m p l e d  a f t e r  t h e  s ame  

t i m e  i n t e r v a l s .  N o  d e a t h s  were o b s e r v e d .  T h e  r e s u l t s  a r e  

g r a p h i c a l l y  d e p i c t e d  i n  F i g u r e s  1 2  a n d  1 3 ,  w h i c h  show t h e  

d i s t r i b u t i o n  o f  a c e p h a t e  a n d  m e t h a m i d o p h o s  r e s i d u e s  o v e r  72  h .  

T h e  d e c l i n e  i n  a c e p h a t e  r e s i d u e s  c a n  b e  d i v i d e d  i n t o  t h r e e  

p h a s e s ,  b u t  t h e  r a t e s  were d i f f e r e n t  b e t w e e n  t h e  t w o  t r e a t m e n t s .  

A t  t h e  lower d o s e ,  t h e  f i r s t  p h a s e  o c c u r r e d  w i t h i n  1 2  h  a f t e r  

t r e a t m e n t ,  when t h e  c o n c e n t r a t i o n  d e c l i n e d  t o  a b o u t  32% o f a t h e  

i n i t i a l  l e v e l .  T h e  s e c o n d  p h a s e  l a s t e d  u n t i l  24 h ,  w i t h  a d r o p  

t o  a b o u t  2 3 % ,  a n d  t h e  t h i r d  p h a s e  u n t i l  72 h ,  w i t h  t h e  

c o n s i d e r a b l e  r e s i d u e  o f  1 5 . 5 %  o f  t h e  i n i t i a l  c o n c e n t r a t i o n  s t i l l  

d e t e c t a b l e .  S i m u l t a n e o u s l y ,  t h e r e  was  a  b u i l d - u p  of 

m e t h a m i d o p h o s ,  d e t e c t a b l e  w i t h i n  1 h  a f t e r  t r e a t m e n t  and  

r e a c h i n g  i t s  p e a k  w i t h i n  1 2  t o  1 8  h .  T h e  m e t h a m i d o p h o s  r e s i d u e  



Table XV : Residues of acephate  and methamidophos i n  f l o u r  moth 

l a r v a e  t r e a t e d  t o p i c a l l y  w i t h  acepha te  a t  5 ~ g / g  of body 

weight .  

Time a f t e r  Acephate Methamidophos 
t rea tment  

(h) ppm - + S.D. %- ppm - + S.D. 
1 / 21 11 , %- 

11 Percent  of i n i t i a l  concen t r a t ion  of acepha te  (0 h ) .  - 
2/ A s  percent  of acephate  concen t r a t ion  a t  t h e  t ime a f t e r  t rea tment .  - 



Table X V I  : Residues of acephate  and methamidophos i n  f l o u r  moth 

l a r v a e  t r e a t e d  t o p i c a l l y  w i t h  acephate  a t  1 5  pg/g of body 

weight .  

Time a f t e r  Acephate Methamidophos 
t rea tment  

(h) ppm - + S.D. %- ppm - + S.D. 1 / 21 11 2- %- 

1/ Percen t  of i n i t i a l  c o n c e n t r a t i o n  of acepha te  (0  h ) .  - 
2/ A s  percent  of acephate  concen t r a t ion  a t  t h e  t ime a f t e r  t rea tment :  - 



Figure  12  : Acephate and methamidophos r e s i d u e s  i n  f l o u r  moth 

l a r v a e  t r e a t e d  t o p i c a l l y  w i th  acephate  a t  5 ~ g / g  of 

body weight ,  i n  % of i n i t i a l  concen t r a t ion  of 

acephate .  
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Figure  13 : Acephate and methamidophos r e s i d u e s  i n  f l o u r  moth 

l a r v a e  t r e a t e d  t o p i c a l l y  wi th  acephate  a t  15 ~ g / g  

of body weight ,  i n  % of i n i t i a l  concen t r a t ion  of 

acephate .  



A A Acephate 

A=.---- A Methamidophos 

20 40 60 

TIME AFTER TREATMENT (h) 



a t  1 h  a f t e r  t h e  t r e a t m e n t  was  a b o u t  5 %  o f  t h e  i n i t i a l  a c e p h a t e  

c o n c e n t r a t i o n ,  a n d  a t  t h e  p e a k  i t  w a s  a b o u t  8 % .  T h e  g r a d u a l  

d e c l i n e  o f  t h e  m e t h a m i d o p h o s  c o n c e n t r a t i o n  b e g a n  a f t e r  1 8  h ,  b u t  

a  s u b s t a n t i a l l y  h i g h  l e v e l  o f  n e a r l y  4 %  s t i l l  r e m a i n e d  a t  72 h .  

I n  t h e  t r e a t m e n t  w i t h  t h e  h i g h e r  d o s e ,  t h e  p h a s e s  o f  a c e p h a t e  

d e c l i n e  were f a s t e r .  T h e  f i r s t  p h a s e  o c c u r r e d  w i t h i n  4  h ,  w i t h  a  

r e d u c t i o n  t o  a b o u t  3 7 %  o f  t h e  i n i t i a l  c o n c e n t r a t i o n .  A d r o p  t o  

20% i n  t h e  s e c o n d  p h a s e  t o o k  p l a c e  w i t h i n  1 8  h ,  a n d  t h e  t h i r d  

p h a s e  d e c l i n e d  t o  a b o u t  1 2 %  a t  7 2  h .  T h e  b u i l d - u p  o f  t h e  

m e t h a m i d o p h o s  r e s i d u e  w a s  f a s t e r  i n  t h e  h i g h e r  t h a n  i n  t h e  l o w e r  

d o s e .  A t  1 h  a f t e r  t h e  h i g h  t r e a t m e n t ,  t h e  c o n c e n t r a t i o n  o f  

m e t h a m i d o p h o s  w a s  a l s o  a b o u t  5 %  o f  t h e  i n i t i a l  a c e p h a t ~  

c o n c e n t r a t i o n ,  b u t  a t  t h e  h i g h e r  d o s e  m e t h a m i d o p h o s  r e a c h e d  i t s  

p e a k  o f  a b o u t  1 2 %  w i t h i n  4  h.  T h e  c o n c e n t r a t i o n  r e m a i n e d  > 1 0 %  

u n t i l  1 8  h  a f t e r  t h e  t r e a t m e n t ,  w h i c h  w a s  f o l l o w e d  b y  a  v e r y  

s l o w  d e c l i n i n g  p h a s e .  A b o u t  5% s t i l l  r e m a i n e d  a t  72 h .  

The  r e s u l t s  o b t a i n e d  f o r  t h e  s p r u c e  budworm a n d  f l o u r  m o t h  

l a r v a e ,  showed t h a t  t h e  p a t t e r n  o f  r e s i d u e  l o s s  a n d  m e t a b o l i t e  

g a i n  a n d  l o s s  were b a s i c a l l y  t h e  s a m e ,  b u t  t h e  r a t e s  w e r e  

d i f f e r e n t .  H i g h e r  l e v e l s  o f  m e t h a m i d o p h o s  w e r e  r e c o r d e d  i n  ' t h e  

f l o u r  m o t h  t h a n  i n  t h e  s p r u c e  budworm l a r v a e ,  w h i c h  c o r r e l a t e d  

w i t h  t h e  h i g h e r  d o s e s  o f  a c e p h a t e  a p p l i e d .  M o r e o v e r ,  t h e  h i g h  

m e t h a m i d o p h o s  c o n c e n t r a t i o n s  r e m a i n e d  l o n g e r  i n  t h e  f l o u r  m o t h  

l a r v a e ,  d e c l i n i n g  o n l y  g r a d u a l l y  a f t e r  t h e  p e a k ,  w h e r e a s  i n  t h e  

s p r u c e  budworm l a r v a e  t h e  loss  w a s  f a s t e r ,  so  t h a t  o n l y  v e r y  l o w  

l e v e l s  w e r e  p r e s e n t  a f t e r  1 2  h. T h i s  c o u l d  i n d i c a t e  a less  



e f f i c i e n t  s y s t e m  i n  t h e  f l o u r  moth l a r v a e  t h a n  i n  t h e  s p r u c e  

budworm l a r v a e  i n  e l i m i n a t i n g  t h e  c h e m i c a l .  Moreover ,  a f t e r  72 h  

s u b s t a n t i a l  r e s i d u e s  o f  a c e p h a t e  and methamidophos remained  

d e t e c t a b l e  i n  f l o u r  moth l a r v a e ,  whe reas  t h e  c h e m i c a l s  were  

a l m o s t  c o m p l e t e l y  e l i m i n a t e d  f rom t h e  s p r u c e  budworm l a r v a e  by 

t h i s  t i m e .  

I n  g e n e r a l ,  t h e r e  was a  b u i l d - u p  o f  methamidophos when t h e  

r a p i d  f i r s t  p h a s e  o f  a c e p h a t e  d e c l i n e d .  Then t h e  methamidophos 

e i t h e r  remained  h i g h  f o r  a  w h i l e  d u r i n g  t h e  second  p h a s e  o f  

a c e p h a t e  d e c l i n e  o r  began  i t s  own g r a d u a l  d e c l i n e  u n t i l  72 h  

a f t e r  t r e a t m e n t .  

I n  summary, d i s t i n c t i v e l y  less  o f  t h e  a c e p h a t e  a p p l i e d  t o  

f l o u r  moth l a r v a e  t h a n  o f  t h a t  a p p l i e d  t o  s p r u c e  budworm l a r v a e  

was m e t a b o l i z e d  d u r i n g  t h e  72-h e x p e r i m e n t a l  p e r i o d .  Whi le  12.4  

and 15.5% o f  t h e  a p p l i e d  a c o p h a t e  w e r e  l e f t  unmetabol- ized i n  

f l o u r  moth l a r v a e  a f t e r  72 h ,  o n l y  1.0 and 0.3% were r e c o v e r e d  

f rom s p r u c e  budworm l a r v a e .  T h i s  may b e  d u e  t o  slower 

p e r c u t i c u l a r  u p t a k e  o f  a c e p h a t e  by  f l o u r  moth l a r v a e  a n d ,  

t h e r e f o r e ,  a p p a r e n t l y  slower m e t a b o l i s m .  Such mechanism c o u l d  

a l s o  a c c o u n t  f o r  t h e  l o w e r  t o x i c i t y ,  i . e . ,  f o r  t h e  s e l e c t i v i ' t y ,  

o f  a c e p h a t e  t o  f l o u r  moth l a r v a e :  more a c e p h a t e  r e m a i n s  on  t h e  

o u t s i d e  o f  t h e  f l o u r  moth l a r v a e  and t h u s  u n m e t a b o l i z e d .  

A c e p h a t e ,  a d m i n i s t e r e d  t o  t h e  r a t s  by d i r e c t  s tomach 

f e e d i n g  a t  270 mg/kg, was q u i c k l y  t r a n s p o r t e d  t o  t h e  l i v e r ,  a s  

shown i n  T a b l e  X V I I ,  and g r a p h i c a l l y  i n  F i g u r e  1 4 .  A 

c o n c e n t r a t i o n  o f  a c e p h a t e  ( 7 6 . 1 1  ppm),  e q u i v a l e n t  t o  a b o u t  28% 



Table X V I I  : Residues of acephate  and methamidophos i n  l i v e r s  of 

r a t s  t r e a t e d  w i t h  acephate  a t  270 mg/kg of body weight  

by d i r e c t  stomach f eed ing  . 

Time a • ’  t e r  Acephate Methamidophos 
t rea tment  

(h) 11 %- 2 / ppm + S.D.- 21 ,3/  11 , - ppm - + S.D.- A- 

2/ Percent  of concen t r a t ion  of acephate  0.5 h a f t e r  t rea tment .  - 
3 1  A s  percent  of acephate  c o n c e n t r a t i o n  a t  t h e  t ime a f t e r  t r ea tmen t .  - 



F i g u r e  1.4 : Acephate and methamidophos r e s i d u e s  i n  r a t  l i v e r s  

a f t e r  t rea tment  of t h e  r a t s  wi th  acephate  by d i r e c t  

stomach feeding  a t  270 mg/kg of body weight ,  i n  % of 

i n i t i a l  concen t r a t  i o n  of acephate .  
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of  t h e  a p p l i e d  d o s e ,  was d e t e c t e d  i n  t h e  l i v e r s  w i t h i n  a  

h a l f - h o u r  a f t e r  t h e  t r e a t m e n t .  L i v e r  s amples  t a k e n  8 h  a f t e r  

t r e a t m e n t  i n d i c a t e d  a  d e c l i n e  t o  a b o u t  19% o f  t h e  a c e p h a t e  

c o n c e n t r a t i o n  a t  0 .5  h. The d e c l i n e  c o n t i n u e d  g r a d u a l l y  t o  a b o u t  

0.1% a t  72 h. Methamidophos was a l s o  d e t e c t e d  i n  t h e  l i v e r ,  b u t  

t h e  amounts  were c o m p a r a t i v e l y  s m a l l  c o n s i d e r i n g  t h e  h i g h  

c o n c e n t r a t i o n s  o f  a c e p h a t e  . 
The i n i t i a l  c o n c e n t r a t i o n  o f  a c e p h a t e  i n  t h e  r a t  l i v e r s  was 

h i g h e r  by 7 .5  t i m e s  t h a n  t h a t  i n  t h e  i n s e c t s ,  s o  t h a t  a  s l i g h t l y  

h i g h e r  l e v e l  o f  methamidophos was a l s o  d e t e c t e d  i n  t h e  l i v e r s  a t  

t h e  h i g h e s t  c o n c e n t r a t i o n .  However, compared w i t h  t h e  i n i t i a l  

a c e p h a t e  c o n c e n t r a t i o n  t h e  p e r c e n t  o f  methamidophos formed was 

much lower  i n  t h e  r a t  l i v e r s  t h a n  i t  was i n  t h e  s p r u c e  budworm 

and f l o u r  moth l a r v a e .  The h i g h e s t  i n  t h e  l i v e r s  was o n l y  2 .17%,  

compared w i t h  9.91% i n  s p r u c e  budworm and 12.09% i n  f l o u r  moth 

l a r v a e .  I t  a p p e a r e d  t h a t  a c e p h a t e  and methamidophos r e s i d u e s  

d i s a p p e a r e d  from t h e  r a t  l i v e r  a t  much f a s t e r  r a t e s  t h a n  t h e y  

d i d  f rom t h e  i n s e c t s .  The l o s s  o f  r e s i d u e s  f rom t h e  l i v e r s  

i l l u s t r a t e s  t h e  r a p i d  e l i m i n a t i o n  o f  t h e s e  f rom t h e  mammalian 

body,  p r o b a b l y  by e x c r e t i o n  i n  u r i n e  s i n c e  t h e y  a r e  h i g h l y  w a t e r  

s o l u b l e .  La r son  ( 1 9 7 5 )  r e p o r t e d  r a p i d  e l i m i n a t i o n  by mice  o f  

a c e p h a t e  a s  unchanged p a r e n t  m a t e r i a l  and a s  methamidophos.  Most 

o f  t h e  a p p l i e d  a c e p h a t e  was v i r t u a l l y  e x c r e t e d  b e f o r e  1 2  h  had 

e l a p s e d .  



4.6. Microsomal Activation 

4.6.1. Cytochrome P-450 contents - of Microsomal Preparations 

The classical method for preparing microsomal fractions is 

to centrifuge the mitochondria-free supernatant at about 105,000 

g for 1 h. Using this method, the microsomes could he isolated - 

from homogenates of rat livers and of midguts of spruce budworm 

larvae to make up the microsomal preparations used in this 

study. Since protein and cytochrome P-450 contents are 

considered as an index of "activity", at least for those enzymes 

located in the microsomal fractions of the cells, they were 

determined (Table XVIII). The main purpose was to test if the 

microsomal fractions activated insecticides - in vitro (Section 

4.4.1.31, and , therefore, no attempt was made to compare the 

specific contents of the protein and the cytochrome P-450 in the 

preparations from the two sources. It was enough to note the 

consistency of the preparations within each source as each of 

the preparations will represent a replicate in the activation 

work done later in the study. 

Several workers have reported the isolation of microsomal 

fractions from the midguts of some other lepidopterous larvae 

reared on artificial diet. It was interesting to note that the 

content of cytochrome P-450 based on nmoles/mg protein obtained 

from the spruce budworm larvae in the present preparations was 

about the same as that obtained from the sout-hern armyworm by 



Table XVIII : P r o t e i n  and Cytochrome P-450 con ten t s  of microsomal 

p r e p a r a t i o n s  from rat  l i v e r s  and midguts of spruce  

budworm l a r v a e  used i n  a l d r i n  epoxida t ion  and acephate  

a c t i v a t i o n  s t u d i e s .  

Source of P r o t e i n  Cytochrome P-450 
microsomal (mg/mL) nmol /mL nmollmg p r o t e i n  
p r e p a r a t i o n  

Rat l i v e r s  10.00 9.56 0.956 
( 3  p r e p a r a t i o n s )  

8.00 7.14 0.893 

12.50 9.78 0.782 

Midguts of 2.13 
sp ruce  budworm 
l a r v a e  2.03 

(5 p r e p a r a t i o n s )  2.05 

1.90 

1 .95  

x + S.D. - 2.01 - + 0.09 



R r a t t s t e n  and Gunderson (1981 . ) ,  b u t  was 2  o r  3 t i m e s  l ower  t h a n  

t h o s e  o b t a i n e d  from a l f a l f a  l o o p e r  and cabbage  l o o p e r  l a r v a e ,  

r e s p e c t i v e l y  ( F a r n s w o r t h  -- e t  a l .  1 9 8 1 ) ,  and a b o u t  2  t i m e s  h i g h e r  

t h a n  t h a t  o b t a i n e d  from t h e  v a r i e g a t e d  cutworm (Yu -- e t  al.. 1 9 7 9 ) .  

4.6.2.  E p o x i d a t i o n  - o f  A l d r i n  

Epox idase  a c t i v i t y  is  known t o  p a r a l l e l  t h a t  o f  o t h e r  

microsomal  o x i d a s e s  o f  t h e  microsomal  f r a c t i o n s  i n  mos t  

l e p i d o p t e r o u s  i n s e c t s  and i n  r a t  l i v e r s  ( B r a t t s t e n  and Wi lk inson  

1973;  Chan - e t  - a l .  1967;  Wong and T e r r i e r e  1 9 6 5 ) .  T h e r e f o r e ,  

a l d r i n ,  a  model s u b s t r a t e  t o  measu re  t h e  t o t a l  enzyme a c t i v i t y  

o f  MFO, is  o f t e n  used f o r  compar i son .  I n  t h e  p r e s e n t  s t u d y ,  

a l d r i n  e p o x i d a t i o n  would a l s o  d e m o n s t r a t e  t h a t  t h e  r e a c t i o n  t o o k  

p l a c e  i n  t h e  i n c u b a t i o n  medium u s e d ,  s i n c e  a  medium o f  t h e  same 

n a t u r e  was t o  be  used  i n  the  s t u d y  o f  a c e p h a t e  a c t i v a t i o n  l a t e r .  

The r e s u l t s  o f  - i n - v i t r o  a l d r i n  e p o x i d a t i o n  by microsomal  

p r e p a r a t i o n s  o f  r a t  l i v e r s  and m i d g u t s  o f  s p r u c e  budworm l a r v a e  

i n c u b a t e d  w i t h  t h e  NADPH-generating sys t em a r e  p r e s e n t e d  i n  

T a b l e  X I X .  I n c u b a t i o n  o f  up t o  60 min d i d  n o t  r e s u l t  i n  r e d u c e d  

r e c o v e r y .  A t  l e a s t  88% o f  t h e  added a l d r i n  was r e c o v e r e d ,  e i t h e r  

e p o x i d i z e d  t o  d i e l d r i n  o r  unchanged.  The c o n v e r s i o n  o c c u r r e d  

v e r y  r a p i d l y :  a t  l e a s t  71% o f  t h e  t o t a l  r e c o v e r y  a f t e r  1.5 min o f  

i n c u b a t i o n  was d i e l d r i n .  The c o n v e r s i o n  was s l i g h t l y  f a s t e r  i n  

r a t e ,  and g r e a t e r  i n  q u a n t i t y  when a l d r i n  was i n c u b a t e d  w i t h  r a t  

l i v e r  MFO t h a n  when i t  was i n c u b a t e d  w i t h  MFO from m i d g u t s  o f  
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s p r u c e  budworm l a r v a e .  A t  1 5  and 60 min  a f t e r  t h e  i n c u b a t i o n ,  

t h e  c o n v e r s i o n  l e v e l s  w e r e ,  r e s p e c t i v e l y ,  73.23 and 82.96% of 

t h e  t o t a l  r e c o v e r i e s  f o r  r a t  l i v e r  MFO, and 71.14 and 79.36% f o r  

t h o s e  i n c u b a t e d  w i t h  MFO of  m i d g u t s  o f  s p r u c e  budworm l a r v a e .  

The c o n v e r s i o n  o f  a l d r i n  t o  d i e l d r i n  was i n h i b i t e d  when 1 x  

~ o - ~ M  p i p e r o n y l  b u t o x i d e  was i n c l u d e d  i n  t h e  i n c u b a t i o n  medium. 

N o  d i e l d r i n  was d e t e c t e d  when p i p e r o n y l  b u t o x i d e  was added t o  

t h e  i n c u b a t i o n  medium c o n t a i n i n g  MFO o f  m i d g u t s  o f  s p r u c e  

budworm l a r v a e  a f t e r  60 min.  About 19% o f  t h e  t o t a l  r e c o v e r y  was 

d e t e c t e d  a s  d i e l d r i n  i n  t h e  i n c u b a t i o n  medium c o n t a i n i n g  r a t  

l i v e r  MFO a f t e r  60 min o f  i n c u b a t i o n  w i t h  t h e  p i p e r o n y l  

b u t o x i d e .  T h i s  c o u l d  be  d u e  t o  t h e  fo l l .owjng  f a c t s :  t h e  r a t - e  o f  

c o n v e r s i o n  was v e r y  f a s t  i n  t h e  i n i t i a l  s t a g e  o f  t h e  r e a c t i o n ,  

and t h e  a l d r i n  was added t o  t h e  i n c u b a t i o n  medium a few s e c o n d s  

p r i o r  t o  t h e  a d d i t i o n  o f  p i p e r o n y l  b u t o x i d e ;  and t h e  

c o n c e n t r a t i o n  o f  p i p e r o n y l  b u t o x i d e  added was n o t  enough t o  

c a u s e  a  t o t a l  i n h i b i t i o n  o f  t h e  a c t i v i t y  o f  r a t  l i v e r  MFO. Dahm 

e t  a l .  ( 1 9 6 2 )  s t a t e d  t h a t  p i p e r o n y l  b u t o x i d e  was o n e  o f  t h e  m o s t  -- 

e f f e c t i v e  i n s e c t i c i d e  s y n e r g i s t s ,  i n h i b i t i n g  - i n - v i t r o  mic rosoma l  

a c t i v a t i o n  o f  s e v e r a l  OPs a t  1 x  M. N e v e r t h e l e s s ,  S h i s h i d o  

e t  a l .  ( 1 9 7 2 )  found t h a t  i t  o n l y  d e p r e s s e d  t h e  m e t a b o l i s m  o f  a n  -- 

OP ( d i a z i n o n )  by t h e  microsomes-NADPH enzyme s y s t e m s  p r e p a r e d  

f rom r a t  l i v e r  and American c o c k r o a c h  f a t  body. However, 

p i p e r o n y l  b u t o x i d e  a t  1 x  1oy4Pl  was r e p o r t e d  t o  i n h i b i t  

a c t i v a t i o n  o f  p a r a t h i o n  by microsomes  p r e p a r e d  f rom American 

c o c k r o a c h  f a t  body (Nakatsugawa and Dahm 1 9 6 5 ) .  



The r e s u l t s  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y  were comparab le  

w i t h  t h o s e  r e p o r t e d  by s e v e r a l  worke r s .  Wi l l i amson  and S c h e c h t e r  

( 1 9 7 0 )  showed t h a t  t h e  r a t e  o f  a l d r i n  e p o x i d a t i o n  by MFO 

o b t a i n e d  f rom whole  l a r v a e  o f  t o b a c c o  budworm was r a p i d  f o r  20 

min and r e a c h e d  a  maximun a f t e r  40 min. Wong and T e r r i e r e  ( 1 9 6 5 )  

o b t a i n e d  s i m i l a r  r e s u l t s  w i t h  r a t  l i v e r  microsomes.  Us ing  

d i a z i n o n  a s  t h e  s u b s t r a t e ,  S h i s h i d o  e t  a 1 . ( 1 9 7 2 )  found t h a t  t h e  -- 

r a t e  o f  t h e  o x i d a t i v e  me tabo l i sm was h i g h e r  w i t h  r a t  l i v e r  MFO 

t h a n  w i t h  t h a t  o f  American cock roach  f a t  body. 

4 .6 .3 .  A c t i v a t i o n  - o f  Acephate  

The p o s s i b i l i t y  o f  o x i d a t i v e  a c t i v a t - i o n  by m i x e d - f u n c t i o n  

o x i d a s e s  was t e s t e d  w i t h  t h e s e  enzymes,  p r e p a r e d  from r a t  l i v e r s  

and t h e  m i d g u t s  o f  s p r u c e  budworm l a r v a e  ( S e c t i o n s  3 .8 .1 .1  and 

3 . 8 . 1 . 2 ) .  Fo l lowing  60-min i n c u b a t i o n s  o f  a c e p h a t e  w i t h  t h e s e  

o x i d a s e s ,  t h e  a c t i v i t i e s  o f  AChE from r a t  b r a i n s  , a n d  s p r u c e  

budworm l a r v a e  w e r e  a s s a y e d .  R e s u l t s ,  shown i n  T a b l e  X X ,  w e r e  

n e g a t i v e .  N e i t h e r  t h e  i n s e c t  MFO n o r  t h e  r a t  MFO a c t i v a t e d  

a c e p h a t e .  

Whi le  a c e p h a t e  a l o n e  d e c r e a s e d  AChE a c t i v i t i e s  

a p p r o x i m a t e l y  l o % ,  i t  i n h i b i t e d  f rom 1 3  t o  19% when 

p r e - i n c u b a t e d  w i t h  NFO f o r  one  h o u r  ( T a b l e  X X ,  A , B , C ) .  However, 

t h i s  a p p a r e n t ,  s l i g h t  i n c r e a s e  i n  a c t i v i t y  ( T a b l e  X X ,  C v e r s u s  

B )  c a n n o t  b e  a s c r i b e d  to  a c e p h a t e  a c t i v a t i o n  by MFO. F i r s t l y ,  

i n h i b i t e d  MFO a l o n e ,  i . e . ,  i n h i b i t e d  MFO w i t h o u t  a c e p h a t e ,  
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reduced AChE activities as much (Table XX, Dl. Secondly, both 

pre-incubation of acephate with inhibited MFO, as well as 

acephate and inhibited MFO present during the assay only (Table 

XX, E and F), had more severe anti-AChE effects than the other 

treatments, namely, B, C, and D, Table XX. 

If oxidative activation of acephate, as suggested by 

Rojakovick and March (1972), were to be a major factor, it must 

either be mediated by a different mechanism -- in vivo or the MFO, 

as prepared for these experiments, did not activate acephate - in 

vitro, although effectively metabolizing aldrin (Section 4 .6 .2 ) .  

The concentrations of acephate used were approximately 

one-quarter and one-tenth of the respective 150 values for 

acephate, but were 12 and 100 times higher than the I of 
50 

methamidophos. If MFO-mediated activation of acephate, to 

anything approaching anti-AChE activities of methamidophos, were 

to occur, Treatments C, Table XX, should have produced almost 

complete AChE inhibition. 



5.  CONCLUSIONS 

1. A l a b o r a t o r y  c o l o n y  o f  t h e  w e s t e r n  s p r u c e  budworm, C. - 
o c c i d e n t a l i s  Freeman, was e s t a b l i s h e d  and m a i n t a i n e d  

i n d e f i n i t e l y  on a n  a r t i f i c i a l  d i e t ,  w i t h o u t  t h e  l a r v a e  

unde rgo ing  t h e  normal  second  i n s t a r  d i a p a u s e .  About 39 d a y s  w e r e  

r e q u i r e d  f o r  a  comple t e  g e n e r a t i o n ,  f rom egg t o  egg .  S a n i t a t i o n  

was o f  p r ime impor t ance  t o  s u c c e s s f u l  r e a r i n g .  The a d u l t s  d i d  

n o t  f e e d .  

2 .  The M e d i t e r r a n e a n  f l o u r  moth ,  A.  k u e h n i e l l a  ( Z e l l e r ) ,  - 

was c u l t u r e d  e a s i l y  i n  t h e  l a b o r a t o r y  on a  d i e t  o f  wheat  f l o u r ,  

whole  whea t  g r a i n ,  a  p a t e n t e d  c e r e a l  m i x ,  and w a t e r .  T h i r t y  t o  

4 0  d a y s  were r e q u i r e d  f o r  a c o m p l e t e  g e n e r a t i o n .  The a d u l t s  d i d  

n o t  f e e d .  

3 .  Acephate  h a s  been  found t o  p o s s e s s  s e v e r a l  

" a c e p h a t e - t y p i c a l "  p r o p e r t i e s  which may e x p l a i n ,  a t  l e a s t  i n  

p a r t ,  i t s  s e l e c t i v e  t o x i c i t y  w i t h o u t  t h e  need t o  i nvoke  

s e l e c t i v e  m e t a b o l i c  a c t i v a t i o n  t o  more p o t e n t  AChE b l o c k e r s ,  

such  a s  methamidophos o r  some o t h e r ,  p e r h a p s  t r a n s i e n t  m o l e c u l e .  

i. App l i ed  t o p i c a l l y ,  a c e p h a t e  was a b o u t  t w i c e  a s  

t o x i c  t o  l a s t - i n s t a r  l a r v a e  o f  w e s t e r n  s p r u c e  budworm (LD 
50 ' 



2 3 . 2  y g / g )  a s  t o  l a s t - i n s t a r  l a r v a e  o f  M e d i t e r r a n e a n  f l o u r  moth 

( L D 5 0 ,  48.3  y g / g ) ,  s u g g e s t i n g  some s e l e c t i v e  a c t i v i t y  t o w a r d s  

s p r u c e  budworm and s u p p o r t i n g  i t s  e f f i c a c y  i n  t h e  f i e l d .  

T o g e t h e r  w i t h  i t s  h i g h  VSR r a t i o  o f  41 ,  t h i s  was deemed t o  make 

a c e p h a t e  s a f e r  f o r  f i e l d  u s e  t h a n  methamidophos w i t h  a  VSR o f  

2 . 7 .  

i i .  R e l a t i v e  t o  methamidophos and pa raoxon ,  a c e p h a t e  

i n h i b i t s  AChE from s u s c e p t i b l e  s p e c i e s  more e f f e c t i v e l y  - i n  v i t r o  

t h a n  AChE from less s u s c e p t i b l e  s p e c i e s ,  i . e . ,  i t s  r e l a t i v e  

anti-AChE s t r e n g t h  r e f l e c t s  i t s  t o x i c i t y  -- i n  v i v o  and t h e r e f o r e ,  

may b e  a  u s e f u l  i n d i c a t o r  o f  i t s  s e l e c t i v e  t o x i c i t y .  T h i s  

r e l a t i v e  anti-AChE p r o p e r t y  is  e x e r t e d  by a c e p h a t e  per - se,  i .e . ,  

w i t h o u t  a c t i v a t i o n .  

i i i .  Acepha te ,  b u t  n o t  methamidophos and pa raoxon ,  

i n h i b i t e d  up t o  33% o f  i n s e c t  AChE i n s t a n t l y .  T h i s  

a c e p h a t e - t y p i c a l  phenomenon was n o t  d e t e c t e d  w i t h  mammalian 

AChE. 

i v .  A f t e r  d o s i n g  i n s e c t s  and r a t s  w i t h  a c e p h a t e ,  AChE 

and ChE t i t r e s  i n i t i a l l y  d e c l i n e d  t o  a b o u t  60% i n  t h e  i n s e c t s  

and t o  < 40% i n  t h e  r a t s .  A f t e r  3  d a y s ,  a c t i v i t i e s  had r e c o v e r e d  

t o  80 t o  90% i n  r a t s ,  b u t  r e c o v e r y  d i d  n o t  o c c u r  i n  t h e  two 

i n s e c t  s p e c i e s .  



v .  The m o r e  s u s c e p t i b l e  s p r u c e  budworm m e t a b o l i z e d  

t o p i c a l l y  a p p l i e d  a c e p h a t e  more r a p i d l y  t h a n  t h e  f l o u r  moth,  b u t  

c o r r e s p o n d i n g  d i f f e r e n c e s  i n  t h e  m e t a b o l i c  f o r m a t i o n  of  

methamidophos were n o t  o b v i o u s .  

v i .  MFO-mediated a c t i v a t i o n  o f  a c e p h a t e  - i n  v i t r o  t o  a  

more p o t e n t  anti-AChE a g e n t  c o u l d  n o t  b e  d e m o n s t r a t e d ,  n o r  c o u l d  

i n d i r e c t  e v i d e n c e  b e  found i n  s u p p o r t  o f  a  h y p o t . h e t i c a 1  

s u b s t a n c e  t h a t  c o u l d  a r i s e  f rom a c e p h a t e  or  methamidophos and be  

t h e  t o x i c  p r i n c i p l e  o f  t h e s e  two i n s e c t i c i d e s .  
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ACh 

AChE 

AC th 

Bth 

BuChE 

ChE 

CNS 

DTNB 

MCPBA 

MFO 

OP 

Acetylcholine 

Acetylcholinesterase 

Acetylthiocholine iodide 

Butyrylthiocholine iodide 

Butyrylcholinesterase 

Cholinesterase 

Central nervous system 

Dithiobisnitrobenzoic acid 

m-chloroperbenzoic acid 

Microsomal mixed-function oxidase system 

Organophosphorus 


