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The  i m p o r t a n c e  of o r g a n o p h o s p h o r u s  (O.P.I.) a n d  o r g a n o c h l o r i n e  i n sec t i c i de s  
(O.cl.I.) is b e c a u s e  of t h e i r  e s t a b l i s h e d  va lue  a n d  t h e i r  w i d e s p r e a d  u se  as agr icul -  
tu ra l  insec t i c ides .  

U n f o r t u n a t e l y  t h e  a d m i n i s t r a t i o n  of s u c h  c o m p o u n d s  r e s u l t e d  in  d a n g e r o u s  
effects ;  n o t  on ly  o n  p l a n t s  b u t  a lso o n  an imal s .  

Two of t h e s e  i n s e c t i c i d e s  w e r e  a c c u s e d  for  t he  d e a t h  of 1200 buf fa los  in  G a r b i a  
p r o v i n c e  (Egypt )  a f te r  a c c i d e n t a l  f e ed i ng  of a n i m a l s  by  p l a n t s  s p r a y e d  w i t h  cyo lane  
a n d  p h o s v e l  (14). 

T h e r e  is, t he re fo re ,  a n e e d  for  i n f o r m a t i o n  on  t he  toxic i ty ,  c l in ica l  s y m p t o m s ,  
a n d  h a z a r d s  of t he  u s e  of t h e s e  c o m p o u n d s  in d o m e s t i c  an ima l s .  

S i n c e  o r g a n o p h o s p h o r o u s  i n sec t i c ides  cause  a n  i n h i b i t i o n  of ace ty l - cho l ines t e -  
rase,  c h o l i n e s t e r a s e  ac t iv i ty  h a s  b e e n  u s e d  wide ly  as a d i a g n o s t i c  tool  for  insec t i -  
c idal  p o i s o n i n g  (29). 

Howeve r ,  Zemaitis et  al. (32) f o u n d  t h a t  c h o l i n e s t e r a s e  ac t iv i ty  was  u n a l t e r e d  in 
m a l e s  a f te r  e i t h e r  acu t e  or  c h r o n i c  e x p o s u r e  to  d i e l d r i n e  (O.cl.I.), b u t  was  signif i-  
can t ly  r e d u c e d  in  p l a s m a  f rom females  fed  d ie t a ry  d i e ld r in  for  8 weeks .  

S t u d y  of s e r u m  e n z y m e s  is u se fu l  in  d e t e c t i n g  t he  p o i n t  of a c t i o n  of tox ic  
s u b s t a n c e .  E s t i m a t i o n  of S G P T  a n d  S G O T  were  f o u n d  to b e  ve ry  s ens i t i ve  i nd i ce s  
of hepa to -ce l l u l a r  in jury ,  a n d  it was  f o u n d  t h a t  S G P T  is a m o r e  speci f ic  a n d  
s ens i t i ve  i n d e x  t h a n  S G O T  (7). 

T h e  p u r p o s e  of th i s  i n v e s t i g a t i o n  is to  s t u d y  t he  ef fec t  of two of t h e  c o m m o n l y  
u s e d  insec t i c ides ,  n a m e l y  D u r s b a n  (O.P.I.) and  D D T  (O.cl.I.) o n  t he  l iver,  s ince  i t  is 
t h e  m a i n  si te  of de tox i ca t i on .  

T h e  r e l a t i o n s h i p  b e t w e e n  e n z y m e  ac t iv i ty  c h a n g e s  f rom no rma l ,  a n d  ce r t a i n  
h i s t o c h e m i c a l  a n d  h i s t o p a t h o l o g i c a l  c h a n g e s  of t he  liver,  k i d n e y  a n d  t e s t e s  we re  
also e x a m i n e d .  

Mater ia l s  and m e t h o d s  

Male  rats ,  w e i g h i n g  150-200 g, of t h e  S p r a g u e - D a w l e y  s t r a in  w e r e  u s e d  in th i s  
s tudy.  T h e  a n i m a l s  we re  m a i n t a i n e d  o n  a d - l i b i t u m  d ie t  a n d  water .  

T h e  i n sec t i c ides  u s e d  in t he  t e s t s  we re  D u r s b a n  w h i c h  is a h a l o g e n a t e d  o rgano-  
p h o s p h o r u s  i n sec t i c ide  (0.0 d i e t hy l  0-3,5,6- t r ichloro 2-pyr idyl  p h o s p h o r o t h i a t e )  a n d  
D D T  w h i c h  is a n  o r g a n o - c h l o r i n e  insec t ic ide .  (2,2 b i s - ( p - c h l o r o p h e n y l ) l , l , l - t r i c h l o -  
roe thane) .  

T h e  D u r s b a n  was  d i l u t ed  in w a t e r  in  t h e  ra t io  1:20. Two r e p e a t e d  doses  in  two  
succes s ive  days  of ha l f  t he  L.D. 50 was  a d m i n i s t e r e d  to t h e  a n i m a l s  b y  i n t r ape r i t o -  
nea l  in jec t ion .  
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In case of DDT it  was dissolved in vegetable  oil and adminis te red  to the  m~mals 
by stomach tube. The dose used was 150 mg/kg body ,art. in three repeated doses. 

The animals were then sacrificed by l ight e ther  anesthesia,  and blood samples  
were taken for enzyme analysis. 

Serum glutamic oxaloacetic t ransaminase  (GOT) and serum glutamic pyruvic  
t ransminase (GPT) were assayed by the method  of Reltman and Frankel (23). 
Serum alkaline phosphatase  was assayed by the method  of King and Armstrong 
(12). Serum cholinesterase activi ty was assayed by  the method of Blgg (1). 

Samples  of the  liver, k idney  and testes were taken for his topathological  and 
histochemical  examinat ions,  the mater ial  was fixed, sect ioned and stained as 
follows: 

For  histopathological  examinat ion,  Ehrl ich 's  Haematoxyl in  and Eosin (H and E) 
was used. 

For his tochemical  examinat ion,  the following methods  were performed on 
frozen sections. 
1. Per iodic  Acid-~chiff  (PASt %o demonst ra te  carbohydra te  substances,  par t icular ly  

glycogen, which is s trongly posit ive (10, 21). 
2. For  demonst ra t ion  of fat, the frozen sections were stained with oil blue N (10). 

R e s u l t s  and  d i s c u s s i o n  

As b r e a k d o w n  of a b s o r b e d  f o r e i g n  s u b s t a n c e s  t a k e s  p l a c e  m a i n l y  in  
t h e  l iver ,  b i o c h e m i c a l  c h a n g e s  a s s o c i a t e d  w i t h  l i v e r  f u n c t i o n  a n d ,  to  a 
l e s s e r  e x t e n t ,  c h a n g e s  in  b l o o d  a n d  r e n a l  p a r a m e t e r s  m a y  b e  e x p e c t e d  f i r s t  
a f t e r  a b s o r p t i o n  (5). 

Kagan et  al.  (11) f o u n d  t h a t  D D T ,  w h i c h  is a n  o r g a n o c h l o r i n e  i n sec t i -  
c ide ,  a f f e c t e d  l i v e r  f u n c t i o n .  A l s o ,  Kulagln (13) r e p o r t e d  a d e c r e a s e  of  
albumin and an increase in the globulin contents in the blood serum of 
rats after oral administration of DDT in a dose corresponding to the LD 50 
va lue .  

A s i m i l a r  e f f ec t  w a s  i n d i c a t e d  in  t h e  w o r k  of Menrath (15) w h o  f o u n d  
t h a t  o ra l  a d m i n i s t r a t i o n  of  a n  O.P. I .  c a u s e d  l i v e r  d a m a g e  in  dogs .  I n d i r e c t  
e v i d e n c e  of  l i ve r  d a m a g e  w a s  p r o v i d e d  b y  a n  i n c r e a s e  in  s e r u m  e n z y m e s .  

I n  t h e  p r e s e n t  w o r k  t w o  r e p e a t e d  i .p.  i n j e c t i o n s  of  D u r s b a n  in  a d o s e  of  
ha l f  t h e  L D  50 r e s u l t e d  in  a s i g n i f i c a n t  i n c r e a s e  in  s e r u m  GOT,  G P T  a n d  
a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  a n d  a d e c r e a s e  of  c h o l i n e s t e r a s e  (Tab l e  1). 

I n  e a s e  of  D D T ,  t w o  d o s e s  of  150 m g / k g  o r a l l y  r e s u l t e d  in  a s i g n i f i c a n t  
i n c r e a s e  in  t h e  a c t i v i t y  of  s e r u m  G P T  on ly ,  w h i l e  t h r e e  d o s e s  i n c r e a s e d  
s e r u m  G O T  a n d  G P T .  N o  s i g n i f i c a n t  c h a n g e  w a s  o b s e r v e d  in  s e r u m  
a l k a l i n e  p h o s p h a t a s e  a n d  e h o l i n e s t e r a s e .  

T h e  e a r l y  c h a n g e  of s e r u m  G P T  in  c a s e  of  D D T  is  in  a g r e e m e n t  w i t h  
o u r  p r e v i o u s  f i n d i n g  t h a t  s e r u m  G P T  is  a m o r e  s p e c i f i c  a n d  s e n s i t i v e  
i n d e x  of  h e p a t o - c e l l u l a r  i n j u r y  t h a n  s e r u m  G O T  (7). 

T h e  r e s u l t s  in  c a s e  of  D u r s b a n  a r e  in  a c c o r d  w i t h  t h e  r e s u l t s  of  Wright 
et  al. (31) w h o  f o u n d  t h a t  t h e  c a t t l e  p o i s o n e d  b y  o r a l  a d m i n i s t r a t i o n  of  
O.P. I .  h a d  a s e r u m  of  h i g h l y  G O T  a n d  G P T  ac t iv i t i e s ;  t h i s  i n c r e a s e  
c o r r e l a t e d  w e l l  w i t h  t h e  d e p r e s s i o n  of  c h o l i n e s t e r a s e  ac t iv i t y .  

I t  is  c l e a r  t h a t  c h o l i n e s t e r a s e  w a s  i n h i b i t e d  b y  D u r s b a n ,  w h i c h  is a n  
O.P.I . ,  a n d  n o t  b y  D D T ,  w h i c h  is  a n  O.cl . I .  

W e a k  e s t e r a s e  i n h i b i t o r y  a c t i o n  of  s e v e r a l  c h l o r i n a t e d  h y d r o c a r b o n  
i n s e c t i c i d e s  h a s  b e e n  r e p o r t e d  b y  Geike  (9) a n d  Bogusz  e t  al.  (2). 
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Table 1. Effect of Dursban and DDT on serum enzymes. 

Control Dursban DDT DDT 
two doses two doses three doses 

GOT Mean 79.00 126.00 70.89 
U/m] SD _+ 6.14 36.30 10.75 

n (8) (5) (9) 
p < .05 > .05 

114.00 
24.90 
(5) 
< .05 

GPT Mean 32.38 110.40 44.67 
U/ml SD __ 2.26 61.01 7.07 

n (8) (5) (9) 
p < .05 < .05 

76.40 
10.14 
(5) 
< .05 

Alk. Mean 28.38 65.40 39.22 
phosphatase SD -+ 6.67 15.69 14.86 

n (8) (5) (9) 
p < .05 > .05 

37.20 
22.22 
(5) 
> .05 

Cholinesterase Mean 1.75 0.55 1.81 
I U/ml SD +- 0.71 0.39 0.68 

n (10) (9) (14) 
p < .05 > .05 

Also  the  ac t iv i ty  of p l a s m a  c h o l i n e s t e r a s e  is r e g u l a t e d  in  pa r t  b y  
e s t r o g e n  (24). 

Z e m a l t l s  et  al. (32) s u g g e s t e d  tha t  d e p r e s s i o n  of c h o l i n e s t e r a s e  ac t iv i ty  
m a y  r e s u l t  f rom a n  i n c r e a s e d  ra te  of s t e ro id  m e t a b o l i s m  in  d i e l d r i n - t r e a t e d  
f e m a l e  rats,  wh i l e  i n  m a l e  rats  p l a s m a - c h o l i n e s t e r a s e  ac t iv i ty  was  una f fec t -  
ed  b y  e i t he r  a cu t e  or c h r o n i c  d i e l d r i n  a d m i n i s t r a t i o n .  

Also  a l k a l i n e - p h o s p h a t a s e  was  i n c r e a s e d  b y  D u r s b a n  a n d  was  no t  
a f fec ted  by  D D T  u n d e r  the  p r e s e n t  e x p e r i m e n t a l  c o n d i t i o n s .  

I t  was  f o u n d  tha t  a l k a l i n e - p h o s p h a t a s e  i nc r e a se s  24-48 hrs  af ter  ad- 
m i n i s t r a t i o n  of h igh  doses  of h e p a t o t o x i c  s u b s t a n c e s  w h e n  h e p a t o b i l i a r y  
i n j u r y  is p r o d u c e d  (28). 

P a t h o l o g i c a l  e x a m i n a t i o n  of the  l iver  s h o w e d  tha t  in  D u r s b a n - i n t o x i c a -  
t ed  rats  t he r e  is l iver  n e c r o s i s  of m i d z o n a l  type .  T h e  nec ro t i c  part ,  w h i c h  
a p p e a r s  pale,  o c c u p i e s  the  i n t e r m e d i a t e  zone.  T h e r e  is fa t ty  c h a n g e  at  the  
p e r i p h e r y  (Figs. 1, 2). T h e r e  is m o d e r a t e  m o n o n u c l e a r  cell  in f i l t r a te  a n d  
ear ly  f o r m a t i o n  of n e w  bi le  d u c t s  (Fig. 3). T h e r e  is m a r k e d  c o n g e s t i o n  of 
the  cen t r a l  v e i n  w i th  d i l a t ed  s i n u s o i d s  (Fig. 4). 

H o w e v e r ,  i n  case of D D T  the  l iver  cells  los t  t he i r  r ad ia l  a r r a n g e m e n t s  
a n d  s h o w e d  fa t ty  change .  T h e r e  is ce l lu la r  in f i l t r a t ion ,  m o s t l y  m o n o n u -  
c leolar  cells,  a n d  ear ly  f o r m a t i o n  of n e w  b i le  d uc t s  (Figs. 5, 6). 

D o m s c h k e  et  al. (6) o b s e r v e d  tha t  l iver  cell  d a m a g e  b y  s o m e  O.P. 
i n s e c t i c i d e s  in  rats  was  d u e  to a n  i m p a i r e d  p h o s p h o l i p i d  b i o s y n t h e s i s ,  
e spec i a l l y  t ha t  of l ec i th in .  L ive r  A T P  was  d e c r e a s e d  in  c o m p a r i s o n  w i t h  
the  cont ro l .  

I n  b o t h  i n sec t i c ide s  t he r e  is a s i gn  of g o n a d a l  a n d  k i d n e y  da ma ge .  
T h e r e  is n e c r o s i s  of s o m e  of the  s e m i n i f e r o u s  t u b u l e s  of the  t es tes  (Figs. 7, 
8, 9) a n d  c l o w d y  swe l l i ng  of the  c o n v o l u t e d  t u b u l e s  of the  k i d n e y  (Fig. 10). 
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Fig. 1. Microphotograph showing liver cells of control rat. 

T e s t i c u l a r  d a m a g e  m a y  be  d u e  to the  d i r ec t  tox ic  effect  of the  insec t i -  
c ides  a n d / o r  t h r o u g h  h o r m o n a l  effect.  

T h e  s t ress  of h e p a t o t o x i c  a g e n t s  a d m i n i s t r a t i o n  causes  A C T H  re lease  
(21). 

T h e  p r e s e n t  r e su l t s  s h o w  tha t  D u r s b a n  a n d  D D T  are h e p a t o t o x i c .  
C o m p e t i t i v e  i n h i b i t i o n  of t he  p i t u i t a r y  g o n a d o t r o p h i n  re lease  b y  a n  

e x c e s s i v e  s ec r e t i on  of c o r t i c o t r o p h i n  or a d r e n a l  cor t ica l  g r o w t h  fac tor  has  
b e e n  s u g g e s t e d  af ter  a n u m b e r  of e x p e r i m e n t a l  o b s e r v a t i o n s  (3, 19, 27). 

T h u s  b l o c k a d e  of the  p i t u i t a r y  g o n a d o t r o p h i n  r e l ease  as a r e s u l t  of 
i n s e c t i c i d e  a d m i n i s t r a t i o n  m a y  e x p l a i n  the  g o n a d a l  d a m a g e  f o u n d  in  the  
p r e s e n t  work .  

Fig. 2. Microphotograph showing necrosis of mid-zonal type and fatty change at the 
periphery of the liver of rat treated with Dursban. 
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Fig. 3. Microphotograph showing moderate ly  intense mononuclear  cell infiltrate 
and early formation of new bile ducts  in the liver of rat t reated with Dursban.  

H i s t o c h e m i c a l  s t u d y  of t h e  l i v e r  in  a n i m a l s  t r e a t e d  w i t h  D u r s b a n  
s h o w e d  t h a t  t h e r e  is  d e p l e t i o n  of g l y c o g e n  e s p e c i a l l y  a r o u n d  t h e  c e n t r a l  
v e i n  (Figs .  11, 12). T h e  P A S  p o s i t i v e  m a t e r i a l  w a s  d e p o s i t e d  a t  one  s i de  of  
t h e  cel l .  

H y p e r g l y c e m i c  e f f ec t  w a s  p r e v i o u s l y  r e p o r t e d  a f t e r  o r g a n o p h o s p h a t e  
p o i s o n i n g  (17, 30). 

F a t t y  i n f i l t r a t i o n  of  t h e  l i v e r  w a s  a l so  o b t a i n e d  in  a n i m a l s  a f t e r  l i v e r  
d a m a g e  b y  D u r s b a n  a n d  D D T .  

I n  l i v e r  t r e a t e d  w i t h  D D T  t h e r e  w e r e  l a r g e  g l o b u l e s  of fa t  i n s i d e  t h e  
l i v e r  ce l l s  c o m p a r e d  to  t i n y  m i n u t e  d r o p l e t s  of  fa t  in  t h e  c o n t r o l  l i v e r  
(F igs  13, 14). Th i s  is  in  a c c o r d  w i t h  t h e  r e s u l t s  of  S i n g l e y i c h  e t  al. (26) w h o  

Fig. 4. Microphotograph showing marked  congestion of the central vein with 
di lated sinusoids of the liver of rat  t reated with Dursban.  
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Fig. 5. Microphotograph showing cellular infiltration; the liver cells lost their radial 
arrangement and showed fatty change in rat treated with DDT. 

found  t ha t  D D T  p r o d u c e d  an inc rease  in hep a t i c  t r i g lyce r ide  level  and  
h i s to log ica l  e x a m i n a t i o n  s h o w e d  fa t ty  inf i l t ra t ion.  

D a m a g e  of e n d o p l a s m i c  r e t i cu lum,  i n c r e a s e d  glycolys is ,  and  mi to-  
chondr i a l  r e sp i r a t ion  are  p r i m a r y  s igns  of l iver  d a m a g e  af ter  t r e a t m e n t  
wi th  h e p a t o t o x i n s  (8). 

F r u n d e r  (8) found  tha t  l iver  d a m a g e  by  h e p a t o t o x i n s  is fo l lowed b y  an  
i nc r ea sed  concen t r a t i on  of t r i g lyce r ide  in  l iver  cells  and  a d e c r e a s e d  
s e r u m  l i pop ro t e in  synthes i s .  M e t a b o l i s m  of p h o s p h o l i p i d s  in the  endo-  
p l a s m i c  r e t i c u l u m  is dec reased ,  bu t  r ema ins  una l t e r ed  in m i t oc hond r i a .  
ATP  is t r a n s p o r t e d  f rom the  c y t o p l a s m  into  m i t o c h o n d r i a  w h e r e  also the  
c o n c e n t r a t i o n  of A D P  and  inorgan ic  P increases .  

Fig. 6. Microphotograph showing dilatation, cellular infiltration and early formation 
of new bile ducts in the liver of rat treated with DDT. 
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Fig. 7. Microphotograph showing normal pattern of the seminiferous tubules of the 
testis of a control rat. 

Th i s  causes  the  ce l lu la r  n u c l e i  to b e g i n  the  p ro l i f e ra t ive  p rocesses .  O n  
the  o the r  h a n d ,  l i p o l e c i t h i n  is p r o d u c e d  b y  d a m a g e d  ce l lu la r  m e m b r a n e s  
w h i c h  i n d u c e d  d e g e n e r a t i v e  processes .  T h e s e  lead to l iver  cell  n e c r o s i s  
w i t h i n  48-200 hrs  af ter  i n t o x i c a t i o n .  

The  p r e s e n t  r e su l t s  r evea l ed  t ha t  s e r u m  e n z y m e  c h a n g e s  a s soc i a t ed  
w i t h  i n s e c t i c i d e s  i n t o x i c a t i o n  i n d i c a t e s  l iver-cel l  a l te ra t ion .  

Howeve r ,  no  d i r ec t  co r r e l a t i on  was  f o u n d  b y  R e e s  et al. (22) b e t w e e n  
deg ree  of l iver  i n j u r y  a n d  s e r u m  e n z y m e  levels.  O n l y  r e c e n t  i n j u r y  m a y  be  
m e a s u r e d  b y  the  e n z y m e  leve ls  in  s e r u m  s ince  the  r ise  i n  m o s t  cases  b e i n g  
t r ans i to ry .  

Fig. 8. Microphotograph showing necrosis of some of the seminiferous tubules of 
the testis of rat treated with Dursban. 
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Fig. 9. Microphotograph showing degenerative changes and necrosis of some of the 
seminiferous tubules of the testis of rat treated with DDT. 

. M o l a n d e r  (16) f o u n d  t h a t  d i s c o n t i n u a n c e  of h e p a t o t o x i c  a g e n t s  r e su l t s  
in  r ap id  dec rea se  of s e r u m  t r a n s a m i n a s e  t o w a r d s  n o r m a l .  

Also  the re  is e v i d e n c e  t ha t  i n  t i s sue  d a m a g e  ce l lu la r  e n z y m e  ac t iv i ty  
a c t u a l l y  i nc r ea se s  (4, 25) s i m u l t a n e o u s l y  w i th  s e r u m - e n z y m e  inc rease .  

The  da ta  o b t a i n e d  by  M u r p h y  (18) d e m o n s t r a t e d  t ha t  a c u t e  p o i s o n i n g  
of ra ts  b y  seve ra l  o r g a n o p h o s p h o r u s  i n s e c t i c i d e s  or tox ic  i r r i t an t s  in-  
c r eased  the  ac t iv i ty  of h e p a t i c  a l k a l i n e - p h o s p h a t a s e  a n d  t y r o s i n e - t r a n s -  
a m i n a s e  ac t iv i ty  in  rat. 

T h e s e  e n z y m a t i c  effects  of O.P.I.  or  tox ic  i r r i t an t s  on  l iver  e n z y m e s  
were  p r e v e n t e d  or c o n s i d e r a b l y  r e d u c e d  b y  a d r e n a l e c t o m y  or h y p o p h y s -  

Fig. 10. Microphotograph showing clowdy swelling of the convoluted tubules of the 
kidney of rat treated with Dursban. 
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Fig. 11. Microphotograph showing liver cells of control rat loaded with PAS positive 
material, particularly glycogen. 

ec tomy .  T r e a t m e n t  of a d r e n a l e c t o m i z e d  ra ts  w i t h  h y d r o c o r t i s o n e  pro-  
d u c e d  e n z y m a t i c  effects  in  the  l ivers  w h i c h  were  s i m i l a r  to t hose  p r o d u c e d  
b y  tox ic  s u b s t a n c e  in  i n t a c t  rats.  

F r o m  the se  f i n d i n g s  it  is c o n c l u d e d  t h a t  t he  r e s p o n s e  of l iver  or s e r u m  
e n z y m e  to O.P.I.  or  tox ic  i r r i t an t s  is m e d i a t e d  t h r o u g h  the  p i t u i t a r y  
a d r e n a l  co r t ex  sys tem.  

Summary 

The influence of acute poisoning with Dursban (O.P.I.) and D.D.T. (O.cl.I.) on 
serum enzymes and histopathological examination of the liver, kidney and testes 
was investigated in albino rats. 

Fig. 12. Microphotograph showing depletion of glycogen especially around the 
central vein in the liver of rat treated with Dursban. 
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Fig. 13. M i c r o p h o t o g r a p h  s h o w i n g  t i ny  m i n u t e  d r o p l e t s  of fat  s t a i n e d  w i t h  oil b lue  
in  con t ro l  liver.  

T w o  r e p e a t e d  i.p. i n j ec t i ons  of D u r s b a n  in a dose  of ha l f  t h e  LD 50 r e s u l t e d  in  a 
s i gn i f i can t  i nc r ea se  in s e r u m  GOT, G P T  a n d  a lka l i ne  p h o s p h a t a s e  ac t iv i ty  a n d  a 
d e c r e a s e  of cho l ines t e rase .  

I n  case  of DDT,  two  d o s e s  of 150 m g / k g  ora l ly  r e s u l t e d  in  a s i gn i f i can t  i n c r e a s e  in 
the  ac t iv i ty  of s e r u m  G P T  only,  wh i l e  t h r e e  doses  i n c r e a s e d  s e r u m  G O T  a n d  GPT.  
No s ign i f i can t  c h a n g e  was  o b s e r v e d  in s e r u m  a lka l ine  p h o s p h a t a s e  a n d  cho l ines t e r -  
ase  act ivi ty.  

R e g a r d i n g  t he  pa tho log i ca l  e x a m i n a t i o n  it  was  f o u n d  t h a t  in  a n i m a l s  t r e a t e d  
w i t h  D u r s b a n  t h e r e  was  l iver  nec ros i s  of m i d - z o n a l  t y p e  a n d  fa t ty  c h a n g e  at  t h e  
pe r iphe ry .  

In  case  of D D T  the  l iver  cells  los t  t h e i r  r ad ia l  a r r a n g e m e n t s  a n d  s h o w e d  fa t ty  
change .  T h e r e  was  ce l lu lar  in f i l t r a t ion  in  t he  cen t re ,  m o s t l y  m o n o n u c l e o l a r  cells. 

Fig. 14. M i c r o p h o t o g r a p h  s h o w i n g  la rge  g l o b u l e s  of fat  in  t h e  l iver  cells  of ra t  
t r e a t e d  w i t h  DDT.  
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I n  b o t h  i n sec t i c ides  t h e r e  w as  nec ros i s  of s o m e  of t he  s e m i n i f e r o u s  t u b u l e s  of 
t he  t e s t e s  a n d  c l o u d y  swe l l i ng  of t he  c o n v o l u t e d  t u b u l e s  of t h e  k idney .  

H i s t o c h e m i c a l  s t u d y  of t h e  l ive r  in  a n i m a l s  t r e a t e d  w i t h  D u r s b a n  s h o w e d  t h a t  
g l y c o g e n  was  d e p o s i t e d  a t  o n e  s ide  of t h e  cell. Howeve r ,  t h e r e  was  d e p l e t i o n  of 
g l y c o g e n  a r o u n d  t he  cen t r a l  ve in .  

I n  l ive r  t r e a t ed  w i t h  D D T  t h e r e  we re  la rge  g l o b u l e s  of fa t  i n s i d e  t he  l iver  cells, 
i n d i c a t i n g  i n c r e a s e d  fa t  c o n t e n t  c o m p a r e d  to con t r o l  l iver,  w h e r e  t h e r e  we re  t i ny  
m i n u t e  d r o p l e t s  of fat. 
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