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INTRODUCTION

P e r s p e c t iv e  and O b je c t iv e s  

S ince World War I I ,  i n s e c t i c i d e s  have become a 

p rom inen t p a r t  of our way of l i f e .  T h e ir  use  haB enab led  

ou r a g r i c u l t u r a l  p ro d u c t io n  and our p u b l ic  h e a l th  s ta n d a rd  

t o  r i s e  t o  t h e i r  p r e s e n t  l e v e l s .  These chem ica l compourtis 

which k i l l  i n s e c t s  u s u a l l y  a re  a l s o  harm fu l to  o th e r  form s 

of l i f e  in c lu d in g  man.

The harm fu l e f f e c t s  of i n s e c t i c i d e s  on formB of 

l i f e  o th e r  th an  in s e c tB  haB been  dem onstra ted  many tim es  by 

e n to m o lo g is ts  and w i l d l i f e  s p e c i a l i s t s  such as  DeWltt and 

George ( i 9 6 0 ) and Rudd and G en e lly  (1956) among many.

These d e t r i m e n t a l  e f f e c t s  may r e s u l t  from  th e  extrem e 

t o x i c i t y  of some i n s e c t i c i d e s  such a s  p a r a th io n  o r  from  th e  

p e r s i s t e n c e  of compounds w i th  r e l a t i v e l y  low t o x i c i t y ,  such 

a s  DIDT. T his  p e r s i s t e n c e  i n  th e  environm ent i s ,  p e rh ap s ,  

th e  g r e a t e s t  p o t e n t i a l  h azard  of i n s e c t i c i d e  a p p l i c a t i o n .  

Such p e r s i s t e n c e  may r e s u l t  i n  th e  accum u la tio n  of to x ic  

q u a n t i t i e s  or s u f f i c i e n t  amounts to  a f f e c t  th e  r e p ro d u c t iv e  

o r  o th e r  p h y s io lo g ic a l  p ro c e s s e s  of many k in d s  of an im als  

f o r  many y e a r s .

These p o t e n t i a l  d an g e rs  of i n s e c t i c i d e s  were no t 

ta k e n  to o  s e r i o u s l y  f o r  many yearB d e s p i t e  th e  wamingB of

1



many e n to m o lo g is ts  and w i l d l i f e  s p e c i a l i s t s .  I n  19^9> th e  

American A s s o c ia t io n  of Economic Entomology ISBued th e  

f o l lo w in g  r e s o l u t i o n :

Whereas -  New ch em ica ls  w i th  i n s e c t i c i d a l
p o s s i b i l i t i e s  a re  a p p e a r in g  r a p i d l y ,  
many of which may be r e le a s e d  
p re m a tu re ly ,

Be I t  Recorded -  That e n to m o lo g is ts ,
m a n u fa c tu re rs ,  fo rm u la to r s  and 
p ro c e s s o r s  uBe extrem e c a u t io n  i n  
p rom o ting , r e l e a s i n g  a n d /o r  
recommending new i n s e c t i c i d e s  f o r  
g e n e ra l  u s e .  T h is  should  be done 
o n ly  a f t e r  c a r e f u l ,  tho rough  
e x p e r im e n ta l  work on e f f e c t i v e n e s s ,  
t o x i c i t y  to  man, an im als  and p l a n t s ,  
and r e l a t i o n s h i p  to  o th e r  
i n s e c t i c i d e s .

I n  1962, R achel C a r s o n 's  " S i l e n t  S p ring"  b ro u g h t

t o  th e  p u b l i c ' s  a t t e n t i o n  the  p o t e n t i a l  h az a rd s  of

I n s e c t i c i d e s  to  n o n - in s e c t  form s of l i f e .  A lthough Miss

C a r s o n 's  p u b l i c a t i o n  may be c r i t i c i z e d  f o r  i t s

s e n s a t io n a l i s m  and b ia s e d  p r e s e n t a t io n  of o th e rw ise

a c c u r a te  s c i e n t i f i c  in fo rm a t io n ,  she d id  accom plish  h e r

o b j e c t i v e ,  t h a t  b e in g  t o  a l e r t  the  p u b l ic  to  the  p o t e n t i a l

h a z a rd s  t h a t  th e  in d i s c r im in a t e  use of p e s t i c i d e s  may have

on b e n e f i c i a l  l i f e  fo rm s .

The P r e s i d e n t ' s  S c i e n t i f i c  A dvisory  Committee

R ep o rt  i n  1963  em phasized the  p o t e n t i a l  d an g e rs  of

i n s e c t i c i d a l  compounds and s t r e s s e d  the  im portance  of

t e s t i n g  such  compounds by tho ro u g h  e x p e r im e n ta l  r e s e a r c h

f o r  e f f e c t i v e n e s s ,  a c u te ,  and c h ro n ic  t o x i c i t y  to  man,
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a n im a ls  and p l a n t s ,  and t h e i r  long  te rm  e f f e c t s  on the  

env iro n m en t o f man*

D r. Jerome W elsn er, chairm an of th e  P r e s i d e n t ' s  

S c ien ce  A dviso ry  Committee, w h ile  a p p e a r in g  b e fo re  th e  

S enate  Government O p e ra t io n s  subcom mittee made th e  

fo l lo w in g  s ta te m e n t  c o n c e rn in g  p e s t i c i d e s ,  "Man's 

u n c o n t r o l l e d  use  of p o isonous  c h e m ic a ls ,  i n c lu d in g  

p e s t i c i d e s ,  i s  p o t e n t i a l l y  a g r e a t e r  hazard  th e n  r a d i o 

a c t i v e  f a l l o u t "  (Consumer R e p o r tb, 1963)*

The r e p o r t s  i s s u e d  by th e  American A s s o c ia t io n  of 

Bconomlc Entomology, the  P r e s i d e n t ' s  S cience  A dvisory  

Committee and o th e r  r e s p o n s ib le  groupB le a v e s  l i t t l e  do ub t 

of th e  n e c e s s i t y  f o r  f u r t h e r  t a x i c o l o g i c a l  r e s e a r c h ,  

e s p e c i a l l y  i n  r e f e r e n c e  t o  th e  e f f e c t s  of lo w - le v e l  ch ro n ic  

t o x i c i t y  over an ex tended  p e r io d  of t im e .  I n  view of 

th e s e  c o n s i d e r a t io n s ,  th e  o b j e c t i v e s  of t h i s  s tu d y  w ere:

1 . To d e te rm in e  th e  c h ro n ic  t o x i c i t y  of Kepone to  

th e  l a b o r a to r y  mouse.

2* To d e te rm in e  some of th e  r e p ro d u c t iv e  and

p h y s io lo g ic a l  d i s tu r b a n c e s  i n  th e  l a b o r a to r y  

mouse w hich  occu r d u r in g  the  i n g e s t i o n  of 

s u b l e t h a l  c o n c e n t r a t io n s  of Kepone.

3 .  To d e te rm in e  i f  any m ajor p a th o l o g i c a l  changeb 

occu r i n  th e  o rgans of mice t r e a t e d  f o r  

ex ten d ed  p e r io d s  of tim e a t  s u b l e t h a l  d o s a g e s .



To d e te rm in e  i f  Kepone i s  accum ula ted  i n  mice 

when fe d  c o n t in u o u s  s u b l e t h a l  dosages*

To d e te rm in e  th e  m ajor o rgans i n  which Kepone 

i s  accum ulated*

To d e te rm in e  i f  Kepone i s  e x c r e te d  fo l lo w in g  

th e  w ith d raw a l  of th e  t r e a t e d  d i e t *

To d e te rm in e  i f  Kepone p a s s e s  th ro u g h  th e  

m ilk  and p la c e n ta e  of t r e a t e d  f e m a le s .

To observe  any abnorm al b e h a v io r  o r  syndrome 

which may be r e l a t e d  and used a s  an  i n d i c a t i o n  

o f c h ro n ic  Kepone p o is o n in g .



REVIEW OP THE LITERATURE

Since re v ie w s  of th e  mammalian re p ro d u c t iv e  

mechanism and anatom y can be found In  r e c e n t  t e x t s  such  a s  

Lloyd (195 9 ), T u rn e r  (195 5 ), Guyton ( 1 9 6 1 ) ,  Ham and Leeson 

( 1 9 6 1 ) ,  Anderson ( 1 9 6 1 ) ,  P r o s s e r  and Brown (1961) and 

Nalbandov (1 9 5 8 ) , t h i s  rev iew  w i l l  concern  i t s e l f  w i th  th e  

l i t e r a t u r e  p e r t a i n i n g  to  hormonal and i n s e c t i c i d e  s t u d i e s  

w hich ap p ly  t o  t h i s  s tudy*

C h lo r in a te d  O rganic I n s e c t i c i d e s

I n t r o d u c t i o n

A c h l o r i n a t e d  o rg a n ic  i n s e c t i c i d e  i s  any o rg an ic  

compound c o n ta in in g  c h lo r in e  and ca rb on  and used f o r  the  

c o n t r o l  of some in s e c t*  However, beyond th iB  broad  

s i m i l a r i t y ,  th e  compounds v a ry  w id e ly  i n  chem ica l 

s t r u c t u r e  and a c t i v i t y .  A lthough much i s  known abou t many 

a s p e c t s  o f pharm acology of some o f th e se  m a te r i a l s ,  the  

b a s i c  mode of a c t i o n  i s  n o t  known f o r  a s in g le  one of them* 

I t  i s  e n t i r e l y  p o s s ib le  t h a t  c h lo r in a te d  o rg a n ic  

i n s e c t i c i d e s  of s i g n i f i c a n t l y  d i f f e r e n t  chem ica l s t r u c t u r e  

have d i f f e r e n t  modes of a c t i o n ;  i t  i s  c e r tA i  t h a t  th e r e  

a re  q u a l i t a t i v e  a s  w e l l  a s  q u a n t i t a t i v e  d i f f e r e n c e s  i n  

t h e i r  p h y s io lo g ic a l  a c t i o n  (Table l ) *

5
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Table  1* Acute O ra l  IDcq V alues of 15 C h lo r in a te d  Organic 
I n s e c t i c i d e s  f o r  M u l t  Male W hite R a ts  ( C l i n i c a l  
Handbook on Economic P o iso n s ,  1963)

I n s e c t i c i d e LD50
(mg/kg body w e ig h t)

A ld r ln 39

Chlordane 335

DDA 740

DDE 880

DDT 113

D le ld r in 46

E ndrin 18

H ep ta ch lo r 100

I s o d r l n 16

K elthone 1100

Kepone 95a

l in d a n e 88

M ethaxychlor 6000

Mlrex 4000b

Toxaphene 90

aM artin  ( 1 9 6 1 ) .

^ A ll ie d  Chem ical C o rp o ra tio n  ( 1 9 6 2 ) .
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P h y s io lo g ic a l  A ction  and P a th o lo g y

The fo l lo w in g  summary of p h y s io lo g ic a l  a c t i o n  and 

p a th o lo g y  i s  ta k e n  from  th e  C l i n i c a l  Handbook on Economic 

P o iso n s ,  1 9 6 3 . I n  g e n e ra l ,  c h lo r in a te d  o rg an ic  I n s e c t i c i d e s  

a f f e c t  th e  c e n t r a l  nervous  system  of mammals, b u t  th e  e x a c t  

mechanism of t h i s  a c t i o n  e i t h e r  i n  man o r  i n  an im als  has  n o t 

been  e lu c id a te d *  Some a c t  a s  c e n t r a l  nervous  system  

s t im u la n t s  ( c h lo rd a n e ) ,  o th e r s  a s  d e p r e s s a n t s  (b e ta  Isom er 

o f benzene h e x a c h lo r ld e )•

Some compounds o r  c e r t a i n  d e g r a d a t io n  p ro d u c ts  a re  

s to r e d  i n  f a t*  Such s to ra g e  r e s u l t s  e i t h e r  from  a s in g le  

la rg e  dose o r from  re p e a te d  sm a ll  doses*  The m a te r i a l s  

s to r e d  i n  th e  f a t  ap p e a r  t o  be l a r g e l y  i n a c t i v e  s in c e  th e  

t o t a l  amount s to re d  in  an e x p e r im e n ta l  an im al o f te n  may be 

g r e a t e r  th a n  th e  l e t h a l  dose i f  g iven  a t  one time*

The i n s e c t i c i d e s  o r t h e i r  d e r i v a t i v e s  u s u a l ly  may 

be d em o n s tra ted  i n  m ilk and u r in e *  The compounds s to r e d  i n  

th e  f a t  a re  e l im in a te d  a t  v a ry in g  r a t e s  when f u r t h e r  

dosage  i s  d is c o n t in u e d *

L a b o ra to ry  ex am in a tio n s  i n  mammals a re  u s u a l ly  

n e g a t iv e  and alw ays n o n s p e c if ic  e x c e p t  t h a t  th e  i n s e c t i c i d e  

o r  i t s  d e r i v a t i v e s  may be d em o n s tra ted  i n  stomach c o n te n t s ,  

u r i n e ,  o r  t i s s u e s ,  e s p e c i a l l y  f a t*

I n  e x p e r im e n ta l  an im als  k i l l e d  by la rg e  d o se s  of 

c h lo r in a t e d  o rg a n ic  i n s e c t i c i d e s ,  d i l a t a t i o n  of blood 

v e s s e l s  and even sm a ll  hem orrhages seco n d ary  to  c o n v u ls io n s
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may be en co u n te red *  P ro longed  f e e d in g  of s u b l e t h a l  d o sag es  

o f th e s e  compounds p roduces  m ic ro sco p ic  changes i n  th e  

l i v e r  and k id n e y s  i n  some e x p e r im e n ta l  an im als*  T h is  has  

n o t  been  d em o n s tra ted  c l e a r l y  i n  man i n  c o n n e c t io n  v l t h  

u n co m p lica ted  po ison ing*

The o u t s ta n d in g  ch an g es , fo l lo w in g  r e p e a te d  f e e d in g  

i n  r o d e n ts ,  a r e  found i n  th e  l iv e r *  These changes c o n s i s t  

o f  e n la rg e m e n t ,  c e n t r o lo b u l a r  h y p e r tro p h y ,  m a rg in a t io n  of 

c y to p la sm ic  g r a n u le s ,  f a t t y  i n f i l t r a t i o n ,  and l ip o s p h e re s *  

S im i la r  changes may o ccu r  s e p a r a t e ly  o r  i n  a d i f f e r e n t  

o rd e r  f o l lo w in g  a wide v a r i e t y  of to x ic a n t s *  These 

changes have n o t  been  found i n  the  h ig h e r  an im als  no r i n  

man* A l l  an im a ls  show l i v e r  c e l l  n e c r o s i s  a t  h ig h  l e v e l s  

o f  d o sa g e ,  b u t  a g a in  th e  changes a re  n o n - s p e c i f ic *

Nervous symptoms such a s  t rem o rs  and co n v u ls io n s  

a r e  c h a r a c t e r i s t i c  of c h lo r in a t e d  o rg a n ic  i n s e c t i c i d e  

p o is o n in g ,  b u t  th e se  symptoms may be Induced by  a v a r i e t y  

of o th e r  economic p o iso n s  and by l e s s  s p e c i f i c  n e u ro lo g ic  

d i s e a s e *

P h e n o b a rb i to l  and a few o th e r  b a r b i t u r a t e s  known 

t o  c o n t r o l  c o n v u ls io n s  of c e n t r a l  o r i g i n  have b een  used 

s u c c e s s f u l l y  i n  th e  c o n t r o l  of c o n v u ls io n s  induced  by some 

c h l o r i n a t e d  o rg a n ic  i n s e c t i c i d e s ;  c a lc iu m  g lu co n a te  has 

b een  l e s s  s u c c e s s f u l .
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Kepone

Kepone, th e  c o p y r ig h te d  t r a d e  name f o r  d e c a c h lo ro -  

o c ta h y d ro - l ,3 ,4 -m e th e n o -2 H -c y c lo b u ta  (6d )  p e n ta le n - 2 -o n e ,  

waB deve loped  by  th e  A l l i e d  C hem ical C o rp o ra t io n  i n  1958* 

F o rm erly  c a l l e d  compound GC-1189, I t  l a  a c h l o r i n a t e d ,  

p o ly c y c l ic  k e to ne  w i th  a m o le c u la r  w eigh t o f 491 end the  

e m p i r i c a l  fo rm ula  o f C1qC1100 >

I t  Ib  a s t a b l e ,  w h ite  t o  t a n  s o l i d  which su b lim e8 

w ith  some d ec o m p o s it io n  a t  ab o u t 350° C. I t  i s  p r a c t i c a l l y  

in s o lu b le  I n  w a te r  (0 .4 #  a t  100° C) b u t  i t  i s  s o lu b le  i n  a 

s t r o n g ly  a l k a l i n e  aqueous B o lv en t .  I t  i s  r e a d i l y  s o lu b le  

i n  a c e to n e ,  b u t  l e s s  s o lu b le  i n  benzene and l i g h t  p e tro le u m . 

I t  r e a d i l y  form s h y d ra te s  (10-13#) on ex p o su re  t o  o rd in a r y  

te m p e ra tu re s  and h u m id i t i e s  (M a r t in ,  1 9 6 l ) .

Kepone i s  m anufactured  by  th e  c o n d e n s a t io n  of two 

moles of h e x a c h lo ro c y c lo p e n ta d le n e  i n  th e  p re se n c e  of 

s u lp h u r  t r l o x i d e ,  and h y d r o ly s i s  to  th e  k e to n e .  I t  i s  

r e g i s t e r e d  and so ld  a s  a 50# w e t ta b le  powder, an e m u ls l -  

f l a b l e  c o n c e n t r a t e ,  and a s  a p e l l e t e d  a n t  and cock roach  

b a i t .

Anhydrous Kepone i s  known to  form  a d d i t i o n a l  

compounds; b u t  l i t t l e  i s  known abou t t h e i r  fo rm a t io n .  The 

m etabo lism  of Kepone w i th in  any an im al i s  unknown (M artin , 

1 9 6 1 ) .



M o r ta l i ty  and T o le ran ce  S tu d ie s

10

The fo l lo w in g  rev iew  I s  In te n d e d  to  g ive  some Id e a  

of the  t o l e r a n c e  which c e r t a i n  an im a ls  have d is p la y e d  i n  

p a s t  s t u d i e s  t o  s e v e r a l  d i f f e r e n t  c h lo r in a t e d  o rg an ic  

i n s e c t i c i d e s *

A ld r in

A ld r in  i s  r e p o r te d  to  have no e f f e c t  on r a t  

lo n g e v i ty  i n  t e s t s  conducted  over two yearB a t  25 ppm 

d i e t a r y  (Treon and C le v e la n d , 1955)# At 300 ppm a l l  r a t s  

d ie d  w i th in  two weeks* Borgman (1952 ) r e p o r te d  to le r a n c e  

of a l d r i n  by r a t s  up t o  75 PP“  f  or  t h r e e  months, and up to  

50 ppm f o r  16 months* L ess th a n  50# of th e  t e s t  r a t s  

su rv iv ed  th e  100  ppm l e v e l  in  c h ro n ic  t e s t s  of 16 months* 

I n  t e s t s  by  Lehman (1952&)# t i s s u e  damage cou ld  be 

d e te c te d  a t  25 ppm In  c h ro n ic  te s tB *  There was 100# 

m o r t a l i t y  of 8 - 1 0 -week-old tu rk e y s  i n  1^ days  when fed  

25 ppm a l d r i n  (AnderBon £ £ & ! * ,  1952 )*

BHC

Lehman (1951) gave th e  XD^q of th e  Isom er of

benzene h e x a c h lo r id e  ( l in d a n e )  a s  125 mg/kg f o r  r a t s .  On 

th e  o th e r  hand , th e  ID^q f o r  th e  b e ta  isom er of BHC waB 

6000  mg/kg*
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C hlordane

I n  t e s t a  by Ambrose £ £  (1953) no m o r t a l i t y

o ccu rred  among r a t s  fe d  a  d i e t  c o n ta in in g  80  ppm f o r  400

dayB* Lehman ( l9 5 2a )  r e p o r te d  m o r t a l i t y  In  c h ro n ic  t e s t s  

w i th  r a t s  a t  400 ppm, b u t  n o t  a t  75 ppm.

DDT

R ats  t o l e r a t e d  400 ppm DDT In  t h e i r  d i e t  f o r  s ix  

months w ith o u t  s i g n i f i c a n t  m o r t a l i t y  (O rtega £ £  a l * ,  1956). 

At 1000 ppm a l l  r a t s  d ie d  w i th in  80 d ay s  (Sm ith arti 

S tohlm an, 1944). Laug and F i tz h u g h  (1946) r e p o r te d  10 of 

12 r a t s  d ie d  In  two y e a r s  fe d  a d i e t  c o n ta in in g  200  ppm.

No g ro s s  e f f e c t s  appeared  I n  r a t s  below 100 ppm (Lehman, 

1952a) .

D l e l d r l n

Die M r  in  i s  the  ch em ica l compound to  which a l d r i n

i s  co n v e r ted  i n  th e  body of th e  r a t .  Rat lo n g e v i ty  was no t

a f f e c t e d  over two y e a rs  by  a d i e t  c o n ta in in g  25 ppm (Treon 

and C le v e la n d ,  1955)* R a ts  a l s o  t o l e r a t e d  75 ppm f o r  s ix  

m onths. O rtega  £ £  a l*  (1957) i n  s i m i l a r  c h ro n ic  t e s t s  

r e p o r te d  a to le r a n c e  up t o  25 ppm d i e l d r i n  by a d u l t  r a t s .

Q>uail a r e  s u s c e p t ib l e  to  d i e l d r i n  a t  5 ppm (DeW itt, 1956),

and O en e lly  and Ruld (1956) r e p o r te d  male p h e a sa n ts  a re

k i l l e d  by a l e v e l  of 50  ppm.
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E n d r in

R a ts  t o l e r a t e d  up t o  5 ppm f o r  80 weeks, b u t  60# 

m o r t a l i t y  o ccu rred  a t  25 ppm f o r  fem aleb  and 60#  a t  50  ppm 

f o r  m ales (T reon ££. & !• , 1955)* At 106 weeks t h i s  sex 

d i f f e r e n c e  v as  I n s i g n i f i c a n t .

Kepone

Sherman and R o b b  ( 1 9 6 1 ) r e p o r te d  HO ppm f a t a l  to  

young c h ic k s  w i th in  15 d a y s .  DeWitt and George ( i 9 6 0 ) ,  

based  on p re l im in a ry  t e s t s  a g a in s t  young q u a i l  and 

p h e a s a n ts ,  made a com parison  of th e  t e n t a t i v e  r e l a t i v e  

t o x i c i t y  of Kepone to  12 o th e r  p e s t i c i d e s .  P h o sd r in  

and l in d a n e  were more to x ic  w h ile  BHC, m a la th io n ,  taxaphene 

and Beven o th e r s  were l e s s  t o x i c .  As shown i n  Table 1, 

Kepone I s  e l e v e n th  In  o rd e r  o f t o x i c i t y  among th e  15 

i n s e c t i c i d e s  in c lu d e d  i n  t h i s  t a b l e .  L i t t l e  d a ta  a r e  

a v a i l a b l e  c o n c e rn in g  th e  t o x i c i t y  of Kepone to  mammals.

M ethoxychlor

M ethoxychlor caused no s i g n i f i c a n t  m o r t a l i t y  when 

fe d  to  r a t s  a t  a c o n c e n t r a t io n  of 1600  ppm f o r  two y e a r s  

(Hodge £ £ .3 1 # ,  1950)* W ith 45 days of ex p o su re ,  10,000 

ppm caused  no m o r t a l i t y ,  b u t  a t  3 0 ,0 0 0  ppm, 80#  of th e  

t e s t  r a t s  d i e d .
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Taxaphene

Taxaphene can be t o l e r a t e d  by  r a t a  up t o  200 ppm 

f o r  a y e a r  v i t h  no g ro aa  changes (O rtega  a ^ . ,  1957)* 

There a r e ,  however, I n t r a c e l l u l a r  a l t e r a t i o n s  i n  th e  l i v e r  

a t  such  e x p o s u re s .  Lehman (1952a) r e p o r te d  no g ro s s  

e f f e c t s  a t  100  ppm f o r  two y e a r s  w i th  r a t s ,  and c o n s id e re d  

taxaphene o n e -h a l f  a s  p o te n t  aB a l d r i n  In  c h ro n ic  te B ts  

w i th  r a t s  and e q u a l  t o  l i n d a n e .

Pood and W ater Consumption and Growth

A ld r in

The d e p r e s s io n  of grow th  i n  young male tu rk e y s  on a 

d i e t  c o n ta in in g  3 ppm i s  r e p o r te d  by  Anderson ££. a i .

(1952 ) .  At 6 .2 5  ppm b o th  sexes  d em o n s tra ted  growth 

d e p r e s s io n .  Borgman (1952), w orking w i th  r a t s ,  s t a t e d  

t h a t  t r e a t e d  an im a ls  fe d  130  ppm a l d r i n  e q u a l le d  or 

su rp asse d  th e  c o r re sp o n d in g  c o n t r o l s  i n  body w eigh t a f t e r  

16 m onths. No s i g n i f i c a n t  d i f f e r e n c e  waB found I n  th e  

food I n t a k e .  Q u a i l  and p h e a sa n t  d em onstra ted  s l i g h t  

d e p r e s s io n  of grow th o n ly  d u r in g  th e  f i r s t  few weeks when 

fe d  s u b l e t h a l  l e v e l s  of a l d r i n  (DeW itt, 1 95 6 ). Treon and 

C lev e lan d  (1955)* u s in g  s u b l e t h a l  doseB of 2 .5  t o  25 

ppm, r e p o r te d  th e  grow th  r a t e  of t r e a t e d  r a t s  was e q u a l  to  

o r  g r e a t e r  th a n  t h a t  of th e  c o n t r o l s .  B a l l  £ £  a l . (1953) 

r e p o r te d  in c re a s e d  w eigh t w i th  no change i n  le n g th  of 

a n im a ls  fe d  up to  20 ppm. T h is  w eigh t in c r e a s e  c o r r e l a t e d
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w i th  In c re a se d  food consum ption  of 180  t o  27056 by th e  

t r e a t e d  a n im a ls .  These r a t s  r e tu r n e d  to  a norm al grow th  

r a t e  w i th in  one week a f t e r  th e  w ith d raw a l of a l d r i n  from  

t h e i r  d i e t .

BHC

The b e t a  Isom er of BHC d e p re s s e d  growth of young 

r a t s  a t  100 ppm (N elson e £  a l . . 1950)*

C hlordane

Laying  p u l l e t s  l o s t  w eigh t and a p p e t i t e  In  

p r o p o r t io n  t o  th e  ch lo rd a n e  dosage (Rosenberg £ £  a l . .

1 9 5 0 ) .

DDT

DeWltt (1956) r e p o r t s  a s l i g h t  d e p r e s s io n  of 

grow th In  q u a i l  d u r in g  th e  f i r s t  few weeks w i th  a s u b l e th a l  

l e v e l  o f 100 ppm. R a ts  fe d  up to  25 ppm had growth r a t e s  

e q u a l  t o  o r g r e a t e r  th a n  t h a t  of th e  c o r re sp o n d in g  c o n t r o l s  

(T reon, 1955)* There was no i n t e r f e r e n c e  of growth i n  21 -  

d a y -o ld  r a t s  fe d  up to  50 ppm DDT f o r  15 to  27  weeks 

(N elson ejj. a i * ,  1 9 5 0 ). Conley (1951a) r e p o r te d  t h a t  DDT 

IngeB ted  by dogs e le v a te d  t h e i r  m e tab o lic  r a t e  which was 

r e f l e c t e d  I n  t h e i r  In c re a s e d  food  and w a te r  in t a k e  and a 

d e c re a s e  I n  body w e ig h t .  B u r l in g to n  and Lindeman (1950) 

u s in g  c h ic k s  r e p o r te d  no food and w a te r  In ta k e  o r  w eigh t



g a in  d i f f e r e n c e  betw een  c o n t r o l s  and th o se  i n j e c t e d  w i th  

2 t o  3 grams DDT over a p e r io d  of 80 days* There was no 

change i n  th e  grow th  r a t e  of r a t s  i n g e s t i n g  up t o  400 ppm 

DDT f o r  35 dayB* At 1000 ppm a l l  r a t s  showed s t r i k i n g  

w eigh t lo s s*

D i e l d r i n

A s l i g h t  d e p r e s s io n  of grow th o ccu rred  o n ly  d u r in g  

th e  f i r s t  few weeks i n  q u a i l  and p h e a s a n ts  fe d  a s u b l e t h a l  

dose of 1 .0  ppm (D eW itt, 1956)• T reon and C lev e land  

( 1 9 5 5 ) j  u s in g  s u b l e t h a l  d o se s  of 1 t o  23  ppm, r e p o r te d  no 

grow th  r e t a r d a t i o n  of r a t s *  At 50 to  100 ppm, grow th 

r e t a r d a t i o n  o ccu rred  a t  d i f f e r e n t  p e r io d s ,  b u t  f i n a l  

w e ig h ts  e q u a l le d  o r su rp a sse d  th o se  of th e  c o n t ro ls *  

P h e a sa n ts  a t e  l e s s  a s  th e  dosage of d i e l d r i n  In c re a s e d  

from  25 t o  50  ppm. G e n e l ly  and Rudd (1956) su g g es ted  th e  

r e d u c t io n  i n  numbers of eggs may be due t o  t h i s  f a c t o r .

No w e ig h t g a in  d i f f e r e n c e  o ccu rred  among c h ic k s  fed  

B u b le th a l  d o se s  of 20 t o  30 PPm (Sherman and R osenberg ,

1953) .

E n d r ln

Q u a i l  and p h e a sa n ts  e x p e r ie n c e d  a s l i g h t  d e p r e s s io n  

of grow th d u r in g  th e  f i r s t  few weeks when g iv e n  a s u b l e t h a l  

l e v e l  o f 1 .0  ppm e n d r ln  (DeW itt, 1956)* There waB no 

d i f f e r e n c e  i n  w e ig h t ga ined  among c h ic k s  fe d  a s u b l e t h a l
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l e v e l  of 1 .0  ppm (Sherman and R osenberg , 1953)* Treon 

e t  a l . ( 1 9 5 5 ) ,  u s in g  s u b l e t h a l  l e v e l s  r e p o r t  t h a t  t r e a t e d  

an im a ls  e q u a l le d  o r  su rp a sse d  th e  c o n t r o l s  I n  w e ig h t .  R ats  

which su rv iv e d  h ig h e r  d o sag e s  of 50  t o  100  ppm a l s o  

e q u a l le d  o r  su rp asse d  th e  c o r re sp o n d in g  c o n t r o l  an im a ls  

a f t e r  20  and 40 weeks.

Kepone

C hicks fed  d i e t a r y  l e v e l s  of Kepone ra n g in g  from  

22  t o  220  ppm e q u a l le d  o r  su rp asse d  th e  c o n t r o l s  In  t h e i r  

grow th r a t e  (Sherman and R oss, 1961). At 440 ppm grow th  

r e t a r d a t i o n  was e v id e n t  a l th o u g h  food consum ption  d id  n o t 

d e c r e a s e .

M ethoxychlor

Food consum ption and th e  growth r a t e  of r a t s  were 

d e c re a se d  by  10,000 ppm (Hodge e t  a l » .  1950). Growth was 

i n h i b i t e d  and 80^  of th e  r a t s  d ie d  i n  45 days a t  a 

c o n c e n t r a t io n  of 3 0 ,0 0 0  ppm.

Taxaphene

Q enelly  and Rudd (1956) s ta te d  th a t  pheasants a te  

le s s  when given taxaphene a t  a d ie ta ry  le v e l  of 300 ppm.

I n  summary, grow th and f e e d in g  r a t e s  of r a t s  do 

n o t  seem to  be r e ta r d e d  a t  s u b l e t h a l  l e v e l s  of c h lo r in a t e d  

o rg an ic  i n s e c t i c i d e s ,  b u t  may e q u a l  o r  even  s u rp a s s  t h e i r
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c o r re sp o n d in g  c o n t r o l s .  D e p re ss io n  of such r a t e s  d o es  n o t

o ccu r  u n t i l  n e a r  l e t h a l  l e v e l s  a r e  g iv en  i n  th e  d i e t .

B ird s  ap p ea r  t o  be much more s e n s i t i v e  th a n  mammals t o

c h lo r in a te d  o rg a n ic  i n s e c t i c i d e s .  Because of t h e i r  g r e a t e r  

s e n s i t i v i t y ,  t h e i r  grow th ra teB  a re  a f f e c t e d  a t  much low er 

c o n c e n t r a t i o n s .

Major Organ W eights

A ld r in

L iv e rs  of male a d u l t  r a t s  In c re a s e d  i n  s i z e  i n

th r e e  months on d i e t a r y  l e v e l s  of 75 o r  150  ppm a l d r i n ,  b u t

no en la rgem en t o ccu rred  a t  5 ppm (Borgman, 1952 )« Female 

r a t s  showed no l i v e r  en la rg em en t over n in e  months a t  

25 ppm, b u t  th e  l i v e r  d id  in c r e a s e  i n  s i z e  a t  ^5 ppm over 

th e  same p e r io d  of t im e .  I n  tw o -y ea r  e x p e r im e n ts ,  l i v e r  

en la rg em en t o ccu rred  a t  d i e t a r y  l e v e l s  of 50  o r  150 ppm, 

b u t  n o t  a t  5 o r  10 ppm. Treon arai C lev e lan d  (1955) 

r e p o r te d  l i v e r  en la rg em en t i n  r a t s  on d i e t a r y  l e v e l s  of 

2 . 5 , 1 2 . 5 , and 25 ppm i n  18 m onths.

BHC

N elson ££. aJL. (1950) r e p o r te d  l i v e r  en la rg em en t 

i n  r a t s  fed  p ro longed  d i e t s  of 10 ppm b e ta  -  BHC. The 

a lo h a  and gnmmA iso m ers  of BHC produced l i v e r  en la rg em en t 

o n ly  a t  l e v e l s  ex ceed in g  50  ppm.
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C hlordane

N elson a ^ .  (1950) r e p o r te d  l i v e r  en la rgem en t of 

r a t s  fe d  10 ppm c h lo rd a n e .

DDT

Prolonged  f e e d in g  of 50 o r  100 ppm r e s u l t e d  i n  

s i g n i f i c a n t  en la rg em en t of r a t  l i v e r s  (Nelson £ £  a l . .

1950 ). Laug and F i tz h u g h  (1946) r e p o r te d  l i v e r  and k id n ey  

en la rg em en t i n  r a t s  fed  100 t o  800 ppm DDT f o r  s ix  m onths. 

T h is  en la rgem en t waB most n o ta b le  a t  th e  h ig h e r  d d s e s .  

S i g n i f i c a n t  in c r e a s e s  i n  l i v e r  s iz e  were observed i n  two 

months when r a t s  were fe d  d i e t a r y  l e v e l s  of 400 ppm DDT, 

b u t  no in c r e a s e s  were no ted  a t  200 ppm (O rtega £ £  a l . .

1 9 5 6 ) .  T w en ty -five  ppm DDT in c re a s e d  l i v e r  w e ig h ts  i n  

r a t s  s i g n i f i c a n t l y  when in g e s te d  over an  18 month p e r io d  

(Treon and C lev e lan d , 1955)*

D ie ld r in

D ie ta r y  l e v e l s  of 2 , 5 , 1 2 .5  and 25 ppm over an 

18 month p e r io d  produced s i g n i f i c a n t  l i v e r  en largem en t in  

r a t s  (Treon and C le v e la n d , 1955)* The l i v e r /b o d y  w eigh t 

r a t i o s  r e l e v a n t  to  th e  lev e lB  of d i e l d r i n  i n  the  d i e t s  of 

male r a t s  w erei 2 5 .0  ppm, 3*29  grams of l i v e r  p e r  100  grams 

of body w e ig h t;  1 2 .5  ppm, 3*13  grams of l i v e r ;  2 .5  ppm, 2 .9 2  

gram s. The c o r re sp o n d in g  v a lu e  i n  th e  c o n t r o l  group was 

2 .5 5  grams p e r  100 grams of body w e ig h t .
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B ndrln

The l i v e r s  of male r a t s  in c re a s e d  i n  v e ig h t  when 5 

ppm e re lr in  was fe d  t o  r a t s  f o r  two y e a r s .  'Hie l i v e r  i n  th e  

fem ale  was u n a f fe c te d  i n  s i m i l a r  t e s t s .  C o n t r a r iw is e ,  

k id n ey s  i n  fem ale r a t s  were r e l a t i v e l y  e n la rg e d  w h ile  th o se  

of th e  males were n o t  (Treon § £  a l . . 1955)• The f e e d in g  of 

e rx lr in  to  r a t s  a t  1 .0  ppm f o r  a p e r io d  of two y e a r s  d id  n o t  

a l t e r  any of th e  v i s c e r a l  w e ig h ts  s i g n i f i c a n t l y .

The w e ig h ts  of the  l iv e rB  and k id n ey s  of dogs i n  

r e l a t i o n  to  t o t a l  body w eigh t were in c re a s e d  a f t e r  th e  dogs 

had been fed  d i e t s  c o n ta in in g  8 ppm e n d r in  f o r  s ix  m onths. 

Dogs fe d  3 ppni e n d r in  f o r  19 months had e n la rg e d  h e a r t s  and 

k idneyB , b u t  th e  l i v e r s ,  s p le e n s  and body f a t  bore  norm al 

r e l a t i o n s h i p s  t o  th e  t o t a l  body w eigh t (Treon gt. a l . .

1955).

Kepone

Sherman and Ross ( 1 9 6 1 ) r e p o r te d  no in c r e a s e  i n  

l i v e r  w eigh t i n  c h ic k s  fe d  a d i e t  c o n ta in in g  400 ppm f o r  

two w eeks. Chick o v id u c ts  and v e n ts  showed s w e l l in g  and 

e n la rg em en t,  b u t  o th e r  v i s c e r a  appeared  norm al.

M ethoxychlor

R a ts  w eigh ing  50-55  grams each  had r e t a r d a t i o n  i n  

th e  growth of t h e i r  t e s t e s  when fe d  d i e t s  c o n ta in in g  

10 ,000  o r  30 ,000  ppm m ethoxychlor f o r  45 d a y s .  T h is  d id
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n o t  occur when r a t s  w e igh ing  70-75 grams were used (Hodge 

$ £  §2,., 1950).

Toxaphene

L iv e r  en la rg em en t was n o ted  i n  ra tB  fe d  a d i e t  

c o n ta in in g  25 ppm toxaphene i n  c h ro n ic  t e s t s  (F Itzh u g h  and 

N elson , 1951)*

Two c o n c lu s io n s  may be drawn from  th e  s t u d i e s  j u s t  

re v ie w ed . F i r s t ,  th e  w e ig h ts  of th e  m ajor body o rgans  were 

n o t  re c o rd e d  i n  th e  m a jo r i ty  of th e  B tu d ie s .  Second, when 

such  w e ig h ts  were re c o rd e d ,  some a l t e r a t i o n  d id  occu r i n  

some o rg a n s ,  e s p e c i a l l y  I n  th e  l i v e r .  These a l t e r a t i o n s  

were most s i g n i f i c a n t  a t  h ig h  s u b l e t h a l  d o se s  of the  

i n s e c t i c i d e .  I t  a p p e a rs  t h a t  en la rg em en t and a l t e r a t i o n  of 

th e  l i v e r  i s  one of th e  m ajor c h a r a c t e r i s t i c s  r e s u l t i n g  

from  th e  i n g e s t i o n  of s u b l e t h a l  l e v e l s  of most c h lo r in a t e d  

o rg a n ic  i n s e c t i c i d e s .

R ep ro d u c tio n  Data

A ld r in

R ep ro d u c tio n  was im pa ired  I n  r a t s  fe d  a d i e t a r y  

l e v e l  e x c eed in g  10 ppm, a l th o u g h  no s i g n i f i c a n t  m o r t a l i t y  

o cc u rred  in  th e  a d u l t s  below 50 ppm (Borgman, 1952).

A ld r in  a t  a c o n c e n t r a t io n  of 12 .5  ppm reduced  th e  number 

o f p re g n a n c ie s  i n  r a t s ,  b u t  had no e f f e c t  on l i t t e r  s i z e  

(Treon and C le v e la n d ,  1955)• A l e v e l  of 2 .5  ppm had no



e f f e c t s  on r a t  r e p r o d u c t io n .  I n  s u c k l in g  r a t s ,  l e v e l s  of 

1 2 .5  o r  25 ppm produced sev e re  m o r ta l i ty *  One ppm d i e t a r y  

a l d r i n  d u r in g  th e  r e p ro d u c t iv e  p e r io d  of q u a i l  d id  n o t  

reduce  egg p ro d u c t io n ,  f e r t i l i t y  o r  h a t c h a b i l i t y ,  b u t  d id  

cause  a h ig h  m o r t a l i t y  i n  new-born c h ic k s  (DeW itt, 1956). 

When a l d r i n  was fe d  f o r  s e v e r a l  weeks t o  q u a i l  p re c e d in g  

t h e i r  r e p ro d u c t iv e  p e r io d ,  egg p ro d u c t io n  was a f f e c t e d  

w i th  s i g n i f i c a n t  m o r t a l i t y  of th e  a d u l t s *

BHC

B lack e £  a ^ .  (1950) r e p o r te d  no e f f e c t  on egg 

p ro d u c t io n  i n  chickenB when t e c h n i c a l  BHC i s  in c lu d e d  i n  

t h e i r  d i e t  a t  a c o n c e n t r a t io n  of 84 ppm*

C hlordane

Egg p ro d u c t io n  i n  c h ic k e n s  showed a s l i g h t  d e c re a s e  

w i th in  28 d ay s  a t  a d i e t a r y  c o n c e n t r a t io n  of 500  ppm, a 

s te a d y  d e c re a s e  a f t e r  seven  d ay s  a t  1500  ppm, a com plete  

i n h i b i t i o n  of egg p ro d u c t io n  i n  seven  to  14 days a t  2500 

ppm, and a com plete i n h i b i t i o n  of egg p ro d u c t io n  i n  f i v e  

days a t  5000 ppm (Rosenberg § £  1950)*

DDT

Treon and C lev e lan d  (1955) r e p o r te d  no e f f e c t  on 

r a t  r e p ro d u c t io n  a t  25 ppm. Gtenelly and Rudd (1956) no ted  

a s i g n i f i c a n t  r e d u c t io n  i n  egg p ro d u c t io n  and h a t c h a b i l i t y
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I n  p h e a sa n ts  a t  400 ppm d i e t a r y .  I n  s t u d i e s  by DeWltt

( 1 9 5 6 )* 100  ppm W>T d id  n o t  reduce  egg p ro d u c t io n ,  f e r t i l i t y  

o r  h a t c h a b i l i t y  I n  q u a i l .  However, t h e r e  was a h ig h  

m o r t a l i t y  o f c h ic k s  a f t e r  b i r t h .  At 200 ppm, 87# of the  

q u a i l  c h ic k s  d ie d  w i th in  s ix  weeks a f t e r  h a tc h in g .

D i e ld r i n

A d i e t a r y  2 .5  ppm d i e l d r i n  reduced  th e  number of 

p re g n a n c ie s  I n  r a t s ,  b u t  had no e f f e c t  on l i t t e r  s iz e  

(Treon and C le v e la n d , 1955)* A l e v e l  o f 12 .5  or 25 ppm In  

th e  d i e t  of n u r s in g  r a t s  r e s u l t e d  i n  sev e re  m o r t a l i t y  t o  

th e  s u c k l in g s .  K ltse lm an  ( 1 9 5 3 ) s t a t e d  t h a t  s u b l e t h a l  

do ses  of d i e l d r i n  d id  n o t  a l t e r  th e  r e p ro d u c t iv e  c a p a c i ty  

o f d ogs , b u t  some pups d ie d  a f t e r  one to  th r e e  d ays  of 

n u r s in g  w h ile  o th e r s  were b o rn  dead o r  d ie d  th e  same d a y .

He concluded  t h a t  pups were more t o l e r a n t  t o  such  ch em ica ls  

I n  u t e r o  th a n  a f t e r  b i r t h .  DeWltt and George ( i 9 6 0 ) 

r e p o r te d  a d e c re a s e  i n  th e  h a t c h a b i l i t y  of q u a i l  eggs and a 

r e d u c t io n  I n  v i a b i l i t y  of c h ic k s  whose p a re n tb  had been  fe d  

1 .0  ppm d i e l d r i n  f o r  16 t o  20  w eeks.

Kepone

Good g t. a l . ( 1 9 6 3 ) r e p o r te d  an  in v e r s e  r e l a t i o n s h i p  

betw een dosage and th e  r e p ro d u c t iv e  c a p a c i ty  of mice of 

mixed p a r e n ta g e .  W ith  th e  r e p ro d u c t io n  of th e  c o n t r o l  mice 

b e in g  e q u a l  t o  100# i n  r e f e r e n c e  t o  th e  number of young
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prod u ced , 17*5> 25* 30 and 37*5 ppm Kepone reduced  th e  

r e p ro d u c t iv e  r a t e  1 ^ . 8 , 4-9.8, 93«5 and 92 »4£, r e s p e c t i v e l y .  

The l i t t e r  s i z e  and th e  number of l i t t e r s  were reduced  i n  

t r e a t e d  m ice . I n  t e s t s  v l t h  BALB/cJaxOnMc pure s t r a i n  

m ice, a 10  ppm d i e t a r y  l e v e l  reduced  th e  r e p ro d u c t iv e  r a t e  

53*5^« T h is  r e d u c t io n  in  r e p ro d u c t io n  v as  p r i n c i p a l l y  due 

t o  th e  p ro d u c t io n  of f e v e r  l i t t e r s  by th e  t r e a t e d  m ice .

R ep ro d u c tio n  of q u a i l  v as  c o m p le te ly  i n h i b i t e d  

vhen Kepone v a s  In c lu d e d  i n  th e  v l n t e r  and s p r in g  d i e t s  

a t  th e  r a t e  of 50 ppm (DeWltt and George, i 9 6 0 ) .  P l e a s a n t  

r e p ro d u c t io n  v as  a lm o st c o m p le te ly  i n h i b i t e d  a t  b o th  25 

and 50  ppm ( 0*7  and 0 .5  v i a b le  c h ic k s  p e r  hen a s  compared 

v i t h  13•3 Tor c o n t r o l s ) .  R ep ro d u c tio n  of q u a i l  vas  

s h a rp ly  reduced  vhen th e  d i e t  c o n ta in e d  1 , 5,  1 0 , o r  25 

ppm i n  b o th  v i n t e r  and r e p ro d u c t iv e  p e r io d s .  Many of th e  

c h ic k s  v e re  c r ip p le d  o r d e f e c t i v e  a t  h a tc h in g .  P h e a s a n ts  

fed  5 o r  10 ppm produced l e s s  th a n  50^  of th e  number of 

v ia b le  c h ic k s  produced by th e  c o n t r o l s .  Male p h e a s a n ts  

r e a r e d  on d i e t s  c o n ta in in g  50, 100 , o r  150 ppm Kepone d id  

n o t  d ev e lo p  c h a r a c t e r i s t i c  c o l o r a t i o n ;  t h e i r  plumage 

resem bled  t h a t  of a d u l t  f e m a le s .  H i s to p a th o lo g lc a l  

e x a m in a tio n  of th e s e  b irdB  re v e a le d  marked a b n o r m a l i t i e s  

of t e s t i c u l a r  t i s s u e  and th e  p re se n ce  of numbers of 

malformed Bperm.

I n  c o n c lu s io n ,  i t  a p p e a rs  t h a t  r e p r o d u c t io n  can  be 

reduced  i n  b i r d s  and mammals v i t h o u t  s i g n i f i c a n t  m o r t a l i t y  

t o  th e  a d u l t s .
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V a g in a l  Smears 

A norm al e s t r o u s  c y c le  can  be d e te rm in ed  by v a g in a l  

sm ears a s  d e m o n s tra te d  by A lle n  (1922) I n  mice and by Long 

and Bvans ( 1 9 2 2 ) i n  r a t s .

Three methods a re  In  common use  f o r  t a k in g  v a g in a l  

sm ears ( S n e l l ,  194 1 ). ( l )  The m edicine d ro p p e r  o r  lavage

m ethod. A m edicine d ro p p e r  drawn t o  a f i n e  p o in t  and 

c o n ta in in g  a few d ro p s  of w a te r  i n  i n s e r t e d  i n t o  th e  

v a g in a ,  th e  w a te r  e j e c t e d  and Im m ed ia te ly  sucked I n  a g a in .  

The w a te r  w i th  i t s  c o n te n t s  i s  th e n  t r a n s f e r r e d  to  a s l i d e  

f o r  e x a m in a t io n .  (2 ) The s p a tu l a  o r  c u r e t t e .  The v a g in a l  

c e l l s  a re  removed by means of c u r e t t e .  The c e l l s  a r e  th e n  

t r a n s f e r r e d  to  a d ro p  of w a te r  on a s l i d e .  (3 ) The c o t to n  

swab m ethod. V ag in a l  c e l l s  a r e  removed w i th  a f i n e ,  m o is t ,  

c o t to n  swab and th e n  p u t i n  some w a te r  on a s l i d e .

Wade and D oisy  (1935) showed t h a t  th e  c o t to n  swab 

method can  cause  i r r i t a t i o n  to  th e  v ag in a  and d iB tu rb  th e  

e s t r o u s  c y c l e .  Rogers and A lle n  (1937) r e p o r te d  t h a t  the  

c u r e t t e  method can  a l s o  be d i s t u r b i n g  t o  th e  e s t r o u s  c y c le  

i n  ro d e n ts  i f  used  f r e q u e n t l y .  I n  s t u d i e s  by Bmery and 

Schwabe (1936), th e  m edic ine  d ro p p e r  method was Bhown to  

be th e  l e a s t  i r r i t a t i n g  method w ith  l i t t l e  d i s tu r b a n c e  of 

th e  e s t r o u s  c y c l e .

The e B tro u s  c y c le  of th e  mouse o r  r a t  can  be 

c o n v e n ie n t ly  d iv id e d  i n t o  f i v e  s t a g e s ,  nam ely, p r o e s t r u s ,  

e s t r u s ,  m e te s t r u s - 1 ,  m e te s t ru s -2  and d i e B t r u s .  The f i r s t
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two s t a g e s  a r e  a n a b o l ic  d u r in g  which a c t i v e  grow th I s  I n  

p ro g re s s  i n  v a r io u s  p a r t s  of th e  g e n i t a l  t r a c t *  They 

c u lm in a te  I n  o v u la t io n  and th e  m ating  response*  The second 

two a re  c a t a b o l i c  s t a g e s  c h a r a c t e r i z e d  by  d e g e n e ra t iv e  

changes i n  th e  g e n i t a l  t r a c t *  The l a s t  s t a g e , d i e s t r u s ,  I s  

a p e r io d  of r e l a t i v e  q u ie sc e n c e  ( S n e l l ,  1941 ).

V a g in a l  sm ears a r e  c h a r a c t e r i z e d  by th r e e  ty p e s  of 

c e l l s :  le u k o c y te s ,  c o r n l f l e d  c e l l s ,  and n u c le a te d

e p i t h e l i a l  c e l l s .  L eukocy tes  a r e  v e ry  s m a l l ,  round c e l l s .  

C o rn l f le d  c e l l s  a r e  v e ry  l a r g e ,  f l a t t e n e d ,  a n g u la r  I n  

o u t l i n e ,  q u i t e  r e g u l a r  In  s i z e ,  and la c k  n u c le i*  N uclea ted  

e p i t h e l i a l  c e l l s  a r e  I n te r m e d ia te  I n  s i z e ,  round to  o v a l ,  

w i th  c l e a r  cy to p la sm  and a c e n t r a l  n u c le u s  t h a t  t a k e s  a 

s t ro n g  m ethylene b lu e  s ta in *

The c h a r a c t e r i s t i c  appearance  of th e  f i v e  s t a g e s  

o f the  norm al e s t r o u s  c y c le  I s  a s  f o l lo w s :

1 . P r o e s t r u s  = B* t o  EC o r  BCL

2 . B s t r u s  = BC+ t o  C++

3* M e te s tru s  -  1 = LC++ (C i n  clum ps)

4 .  M e te s tru s  -  2  = CL+ t o  L++

3* D ie s t r u e  * BL+ (v a ry in g  amounts of mucous)

* B * n u c le a te d  e p i t h e l i a l  c e l l s ,  C * c o r n l f l e d  

c e l l s ,  L = le u k o c y te s ,  + i n d i c a t e s  many c e l l s ,  

++ I n d i c a t e s  v e ry  many c e l l s *

The p r i n c i p l e  o f th e  v a g in a l  smear method i s  based  

on th e  f a c t  t h a t  no p a r t  of th e  mouse g e n i t a l  t r a c t  urxlergoes
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more s t r i k i n g  h i s t o l o g i c a l  changes d u r in g  th e  e s t r o u s  c y c le  

th a n  th e  e p i th e l iu m  of th e  v a g in a .

I n  p r o e s t r u s  th e  e p i th e l iu m  c o n s i s t s  of th r e e  

l a y e r s  ( S n e l l ,  194 1 ). The o u te r  l a y e r  i s  composed of 

e p i t h e l i a l  c e l l s .  Belov th lB  I s  the  s t r a tu m  granulosum  

w hich , w i th  th e  approach  of e s t r u s ,  becomes th e  s t r a tu m  

corneum. T h ird  I s  th e  s t r a tu m  germ lnatlvum , some seven  

c e l l  l a y e r s  t h i c k .  D uring  p r o e s t r u s  th e  c e l l s  of th e  

o u te r  l a y e r  a re  d e la m in a te d  I n t o  the  v a g in a ,  p ro d u c in g  th e  

c h a r a c t e r i s t i c  n u c le a te d  sm ear. As e s t r u s  ap p ro ach es ,  

c e l l s  from  th e  c o r n l f l e d  l a y e r  become exposed and a re  

d e lam in a ted  p ro d u c in g  th e  c o r n l f l e d  appearance  of th e  

e s t r u s  sm ear. The o n se t  of m e t e s t r u s - l  i s  c h a r a c t e r i z e d  

by  th e  p e e l in g  o f f  of th e  r e s t  of th e  c o r n l f l e d  l a y e r  i n  

clum ps, a lo n g  w i th  th e  f i r s t  s ig n s  of leu k o cy te  

i n f i l t r a t i o n  of th e  s t r a tu m  germ lnatlvum . D uring  

m e te s t r u s -2  t h e r e  i s  some d e la m ln a t lo n  of th e  s t r a tu m  

germ lnatlvum  l a y e r  which by  now has  become h e a v i ly  

i n f i l t r a t e d  w i th  l e u k o c y te s .  As a r e s u l t  of th e  d e l im in -  

a t i o n  of th e s e  s u p e r f i c i a l  l a y e r s ,  th e  v a g in a l  e p i th e l iu m  

a t  d le B t ru s  c o n ta in s  o n ly  one l a y e r ,  th e  s t ra tu m  

germ lnatlvum , some th r e e  t o  seven  c e l l  l a y e r s  i n  t h i c k n e s s .  

A c tive  growth of th e  s t r a tu m  germ lnatlvum  i s  n o t i c e a b le  in  

l a t e  d i e s t r u s  and by e a r l y  p r o e s t r u s ,  a s t r a tu m  granulosum  

h as  formed s e v e r a l  c e l l  l a y e r s ,  th u s  co m p le tin g  th e  c y c l e .



27

I n  th e  l i t e r a t u r e ,  o n ly  two i n s e c t i c i d e  s t u d i e s  

v e re  found w hich  r e p o r te d  th e  u se  and r e s u l t s  of th e  

v a g in a l  smear m ethod. T h ienes  § £  a i . .  (1946) r e p o r te d  t h a t  

d a i l y  d o se s  of 2 mg/kg o f  n i c o t i n e  i n t e r r u p t e d  th e  e s t r o u s  

c y c le  o f r a t s  w hich r e s u l t e d  i n  th e  ab o lish m en t  o r d e c re a s e  

i n  th e  o ccu rren ce  of e s t r u s .  A s m a l le r  dose r e s u l t e d  i n  no 

i n t e r f e r e n c e .

A ld r in  a t  a d i e t a r y  20 ppm d i s tu r b e d  the  e s t r o u s  

c y c le  of r a t s  w i th  s i g n i f i c a n t  e s t r u s  r e p r e s s i o n  (B a l l  e t  

a l . . 1953)* They began w i th  f o u r  g roups  of 3 0 -d ay -o ld  

ra tB  which were fe d  a d i e t  c o n ta in in g  0, 5 , 10, and 20 

ppm a l d r i n ,  r e s p e c t i v e l y .  Bach group c o n ta in e d  25 fe m a le s  

and th e  fo l lo w in g  o b s e rv a t io n s  were madei i n  th e  c o n t r o l  

g roup , one case  of 10 -d a y  c o n s ta n t  a n e s t r u s  and no c a s e s  

of c o n s ta n t  e s t r u s  o c c u r re d ;  a t  5 ppm, 8 caseB of 10-day 

c o n s ta n t  e s t r u s  and one 10 -d ay  c o n s ta n t  a n e s t r u s ;  a t  10 

ppm, 4 c a s e s  of 10-day c o n s ta n t  e B tru s  and 3 c a s e s  of 10- 

d a y  c o n s ta n t  a n e s t r u s ;  a t  20  ppm no c a s e s  of c o n s ta n t  

e s t r u s  and 8 c a s e s  of c o n s ta n t  a n e s t r u s .  Twenty p e r c e n t  

o f th e  smears of th e  c o n t r o l  g roup  were e s t r u s .  They 

r e p o r te d  t h a t  a d a p ta t i o n  of th e  t r e a t e d  r a t s  began d u r in g  

th e  18 t h  week o f t r e a tm e n t  and t h a t  by  th e  37 t h  week, th e r e  

was no s i g n i f i c a n t  d i f f e r e n c e  betw een th e  t r e a t e d  and 

c o n t r o l  v a g in a l  smear r e a d in g s .  I n  c o n c lu s io n ,  th e y  s t a t e d  

t h a t  a 5 o r  10  ppm d i e t a r y  l e v e l  of a l d r i n  in c re a s e d  th e  

o c c u rre n c e  of e s t r u s  w h ile  a 20  ppm l e v e l  d e c re a se d  i t .
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H i s t o l o g i c a l  S tu d ie s  

The l i t e r a t u r e  c o n ta in s  much in fo rm a t io n  on m ic ro -  

p a t h o l o g i c a l  changes i n  an im a ls  exposed t o  c h l o r in a t e d  

o rg a n ic  I n s e c t i c i d e s .  A re v le v  of some of th e  more 

Im p o r ta n t  h i s t o l o g i c a l  f i n d i n g s  a re  summarized b e lo v  under 

s p e c i f i c  i n s e c t i c i d e  su b h e a d in g s .

A ld r in

I n  r a t s ,  15 ppm d i e t a r y  over a 24 month p e r io d  

r e s u l t e d  i n  c e n t r o lo b u l a r  h e p a t i c  c e l l  en la rg em en t w ith  

p e r i p h e r a l  m ig ra t io n  of cy to p la sm ic  g ra n u le s  (Borgman,

1952 )* Dogs fe d  s u b l e t h a l  d o se s  of 0 .2  t o  2 .0  mg/kg body 

w eigh t of a l d r i n  showed some d e g e n e ra t io n  of g a n g l io n ic  

c e l l s  of th e  c e r e b r a l  c o r t e x ,  f o c a l  n e c r o s i s  of th e  l i v e r ,  

and d e g e n e ra t io n  of parenchyma of th e  l i v e r ,  k id n ey  and 

b r a i n .  Such c e l l s  r e g e n e r a te  a f t e r  the  rem oval of a l d r i n  

from  th e  d i e t  (K ltse lm an , 1953)*

I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  th e  trem o rs  produced 

by f e e d in g  frogB  a l d r i n  a r e  p re v e n te d  i n  th e  r e a r  le g  i f  

the  s c i a t i c  nerve  i s  c u t ,  w h ile  p i t h i n g  the  b r a in  te rm in a te s  

th e  t re m o rs  i n  th e  whole an im al (Waud, 1952 )«

BHC

The f e e d in g  of b e ta  -  BHC a t  10 ppm caused  h e p a t ic  

c e l l  en la rg em en t and p e r i p h e r a l  m ig ra t io n  of g ra n u le s  i n  

c e l l s  of r a t  l i v e r s  (F i tz h u g h  and N elson , 1951). L indane ,
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a t  50  PPm d i e t a r y ,  r e s u l t e d  i n  s i m i l a r  l i v e r  c e l l  

a l t e r a t i o n  i n  ra tB  (O r te g a , 1958)* C onley  (1951b) r e p o r te d  

l i v e r  damage, s l i g h t  b r a i n  hem orrhage, and co n g e s te d  s p le e n  

i n  dogs fe d  t e c h n i c a l  g rade  BHC. L iv e r  e n la rg e m e n t,  

n e c r o s i s ,  c o n g e s t io n ,  and f a t t y  d e g e n e r a t io n  v e re  found i n  

ra tB  fed  gamma -  BHC (D oisy  and B ock lage , 1949)*

C hlordane

Choudhury and R obinson (1950), a f t e r  f e e d in g  g o a ts  

to x ic  amounts o f c h lo rd a n e ,  found c o n g e s t io n  of th e  b r a i n ,  

B p in a l  c o rd ,  a d r e n a l s ,  and l i v e r .  There v a s  nerve  c e l l  

d e g e n e r a t io n ,  p r o l i f e r a t i o n  of th e  r e t i c u l o - e n d o t h e l i a l  

c e l l s  of th e  s p le e n ,  a c u te  g lo m e ru lo n e p h r i t i s  and s w e l l in g  

of th e  i n t e s t i n a l  t r a c t .  The l i v e r  c o n ta in e d  f o c a l  

n e c r o s i s ,  a t ro p h y  and d e g e n e r a t io n  of h e p a t i c  c o r d s ,  and 

c o n g e s t io n  of th e  s i n u s o i d s .

F i tz h u g h  and N elson  (1951) r e p o r t  t h a t  a d i e t a r y  

l e v e l  aB low as  2 .5  ppm c h lo rd a n e  w i l l  cause  h e p a t ic  c e l l  

en la rg em en t and p e r i p h e r a l  m ig ra t io n  of g ra n u le s  i n  r a t  

l i v e r  c e l l s .  O rteg a  (1958) a l s o  r e p o r t s  h e p a t ic  c e l l  

en la rg e m e n t,  RNA g ra n u le  m ig ra t io n  to  th e  c e l l  p e r ip h e ry ,  

l i p o p r o t e i n  i n c l u s i o n s ,  and changes i n  s in u s o id  p e rm e a b i l 

i t y  a t  2 .5  ppm w ith  r a t B .  F o c a l  n e c r o s i s  of th e  l i v e r  and 

d e g e n e ra t iv e  changes in  th e  p ro x im a l co n v o lu ted  tu b u le s  of 

th e  k id n e y  v e re  no ted  by  Stohlm an a l . (1950) i n  r a t s  

fe d  up to  50  mg/kg p e r  d a y .
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C hlordane caused  a t r o p h ic  ova and r e d u c t io n  I n  comb 

s i z e  In  l a y in g  p u l l e t s  a t  a d i e t a r y  l e v e l  of 2500  ppm 

(R osenberg  £ £  a l . . 195°)•

DDT

A d i e t a r y  l e v e l  o f 5 ppm caused c e l l  en la rg em en t 

and p e r i p h e r a l  m ig ra t io n  of g ra n u le s  In  th e  c e l l s  o f r a t  

l i v e r s  (F i tz h u g h  and N elson , 195 l)»  Laug e £  a ^ .  (1950), 

f e e d in g  r a t s  1 t o  50  ppm DDT f o r  15 to  27 weeks, no ted  t h a t  

m ales shoved more h e p a t i c  change th a n  f e m a le s .  T h is  change 

c o n s i s te d  of th e  c h a r a c t e r i s t i c  re sp o n se  of r o d e n ts  to  

c h lo r in a t e d  o rg a n ic  p o is o n in g ,  t h a t  b e in g  h e p a t ic  c e l l  

en la rg em en t w i th  p e r i p h e r a l  m ig ra t io n  of th e  g ra n u le s  

e s p e c i a l l y  a t  c e n t r o l o b u l a r  l o c a t i o n s .  No n e c r o s i s  was 

p r e s e n t .

A d i e t a r y  l e v e l  of 1000 ppm f o r  one y e a r  r e s u l t e d  

i n  f o c a l  n e c r o s i s  o f th e  r a t  l i v e r ,  d e p o s i t i o n  of f a t  

d r o p l e t s  i n  th e  a d r e n a l  m edulla  and c a rd ia c  m uscle , and 

n e p h r i t i s  w i th  d i f f u s e  d e g e n e ra t io n  of th e  conv o lu ted  

tu b u le s  ( L i l l i e  e t  a l . .  1947). These a l t e r a t i o n s  were n o t 

no ted  a t  th e  200 and 500 ppm. O rtega  £ £  (1956)

r e p o r te d  n e c r o s i s  of r a t  l i v e r  o n ly  a t  1000  ppm f o r  25 

days  o r  5000 ppm f o r  5 d a y s .  Treon and C lev e land  (1955) 

s t a t e d  t h a t  more l i v e r  c e l l  a l t e r a t i o n  was noted  i n  r a t s  

fe d  DDT a t  a l e v e l  of 25 ppm th a n  t h a t  produced by a l d r i n  

o r  d i e l d r i n  a t  th e  same d o sa g e .
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DDT fe d  t o  dogs over a long  p e r io d  of tim e caused 

l e s i o n s  of th e  c e n t r a l  n e rvo us  system  ( P h i l i p s  and Oilman, 

19*1-6) • Such le s lo n B  may cause  symptoms of DDT p o iso n in g  

to  p e r s i s t  a f t e r  th e  rem oval of DDT from  th e  d i e t .  S ince 

I n  dogs p h e n o b a rb l to l  i s  a b le  t o  c o n t r o l  c o n v u ls io n s  v h ic h  

o ccu r  a f t e r  th e  i n g e s t i o n  of DDT, th e  motor c o r t e x ,  which 

i s  th e  p a r t  of th e  b r a i n  a c te d  upon by  p h e n o b a rb l to l ,  i s  

th o u g h t t o  be v e ry  s e n s i t i v e  to  DDT. V e n t r i c u la r  

f i b r i l l a t i o n  of th e  h e a r t  sometimes occurB i n  d o g s , b u t  i t  

h a s  n ev e r  been  no ted  i n  r o d e n t s .

C onley  (1951s) r e p o r te d  t h a t  dogs fed  DDT f o r  a 

long  p e r io d  of tim e have a d r e n a l  hem orrhage, c e n t r o - l o b u l a r  

n e c r o s i s  of th e  l i v e r ,  e x c i t a t i o n  of th e  a f f e r e n t  n a th v ay s  

o f th e  c e n t r a l  n e rvou s  system , and p o s s ib le  p h y s ic a l  

i n t e r f e r e n c e  a t  th e  l i p i d  s u r f a c e  of nerve  c e l l s .  T h is  

p o s s ib le  I n t e r f e r e n c e  w i th  nerve c e l l s  i s  su sp ec ted  because  

of th e  v a c u o l i z a t io n  found around la rg e  nerve c e l l s  i n  the  

s p i n a l  co rd  and th e  c e r e b r a l  motor c o r te x  n u c l e i .  

V e n t r i c u la r  f i b r i l l a t i o n ,  which can  be induced by a d r e n a l in  

s t i m u l a t i o n  th ro u g h  th e  hypo tha lam us, was a l s o  r e p o r t e d .

B u r l in g to n  and Lindeman (1950) r e p o r te d  t e s t i c u l a r  

r e t a r d a t i o n  i n  c h ic k s  fed  2 t o  3 grams DDT over an  80 day  

p e r io d .

D i e l d r i n

C h a r a c t e r i s t i c  h e p a t ic  c e l l  e n la rg em en t,  p e r ip h e r a l  

m ig ra t io n  of g ra n u le s  and l ip o s p h e re  i n c l u s i o n s  r e s u l t  when
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r a t s  a r e  fe d  5 P pm  d i e l d r i n  (O rte g a , 195 8 ). These c e l l  

changeB v e re  r e v e r s i b l e  i f  h ig h  d o sag es  v e re  a v o id e d .  I n  

d o g s ,  0 .2  t o  2 .0  mg/kg body v e ig h t  produced c e l l  changes 

s i m i l a r  t o  th o se  produced by th e  same l e v e l s  of a l d r i n  

(K itse lm an , 1 9 5 3 )*

E n d rin

C e n t ro lo b u la r  n e c r o s i s  and f a t t y  d e g e n e ra t io n  of 

th e  l i v e r  o c c u rred  i n  r a t s  fed  e n d r in  a t  l e v e l s  of 5 o r 25 

ppm f o r  tv o  y e a r s  (Treon £J£. a i * , 1955)* There v e re  a l s o  

d i f f u s e  d e g e n e r a t io n  of the  k id n e y , a d r e n a l ,  and b r a i n  of 

th o se  v h ic h  d id  n o t  s u r v iv e .  These e f f e c t s  v e re  n o t  no ted  

a t  1 o r  5 ppm i n  animalB t h a t  l i v e d .

I n  a s i m i l a r  s tu d y  by Zavon ( 1 9 6 1 ) ,  r a t s  fe d  5 ppm 

e n d r in  f o r  tv o  y e a r s  had norm al v i s c e r a .  At 25 and 50 ppm, 

th e  b r a i n ,  l i v e r ,  k id n e y ,  and a d r e n a l  shoved v a ry in g  

d e g re e s  of d e g e n e r a t io n .  A 100 ppm d i e t a r y  l e v e l  produced 

d e g e n e ra t iv e  changes i n  th e  b r a in  and l i v e r  a lo n g  v i t h  

n e c r o s i s  of the  u r i n i f e r o u s  t u b u l e s .

Toxaphene

F i tz h u g h  and NelBon (1951) r e p o r te d  c h a r a c t e r i s t i c  

l i v e r  c e l l  en la rg em en t and a l t e r a t i o n  vhen  toxaphene i s  

f e d  to  r a t s  a t  a 25  ppm c o n c e n t r a t i o n .  O rtega (1958) 

no ted  s i m i l a r  l i v e r  a l t e r a t i o n  vhen r a t s  in g e s te d  to x ap h en e .
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Such changes may e v e n tu a l l y  le ad  to  c e n t r a l  n e c r o s i s  of 

th e  l i v e r #

I n  c o n c lu s io n ,  c h l o r in a t e d  o rg a n ic  i n s e c t i c i d e s  a t  

c e r t a i n  d i e t a r y  l e v e l s  can  r e s u l t  i n  th e  a l t e r a t i o n  of 

c e r t a i n  body o rgans  vhen ingeB ted  over an ex tended  p e r io d  

o f time# H epa tic  c e l l  h y p e r tro p h y  and p e r i p h e r a l  m ig ra t io n  

o f cy to p la sm ic  g ra n u le s  a r e  some of th e  f i r s t  p a th o lo g ic a l  

s ig n s  no ted  by  some w orkers  of c h lo r in a t e d  o rg an ic  i n s e c t i 

c id e  p o iso n in g  i n  r o d e n t s .  These l i v e r  changes can  

e v e n tu a l l y  lead  t o  a n e c r o s i s  of the l i v e r  i f  i n g e s t i o n  of 

th e  to x ic  m a t e r i a l  i s  c o n t in u e d .  Most of th e se  c e l l  

a l t e r a t i o n s  a re  r e v e r s i b l e  i f  e x c e s s iv e  doseB a re  a v o id e d .  

At h ig h e r  l e v e l s ,  th e  k id n e y  commonly shows d e g e n e ra t iv e  

changes  i n  th e  u r i n i f e r o u s  t u b u l e s .  C ontinued  i n g e s t i o n  

e v e n tu a l l y  r e s u l t s  i n  d e g e n e ra t iv e  changes i n  th e  b r a i n .  

These changes a re  most n o ta b le  i n  an im a ls  t h a t  d ie  a f t e r  

lo n g  exposu re  t o  th e  to x ic  compound.

S e r o lo g ic a l  S tu d ie s

I n  s t u d i e s  on c h ic k s  by B u r l in g to n  and Llndeman 

(195 2 ) , DDT caused no a l t e r a t i o n  In  number of red  blood 

c e l l s  n o r  of hem oglobin  l e v e l s .  The b lood  su g a r ,  plasma 

p r o t e i n ,  c a lc iu m , phosphorous , f ib r in o g e n  and p ro th rom bin  

v e re  a l l  w i th in  norm al l e v e l s .  The trem o rs  which th e s e  

c h ic k s  e x h ib i t e d  v e re  n o t  due t o  h y p o ca lcem ia .
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The b lo od  su g a r  l e v e l  v a s  norm al b e fo re  and a f t e r  

th e  c o n v u ls io n s  e x h ib i t e d  by  r a t s  g iv en  la rg e  d o se s  of 

opAnyiyt -  BHC (D oisy  and B ock lage , 1949)* I n  s tu d ieB  by 

Waud (1952) v i t h  a l d r i n  and c a t s ,  th e  b lood  su g a r  ro se  

from  100 t o  240 m i l l ig ra m s  p e r  100 m i l l i l i t e r s  b loo d  (mg/ 

100 ml) b e fo re  th e  o n s e t  of t re m o rs  and t o  355 mg/100 ml 

a f t e r  t h e i r  onse t*  A drenalectom y p re v en ted  t h i s  r i s e  i n  

b lo o d  su g a r  i n  c a ts *  I n  d o g s ,  th e  b lood  p re s s u r e  d e c l in e d  

i n  r e l a t i o n  to  th e  dose  of a l d r i n  w i th  no o th e r  d e t e c t a b l e  

b lood  changes*

P ro longed  f e e d in g  of DDT reduced  th e  number of 

c e l l s  and d e c re a s e d  th e  hem oglobin  i n  r a t s  (McNamara e £  a l * . 

1 94 6 ), Weike 1 (1958) r e p o r te d  t h a t  th e  a b s o r p t io n  of 

s u b l e t h a l  d o s e s  of e n d r in  had no e f f e c t  on th e  hem ato

p o i e t i c  a c t i v i t y  of b lo o d -fo rm in g  o rgans such  a s  th e  l i v e r ,  

s p le e n ,  and bone marrow i n  r a t s *  B ndrin  does  n o t  i n h i b i t  

th e  phospha te  exchange r a t e  i n  whole b lood  aB d em o n s tra ted  

w ith  d i e l d r i n ,  a l d r i n ,  and DDT*

C re v ie r  aJL* (195*0 found t h a t  ca rbon  

t e t r a c h l o r i d e  and c h lo ro fo rm  in c re a s e d  th e  l e v e l  of serum 

e s t e r a s e  by a s  much a s  150& i n  58  d ay s  when r a t s  were 

g iv en  d i e t a r y  l e v e l s  of 100 ppm* Serum e B te ra s e  i s  formed 

i n  th e  l i v e r  of th e  r a t .  H e p ta c h lo r  and BHC had l i t t l e  

e f f e c t  on th e  e s t e r a s e  le v e l*  Tftey a l s o  found t h a t  a l d r i n  

in c re a s e d  th e  e s t e r a s e  l e v e l  i n  hypophysectom ized o r 

th y ro ld e c to m lz e d  r a t s ,  b u t  n o t  i n  norm al r a t s .  A sh a rp
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r i s e  i n  serum e s t e r a s e  was found p r i o r  t o  d e a th  i n  a l l  

r a t  8 *

Borgman (1952 ) found no d i f f e r e n c e s  i n  th e  

hem oglobin  c o n te n t ,  th e  number of e r y th r o c y t e s  o r  

l e u c o c y te s ,  and th e  ty p e s  of w h ite  b lood  c e l l s  i n  the  

p e r i p h e r a l  b lood  of r a t s  fe d  150 ppm a l d r i n  f o r  16 months*

Hormoneb and R ep ro d u c tio n  

I n  th e  fo l lo w in g  re v ie w , o n ly  th e  h lg h p o in ts  of 

th e  e s t r o u s  c y c le  and th e  i n t e r r e l a t i o n s h i p s  of th e  v a r io u s  

fem ale  r e p ro d u c t iv e  hormones a re  given*

The E s t r o u s  Cycle

S e x u a l ly  m ature fem ale  m ice, m a in ta in ed  i n  th e  

l a b o r a to r y  s e p a ra te d  from  m ales , r e p e a t  th e  e s t r o u s  c y c le  

th ro u g h o u t  th e  y e a r  a t  i n t e r v a l s  of a p p ro x im a te ly  f i v e  days* 

As d e s c r ib e d  p r e v io u s ly  i n  d e t a i l  u n d e r  th e  h ea d in g ,

V ag in a l  Smears, i t  i s  p o s s ib le  to  d e te rm in e  th e  s ta g e  of 

th e  e s t r o u s  c y c le  by an  ex a m in a tio n  of sm ears from  th e  

vag ina*  D i e s t r u s ,  p r o e s t r u s ,  e B tru s ,  m e te s t r u s - 1 ,  and 

m e teB tru s-2  r e p r e s e n t  th e  f i v e  p h ases  of th e  norm al e s t r o u s  

c y c le  •

D u ring  d i e s t r u s  th e  o v a r ie s  c o n ta in  l a rg e  c o rp o ra  

l u t e a  and sm a ll  v e s i c u l a r  f o l l i c l e s *  S ince th e  e s t r o u s  

c y c le s  of mice a re  com pleted  r a p i d l y ,  th e  c o rp o ra  l u t e a  

from  th e  p re v io u s  e s t r o u s  c y c le  a re  a l s o  p re se n t*  The
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u t e r u s  I s  sm a ll  and anemic w i th  th e  lumen sm a ll  and 

s l i t l i k e *  The e n d o m e tr ia l  g la n d s  e re  c o l l a p s e d  and 

a t r o p h ic  ( S n e l l ,  1 94 1 ). P r o e s t r u s  I s  c h a r a c t e r i z e d  by th e  

r a p id  s v e l l i n g  of th e  v e s i c u l a r  f o l l i c l e s .  The u t e r u s  

d i s t e n d s  g r e a t l y  v l t h  a marked w a te r  c o n te n t  I n c r e a s e  and a 

pronounced v a s c u la r  engorgem ent of th e  e n t i r e  o rg a n . 

D is t e n s io n  and hyperem ia of th e  u t e r u s  re a c h e s  I t s  maximum 

peak a t  e s t r u s .  O v u la t io n  o ccu rs  a p p ro x im a te ly  t e n  h o u rs  

a f t e r  th e  o n s e t  o f e s t r u s  u s u a l l y  betw een  10 P.M. and k 

A.M. The p e r io d  of " h e a t"  l a s t s  f o r  ab o u t t h i r t e e n  to  

f o u r t e e n  h o u r s .  At m e te s t r u s - 1  th e  ovary  c o n ta in s  many 

newly formed c o rp o ra  l u t e a  and on ly  sm a ll  v e s i c u l a r  

f o l l i c l e s .  The u t e r u s  d e c r e a s e s  i n  v a s c u l a r i t y  and 

d i s t e n s i o n .

O v u la t io n  I n  Mammals

The p ro c e s s  of o v u la t io n  i s  s t i l l  n o t c l e a r l y  

u n d e r s to o d .  The l a t e s t  co n cep t I s  t h a t  o v u la t io n  i s  a 

phenomenon i n i t i a t e d  i n  th e  gonad th ro u g h  th e  a c t i o n  of the  

g o n ad o tro p h ic  hormones of h y p o p h y s ia l  o r i g i n .  As o u t l in e d  

by  T urner (1955)* th e  fo l lo w in g  p e r t i n e n t  p o in t s  co n c e rn in g  

o v u la t io n  have been  e s t a b l i s h e d  i n  th e  p a s t  few y e a r s 3

1 . Though o o g e n e s is  and f o l l i c u l a r  fo rm a tio n  can  

p roceed  to  a c e r t a i n  s ta g e  i n  the  absence  o f p i t u i t a r y  

g o n a d o tro p h in s ,  hypophysectom y p re v e n ts  p r e o v u la to r y  s w e l l in g  

and r u p tu r e  of th e  G ra a f ia n  f o l l i c l e .
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2 .  Hypophysectomized fem ale  r a t s  p a r a b i o t i c a l l y  

jo in e d  w i th  c a s t r a t e  p a r t n e r s  d ev e lo p  a c o n d i t io n  of 

c o n s ta n t  v a g in a l  e s t r u s ,  h u t  th e y  do n o t  o v u la te ,  mate or 

fo rm  c o rp o ra  l u t e a .  W hile u n d e r  th e  p ro long ed  in f lu e n c e  of 

f o l l i c l e - s t i m u l a t i n g  hormone (?SH) and sm a ll  amounts of 

l u t e i n i z i n g  hormone (IH ) , th e  o v a r ie s  d ev e lo p  la rg e  

f o l l i c l e s  w hich  do n o t  o v u la t e ,  h u t  e v e n tu a l ly  d e g e n e r a te .  

Tremendously la rg e  f o l l i c l e s  may be produced by  the  

a d m i n i s t r a t i o n  of e x t r a c t s  c o n ta in in g  FSH and t r a c e s  of IH 

t o  hypophyBectomlzed mammals, b u t ,  d e s p i t e  th e  la rg e  s iz e  

o f th e  f o l l i c l e s ,  o v u la t io n  d o es  n o t  o c c u r .  These o b s e r 

v a t io n s  prove t h a t  o v u la t io n  does  n o t  o ccu r  a u to m a t i c a l ly  

when th e  f o l l i c l e s  r e a c h  m ature s i z e ,  and i n d i c a t e  t h a t  

th e  p ro c e s s  can n o t be e x p la in e d  on th e  b a s i s  of in c re a s e d  

l i q u o r  f o l l i c u l i  s e c r e t i o n  and a consequen t e l e v a t i o n  of 

p r e s s u r e  w i th in  the  an tru m .

3 . The c o n s t a n t l y  e s tro u B  r a t s ,  produced by 

p a r a b i o s i s ,  o v u la t e ,  m ate, and form  c o rp o ra  l u t e a  when 

g iven  an i n j e c t i o n  of p u r i f i e d  IH . These ex p e rim en ts  

i n d i c a t e  t h a t  o v u la t io n  can  be induced by th e  a d m in is 

t r a t i o n  of a p ro p e r  m ix tu re  of FSH and IH . A c o r r e c t  

r a t i o  betw een th e  amounts of FSH and IH seems to  be 

a b s o l u t e ly  e s s e n t i a l  f o r  th e  f u l l  e x p r e s s io n  of th e  o v a r ia n  

f o l l i c l e .  Though o v u la t io n  i n  th e  r a b b i t  i s  c o n d i t io n e d  

n o rm a lly  by  c e r v i c a l  s t im u la t io n ,  i t  may be induced  p u re ly  

by  th e  i n j e c t i o n  of FSH and IH .
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4 .  O v u la t io n  i s  n o t  depend en t upon th e  nerve  

su p p ly  to  th e  o v a r i e s .  Normal o v u la t io n  may o ccu r  i n  

o v a r ia n  g r a f t s  and i n  e x c is e d  f o l l i c l e s  d e p r iv e d  of a l l  

ne rv o u s  c o n n e c t io n s ,  p ro v id ed  th e  p ro p e r  go nad o tro p h ic  

hormones have been  p e rm i t te d  to  a c t .

5 .  The r e l e a s e  o f o v u la to ry  g o n a d o tro p h in s  from  

th e  p i t u i t a r y  seems to  be r e g u la te d  by  means of n e u ro -  

hum oral a g e n ts  from  th e  hypo th a lam us . R a b b i ts  may co n tin u e  

t o  c o p u la te  a f t e r  d e ta c h in g  th e  p i t u i t a r y  g land  from  the  

baBe of th e  b r a i n ,  b u t  o v u la t io n  does n o t  o ccu r  i n  th e s e  

a n im a ls .  Under such  c o n d i t i o n s ,  o v u la t io n  can  be induced  

b y  th e  a d m in i s t r a t i o n  of FSH and IK . I n  norm al r a b b i t s ,  

o v u la t io n  may be induced  by e l e c t r i c a l  s t im u la t io n  of 

c e r t a i n  a r e a s  o f th e  b r a in ,  b u t  n o t  a f t e r  th e  p i t u i t a r y

1 b s e p a ra te d  from  th e  b r a in  by  s e c t i o n  of the  i n f u n d ib u la r  

s t a l k .

I n  r e l a t i o n  t o  human o v u la t io n ,  two r e c e n t  s t u d i e s  

a re  of i n t e r e s t .  A s tu d y  by Brown (1959) i n d i c a t e s  

e s t r o g e n  may be v e ry  im p o r ta n t  i n  th e  norm al o v u la to ry  

m e n s tru a l  c y c le  o f humans. I n  norm al o v u la to ry  c y c le s ,  a t  

l e a s t  one and u s u a l l y  two peaks of e s t ro g e n  e x c r e t i o n  were 

o b s e rv e d .  One peak was h ig h ly  c h a r a c t e r i s t i c  and o ccu rred  

a t  ab o u t m id -cy c le  j u s t  p r i o r  t o  o v u la t io n .  D uring 

a n o v u la to ry  m e n s tru a l  c y c le s ,  th e  e s t r o g e n  l e v e l  rem ained 

more or l e s s  c o n s t a n t .
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Simpson a l*  (1956) em ploying monkeys, r e p o r te d  

m id -c y c le  peaks of FSH and IH j u s t  p r i o r  to  o v u la t io n  I n  

which IH appeared  t o  In c r e a s e  r e l a t i v e l y  more th a n  FSH.

The Hormonic R e g u la t io n  o f th e  E s t ro u s  Cycle

The r e g u l a t i o n  of th e  r e p ro d u c t iv e  c y c le  I s  n o t  

c o m p le te ly  u n d e rs to o d  and th e  p r e s e n t  e x p la n a t io n  I s  o n ly  a 

h y p o th e s i s  w hich  b e s t  f i t s  th e  ev id en ce  accum ula ted  th u s  

f a r *

B eg inn ing  w i th  th e  r e l a t i v e l y  q u ie s c e n t  ovary  of 

th e  d i e s t r u s  p h a se ,  th e  f o l l i c l e s  a t  t h i s  tim e a re  

Immature and a p p e a r  t o  s e c r e t e  o n ly  sm a ll  amounts of 

e s t ro g e n *  When th e  l e v e l  o f eB tro g en  i n  th e  b lood  I s  low, 

th e  p i t u i t a r y  s e c r e t e s  I n c r e a s in g  amounts o f ?SH and some 

IH* As th e  f o l l i c l e s  grow u n d e r  th e  s y n e r g i s t i c  I n f lu e n c e  

o f 7SK and IH, th e y  r e l e a s e  more e s t ro g e n *  The i n c r e a s i n g  

o u tp u t  of e s t r o g e n  d u r in g  p r o e s t r u s  d e p r e s s e s  th e  r e l e a s e  

o f  FSH and en c o u rag es  th e  s e c r e t i o n  o f l u t e o t r o p h i n  (LTIl). 

liTH a c t i v a t e s  th e  s e c r e t i o n  of p ro g e s te ro n e  from  th e  l u t e a l -  

l i k e  t i s s u e  of th e  f o l l i c l e s ,  which i n  c o n ju n c t io n  w i th  

e s t r o g e n ,  b r i n g s  ab o u t th e  change from  d i e s t r u s  to  

p r o e s t r u s  t o  e s t r u s *

S exu a l r e c e p t i v i t y  b e g in s  d u r in g  th e  t r a n s i t i o n  

from  p r o e s t r u s  t o  e s t r u s  and i s  c o n d i t io n e d  by  th e  

s y n e r g i s t i c  a c t i o n  o f e s t r o g e n  and p ro g e s te ro n e *  The 

av e rag e  d u r a t i o n  of th e  r e c e p t iv e  p e r io d  In  mice i s  13-14
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hours*  O v u la t io n  o ccu rs  n e a r  th e  end of e s t r u s ,  a p p ro x i

m ate ly  t e n  h o u rs  a f t e r  th e  b eg in n in g  of s e x u a l  r e c e p t i v i t y ,  

a t  a tim e vhen FSH and IH a re  p r e s e n t  i n  p ro p e r  p ro p o r t io n s*  

The d is c h a rg e  of IH from  th e  p i t u i t a r y  seems to  be 

i n h i b i t e d  by h ig h  l e v e l s  of p ro g e s te ro n e  i n  th e  blood* The 

c o rp o ra  l u t e a  s e c r e te  p ro g e s te ro n e  f o r  on ly  a s h o r t  time 

u n le s s  p regnancy  supervenes*

A fev  of th e  e f f e c t s  of e s t ro g e n  and p ro g e s te ro n e  

on th e  vag ina  and u te r u s  should  be no ted  a t  t h i s  time*

A f te r  oophorectomy of th e  a d u l t  mouse th e  v a g in a l  e p i th e l iu m  

becomes t h i n  and m i t o t i c a l l y  i n a c t iv e  and on ly  the  

d i e s t r u s  type smear i s  o b ta in a b le *  A d m in is tra t io n  of 

e s t ro g e n  v i l l  cause  marked growth of th e  v a g in a l  v a i l  w ith  

r e s u l t i n g  p r o e s t r u s  and e s t r u s  type smears* As the  e f f e c t  

o f th e  e s t ro g e n  w ears o f f ,  th e  vag ina  p a s s e s  th rough  

m e te s tro u s  and th en  rem ains i n  d i e s t r u s  a g a in  u n le s s  more 

e s t ro g e n  i s  a d m in is te red *  By c o n t in u in g  the  e s t ro g e n  

I n j e c t i o n s  a c o n s ta n t  v a g in a l  e s t r u s  i s  o b ta in ed  i n  the  

c a s t r a t e  mouse*

The u t e r u s  of the  oophorectom ized mouse responds 

i n  a s im i l a r  manner to  e s t ro g e n  i n j e c t io n s *  A f te r  

oophorectomy th e  u t e r i  a t ro p h y  in  s i z e  and th e  e n d o m e tr ia l  

g lan d s  in v o lu te *  MItoseB, d i s t e n s i o n ,  and an In c re a s e  i n  

w a te r  c o n te n t  fo l lo w  th e  i n j e c t i o n  of e s tro g e n *  The 

e n d o m e tr ia l  g lan d s  undergo h y p e rp la s ia *  A ccording to  

N elson (1939)/ one e f f e c t  on th e  u te r u s  a f t e r  p ro longed
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e s t r o g e n  t r e a tm e n t  I s  th e  p ro d u c t io n  of c y s t i c  h y p e r p la s ia  

of th e  e n d o m e tr ia l  g l a n d s .  I t  shou ld  be no ted  t h a t  i n  

norm al c y c le s ,  e s t r o g e n  and p ro g e s te ro n e  a r e  needed f o r  

th e  com ple te  d i f f e r e n t i a t i o n  of th e  u t e r u s .  P ro g e s te ro n e  

i s  r e q u i r e d  f o r  im p la n ta t io n  of th e  f e r t i l i z e d  eg g .

P i t u i t a r y  and O varian  I n t e r r e l a t i o n s h i p s

I n  a s tu d y  by  Fevold  (19 41 ), th e  a d m in i s t r a t i o n  of 

p u r i f i e d  FSH to  hypophysectom ized r a t s  I n c r e a s e s  o v a r ia n  

w e ig h t by c a u s in g  th e  d i f f e r e n t i a t i o n  and grow th of 

numerous f o l l i c l e s .  I f  th e  FSH I s  f r e e d  s u f f i c i e n t l y  from  

IH, i t  does  n o t  produce any l u t e l n i z a t l o n .  I n  th e  r a t  

h ig h ly  p u r i f i e d  FSH p ro d u ces  f o l l i c u l a r  grow th, b u t ,  s in c e  

th e  u t e r u s  and v ag ina  rem ain  i n f a n t i l e ,  i t  i s  b e l ie v e d  t h a t  

such  e n la rg e d  f o l l i c l e s  do n o t  l i b e r a t e  e f f e c t i v e  amounts 

of e s t r o g e n .  However, when m inute amounts of IH a re  added 

t o  the  FSH, th e  ovary  s e c r e t e s  enough e s t r o g e n  to  b r in g  

th e  sex a c c e s s o r i e s  i n t o  an e s t r u s  s t a t e .  Thus, i t  a p p e a rs  

t h a t  FSH i n  co m b in a tio n  w i th  IH 1 b e s s e n t i a l  f o r  th e  

s e c r e t i o n  of e s t r o g e n ,  th e  l e v e l  of IH b e in g  subrainimal f o r  

o v u la t io n  and l u t e l n i z a t l o n .

The IH, a d m in is te re d  a lo n e ,  p ro d u ces  l i t t l e  e f f e c t  

upon o v a r ia n  f o l l i c l e s .  C orpora l u t e a  a r e  n o t  formed 

u n l e s s  th e  f o l l i c l e s  have been  m atured to  an  a p p r o p r ia t e  

d eg re e  by FSH.
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The s im u lta n e o u s  a d m i n i s t r a t i o n  of FSH and LH to  

hypophysectom ized r a t s  p roduces  a much g r e a t e r  I n c r e a s e  I n  

o v a r ia n  w e ig h t  th a n  when com parable amounts a r e  a d m in is te re d  

s e p a r a t e l y .  I n  o th e r  w ords, t h e r e  a p p e a rs  t o  he a s y n e r 

g i s t i c  i n t e r a c t i o n  betw een  th e  two horm ones.

V ario u s  e x p e r im e n ts  have d em o n s tra ted  t h a t  e s t r o g e n  

d e c r e a s e s  th e  s e c r e t i o n  o f FSH and t h a t  c a s t r a t i o n  

in c r e a s e s  th e  o u tp u t  of FSH (Meyer e t  a l . . 1946). F u r t h e r 

more, th e r e  i s  ev id en c e  t h a t  m oderate amounts of e s t r o g e n  

may in c r e a s e  th e  r e l e a s e  of IH . Thus th e  two o v a r ia n  

hormones may e x e r t  o p p o s i te  e f f e c t s  upon the  s e c r e t i o n  of 

g o n ad o tro p h in s  by th e  p i t u i t a r y  g la n d .

When a hypophysectom ized fem ale  r a t  i s  u n i te d  p a r a -  

b i o t i c a l l y  w i th  an oophorectom ized fe m a le ,  th e  ovarieB  of 

th e  hypophysec tom ized p a r t n e r  a re  s t im u la te d  by th e  

g o n ad o tro p h ic  hormones s e c r e te d  by th e  I n t a c t  p i t u i t a r y  of 

th e  c a s t r a t e  p a r t n e r .  A f te r  oophorectomy th e  p i t u i t a r y  

becomes p re d o m in an tly  a f o l l i c l e - s t i m u l a t i n g  mechanism.

As a r e s u l t  of th e  FSH from  the  oophorectom ized  fem a le , 

many la rg e  f o l l i c l e s  ap p e a r  i n  th e  hypophysectom ized 

p a r a b i o n t .  These f o l l i c l e s  n e i t h e r  o v u la te  n o r  l u t e i n i z e ,  

b u t  become c y s t i c  and e v e n tu a l l y  d e g e n e r a te .  Under the  

in f lu e n c e  of c o n s ta n t  e s t r o g e n  s e c r e t i o n  by th e  c y s t i c  

o v a r ie s ,  th e  u t e r u s  becomes I n f l a t e d  w i th  a w a te ry  s e c r e t i o n ,  

and th e  v a g in a l  sm ears i n d i c a t e  t h a t  th e  hypophysectom ized
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an im a l i s  m a in ta in ed  f o r  lon g  p e r io d s  i n  an  e s t r u s  s t a t e  

(W itsch i and L ev in e , 1934)*

I f  I il  i s  a d m in is te re d  t o  such a fem ale  p a r a b o in t ,  

th e  f o l l i c l e s  o v u la te  and l u t e i n i z e *  T h is  i n d i c a t e s  t h a t  

the  p i t u i t a r y  of the  oophorectom ized fem ale p ro v id e s  l i t t l e  

UK*

The Nervous System and R ep ro d u c tio n

The changes i n  th e  ovary  which c u lm in a te  i n  

o v u la t io n  have been known to  be c o n t r o l l e d  by hormones of 

th e  p i t u i t a r y  a s  r e p o r te d  i n  th e  c l a s s i c a l  work of Smith 

and Bngle (192 7)« I n  r e c e n t  y e a r s  ev idence  haB accum ulated  

w hich r e v e a l s  t h a t  th e  r e l e a s e  of the  p i t u i t a r y  hormones 

n e c e s s a ry  f o r  o v u la t io n  a r e  s t im u la te d  v ia  th e  c e n t r a l  

n e rv o u s  system*

C e r ta in  sp ec ieB , in c lu d in g  th e  r a b b i t  and c a t ,  

r e q u i r e  th e  n e u r a l  s t im u lu s  accompanying c o i t u s  t o  induce  

o v u la t io n *  These " r e f l e x "  o v u la to r s  a r e  a sm all  m in o r i ty  

g roup  when compared w i th  th e  number of s p e c ie s  t h a t  o v u la te  

c y c l i c a l l y  o r  s e a s o n a l ly  i n  a s o - c a l l e d  "spon taneous"  

manner*

Many workerb in c lu d in g  H a r r i s  (1939) r e p o r te d  t h a t  

weak l o c a l i z e d  s t im u l a t i o n  to  c e r t a i n  p a r t s  of the  

hypothalam us induced  o v u la t io n  in  r a b b i t s *  Sawyer (1959) 

b lo cked  o v u la t io n  i n  r a b b i t s  w i th  o r  w ith o u t  in d u c in g
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o v a r ia n  a t ro p h y  by  p la c in g  sm all  b i l a t e r a l  e l e c t r o l y t i c  

l e s i o n s  I n  th e  b a s a l  t u b e r a l  n u c le i  of the  hypothalam us.

I n  sp o n tan eo u s ly  o v u la t in g  an im a ls ,  a n t e r i o r  

hypothalam ic  l e s io n s  b lo ck  the  o v u la to ry  cy c le  In  a s t a t e  

of c o n s ta n t  e s t r u s ,  a s  f i r B t  re p o r te d  i n  the  gu inea  p ig  

by Dey (1943) and confirm ed i n  th e  r a t  by  H i l l a r p  (1949) 

and o th e r s .  H a r r i s  (1959) and Greep and B enne tt  (1951) 

induced o v a r ia n  a t ro p h y  and permanent a n e s t r u s  by 

d e s t r u c t i o n  of the  p i t u i t a r y  s t a l k  i n  the  r a t .

The a c t  of o v u la t io n  forms a l i n k  i n  the  c h a in  of 

e v e n ts  e s s e n t i a l  f o r  the  s u r v iv a l  of the  s p e c ie s .  These 

a r e  ( l )  the  r ip e n in g  of a f o l l i c l e ,  (2) the  ru p tu re  of a 

f o l l i c l e  and d is c h a rg e  of an ovum, and (3) th e  s y n c h ro n i

z a t i o n  of the  b e h a v io r a l  response  of the  organism , so t h a t  

a t  th e  time of o v u la t io n  the  fem ale i s  r e c e p t iv e  to  the  

male •

These th re e  p ro c e s s e s ,  by the  vo rk  of many 

in d iv id u a l s  i n  th e  p a s t  20 y e a r s ,  have been r e l a t e d  to  the  

hypothalam us. The f i r s t  two a re  r e g u la te d  by the 

gonado troph ic  B ec re tio n  of the  p i t u i t a r y  gland v h ic h  i s  

under the  c o n t r o l  of th e  hypothalam us. The l a t t e r ,  th e  

e s t r u s  b eh a v io r  of the  fem a le , ap p ears  to  be evoked by a 

s u f f i c i e n t  c o n c e n t r a t io n  of o v a r ia n  hormones i n  th e  blood 

a c t i n g  on some n e u ra l  mechanism i n  the  p o s t e r i o r  

hypothalam us.
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Donovan arxl H a r r i s  (1956) w orking  w i th  f e r r e t s  

showed t h a t  l e s i o n s  p la c e d  i n  th e  a n t e r i o r  hypothalam us 

a c c e l e r a t e d  e s t r u s  w h ile  l e s i o n s  p la c e d  e lsew h ere  produced 

an  a n e s t r o u s  s t a t e *  They b e l ie v e d  t h a t  e s t r u s  p ro d u c in g  

l e s i o n s  a c t  by  d e s t r o y in g  some n e rvou s  mechanism which 

n o rm a lly  i n h i b i t s  th e  r e l e a s e  of !*SH.

Dey (1943) no ted  th e  n re se n c e  of perm anent e s t r u s ,  

a s s o c i a t e d  w i th  o v a r ie s  c o n ta in in g  r i p e  f o l l i c l e s  b u t  no 

c o rp o ra  l u t e a ,  i n  g u in ea  p ig s  w hich had l e s i o n s  p laced  i n  

t h e i r  a n t e r i o r  h y p o th a lam u s . B a r m e t t  and Mayer (195 4 ), 

G re e r  (1953), and H i l l a r p  (1949) have made s i m i l a r  

o b s e rv a t io n s  on th e  r a t .

I t  con be s t a t e d ,  th e n ,  t h a t  a n t e r i o r  hypothalraus 

l e s i o n s  may c o n v e r t  e i t h e r  th e  a n e s t r o u s  fem ale  f e r r e t  o r  

th e  r e g u l a r l y  c y c l i c  fem ale  r a t  i n t o  a s t a t e  of c o n s ta n t  

e s t r u s .  I t  should  be no ted  t h a t  i n  th e  ca se  of th e  f e r r e t ,  

th e  an im al i s  changed from  a s t a t e  of r e p ro d u c t iv e  

q u ie sc e n c e  to  one of a p p a r e n t ly  f u l l  a c t i v i t y ,  w hereas i n  

th e  r a t  th e  c o n v e rs io n  i s  from  one type  of a c t i v e  s t a t e  t o  

a n o th e r .  At th e  p r e s e n t  tim e th e  ca se  of the  f e r r e t  may be 

re g a rd e d  a s  a r e l e a s e  e f f e c t  on FSH s e c r e t i o n ,  and i n  th e  

r a t  a s  a b lo c k a d in g  a c t i o n  on th e  rhy thm ic  r e l e a s e  of I £ .

I n  g e n e r a l ,  th e  p ro c e s s  o f  o v u la t io n  seems to  

r e q u i r e  f o r  i t s  I n i t i a t i o n  a B u d d en  In c r e a s e  i n  the  

s e c r e t i o n  of IH a g a in s t  a background of ?SH s e c r e t i o n .  

Markee £ £  .aJ,. (1946) found t h a t  s t i m u l a t i o n  of th e  r a b b i t ' s
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p i t u i t a r y  d id  n o t  r e s u l t  i n  o v u la t io n ,  w hereas s t i m u l a t i o n  

o f th e  hypothalam us d id  r e s u l t  in  o v u la t i o n .  The use  of 

th e  r e  m o te -c o n t ro l  method by  H a r r i s  (1959) confirm ed  

M ark ee 's  f i n d i n g s .  The e v id en c e  i n d i c a t e d  t h a t  the  

hypo tha lam us, i n  some manner, s t im u la te d  th e  r e l e a s e  of IH 

from  th e  p i t u i t a r y .

The method of s t im u la t io n  from  th e  hypothalam us t o  

th e  a n t e r i o r  p i t u i t a r y  i s  b e l ie v e d  to  be by way of th e  

h y p o p h y s ia l  p o r t a l  sy s tem . These v e s s e l s  d r a i n  b lood  from  

th e  median eminence of th e  hypothalam us t o  a n t e r i o r  

p i t u i t a r y  (W orth ing to n , 1955)* Any perm anent b lo ck ad e  of 

t h i s  p o r t a l  system  r e s u l tB  i n  an  a t r o p h ic  c o n d i t io n  of th e  

r e p ro d u c t iv e  system  (H arriB , 1959)* A p p a re n t ly  some 

horm onal s u b s ta n c e s  l i b e r a t e d  by  nerve  en d in g s  i n  th e  

median em inence, 1b t r a n s p o r te d  by th e s e  v e s s e l s  to  th e  

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

g land  •

The e x p e r im e n t of N ik itov itch-^W iner and E v e r e t t

(1957) confirm ed th e  above r e s u l t s .  These w orkers  

hypophysectom ized fem ale  r a t s  and t r a n s p la n t e d  th e  p a r s  

d i s t a l i s  t o  th e  k id n e y  capB u le . No e s t r o u s  c y c le s  o ccu rred  

i n  th e s e  a n im a ls .  The g r a f t s  were th e n  removed from  th e  

k id n e y  to  th e  median em inence . These an im als  w i th  

t r a n s p l a n t s  u n d er  th e  median em inence , which i s  v a s c u la r iz e d  

by  th e  h y p o p h y s ia l  p o r t a l  v e s s e l s ,  re g a in e d  norm al
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re p ro d u c t iv e  f u n c t io n  a s  shown by c y c l i c  eB tro u s  changes , 

p reg n an cy , and norm al o v a r i e s ,  u t e r i  and v a g in a s .

The above exam ples have d em o n s tra ted  t h a t  the  

r e l a t i o n s h i p  betw een  th e  c e n t r a l  n e rvou s  and e n d o c r in e  

system s i s  one of r e c i p r o c i t y *  JuB t a s  th e  nervous  system  

m a in ta in s  and r e g u l a t e s  e n d o c r in e  f u n c t io n ,  so  do the  

hormones r e a c t  back on th e  n e rvo us  sys tem  t o  m odify i t s  

a c t i v i t y .  P o r  exam ple, th e  o v a r ia n  hormones e x e r t  a c t i o n s  

on th e  c e n t r a l  nervous  system , which cause  th e  fem ale  t o  be 

r e c e p t iv e  a t  th e  tim e of o v u la t io n *  E s t ro g e n ic  s u b s ta n c e s  

im p lan ted  i n  th e  p o s t e r i o r  hypothalam us can  evoke the  

m ating  b e h a v io r  i n  th e  spayed c a t  ( H a r r i s ,  1959)*

B ioasBay

R e l ia b le  ch em ica l  methods f o r  th e  q u a n t i t a t i v e  

d e te r m in a t io n  of p i t u i t a r y  g o n ad o tro p h in s  a r e  n o t  a v a i l a b l e ,  

and a s s a y s  must be conducted  b i o l o g i c a l l y *  S ince th e r e  a re  

many b io a s s a y  m ethods, o n ly  th e  two employed i n  t h i s  s tu d y  

w i l l  be re v ie w e d . A rev iew  of o th e r  methods can  be found 

i n  Gray and B acharach  ( 1 9 6 1 ) .

LH ABBay

A ccording t o  Greep gJi a i*  (1941) th e  en la rg em en t of 

th e  v e n t r a l  lobe  of th e  p r o s t a t e  i n  hypophysectom ized 

immature male r a t s  i s  s p e c i f i c  f o r  Iii a c t i v i t y  and i s  n o t 

a f f e c t e d  by th e  p re sen ce  of PSH* The a d d i t i o n  of p u r i f i e d
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PSH to  p u r i f i e d  UH I n j e c t i o n s  d id  n o t  enhance th e  e n l a r g e 

ment of th e  v e n t r a l  lobe of th e  p r o s t a t e  I n  such a n im a ls .

These f i n d in g s  have been  confirm ed by many w orkers  

In c lu d in g  McArthur (1952 ) ,  L o ra ln e  and Brown (1956), and 

A p o s to la k ls  (1959)* L o ra in  and Brown (1956) found t h a t  th e  

Index of p r e c i s i o n  of t h i s  method was l e s s  th a n  0 .2  which 

I s  h ig h ly  a c c e p ta b le  In  th e  c l i n i c a l  f i e l d  to d a y .

PSH Assay

Steelm an and P oh ley  (1953) d e s c r ib e d  t e s t s  w i th  

I n t a c t  r a t s  which confirm ed  th e  o b s e rv a t io n s  of B a te s  and 

Schooley  (1942) t h a t  human c h o r io n ic  g o n ad o tro p h in  w i l l  

augment th e  a c t io n  of PSH on the  w eigh t of th e  o v a ry . ThlB 

te B t  i s  c o n v e n ie n t ,  p r e c i s e  and s e n s i t i v e  and has  been  used 

w i th  su c c e s s  f o r  e s t im a t io n s  of PSH a c t i v i t y  i n  u r in e  and 

i n  p i t u i t a r y  tiBSue by  v a r io u s  w orkers  in c lu d in g  N eal a l . 

(1954), P l e t c h e r  and Brown ( l9 5 7 ) j  and S teelm an and 

S e g a lo f f  (1959)* The s p e c i f i c i t y  and p r e c i s io n  of t h i s  

t e s t  i s  v e ry  s a t i s f a c t o r y .  Simpson e £  a l . (1956) made 

p a r a l l e l  a s s a y s  on th e  same p i t u i t a r y  e x t r a c t s  by th e  

a n t r a l  te B t and the  "a u g m e n ta tio n 11 t e s t  w i th  s i m i l a r  

r e s u l t B .  A ccording t o  Simpson th e  p r e c i s io n  of th e  

a n t r a l  t e s t  1 b below 0 . 1 5 , a f i g u r e  w i th  which the  

aug m en ta tio n  t e s t  i s  com parab le .

I n s e c t i c i d e  R es idu es

C h lo r in a te d  o rg a n ic  i n s e c t i c i d e s  and o f t e n  t im es  

t h e i r  m e ta b o l i te s  can  be s to re d  i n  th e  v a r io u s  p a r t s  of
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th e  an im al body. The r e c e n t  a p p l i c a t i o n  of g a s - l i q u i d  

chrom atography  to  th e  d e t e c t i o n  of i n s e c t i c i d e  r e s id u e s  

p rom ises  t o  in c r e a s e  th e  s e n s i t i v i t y  and a c c u ra c y  of 

r e s id u e  m easurem ents . A summary of some c h lo r in a t e d  

i n s e c t i c i d e  r e s id u e  s tu d ieB  i s  g iv en  i n  th e  fo l lo w in g  

p a r a g ra p h s •

A ld r in

Male r a t s  fed  a l d r i n  f o r  12 weeks showed g r e a t e s t  

a c cu m u la tio n  i n  the  f a t  fo l lo w ed  by th e  k id n e y ,  l i v e r  and 

b r a i n .  There was much lesB  a l d r i n  B tored i n  th e  k id n e y  

ai*l more i n  the  l i v e r  of th e  fem ale  a s  compared w i th  th e  

male (Kunze and Laug, 1953)* Treon and C lev e lan d  (1955) 

d em o n s tra ted  t h a t  th e  w ith d ra w a l  of a l d r i n  from  th e  d i e t  of 

r a t s  a f t e r  Beven to  IB months on 25 ppm d id  n o t  r e s u l t  i n  

r e l e a s e  of the  i n s e c t i c i d e  from  adipoBe t i s s u e  r a p id  enough 

t o  induce p o is o n in g .

Borgman (1952 ) r e p o r te d  th e  fo l lo w in g  ppm 

ac cu m u la tio n s  f o r  fem ale  r a t s  a f t e r  n in e  months i n g e s t io n s

d i e t a r v  (uom) f a t l i v e r Hidney. b r a in muscle

5 20 1 .5 1 .0 2 .0 2 .0

15 35 4 .0 1 .0 1 .0 3 .0

25 48 2 .5 1 .5 — 2 .0

45 80 3 .5 2 .1 2 .5 1 .5

L i t t l e  r e s id u e was found a f t e r  a l d r i n  waB removed from  the

d i e t  f o r  n ine w eeks. Ban a l * (195&) re v e a le d  t h a t
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a l d r i n  i s  c o n v e r te d  t o  d i e l d r i n  and s to r e d  a s  such i n  th e  

hody of r a t s .  A p p a re n t ly ,  th e  a l d r i n  r e s i d u e s  r e p o r te d  i n  

o ld e r  s t u d i e s  a r e  a c t u a l l y  d i e l d r i n .

C hlordane

I n  a s tu d y  by Ambrose £ £  a ^ .  (1953), male ra tB  fed  

320  ppm accum ula ted  43, 4 l ,  and 81 ppm in  th e  f a t  i n  5,

148, and 407 d a y s ,  r e s p e c t i v e l y .  Twice a s  much ch lo rd a n e  

was found i n  th e  fe m a le b . The w ith d raw a l of ch lo rd a n e  from  

th e  d i e t  r e s u l t e d  i n  a prompt d ro p  i n  s to ra g e  w i th  l i t t l e  

r e s id u e  found a f t e r  30 dayB.

DDT

DDT, th e  most i n t e n s i v e l y  s tu d ie d  i n s e c t i c i d e ,  has  

been  found t o  accum ula te  i n  body t i s s u e s  a t  d i e t a r y  

c o n c e n t r a t io n s  a s  low a s  1 .0  ppm (Laug e t  a l . . 1 95 0 ). I n  

one week, m easurab le  amounts can  be found i n  the  f a t  o f 

r a t s ,  w i th  th e  fem a le s  showing th e  g r e a t e r  a c c u m u la t io n .

As th e  dose i s  i n c r e a s e d ,  more i s  s to r e d  i n  body t i s s u e s ,  

b u t  i n  an in v e r s e  r e l a t i o n s h i p  due to  in co m p le te  gu t 

a b s o r p t io n  a t  v e ry  h ig h  l e v e l s .

When DDT i s  fe d  i n  c o n c e n t r a t io n s  below 440 ppm to  

r a t s ,  maximum s to ra g e  v a lu e s  a r e  reach ed  i n  54 d a y s ,  a f t e r  

w hich th e y  rem ain  c o n s ta n t  (Woodard and O fner, 194 6 ). At 

h ig h e r  c o n c e n t r a t i o n s ,  r e s id u e s  c o n t in u e  to  i n c r e a s e .  

Fem ales c o n ta in e d  150 and 300 ppm DDT i n  t h e i r  f a t  a f t e r
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54 days i n g e s t i o n  of 12 ,5  and 25 ppm, r e s p e c t i v e l y .  The 

m etabo lism  o f DDT a p p e a rs  to  tak e  p la c e  i n  th e  l i v e r  s in c e  

i t  d i s a p p e a r s  so  q u ic k ly  from  t h i s  o rg an .

O rtega  a j , .  (1956) r e p o r te d  t h a t  r a t s  s to r e  DDT 

i n  p ro p o r t io n  to  th e  dose c o n c e n t r a t i o n .  At d i e t a r y  l e v e l s  

up to  200  ppm, s to ra g e  v a lu e s  reached  an  e q u i l ib r iu m  w i th in  

s ix  m onths. DDT i s  g r a d u a l ly  l o s t  a f t e r  i t s  rem oval from  

th e  d i e t  of r a t s .  A f te r  14 months, m easurab le  amounts of

DDT cou ld  s t i l l  be found i n  th e  r a t  t i s s u e s .

Kunze £ £  a ^ .  (1949) found a p ro g re s s iv e  r i s e  in

s t ro a g e  of DDT up to  maximum v a lu e s  i n  23 w eeks. At 1 to

10 ppm, maximum ac cu m u la tio n  i s  reached  s o o n e r .  A f te r  the  

rem oval of DDT from  t h e i r  d i e t ,  50# remained a f t e r  one 

month and 25#  a f t e r  th r e e  m onths. F o llo w in g  two y e a rs  

i n g e s t i o n  of DDT by r a t s  th e  fo l lo w in g  v a lu e s  were o b ta in ed  1 

DDT i n  D ie t  (ppm) DDT i n  F a t  (ppm)

10 119

100  103

200 313

400 1091

800  4220

W ithdraw al of food from  an im a ls  on a v e ry  h ig h  

dosage of DDT f o r  two y e a rs  caused c h a r a c t e r i s t i c  t r e m o rs .  

P resum ably , such an im als  were m e ta b o l iz in g  body f a t  

c o n ta in in g  l a rg e  amounts of DDT.
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I n  a s tu d y  by Durham e £  a l . (1956), male r a t s  

I n j e c te d  v i t h  d l e t h y l s t i l b e s t r o l ,  an  e s t r o g e n ic  compound, 

w h ile  g iven  a d i e t  c o n ta in in g  DDT, s to re d  more DDT and had 

l a r g e r  l i v e r s  th an  the  c o r re sp o n d in g  c o n t r o l s ,  fem ale  

r a t s ,  u nder s i m i l a r  c i r c u m s ta n c e s ,  had l a r g e r  l i v e r s  and 

l e s s  s to ra g e  of DDT th a n  c o r re sp o n d in g  fem ale c o n t r o l s  

which were n o t I n j e c te d  w i th  t e s t o s t e r o n e  p ro p io n a te ,  a 

compound w ith  an d ro gen ic  a c t i v i t y .

D ie ld r in

R a ts  fed d i e l d r i n  f o r  12 weeks showed an accu m u la tio n  

p a t t e r n  s i m i l a r  to  t h a t  f o r  a l d r i n  (Kunze and Laug, 1953)•

E n d rin

R a ts  fed  e n d r in  f o r  12 weeks gave a s i m i l a r  

accu m u la tio n  p a t t e r n  as r e p o r te d  above f o r  a l d r i n  and 

d i e l d r i n  (Kunze and Laug, 1953)* E n d rin  d i s a p p e a r s  

g r a d u a l ly  from  the  tissues of an im als  a f t e r  removed from  

t h e i r  d i e t .  D ie ld r in  and DDT behave i n  a s i m i l a r  manner, 

b u t  th e  ev iden ce  i n d i c a t e s  t h a t  th e s e  compounds, e s p e c i a l l y  

DDT, accum ulate  i n  th e  f a t t y  t i s s u e s  to  a g r e a t e r  e x te n t  

and t h a t ,  c o n v e rs e ly ,  th e y  tend  to  d i s a p p e a r  l e s s  r a p id l y  

th a n  does e n d r in  under the  same c i rc u m s ta n c e s  (Treon 

S i  f l l« , 1955).
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H e p ta c h lo r

At a low dose such a s  30 ppm, o n ly  th e  m e ta b o l i te  

of h e p ta c h lo r ,  h e p ta c h lo r  ep o x id e ,  I s  found I n  r a t  t i s s u e s .  

At h ig h e r  d o s e s ,  b o th  h e p ta c h lo r  and the  epox ide form  a re  

four*! i n  r a t  t i s s u e s .  When r a t s  were fed  a 30 ppm d i e t a r y  

f o r  two weeks, 165 ppm h e p ta c h lo r  epoxide  were found in  the  

f a t  (Davidow and Radomski, 1952 )«

Taxaphene

Lehman (1952b) found no t r a c e  of toxaphene i n  r a t  

t i s s u e s  a f t e r  two y e a rs  i n g e s t i o n  a t  a c o n c e n t r a t io n  of 

100 ppm. At *100 ppm, 180 ppm toxaphene were found i n  the  

body f a t .

There seems to  be no g e n e r a l i z a t i o n  which can  be 

made co n c e rn in g  the  ac cu m u la tio n  of c h lo r in a te d  o rg a n ic  

i n s e c t i c i d e s  ex cep t t h a t  some do a c cu m u la te .  DDT, a 

r e l a t i v e l y  mild to x i c a n t  to  mammals, i s  s to re d  r e a d i l y  even 

a t  low d i e t a r y  l e v e l s .  Toxaphene, a n o th e r  v e ry  mild 

t o x i c a n t ,  i s  n o t  s to re d  ex c ep t a t  v e ry  h ig h  d o s e s .

The accu m u la tio n  of an i n s e c t i c i d e  i n  th e  body of 

a mammal seems to  depend m ostly  on th e  s t a b i l i t y  of the  

chem ica l compound and th e  e n z y m a t ic - e x c re t io n  p o t e n t i a l i t i e s  

of t h a t  mammal in  r e l a t i o n  to  the  compound. I t  has  been 

s t a t e d  t h a t  d e t o x i f i c a t i o n  in v o lv e s  the p o l a r i z i n g  and the  

d e c r e a s in g  of the  f a t  s o l u b i l i t y  of the  t o x i c a n t  so t h a t
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th e  k id n e y  o r  o th e r  p o s s ib le  e x c r e t i o n  pathways do n o t  

c o n t in u e  to  re a b so rb  I t  p a s s iv e ly *  P o s s ib ly  t h i s  in v o lv e s  

th e  o x id a t io n  o r c o n ju g a t io n  of th e  t o x i c a n t  w i th in  the  

microsomes and the  RNA components of th e  l i v e r  c e l l s  which 

a re  v e ry  perm eable to  f a t  s o lu b le  s u b s ta n c e s .



METHODS AND MATERIALS

R ea r in g  F a c i l i t i e s  and M aintenance 

I n  th e  I n i t i a l  p a r t  of t h i s  s tu d y  from  J a n u a ry  to  

December of 1962, th e  l a b o r a to r y  an im a ls  were housed I n  a 

wooden s t r u c t u r e  lo c a te d  on th e  campus of The Ohio S ta te  

U n iv e r s i t y ,  Columbus, O hio , The te m p e ra tu re  was c o n t r o l l e d  

by means of f a n s ,  wlndowB and a gas s to v e .  D uring  th e  

c o o le r  months, th e  te m p e ra tu re s  ranged from  65 t o  75° 

v h i l e  In  th e  warmer months I t  ranged  from  70 t o  90° P .  

T em pera tu res  were re c o rd e d  by  means of a h y g ro the rm og raph . 

The h u m id ity  was n o t  c o n t r o l l e d .

U n less  o th e rw ise  s p e c i f i e d ,  w h ite  mice of the  

BALB/cJaxGnMc s t r a i n ,  produced by B ib l in g  m atings  f o r  more 

th a n  80 g e n e r a t io n s ,  were u t i l i z e d  In  t h i s  s tu d y .  The 

an im a ls  were co n f in ed  i n  g a lv a n iz e d  s t e e l  (6  x 12 x 5 

In c h e s )  o r  p l a s t i c  (7  x 12 x 5 i n c h e s )  cag es  and p ro v ided  

w i th  food and w a te r .  Not more th a n  f o u r  an im a ls  were 

m a in ta in ed  in  a B ingle cage e x c e p t  when a young l i t t e r  was 

p r e s e n t .  The cages  and c e d a r  Bhavings l i t t e r  were c lea n ed  

once a week and th e  w a te r  changed tw ice  a week. P u r in a  

Mouse Chow, o b ta in e d  from  th e  R a ls to n  C heckerboard  Square 

Company, S t .  L o u I b ,  M isso u r i ,  was used th ro u g h o u t  th e  s tu d y .

55
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I n  December o f 1 9 6 2 , th e  mouse co lo n y  was moved to  

th e  r e a r i n g  room I n  annex of th e  B otany and Zoology 

B u i ld in g  of The Ohio S ta t e  U n iv e r s i ty *  T h is  r e a r i n g  room 

was a i r - c o n d i t i o n e d ,  w i th  c o n s ta n t  te m p e ra tu re  c o n t r o l s  

which m a in ta in ed  th e  te m p e ra tu re  betw een 70-74° ^  and a 

r e l a t i v e  h u m id ity  of 2 0 - 4 ($*

The an im a ls  were co n f in e d  I n  s t a i n l e s s  s t e e l  cages  

i d e n t i c a l  i n  d e s ig n  t o  th e  p r e v io u s ly  m entioned m e ta l  

cages*  Care p ro c e d u re s  rem ained the  same*

D uring  th e  co u rse  of t h i s  s tu d y  th e r e  were no 

o u tb re a k s  of d i s e a s e  and l e s s  th a n  5% m o r t a l i t y  of c o n t r o l  

an im als*

M o r ta l i t y  S tu d ie s  

I n  o rd e r  to  app rox im ate  th e  c h ro n ic  t o x i c i t y  of 

Kepone t o  the  l a b o r a to r y  mouse, g roups of mice were fed  

v a r io u s  d i e t a r y  l e v e l s  of Kepone* TeBts were c a r r i e d  out 

w i th  I n d iv i d u a l s  and w i th  g roups of two to  fo u r  a d u l t  and 

ju v e n i l e  mice of b o th  Bexes. D ie t s  Im pregnated  w i th  0,

10, 30, 40, 50, 60 , 70, 80 and 100 ppm Kepone were 

e v a lu a t e d .

The t r e a t e d  and c o n t r o l  mice were co n f in e d  In  

m e ta l  c a g e s ,  th e  number ra n g in g  from  one to  fo u r  p e r  cage* 

I n  one e x c e p t io n ,  16 male mice were c o n f in e d  In  a la rg e  

cage and g iv en  a d i e t  c o n ta in in g  100 ppm* A minimum of 12 

an im a ls  were fe d  a t  e ach  d i e t a r y  le v e l*  A l l  mice were 

observed  each  d ay  f o r  trem o r o r  o th e r  s ig n s  of po iB on ing .



57

Food p e l l e t s  were ground by means of a b u r r - m l l l  to  

p i e c e s  a p p ro x im a te ly  o n e - fo u r th  in c h  d ia m e te r  to  g ive  

b e t t e r  d i s t r i b u t i o n  of th e  t o x i c a n t .  Bach c o n c e n t r a t io n  of 

Kepone was d i s s o lv e d  i n  25 ml a c e to n e  which was a p p l ie d  by 

p i p e t t e  t o  one k i lo g ra m  of chow i n  a s lo w ly  r o t a t i n g ,  one 

g a l l o n  p ic k le  j a r .  The chow was r o t a t e d  f o r  20 m inu tes  a t  

20  rpm to  in s u r e  th o roug h  d i s t r i b u t i o n  of th e  t o x i c a n t .

The a c e to n e  was a llow ed  t o  e v a p o ra te  from  th e  open 

c o n ta in e r s  a t  l e a s t  24 h o u rs  b e fo re  th e  chow waB o f fe re d  to  

th e  m ice . Food was f r e B h ly  t r e a t e d  e v e ry  two o r  th r e e  

w eeks. D es ire d  c o n c e n t r a t io n s  of Kepone were p re p a red  from  

a 9 3 *6# pure  t e c h n i c a l  g rade m a t e r i a l .

Food and W ater Consumption

Food consum ption  was measured by  w eigh ing  the  fe ed  

c o n t a i n e r s  and t h e i r  c o n t e n t s .  The d i f f e r e n c e  between 

two s u c c e s s iv e  w e igh in gs  r e p re s e n te d  th e  amount of food 

consumed. The amount of w aste  was i n s i g n i f i c a n t ,  because  

th e  food p a r t i c l e s  were to o  la rg e  t o  p a ss  th ro u g h  th e  mesh 

o f th e  food c o n t a i n e r s .  W ater consum ption  was computed i n  

a s i m i l a r  manner by s u c c e s s iv e  w eigh ings  of th e  w a te r  

b o t t l e s  t o  th e  n e a r e s t  t e n t h  of a gram.

M easurements were a l s o  made of the  e n t i r e  food 

consum ption  of th e  mouse c o lo n y .  As th e  amount of food 

p u rchased  and t r e a t e d  was known as  w e l l  a s  th e  number of
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mice p r e s e n t ,  an  e s t im a te  was made of I n d i v id u a l  

consum ption  from  th e s e  d a t a .

I n  th e  I n i t i a l  s c re e n in g  t e s t ,  th e  food consum ption  

of 10 a d u l t  m ales was measured d a l l y  f o r  10 d a y s .  B ig h t  

a d u l t s  were p lace d  In  two m e ta l  c a g e s ,  f o u r  p e r  c a g e .

S in g le  a d u l t  m ales were p lace d  In  two a d d i t i o n a l  c a g e s .  

M easurements were made on s in g le  and groups of an im als  

b ecau se  I t  was observed  t h a t  B lngle an im a ls  ten d  to  consume 

more food th a n  when th e y  have one o r  more com panions. One- 

h a l f  o f th e s e  animalB were fe d  a d i e t  c o n ta in in g  40 ppm 

Kepone w h ile  th e  rem a in in g  f i v e  an im a ls  se rv ed  a s  the  

c o n t r o l s .  A l l  an im als  were f i v e  t o  s ix -m o n th s -o ld ,  

w eigh ing  2 5 -3 0  grams e a c h .

I n  a n o th e r  s c re e n in g  t e s t  in v o lv in g  a d u l t  m ales 

w eigh ing  3 0 -3 5  grams ea c h , two m ales i n  i n d i v i d u a l  cag es  

and two males i n  a s in g le  cage had t h e i r  w a te r  and food 

consum ption  measured f o r  two w eeks. They were th e n  fed  

100  ppm Kepone and t h e i r  food and w a te r  in t a k e  measured 

d a i l y  u n t i l  a l l  had d i e d .

The food and w a te r  consum ption  of 20 a d u l t  v i r g i n  

fem a le s  w eigh ing  2 2 -2 7  grams e a ch , fe d  a d i e t a r y  l e v e l  of 

40 ppm Kepone, were compared w i th  20 c o n t r o l  fe m a le s  f o r  

31 and 48 d a y s ,  r e s p e c t i v e l y .  There were f o u r  fe m a le s  p e r  

m e ta l  ca g e .

J u v e n i l e s  2 1 -2 4 -d a y s -o ld  w eigh ing  8-13 grams each  

were p laced  on v a r io u s  d i e t a r y  l e v e l s  of Kepone and t h e i r
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food  and w a te r  consum ption  measured f o r  two months o r  u n t i l  

d e a th .  The dosage l e v e l s  t e s t e d  were 0, 40, 60, 70, 80 and 

100 ppm. Two fe m a le s  and two m ales were fed  a t  each  

c o n c e n t r a t i o n .  One of each  Bex was housed s e p a r a t e l y  and 

th e  o th e r  two p a i r e d  i n  a s in g le  c a g e .  Due t o  th e  s h o r t  

l i f e  span of j u v e n i l e s  on th e  t r e a t e d  l e v e l s  of 7 0 , 80 and 

100 ppm, th e s e  c o n c e n t r a t io n s  were re p e a te d  g iv in g  a t o t a l  

sample of f o u r  fe m a le s  and f o u r  m a le s .  At th e  70, 80, and 

100 ppm l e v e l s ,  food and w a te r  consum ption  were measured 

d a i l y .  At the  rem a in in g  l e v e l s  m easurem ents were made 

tw ice  a week.

Growth Measurements

J u v e n i l e s  o f b o th  s e x e s ,  21 to  2 4 -d a y s -o ld  w eigh ing  

8 t o  13 grams e a c h ,  were p lace d  on v a r io u s  d i e t a r y  l e v e l s  

of Kepone t o  l e a r n  of any e f f e c t  on g row th . These d a ta  

were c o l l e c t e d  by w eig h ing  th e  an im a ls  tw ice  a week d u r in g  

th e  courBe of t h e i r  m o r t a l i t y  and food and w a te r  consum ption  

t e s t s .  Mice on d i e t a r y  l e v e l s  of 70, 80 and 100 ppm were 

weighed d a i l y .  A l l  w eigh ings  were perform ed on a H arvard 

t r i p  b a la n c e  o r  on a d i s p e n s in g  b a la n c e  t o  0 .1  gram.

Most of th e  an im a ls  used  d u r in g  th e  co u rse  of t h i s  

Btudy were weighed p r i o r  to  any t r e a tm e n t ,  a f t e r  any 

t e s t s ,  and b e fo re  t h e i r  d i s s e c t i o n  f o r  e x a m in a t io n .  A l

though  such  d a ta  do n o t  r e p r e s e n t  grow th r a t e s ,  th e y  do 

p ro v id e  in fo rm a t io n  on th e  v a r i a t i o n  of norm al body w e ig h t s .
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M ajor Organ W eigh ts

D uring  s p e c i f i c  t e s t s  o r a t  t h e i r  t e r m in a t io n ,  

t r e a t e d  and c o n t r o l  mice v e re  s a c r i f i c e d  and exam ined . 

I n d i v id u a l  o rgans  v e re  c a r e f u l l y  d i s s e c t e d  out im m ed ia te ly  

a f t e r  th e  an im al v a s  k i l l e d ,  and v e ig h e d .  T h e re fo re ,  th e r e  

v as  l i t t l e  chance f o r  d e h y d r a t io n  of th e  o rgans  b e fo re  th e y  

v e re  v e ig h e d .  The f o l lo w in g  v e ig h t s  v e re  r e c o rd e d :  t o t a l

body, l i v e r ,  k id n e y s ,  h e a r t ,  s p le e n ,  t e s t e s ,  o v a r ie s ,  

u t e r u s ,  a d r e n a l s ,  b r a i n  and p i t u i t a r y .  T o ta l  body and 

l i v e r  v e i g h t s  v e re  d e te rm in e d  by  a t r i p  b a la n c e  o r  a 

d i s p e n s in g  type  b a la n c e  to  th e  n e a r e s t  t e n t h  of a gram.

The rem a in in g  o rgans v e re  v e ighed  on a s in g le -p a n  

a n a l y t i c a l  b a lan c e  to  o n e - te n th  of a m i l l ig ra m .  The 

m a jo r i ty  of th e  o rgans  v e re  p la c e d  i n t o  B o u in 's  f i x a t i v e  

f o r  24 h o u rs  a f t e r  th e y  v e re  v e ig h e d ,  and th e n  i n t o  70# 

a lc o h o l  so t h a t  h i s t o l o g i c a l  s e c t io n s  could  be made i f  

d e s i r e d •

To d e te rm in e  vhen e x c e p t io n a l l y  e n la rg e d  l i v e r s  

d ev e lo p  and i f  th e  f a t  c o n te n t  of such  l i v e r s  in c r e a s e s ,  tv o  

a d u l t  m ales fe d  40 ppm and tv o  c o n t r o l s  v e re  s a c r i f i c e d  a t  

each  of th e  f o l l o v i n g  i n t e r v a l s :  7, 10, 14, 21, 28, 42,

56  and 120 d a y s .  D urin g  th e  e n t i r e  p r o j e c t  th e  l i v e r  

v e ig h t s  of most of th e  s a c r i f i c e d  an im a ls  v e re  reco rd ed  

a lo n g  v i t h  t h e i r  h i s t o r y  of t r e a tm e n t .  T h is  p rov ided  

in fo rm a t io n  c o n c e rn in g  l i v e r  en la rg em en t over a v id e  range  

of t r e a tm e n t s ,  age g roups and s e x e s .
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The f a t  c o n te n t  of th e  l i v e r s  v a s  d e te rm in ed  by 

th e  f o l l o v i n g  p ro c ed u re s

1* A f te r  k i l l i n g  th e  a n im a l ,  i t s  l i v e r  vas

im m ed ia te ly  d i s s e c t e d  ou t and v e ig h ed  t o  the  

n e a r e s t  t e n t h  of a gram.

2 .  The l i v e r  v as  th e n  m acerated  v i t h  a p o r c e l a in  

m o r ta r  and p e s t l e  i n  a medium of anhydrous 

sodium s u l f a t e .  The amount of sodium s u l f a t e  

v as  e q u a l  t o  f o u r  t im es  th e  v e ig h t  of the  

l i v e r •

3 .  The m acera ted  l i v e r  v as  e x t r a c t e d  v i t h  d i e t h y l  

e t h e r  f o r  f o u r  h o u rs  uBing a S a x h le t  e x t r a c t i o n  

a p p a r a t u s •

4 .  The s o lv e n t  vas  e v a p o ra te d  from  th e  f a t  e x t r a c t  

and th e  rem a in in g  e x t r a c t  v a s  ve ighed  t o  th e  

n e a r e s t  t e n t h  of a gram.

R ep ro d u c tio n  Data

I n  th e  b e g in n in g  of t h i s  s tu d y  fo u r  g roups of a d u l t  

m ice, each  group composed of e i g h t  p a irB , v e re  fe d  10, 30 

and 37*5 ppm Kepone, r e s p e c t i v e l y ,  f o r  one month p r i o r  to  

m a tin g . These mice v e re  of mixed p a re n ta g e  and v i l l  be 

d e s ig n a te d  aB group A i n  th e  rem a in in g  p a g e s .

These t r e a tm e n t  l e v e l s  v e re  s e l e c te d  b ecause  of 

p re v io u s  v o rk  by Good § £  a i*  ( 1 9 6 3 ) v h ic h  r e p ro d u c t io n
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was s e v e r e ly  reduced  a t  th e  30 and 37*5 c o n c e n t r a t io n s  

v i t h o u t  s e v e re  m o r t a l i t y .

A f te r  b o th  sex e s  had been  fe d  Kepone f o r  one month 

a t  th e  in d i c a t e d  c o n c e n t r a t i o n s ,  th e  p a i r s  v e re  mated, one 

male and one fem ale  p e r  p l a s t i c  c a g e .  Males v e re  caged 

c o n t in u o u s ly  v i t h  th e  fem a le s  u n t i l  p reg nan cy , a f t e r  v h ic h  

th e  m ales v e re  removed u n t i l  th e  young v e re  b o rn  and v ea n ed . 

I f  p regnancy  d id  n o t  occu r v i t h i n  th r e e  v e e k s ,  th e  o r i g i n a l  

male v a s  r e p la c e d .

The fe m a le s  v e re  checked d a i l y  f o r  p re g n a n c ie s  and 

l i t t e r s .  A f te r  th e  b i r t h  of a l i t t e r  th e  f o l l o v i n g  

in fo rm a t io n  v as  r e c o rd e d :  m other, f a t h e r ,  d a te  of l i t t e r ,

number of young p lu s  o b s e rv a t io n s  c o n c e rn in g  m a te rn a l  c a r e ,  

p re se n c e  of a n e s t ,  and t r e m o rs .  R ep ro d u c tio n  d a ta  v e re  

c o l l e c t e d  from  group A f o r  100 d ays  from  Ja n u a ry  u n t i l  May, 

1962. I n  Kay a l l  p a i r s  v e re  s e p a ra te d  in  p r e p a r a t io n  f o r  

f u t u r e  t e s t s .

I n  June , 1962, m atings  v e re  made b e tv e e n  t r e a t e d  

m ales and c o n t r o l  fem a le s  and c o n t r o l  m ales and t r e a t e d  

f e m a le s .  The t r e a t e d  fe m a le s  and m ales v e re  from  group A 

and th e  c o n t r o l  fe m a le s  and m ales from  the  f i r s t  o f f s p r in g  

of th e  c o n t ro l f e m a le s  of group A. A l l  t r e a t e d  an im a ls  had 

been  fe d  40 ppm f o r  a minimum p e r io d  of tv o  monthB.

Ten c o n t r o l  m ales v e re  p u t  i n  i n d i v id u a l  p l a s t i c  

c ag es  and each  mated v i t h  tv o  fe m a le s ,  one t r e a t e d  and one 

c o n t r o l .  The t r e a t e d  fe m a le s  v e re  marked by  to e  c l i p p i n g s .
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Ten t r e a t e d  m ales were mated In  a s i m i l a r  m anner. The 

m ales were s e p a ra te d  from  th e  fe m a le s  a f t e r  a two-week 

m ating  p e r i o d . D uring  th e  m ating  p e r io d  a l l  an im a ls  were 

fe d  a 40 ppm t r e a t e d  d i e t .  A f te r  th e  m ating  p e r io d ,  

p r e v io u s ly  u n t r e a te d  mice were r e tu r n e d  t o  a c o n t r o l  d i e t  

and th e  p r e v io u s ly  t r e a t e d  mice were m a in ta in ed  on a 

t r e a t e d  d i e t .

I n  A ugust, 1962, 28 p a i r s  of f o u r  and o n e -h a l f  - 

m onth-o ld  mice of th e  pure  s t r a i n  BALB/cJaxGnMc were mated 

t o  co n f irm  th e  e a r l i e r  d a ta  c o l l e c t e d  from  group A. These 

mice w i l l  be d e s ig n a te d  a s  group B i n  th e  rem a in in g  p a g e s .  

F o u r te e n  of th e  28 p a i r s  had been  fe d  40 ppm Kepone f o r  

two and o n e -h a I f  months p r i o r  t o  m a tin g . The rem a in in g  14 

p a i r s  served  a s  the  c o n t r o l s .  The p ro ced u re  fo llow ed  was 

t h a t  d e s c r ib e d  i n  r e l a t i o n  to  group A. R ep ro d u c tio n  d a ta  

were c o l l e c t e d  from  group  B f o r  100 days  from  August u n t i l  

November, 1962, when a l l  p a i r s  were s e p a r a te d .

Ten c o n t r o l  m ales and 10 c o n t r o l  fe m a le s ,  a l l  

o f f s p r in g  of group B, were mated w ith  10 t r e a t e d  fem ales  

and 10 t r e a t e d  m ales , r e s p e c t i v e l y ,  from  group  B, S in g le  

p a i r s  were mated i n  i n d i v i d u a l  p la B t ic  cag es  i n  November, 

1962, The 40 ppm d i e t  was fed  to  a l l  an im a ls  d u r in g  the  

f o u r  week m ating  p e r io d .

The fo l lo w in g  ex p e rim en t was d e s ig n ed  to  l e a r n  

i f  r e p ro d u c t io n  would resume when t r e a t e d  an im a ls  were 

p e rm an en tly  removed from  a t r e a t e d  d i e t .  I n  December,
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1962, th e  10 t r e a t e d  m ales and th e  10 t r e a t e d  fem a le s  from  

group  B were p laced  on an u n t r e a te d  d i e t  and mated w i th  10 

c o n t r o l  femaleB and 10 c o n t r o l  m ales , r e s p e c t i v e l y ,  a l s o  

from  group  B. Each of th e  c o n t r o l  fe m a le s  had borne two 

p re v io u s  l i t t e r s  and each  of th e  c o n t r o l  m ales had 

f e r t i l i z e d  fem a le s  i n  e a r l i e r  m a t in g s .  None of th e  

t r e a t e d  fem a le s  had borne  a l i t t e r  i n  p re v io u s  m a tin g s ,  b u t  

some of th e  t r e a t e d  m ales had f e r t i l i z e d  c o n t r o l  fe m a le s  i n  

c r o s s  m ating  t e s t s .  R ep ro d u c tio n  d a ta  were c o l l e c t e d  f o r  

100 days from  December, 19^2, u n t i l  A p r i l ,  19^3* Each 

p a i r  was p laced  i n  an i n d i v id u a l  cage and th e  p ro cedu re  

was t h a t  d e s c r ib e d  f o r  groupB A and B.

V ag in a l  SraearB

As d is c u s s e d  i n  d e t a i l  i n  th e  l i t e r a t u r e  rev iew , 

th e  v a g in a l  smear te ch n iq u e  p e rm it te d  one to  f in d  o u t ,  i n  

a s im p le ,  r e l i a b l e  manner, w he the r  th e  fem ale e s t r o u s  

cy c le  was o c c u r r in g  i n  a norm al manner.

The m edicine d ro p p e r  method was employed s inoe  i t  

appeared  to  be the  le a B t i r r i t a t i n g  method to  the  fe m a le s .

A m edicine d ro p p e r  drawn t o  a f i n e  p o in t  v as  i n s e r t e d  i n t o  

th e  vag ina  and one o r  two dropB of s a l i n e  s o lu t io n  were 

q u ic k ly  fo rc e d  out and th en  sucked back i n t o  th e  m edicine 

d ro p p e r .  T h is  s o lu t io n -w a s  th e n  p laced  on a g lasB  s l i d e ,  a 

d ro p  of m ethylene b lu e  added w ith  a co v e r  s l i d e ,  and th e n  

m ic ro s c o p ic a l ly  exam ined. The m ethylene b lu e  a id ed  i n
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d i f f e r e n t i a t i n g  th e  c e l l  ty p e s  s in c e  th e  n u c l e i  o f th e  

e p i t h e l i a l  c e l l s  ab so rbed  i t  i n t e n s e l y .  The p h y s io lo g ic a l  

s a l i n e  s o l u t i o n  p re v e n te d  th e  s w e l l in g  and b u r s t i n g  of the  

le u k o c y te s .

V ag in a l  sm ears were ta k e n  d a i l y  f o r  th r e e  weeks 

from  two g ro u p s , each  group composed of 20 tw o-m onth-o ld  

v i r g i n  f e m a le s .  These two groups had e s t r o u s  c y c le s  

com parable i n  le n g th ,  r e g u l a r i t y  and o c c u r re n c e .  One group 

was th e n  fe d  40 ppm Kepone. Three weeks and e ig h te e n  weeks 

l a t e r ,  d a i l y  v a g in a l  sm ears were ta k e n  of b o th  g roups f o r  

th r e e  and f o u r  weeks, r e s p e c t i v e l y .

V ag in a l  sm ears were a l s o  ta k e n  from  th e  b r e e d e r  

g ro u p s , A and B. Smears were ta k e n  d a i l y  from  group  A f o r  

e ig h t  days  p r i o r  to  s a c r i f i c e  a f t e r  t h e i r  r e p r o d u c t io n  d a ta  

had been  c o l l e c t e d .  H i s t o l o g i c a l  s e c t io n s  were th e n  made 

of t h e i r  m ajor o rgans i n c lu d in g  o v a r i e s .  Smearb were ta k e n  

from  group B f o r  th r e e  weeks p r i o r  to  m a tin g . V ag in a l  

smears were a l s o  tak en  from  fem a le s  p r i o r  to  s a c r i f i c e ,  i f  

t h e i r  o v a r ie s  were to  be s e c t io n e d .

H i s t o l o g i c a l  S tu d ie s

Any m ajor a l t e r a t i o n s  of t i s s u e s  were d e te rm in ed  by 

exam ining h i s t o l o g i c a l  s e c t io n s  of th e  fo l lo w in g  o rg a n s :  

L iv e r ,  k id n e y s ,  b r a i n ,  s p le e n ,  p i t u i t a r y ,  o v a r i e s ,  u t e r u s ,  

t e s t e s  and a d r e n a l s .  K epone-fed and c o n t r o l  an im a ls  were 

examined •
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Two s t a i n i n g  te c h n iq u e s  were u t i l i z e d  In c lu d in g  the  

s ta n d a rd  h e m a to x y l in -e o s in  method and an  azo carm ine-o rang e  

G-raethylene b lu e  s t a i n  c o m b in a tio n . Two methods were 

u t i l i z e d  i n  hope t h a t  one might d i s c l o s e  som eth ing  t h a t  th e  

o th e r  would n o t .  The d e t a i l s  o f th e se  methodB a r e  p re se n te d  

i n  th e  ap p en d ix .

Bach ovary  was c o m p le te ly  s e c t io n e d  i n  a s e r i a l  

manner a l lo w in g  th e  e n t i r e  organ to  be exam ined. The 

o b j e c t i v e s  f o r  s e c t io n in g  th e  o v a r ie s  were t o  check 

f o l l i c l e  developm ent and co rp u s  lu teum  fo rm a t io n .  The 

d eg ree  of f o l l i c l e  developm ent would be a r e f l e c t i o n  of PSH 

a c t i v i t y  and co rpus  lu teum  fo rm a tio n  would i n d i c a t e  

o v u la t io n  and s u f f i c i e n t  Ifl a c t i v i t y .

Bach ovary  waB m ic ro s c o p ic a l ly  examined and 

f o l l i c l e  c o u n ts  were made of a l l  f o l l i c l e s  270  m icrons or 

more i n  d ia m e te r .  The d ia m e te r  measurem ents were made 

from  th e  e x t e r i o r  m arg ins of th e  th e c a  e x te rn a  of the  

f o l l i c l e  by means of a c a l i b r a t e d  o c u la r  m ic ro m ete r .

C orpora l u t e a  from  th e  l a s t  e s t r o u s  c y c le  were a l s o  c o u n te d .  

Due t o  t h e i r  i n t e n s i v e  s t a i n i n g ,  theBe l u t e a l  b o d ie s  were 

e a s i l y  d i f f e r e n t i a t e d  from  o ld e r  c o rp o ra  l u t e a  o r  o th e r  

o v a r ia n  s t r u c t u r e s .

Median s e c t i o n s  of th e  t e s t e s  were p rep a red  to  

d e te rm in e  i f  norm al B perm atogenesis  was o c c u r r in g  and i f  

norm al amounts of i n t e r s t i t i a l  c e l l  t i s s u e  were p r e s e n t .

The norm al c o n d i t io n  was d e te rm in ed  by com parison  w ith
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w e l l  deve loped  and c o n ta in e d  the  v a r io u s  s t a g e s  of 

sp e rm a to g e n e s is ,  i t  was c o n s id e re d  a norm al and a c t i v e  

t e s t i s .

Median s e c t io n s  were p re p a re d  of the  o th e r  organs 

p lu s  s e c t io n s  from  abnorm al a p p e a r in g  a r e a s .  Some 

a d r e n a l s ,  p i t u i t a r i e s  and b r a in s  were c o m p le te ly  s e c t io n e d  

i n  a s e r i a l  m anner.

S e r o l o g i c a l  S tudieB

Since some b lood  t e s t s  might y i e ld  v a lu a b le  

in fo rm a t io n  co n c e rn in g  some im p o r ta n t  p h y s io lo g ic a l  a c t i o n s  

of Kepone, d e te r m in a t io n s  were made of the  fo l lo w in g  b lood 

com ponents: C alcium , sodium, g lu c o s e ,  and p ro te in -b o u n d

io d in e  (P B l) .  The b lood  t e s t s ,  w i th  th e  e x c e p t io n  of th e  

PBI t e s t s ,  were conducted  by the  C l i n i c a l  L a b o ra to ry ,  

C o lleg e  of V e te r in a r y  M edicine , The Ohio S ta te  U n iv e r s i ty .  

The PBI d e te r m in a t io n s  were made by the  A r l in g to n  

L a b o r a to r i e s ,  Columbus, O hio .

One of the  m ajor problem s w ith  s e ro lo g y  s tud ieB  

in v o lv in g  mice co n ce rn s  th e  micro-volum e q u a n t i t i e s  of 

b lood  which must be used from  such sm a ll  mammals. Only In  

r e c e n t  y e a r s  have m icro-volum e p ro c e d u re s  been  d ev e lo p ed , 

so  t h a t  l i t t l e  In fo rm a t io n  i s  a v a i l a b l e  i n  th e  l i t e r a t u r e  

co n c e rn in g  s e ro lo g y  t e s t s  w i th  m ice.
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The b lood  was o b ta in e d  by means of a h e a r t  p u n c tu re  

from  mice a n e s th e t i z e d  w ith  d i e t h y l  e t h e r ,  A two o r  f i v e -  

ml Byringe w ith  a 20-gauge n eed le  was used to  draw th e  

b lood from th e  h e a r t .  The sy r in g e  and n eed le  were r in s e d  

w i th  a p h y s io lo g ic a l  s a l i n e  s o lu t io n  to  p re v e n t  h e m o ly s is .  

O ne-ha lf  ml of whole b lood was th e  average  volume o b ta in e d  

from  an i n d i v id u a l  mouse and the  an im al would su rv iv e  i f  

th e  h e a r t  was p unc tu red  p r o p e r ly .

Calcium  and sodium d e te r m in a t io n s  were made by 

flam e photom etry.®  C alcium  d e te r m in a t io n s  were made from  

s ix  sam ples, each  poo led  from  4 s ix  t o  e ig h t-m o n th -o ld  

fem a le s  w eighing  22-29 grams e a c h .  Two sam ples were from  

fem a les  fed  40 ppm f o r  f i v e  months, two sam ples from  

fe m a le s  fed  100 ppm f o r  two weeks and two sam ples from  

c o n t r o l  f e m a le s .  The maximum e r r o r  I s  0 .2  mg/100 ml, which 

i s  based on two s ta n d a rd  d e v ia t i o n s  of th e  c o n t r o l s .  Normal 

c a lc iu m  v a lu e s  i n  humans and r a t s  range  between 8 .5 -1 1 .5  

mg/100 ml.

Sodium d e te r m in a t io n s  were made from  I n d iv id u a l  

samples of 12 fem a les  w eigh ing  2 2 -2 9  grams each  and f iv e  to  

s ix -m o n th s -o ld . Four sam ples were drawn from  c o n t r o l  

fe m a le s ,  f o u r  samples from  fem a les  fed  40 ppm f o r  f o u r

® D eterm inations of ca lc iu m  and sodium were made 
w i th  a Model 21 Coleman Flame P h o to m e te r .  The d e t a i l s  of 
th e s e  methods can be found in  th e  Manual of O p e ra t in g  
D i r e c t io n s  f o r  th e  Model 21 Coleman Flame P ho tom ete r , 1961* 
The Coleman In s tru m e n t  Company, Maywood, I l l i n o i s .
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months, and f o u r  sam ples from  fe m a le b fed  100 ppm f o r  two 

w eeks. The maximum e r r o r  i s  3 m B q / l i t e r ,  which i s  baBed on 

two s ta n d a rd  d e v i a t i o n s  of th e  c o n t r o l s .  Normal sodium 

v a lu e s  f o r  humans and r a t s  range betw een 130 to  150 

m E q / l i t e r .

Blood g lu co se  was d e te rm in ed  by  th e  S a i f e r  and 

G e r s te n fe ld  (1958) m ethod. B a s i c a l l y ,  th e  method c o n s i s t s  

of add ing  s p e c i f i c  enzymes to  th e  p re p a red  b lood  sam ples 

w hich r e a c t  o n ly  w i th  g lu c o s e .  These r e a c t i o n s  produce 

a yellow  c o l o r ,  the  i n t e n s i t y  of which i s  p r o p o r t i o n a l  to  

th e  g lucose  c o n c e n t r a t i o n .  The c o lo r  i n t e n s i t y  i s  measured 

by means of a c o lo r im e te r  a t  a wave le n g th  of 415 mu.

The maximum amount of e r r o r  i s  6 mg/100 ml based  on two 

s ta n d a rd  d e v ia t i o n s  of the  c o n t r o l s .  The norm al P a s t in g  

g lu c o se  f o r  humans and r a t s  ran g es  betw een 80-100 mg/100 

ml.

Blood g lucose  d e te r m in a t io n s  were made from  th e  

i n d i v id u a l  sam ples of 24 fem ale mice w eigh ing  2 2 -2 9  grams 

each  and f i v e  t o  s ix -m o n th s -o ld .  E ig h t  sam ples were from 

c o n t r o l  fe m a le s ,  e i g h t  sam ples from  fem a le s  fed  40 ppm f o r  

f o u r  months, and e i g h t  sam ples from  fem a le s  fed  100 ppm f o r  

two w e e k B .  F our of th e  e i g h t  sam ples from  each  of th e  

th r e e  d i f f e r e n t  groups were drawn from  mice which had been  

f a s t e d  f o r  16 h o u r s .

P ro te in -b o u n d  io d in e  was de te rm ined  by th e  B arke r 

££. JLl* (1951) d r y  a sh  m ethod. Normal valueB f o r  humans
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range  from  ^ -8  mEq/100 ml. The PBI was d e te rm in ed  i n  

th r e e  sam ples , each  sample b e in g  pooled  from  fo u r  fem ales  

w eigh ing  22-29 grams each  and f i v e  t o  s ix -m o n th s -o ld • One 

Bample was drawn from  c o n t r o l  fe m a le s ,  the  second from  

fe m a le s  fe d  ^0  ppm f o r  f o u r  months, and the  t h i r d  from  

fe m a le s  fed  100  ppm f o r  two w eeks.

Hormone B io assay s

I n  an a t te m p t  to  e l u c i d a t e  one of th e  p o s s ib le  

re a s o n s  f o r  the  r e p ro d u c t iv e  i n h i b i t i o n  observed in  fem a les  

fe d  ^0 ppm Kepone, a s s a y s  of th e  FSH and IK  g o n ad o tro p h in s  

were u n d e r ta k e n .  There i s  v e ry  l i t t l e  l i t e r a t u r e  a v a i l a b l e  

c o n c e rn in g  the  a s s a y  of hormones i n  m ice . T h e re fo re ,  i t  

was n e c e s s a ry  to  e s t a b l i s h  the  amount of p i t u i t a r y  tiSBue 

needed to  o b ta in  m easurable  a c t i v i t y  of the  g o n ad o tro p h in s  

and to  f in d  out I f  a l i n e a r  r e l a t i o n s h i p  e x i s t e d  between 

the  number of pooled  p i t u i t a r i e s  and th e  amount of re sp o n se  

of th e  I n d i c a to r  o rg an .

The augm en ta tion  method of S tee lm an-P oh ley  (1953) 

and th e  v e n t r a l  p r o s t a t e  method of Greep §£  a ^ .  (19^1) were 

s e l e c te d  to  asBay F*SH and IK, r e s p e c t i v e l y .  The s p e c i f i 

c i t y  and p r e c i s io n  of b o th  methods had been  confirm ed by 

S tevens  ( 1 9 6 2 ) and many o th e r  w o rk e rs .  Both methods 

a llow ed  crude p i t u i t a r y  e x t r a c t s  to  be used on th e  a s s a y  

r a t s .
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A t r i a l  t e s t  on LK was conducted  w i th  p i t u i t a r y  

e x t r a c t s  from  f iv e -m o n th -o ld  v i r g i n  fe m a le s  w eigh ing  2 2 -2 5  

grams e a c h .  The e n t i r e  e x t r a c t i o n  p rocedure  was perform ed 

i n  a c o n s ta n t  te m p e ra tu re  co ld  room m ain ta in ed  a t  40-43°

The d e t a i l s  of th e  method a re  p re se n te d  i n  th e  ap p e n d ix .

P i t u i t a r y  e x t r a c t s  c o n ta in in g  th e  hormones of one, 

two and fo u r  p i t u i t a r i e s  were p r e p a re d .  Three sam ples a t  

e a ch  c o n c e n t r a t io n  were p re p a red  p lu s  c o n t r o l s  and b l a n k s .  

Bach sample was p lace d  In  a numbered v i a l  and r e f r i g e r a t e d  

a t  a te m p e ra tu re  of 38-40° F .  A l l  sam ples were p re p a red  

w i th in  24 hou rs  of th e  f i r s t  I n j e c t i o n .

Hypophysectomized 2 4 -d ay -o ld  Sprague-Dawley male 

ra tB  w eigh ing  45-50 grams each  were used a s  the  asBay 

a n im a ls .  A l l  r a t s  were weighed b e fo re  and a f t e r  the  t e s t  

i n  o rd e r  to  d e te rm in e  w hether v a r i a b i l i t y  in  the  Bize of th e  

r a t  a f f e c t e d  th e  dose r e s p o n s e .

The hypophysectom ized r a t s  were i n j e c t e d  tw ice  

d a i l y ,  a p p ro x im a te ly  e i g h t  h o u rs  a p a r t ,  w i th  th e  p rep ared  

e x t r a c t s  f o r  fo u r  d a y s .  A 2 . 0 -ml sy r in g e  w i th  a 2 7 -gauge 

n e e d le  was used t o  make the  subcu taneous  i n j e c t i o n s  on th e  

d o r s a l  s id e  of th e  lower neck r e g io n .  The i n j e c t i o n  volume 

was k e p t  c o n s ta n t  a t  0 .5  ml.

The v e n t r a l  p r o s t a t e  g land  was used a s  th e  i n d i c a t o r  

organ  of m  a c t i v i t y  Bince t h i s  organ i s  s p e c i f i c  to  l i t  

and i t s  d eg ree  of re sp o n se  i s  n o t a l t e r e d  by the  p re sence  

o f  P*SH. Sem inal v e s id l e  and t e s t i c l e  weightB were a l s o
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r e c o r d e d .  These o rgans a re  n o t  s p e c i f i c  i n  t h e i r  re sp o n se  

t o  IH, b u t  do i n d i c a t e  t o t a l  g o n ad o tro p h ic  r e s p o n s e .

The r a t s  were s a c r i f i c e d  120 hourB a f t e r  the  f i r s t  

i n j e c t i o n .  The v e n t r a l  p r o s t a t e  was Im m ed ia te ly  d i s s e c t e d  

ou t and weighed t o  one t e n t h  of a m i l l ig ra m  on a B in g le -  

pan a n a l y t i c a l  b a la n c e .  The sem in a l v e B ic le s  and th e  te B te s  

were th en  d i s s e c t e d  ou t and weighed i n  a s i m i l a r  manner.

The a c t u a l  a s s a y  of Ifl a c t i v i t y  i n  the p i t u i t a r i e s  

of c o n t r o l  and Kepone fed  mice was conducted  a s  d e s c r ib e d  

abo ve . Sample e x t r a c t s  were pooled  from  fo u r  p i t u i t a r i e s  

s in c e  such  a q u a n t i t y  gave th e  moBt s a t i s f a c t o r y  r e s u l t s  in  

th e  t e s t  t r i a l s .  Seven sample e x t r a c t s  were p re p a red  from  

f i v e  -m onth-old v i r g i n  fe m a le s  w eigh ing  2 2 -2 5  grams e a c h .  

These fem a le s  had been  fed  40 ppm Kepone f o r  th re e  monthB. 

Seven sam ples from  c o n t r o l  fem a le s  of th e  same age and 

w eigh t group were a l s o  p re p a red  p lu s  c o n t r o l s  and b la n k s .

A c o n t r o l  was a sample i d e n t i c a l  to  the  t e s t  sample e x c e p t  

t h a t  i t  c o n ta in e d  no p i t u i t a r y  e x t r a c t .  B lanks were u n 

i n j e c t e d  r a t s .

A t r i a l  run  on th e  a s s a y  of FSH was conducted  w i th  

p i t u i t a r y  e x t r a c t s  from  f iv e -m o n th -o ld  v i r g i n  fem ales  

w eigh ing  22-25 grams e a c h .  The method of p rocedu re  was 

t h a t  fo llo w ed  i n  th e  l i i  a s s a y s  e x c e p t  t h a t  the  e x t r a c t s  

were f o r t i f i e d  w i th  50 I n t e r n a t i o n a l  U n i ts  ( I .U . )  of human 

c h o r io n ic  g o n ad o tro p h in  (HCO). S ince th e  p i t u i t a r y  

c o n ta in s  c o n s id e r a b ly  more FSH th an  UI (S tev en s ,  1962),
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o n ly  sam ples c o n ta in in g  th e  e x t r a c t  of one o r  two 

p i t u i t a r i e s  were assayed*  Three sam ples were employed a t  

e ach  c o n c e n t r a t io n  p lu s  c o n t r o l s ,  b la n k s ,  and samples 

f o r t i f i e d  w i th  HCG, b u t  c o n ta in in g  no p i t u i t a r y  e x t r a c t .  

T his  l a s t  mentioned c o n t r o l  waB n e c e s s a ry  I n  o rd e r  to  

measure the  re sp o n se  of th e  I n d i c a t o r  organ  to  t h i s  added 

horm one•

I n t a c t ,  2 1 -d a y -o ld ,  v i r g i n  Sprague-Dawley r a t s  

w eigh ing  ^0-^5 grams each  were employed a s  the  a s sa y  

an im al In  th e  FSH t e s t s .  The in c r e a s e  In  w eigh t of the  

ovary  was used a s  the  i n d i c a t o r  organ  of FSH a c t i v i t y  s in c e  

the  r e l a t i o n s h i p  betw een a d m in is te re d  FSH and o v a r ia n  

w eigh t was l i n e a r  when augmented w i th  c h o r io n ic  gonado

t r o p h i n .

A ccording t o  S tevens  (1962), the  re a so n  t h a t  IH 

does n o t  a l t e r  th e  ovary  response  i s  because  HCG i s  an 

m - l l k e  su b s ta n c e ,  and th e  amounts of HCG g iv en  urkler 

a s s a y  c o n d i t io n s  a re  q u i t e  l a r g e ,  so t h a t  th e  o v a r ie s  a re  

"overwhelmed" by IH a c t i v i t y  and th e  a d d i t i o n  of exogenous 

p i t u i t a r y  UI does  n o t  produce any m easurable  r e s p o n s e .

The 2 1 -d ay -o ld  r a t s  were i n j e c t e d  tw ice  a d ay , 

a p p ro x im a te ly  8 ho u rs  a p a r t ,  f o r  th r e e  d a y s .  As i n  the  Di 

a s s a y s ,  0 .5  ml was u s e d .  The r a t s  were s a c r i f i c e d  72 ho u rs  

a f t e r  th e  f i r s t  i n j e c t i o n .  The o v a r ie s  were im m ed ia te ly  

d i s s e c t e d  o u t ,  f r e e d  from  any f a t ,  and weighed to  one t e n th  

o f  a m il l ig ra m  on a s in g le - p a n  a n a l y t i c a l  b a la n c e .  The
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u t e r i  v e re  a l s o  d i s s e c t e d  ou t and weighed i n  o rd e r  to  f in d  

ou t i f  any r e l a t i o n s h i p  ex iB ted  betw een t h e i r  w eig h t and 

th e  dosage of p i t u i t a r y  e x t r a c t  a d m in i s te r e d .

F o llo w in g  th e  t r i a l  t e s t s ,  th e  a c t u a l  a s s a y s  on 

t r e a t e d  mice were conducted  i n  which th e  p o o l in g  of two 

p i t u i t a r i e s  p e r  sample were employed i n  the  FSH a s s a y s .

The p rocedu re  fo llo w ed  was t h a t  d e s c r ib e d  i n  the  t r i a l  

a s s a y s .

Seven sam ples were p re p a red  from  f iv e -m o n th -o ld  

v i r g i n  fem a les  w eigh ing  2 2 -2 5  grams each  which were fed  40 

ppm Kepone f o r  th r e e  m onths. Seven sampleb were a l s o  

p re p a re d  from  a group of c o n t r o l  fem a le s  of the  same age 

and w eigh t p lu s  c o n t r o l s ,  b la n k s  and f o r t i f i e d  c o n t r o l s .

A l l  sam ples were p re p a red  w i th in  24 ho u rs  of th e  f i r s t  

i n j e c t i o n .

The sample s i z e s  used i n  th e se  a s s a y s  were 

d e te rm in ed  in  p a r t  by th e  number of t r e a t e d  mice a v a i l a b l e .  

A t o t a l  of 114 p i t u i t a r i e s  were e x t r a c t e d  i n  the  FSH and 

IJI b io a s s a y s .

I n s e c t i c i d e  R es idues

I n s e c t i c i d e  r e s i d u e s  of Kepone i n  mice were 

measured f o r  seven  m ajor r e a s o n s : ( l )  to  measure the

r e l a t i v e  c o n c e n t r a t io n  of Kepone i n  the  v a r io u s  o rgan s;

(2 ) to  d e te rm in e  i f  Kepone I s  accum ulated  a t  a c o n s ta n t  

s u b l e t h a l  l e v e l  o f  in g e B tio n ;  ( 3 ) to  d e te rm in e  i f  Kepone
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i s  e x c re te d  fo l lo w in g  the  w ith d raw a l  of i t  from  the  

a n im a l 's  d i e t ;  (*0 t o  d i s c o v e r  i f  i t  p a s s e s  th rou gh  th e  

p la c e n ta  of a p re g n a n t  fem a le ; (5 ) t o  d i s c o v e r  i f  i t  p a s se s  

th ro u g h  th e  m ilk  of a n u rs in g  fem ale ; (6 ) t o  d e te rm in e  i f  

any m e ta b o l i te  cou ld  be d e t e c te d ;  and (7 ) t o  f in d  out i f  

any p e r t i n e n t  in fo rm a t io n  could  be o b ta in ed  which might 

h e lp  to  e x p la in  Kepone1s mode of a c t i o n .

A g a s - l i q u i d  chrom atograph  w i th  e l e c t r o n  c a p tu re  

(E .C .)  d e t e c t o r  was used f o r  th e  a n a ly s i s  of p rep ared  

sam p les . The E .C . d e t e c t o r  i s  e x tre m e ly  s e n s i t i v e  to  

c h lo r in a te d  compounds, b u t  i t  i s  n o t s e n s i t i v e  to  many 

o th e r  o rg an ic  m a te r i a l s  p r e s e n t  i n  an im al e x t r a c tB .  This 

avoidB some of the  la b o r io u s  c le a n -u p  p ro c ed u re s  o th e rw ise  

n e c e s s a ry  (Anonymous, 1962),

The E .C . d e t e c t o r  m easures th e  l o s s  of c u r r e n t  

r a t h e r  th an  a p o s i t i v e l y  produced c u r r e n t .  As th e  n i t r o g e n  

gaB flow s th roug h  th e  d e t e c t o r ,  a rad ium  source  io n i z e s  

th e  n i t r o g e n  m o lecu les  and forms e l e c t r o n s .  C o l l e c t iv e l y ,  

th e s e  e l e c t r o n s  produce a s te a d y  c u r r e n t  to  the  e l e c t r o 

m e te r .  I f  a sample i s  th en  in tro d u c e d  c o n ta in in g  e l e c t r o n  

a b s o rb in g  moleculeB t h i s  c u r r e n t  w i l l  be re d u ced . The 

lo s s  of c u r r e n t  i s  a measure of th e  amount and e l e c t r o n  

a f f i n i t y  c o e f f i c i e n t  of th e  compound.

a A Barber-C olem an Model-15 gas chrom atograph 
m anufactured  by th e  Barber-C olem an Company, R ockford , 
I l l i n o i s ,  was used  f o r  th e  r e s id u e  a n a ly s e s .
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P or th e  a n a l y s i s ,  a th r e e  f o o t  lo n g , 0 .2 5  In c h  

In s id e  d ia m e te r  Pyrex g l a s s  column was employed c o n ta in in g  

Gas Chrom 60 /80  mesh co a ted  w i th  SE-5 2 . High p u r i t y  

n i t r o g e n ,  a t  a p r e s s u r e  o f 1^ P S I , se rved  a s  the  c a r r i e r  

gas a t  a flow  r a t e  of 100 m l/m lnute  th ro u g h  the  column.

The v o l ta g e  p l a t e a u  ranged  from  ^ 2 .5  t o  65 v o l t s  a t  a 

s e n s i t i v i t y  of 10 and an a t t e n u a t i o n  of one . The i n j e c t o r ,  

column and d e t e c t o r  u n i t s  were m a in ta in ed  a t  2 5 0 , 225 and 

2 5 0 ° C, r e s p e c t i v e l y .  Under th e s e  c o n d i t i o n s ,  Kepone had 

a r e t e n t i o n  tim e of seven m in u te s .

Samples were p re p a red  f o r  a n a l y s i s  by a method 

s l i g h t l y  m odified  from  t h a t  d e s c r ib e d  by  T ay lo r  ( 1 9 6 3 )*

The d e t a i l s  of t h i s  method can  be found i n  the  ap p e n d ix .

A 10 Ml Byringe was used to  i n j e c t  th e  sam pleb i n t o  the  

gas ch rom atog raph . I n j e c t i o n  volumes were u s u a l l y  one or 

two u l  depend ing  on the  peak a r e a  o b ta in e d .  A g r e a t e r  

i n j e c t i o n  volume was r e q u i r e d  w i th  some sam ples from v e ry  

sm a ll  o rgans such a s  th e  p i t u i t a r y .

A s e r i e s  of s ta n d a rd s  was e s t a b l i s h e d  by the  use 

of sam ples c o n ta in in g  known amounts of Kepone. Peak a re a  

was used as  the  u n i t  of measurement i n  th e  q u a n t i t a t i v e  

s t u d i e s .  Unknown Bamples were th en  c a l c u l a t e d  from the  

s ta n d a rd  c u rv e .  The c a lc u la t e d  re c o v e ry  r a t e  from  

f o r t i f i e d  sam ples ranged  from  75 t o  9 ($  w i th  an average  of

85 .̂
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I n  th e  p r e p a r a t i o n  of the  t e s t  sam ples , the  w eigh t 

of each  organ  and th e  volume of s o lv e n t  which c o n ta in e d  the  

e x t r a c t  were re c o rd e d .  T h is  in fo rm a t io n  p e rm it te d  th e  ppm 

c o n c e n t r a t io n  t o  be computed f o r  each  sample a n a ly z e d .

T es t  sam ples were p re p a re d  from  Kepone-fed mice and 

c o n t r o l s .  Samples were p re p a re d  from th e  fo l lo w in g  

o rg a n s :  L iv e r ,  b r a i n ,  p i t u i t a r y ,  a d r e n a l s ,  k id n e y s ,

o v a r i e s ,  u t e r u s ,  t e s t e s ,  s p le e n ,  h e a r t ,  body f a t ,  and 

muscle t i s s u e .  Samples were p repared  from  embryos and 

p la c e n ta e  of Kepone-fed m ice . S p e c i f ic  p a r t s  of s u c k l in g  

young in c lu d in g  th e  b r a i n ,  l i v e r  and stomach c o n te n ts  and 

whole s u c k l in g  young were a l s o  a n a ly z e d .



RESULTS

M o r ta l i t y  arcl T o le rance  S tu d ie s  

To e v a lu a te  th e  r e l a t i v e  t o x i c i t y  of Kepone to  the  

l a b o r a to r y  mouse, s e l e c te d  groups of ju v e n i l e s  and a d u l t s  

o f  b o th  sexes  were fed  v a r io u s  d i e t a r y  l e v e l s  of Kepone.

I n  a l l  t e s t s ,  c o n t r o l s  were run  s im u l ta n e o u s ly .  M o r ta l i ty  

t e s t s  were n o t  conducted  a t  c o n c e n t r a t io n s  below 40 ppm 

s in c e  no a d u l t  m o r t a l i t y  o ccu rred  below t h i s  l e v e l  in  th e  

r e p ro d u c t iv e  t e s t s .  The fo l lo w in g  p a rag rap h s  summarize 

th e  m o r t a l i t y  t e s t s  a t  each  d i e t a r y  l e v e l  e v a lu a te d .  A 

summary of th e s e  t e s t s  can  be found In  Table 2 .

C o n tro ls

D uring  th e se  t e s t s ,  l i t t l e  m o r t a l i t y  occu rred  w i th in  

th e  c o n t r o l  g ro u p s .  Prom th e  b e g in n in g  of t h i s  p r o j e c t  i n  

Ja n u a ry  of 1962 u n t i l  I t s  co m p le tio n  i n  June of 1 9 6 3* 

ap p ro x im a te ly  300  c o n t r o l  an im a ls  were used f o r  v a r io u s  

l e n g th s  of t im e .  D uring  t h i s  18 month p e r io d ,  o n ly  10 

i n d i v id u a l s  d ie d  r e p r e s e n t in g  a m o r t a l i t y  r a t e  of l e s s  

th a n  4j£. T h is  f i g u r e  r e p r e s e n t s  on ly  a d u l t  m o r t a l i t y .

P o r t y  ppm

Pour a d u l t  fem a les  and fo u r  a d u l t  m ales were fed  40

ppm f o r  s ix  months w i th  no m o r t a l i t y .  Very B lig h t  t re m o rs ,
78
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Table 2 , Summary of Kepone M o r ta l i ty  S tu d ie s  w ith  the  
L a b o ra to ry  Mouse

D ie t
(ppm)

Age Number I n i t i a l
D eath

(days)

C um ulative P e rc e n t  
M o r ta l i ty  a t  I n d ic a te d  

Days of T reatm ent
25/2 50^ 75 % 10 0^

50 A d u lts

J u v e n i l e s

CO 
■=*•

70

60 A d ults 8 107

J u v e n i l e s 4 75 75 67 92 98

70 A d u lts 16 17 19 21 42 ?

J u v e n i l e s 8 5 5 9 12 15

80 A dults 8 5 10 14 15 25

J u v e n i l e s 8 5 9 11 13 17

100 A dults 70 6 12 16 20 32

J u v e n i l e s 8 2 5 10 13 19



n o t i c e a b le  o n ly  when th e  mouse was h e ld  by the  t a i l ,  

appeared  w i th in  14 d a y s .  The i n t e n s i t y  of trem o r would 

in c r e a s e  and re a c h  a maximum w i th in  two m onths. I t  would 

rem ain  c o n s ta n t  f o r  one to  two months and th en  d e c l in e  to  a 

f i n e ,  c o n s ta n t  trem o r o r  f l u c t u a t e  i n  i n t e n s i t y  f o r  a s  long 

as  the  an im al was m a in ta in ed  on the  d i e t ,  F o llo w in g  the  

w ith d raw a l of the  t r e a t e d  d i e t ,  trem o rs  would d e c re a se  

w i t h i n  seven days and be h a r d ly  n o t ic e a b le  w i th in  th re e  

w eeks. A f te r  f o u r  weeks, no s ig n  of trem or was p r e s e n t .

No m o r t a l i t y  o ccu rred  among two fem ale and two male 

ju v e n i l e s ,  2 1 -2 4 -d a y s -o ld  w eigh ing  8-13 grams e a c h .  The 

t e s t  l a s t e d  two months b u t  th e se  i n d iv id u a l s  were 

m ain ta ined  on a 40 ppm d i e t  f o r  s ix  to  n ine  months a t  

which time th ey  were s a c r i f i c e d . A trem o r p a t t e r n  s im i l a r  

t o  t h a t  ex p ressed  by th e  a d u l t s  was d e m o n s tra te d .

The m a jo r i ty  of d a ta  c o l l e c t e d  i n  t h i s  p r o j e c t  

were from mice fed  40 ppm. D uring the  e n t i r e  p r o j e c t  over 

200 an im als  were t r e a t e d  a t  t h i s  c o n c e n t r a t io n  f o r  v a r io u s  

p e r io d s  of t im e . Only 12 of th e se  d ie d  which r e p r e s e n t s  a 

m o r t a l i t y  r a t e  of leBS th an  6%. N e i th e r  sex appeared  to  

be more s u s c e p t ib l e  th a n  th e  o th e r  to  Kepone, N early  100 

of the  more th a n  200 t r e a t e d  an im als  were m ain ta ined  on a 

d i e t a r y  40 ppm f o r  e i g h t  o r more months and a few up to  18 

months w ith o u t s i g n i f i c a n t  m o r t a l i t y .
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F i f t y  ppm

Of th e  fo u r  a d u l t  fem a le s  and f o u r  a d u l t  males 

t e s t e d  a t  t h i s  c o n c e n t r a t io n  f o r  Bix months, on ly  one a d u l t  

male d ied  which succumbed a f t e r  70 days of t re a tm e n t*  No 

m o r t a l i t y  o ccu rred  among th e  two femaleB and two raaleB,

2 1 -2 4 -d a y s -o ld ,  w eigh ing  8 -1 3  grams e a c h ,  d u r in g  t h e i r  two 

months of t re a tm e n t*  These j u v e n i l e s  were a c t u a l l y  

m a in ta in ed  on t h i s  t r e a tm e n t  f o r  s ix  months b e fo re  th e y  

were s a c r i f i c e d *

These an im als  d em o n s tra ted  a trem or p a t t e r n  s i m i l a r  

to  the  40 ppm t r e a t e d  an im als*  Tremors would f i r s t  ap p ear  

a t  a p p ro x im a te ly  14 days  a f t e r  t r e a tm e n t ,  and become 

c o n s ta n t  w i th in  f o u r  w eeks. The maximum i n t e n s i t y  of 

trem o r would occu r  w i th in  two months a f t e r  which th e y  

would rem ain c o n s ta n t  o r  v a ry  i n  c y c le s ,  sometimes d e c l i n i n g  

t o  a c o n s ta n t ,  f i n e  i n t e n s i t y  t re m o r .

S ix ty  ppm

A d i e t a r y  l e v e l  of 60 ppm was l e t h a l  to  ju v e n i l e s  

b u t n o t  to  a d u l t s .  Only one a d u l t  of th e  fo u r  fem a le s  and 

fo u r  males t e s t e d  f o r  s ix  months d i e d .  T his  female 

Buccumbed a f t e r  107 days  of e x p o su re .

I n  th e  j u v e n i l e  t r i a l s ,  two fem a les  and two males 

w eigh ing  8 -1 3  grams each  were fe d  60  ppm fo l lo w in g  

w eaning. T h e ir  food and w a te r  consum ption were g r e a t e r  

th an  th e  c o n t r o l s ,  b u t  t h e i r  growth r a t e  was norm al.
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TheBe anim alB , aB th e  a d u l t s ,  d em o n s tra ted  a trem o r 

p a t t e r n  s i m i l a r  to  t h a t  d i s c u s s e d  i n  th e  40 and 50  ppm 

d o sa g e s ,  and seemed t o  t o l e r a t e  th e  t r e a tm e n t  u n t i l  the  

t h i r d  month o f t r e a tm e n t .  One fem ale d ie d  a f t e r  75 d ay s  of 

t r e a tm e n t  and th e  second fem ale  a f t e r  92 d a y s .  The two 

m ales d ie d  a f t e r  87 and 98 d a y s .

S even ty  ppm

The 70 ppm c o n c e n t r a t i o n  r e p re s e n te d  th e  l i n e  of 

d e m a rc a t io n  betw een l e t h a l  and s u b l e t h a l  lev e lB  f o r  th e  

a d u l t  l a b o r a to r y  mouse. Some a d u l t s  t o l e r a t e d  t h i s  l e v e l  

b u t  th e  m a jo r i ty  cou ld  n o t .  B ig h t  a d u l t  m ales and e i g h t  

a d u l t  fe m a le s  were t e s t e d  a t  t h i s  c o n c e n t r a t io n  and a l l  

d ie d  w i th  th e  e x c e p t io n  of two m ales which t o l e r a t e d  t h i s  

c o n c e n t r a t io n  f o r  Bix months b e fo re  b e in g  w ithdraw n from  

t r e a tm e n t .

S l i g h t  t r e m o rs ,  n o t i c e a b le  when h o ld in g  th e  mouse 

by th e  t a i l ,  appeared  w i th in  10 days  a f t e r  t r e a tm e n t .  

Tremors became c o n s ta n t  w i th in  th r e e  weeks and in c re a s e d  

t o  th e  c o n v u ls iv e  Btage i n  th o se  an im als  t h a t  d ie d  e a r l y .  

The i n t e n s i t y  of trem or f l u c t u a t e d  i n  th e  s u rv iv o r s  and 

u s u a l ly  in c re a s e d  p r i o r  to  d e a th .  I n  th e  two a d u l t  males 

t h a t  su rv iv e d ,  th e  trem o r p a t t e r n  e v e n tu a l ly  became a 

c o n s ta n t  f i n e  trem o r somewhat more ex a g g e ra te d  th a n  t h a t  

d is p la y e d  a t  low er c o n c e n t r a t io n s  w i th  i r r e g u l a r
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f l u c t u a t i o n s  of i n t e n s i t y .  Upon w ith d raw a l of t r e a tm e n t ,  

a l l  t rem o rs  d is a p p e a re d  w i th in  f o u r  w eeks.

The 8 fem a le s  t e s t e d  d ie d  18, 20, 29, 2 9 , 3 0 , 3 3 ,

38 and 38  d ay s  a f t e r  th e  b e g in n in g  of t r e a tm e n t .  The s ix

m ales , which f a i l e d  t o  s u rv iv e ,  d ie d  a f t e r  1 7 , 1 9 , 2 2 , 3 2 , 

3 6 , and ^2 days  of t r e a tm e n t .

Twenty-one to  2 ^ -d ay -o ld  ju v e n i l e s  w eigh ing  8-13 

grams each  succumbed q u ic k ly  to  t h i s  d o sa g e .  The fo u r  

j u v e n i l e  fem a le s  d ie d  a f t e r  5 , 9 , l 2 , and 12 days of

t r e a tm e n t .  The f o u r  m ales d ie d  5 , 8, 1 3 , and 15 days a f t e r

t r e a tm e n t  beg an .

The ju v e n i l e s  which d ie d  w i th in  seven days developed  

s l i g h t  trem o rs  w i th in  th r e e  days which became sev e re  i n  

one o r  two days  p r i o r  t o  d e a th .  Those j u v e n i l e s  which 

su rv iv e d  f o r  n e a r ly  two weeks d id  n o t  d e v e lo p  trem ors  so 

q u ic k ly .  I n  th e s e  a n im a ls ,  s l i g h t  trem o rs  f i r s t  appeared  

a f t e r  f i v e  to  seven  days  of t r e a tm e n t  and became more 

sev e re  i n  the  fo l lo w in g  days  e v e n tu a l ly  end in g  w i th  d e a th .

E ig h ty  ppm

A l e v e l  of 80  ppm was l e t h a l  to  a l l  a d u l t s  and 

ju v e n i l e s  t e s t e d .  F ou r a d u l t  m ales d ie d  a f t e r  b e in g  

exposed f o r  1 0 , 1 5 , 22 and 25 d a y s .  Four a d u l t  fem a les  

d ie d  a f t e r  5 , 1 3 , 1^ and 18 days of i n g e s t i o n .
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P o u r  ju v e n i le  f e m a le s ,  2 1 -2 4 -d a y s -o ld  d ie d  a f t e r  9$ 

9 , 11 and 12 d ay s  of t re a tm e n t*  The f o u r  ju v e n i l e  males 

d ie d  a f t e r  5* 13# 16 and 17 days  of t re a tm e n t*

S l ig h t  t re m o rs  deve loped  w i th in  th r e e  t o  seven days  

I n  th e  a d u l t s ,  becoming c o n s ta n t  and q u i t e  n o t i c e a b le  

w i th in  7~10 days* Severe t rem o rs  deve loped  r a p i d l y  end ing  

w i th  c o n v u ls io n s  and d ea th *  I n  most a n im a ls ,  s ev e re  

tremorB appeared  w i th in  10-14 days  and f r e q u e n t l y  th e s e  

an im a ls  would rem ain  In  s e v e re  trem o rs  f o r  many days b e fo re  

d e a th  w i th  no g r e a t  w eig h t lo s s*  J u v e n i l e s  deve loped  a 

s i m i l a r  trem or p a t t e r n  e x c e p t  t h a t  trem o rs  u s u a l l y  

deve loped  one to  two days  e a r l i e r *

One Hundred ppm

A c o n c e n t r a t io n  of 100 ppm Kepone was l e t h a l  to  a l l  

an im als*  As t h i s  c o n c e n t r a t io n  r e p re s e n te d  th e  f i r s t  

a t te m p t  a t  f i n d in g  th e  c h ro n ic  l e t h a l  d o sag e , i t  was t e s t e d  

s e v e r a l  t im e s  on d i f f e r e n t  t e s t  groups to  c o n f irm  th e  

e a r l i e r  d a t a .  A f te r  e s t a b l i s h i n g  t h a t  100 ppm was a 

l e t h a l  c o n c e n t r a t io n ,  th e  o th e r  l e v e l s  betw een 40 and 100 

ppm were e v a lu a te d  to  f i n d  the  maximum B u b le th a l  dosage f o r  

a d u l t s  and j u v e n i l e s .

At 100 ppm, a l l  a d u l t s  d ie d  w i th in  32 d ay s  a f t e r  

th e  b e g in n in g  of t r e a tm e n t  w i th  th e  i n i t i a l  d e a th  coming 

w i th in  8 -10  d a y s .  I n  the  j u v e n i l e s ,  a l l  d ie d  w i th in  19
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d ay s  w i th  th e  f i r s t  d e a th  o c c u r r in g  a f t e r  two to  f i v e  d a y s .  

No d i f f e r e n c e  i n  re sp o n se  was found between th e  s e x e s .

The trem o r p a t t e r n  i n  th e  a d u l t s  and ju v e n i l e s  was 

s i m i l a r  t o  t h a t  d e s c r ib e d  a t  th e  80 ppm c o n c e n t r a t io n .  

Animals t h a t  d ie d  w i th in  21 d ay s  u s u a l l y  developed  s e r io u s  

trem o rs  i n  10-14 d a y s .  Animals t h a t  p e r s i s t e d  lo n g e r  

f r e q u e n t l y  d id  n o t  d ev e lo p  s e r io u s  trem o rs  u n t i l  a week 

l a t e r  o r  e l s e  showed a f l u c t u a t i o n  i n  trem or i n t e n s i t y  

b e fo re  d e a th .  In  a l l  c a s e s ,  sev e re  trem o rs  developed  one 

to  s e v e r a l  days b e fo re  d e a th  w i th  some an im als  rem a in in g  i n  

a s t a t e  of sev e re  t re m o rs  f o r  a s  long  a s  14 days p r i o r  to  

d e a th .

A f te r  w ith d raw a l of th e  t r e a t e d  d i e t ,  sev e re  

trem o rs  su bsided  to  a mild i n t e n s i t y  w i th in  f o u r  to  seven 

d a y s .  W ith in  two weeks o n ly  s l i g h t  trem o rs  cou ld  be 

d e te c te d  and no t rem o rs  were v i s i b l e  a f t e r  fo u r  weeks.

I n  one t e s t ,  th r e e  a d u l t  fem a les  were a l t e r n a t e d  

e v e ry  two days  from  an u n t r e a te d  d i e t  t o  one c o n ta in in g  

100 ppm Kepone. Two fem a le s  d ie d  a f t e r  10 days and the  

t h i r d  a f t e r  13 d a y s .  The f i r s t  two fem a le s  a t  th e  time 

of t h e i r  d e a th  had been  exposed to  a t r e a t e d  d i e t  f o r  

s ix  of the  10 d a y s .  The trem o r p a t t e r n  and time of i n i t i a l  

d e a th  were s i m i l a r  to  p re v io u s  t e s t s  a t  t h i s  c o n c e n t r a t io n  

w hich had n o t been  a l t e r n a t e d .  The t h i r d  fem ale was 

p la c e d  on an  u n t r e a te d  d i e t  a t  th e  time of th e  d e a th  of
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th e  o th e r  two fem a le s  and was I n  s e r io u s  t r e m o rs .  T his  

fem ale  d ie d  th r e e  d ay s  l a t e r  even though I t  In g e s te d  no 

more Kepone.

T h is  su g g e s ts  t h a t  an im a ls  w hich d ie  a f t e r  exposure  

to  Kepone, may have In g e s te d  th e  n e c e s s a ry  l e t h a l  amount 

s e v e r a l  d ay s  p r i o r  t o  d e a t h .  I f  th e  an im al has  n o t  In g e s te d  

a l e t h a l  q u a n t i t y ,  I t  u s u a l l y  re sp o n d s  q u ic k ly  t o  th e  

rem oval of th e  t o x i c a n t  from  I t s  d i e t .

Food and W ater Consumption

I n  th e  i n i t i a l  s c re e n in g  t e s t ,  f i v e  c o n t r o l  a d u l t  

m ales w eigh ing  2 5 -3 0  grams ea ch , In g e s te d  an average  of 

4 .2  to  5 . 0  grams of chow p e r  d a y .  F iv e  a d u l t  m ales of th e  

same age and w eigh t group  in g e s te d  an averag e  of b .5  t o  7*1 

grams of chow p e r  day a f t e r  t h e i r  chow had been  t r e a t e d  to  

c o n ta in  40 ppm Kepone. W ater consum ption was n o t r e c o rd e d .

I n  a more e x te n s iv e  t e s t  w i th  a d u l t  fe m a le s ,  the  

fo o d  consum ption of 20  c o n t r o l  fe m a le s  w eigh ing  2 0 -2 5  

grams ea ch , i n d i v i d u a l l y  averaged  3 »b grams p e r  day o v e r  a 

31 day  p e r io d .  W ater consum ption , measured f o r  48 d a y s ,  

averaged  5*1 grams p e r  d ay . A s i m i l a r  group of 20 

fe m a le s ,  which had been  fe d  40 ppm f o r  two months, 

averaged  5«1  grams of t r e a t e d  chow p e r  day  p e r  i n d iv id u a l  

and 7»0 grams of w a te r  p e r  d a y .  The weekly consum ption 

r a t e s  can  be found in  T ab les  3 and 4 .  C a lc u la te d  on a



87

Table  3* Average D a l ly  Pood Consumption of 20 Kepone-Ped 
and 20 C o n tro l  A du lt V irg in  Pem ales

D ie t
(ppm)

G ram s/D ay/Ind i v idua  1 d u r in g I n d ic a te d  Dav I n t e r v a l s
0-8 9-15 16-24 25-31 Average

0 4 .0 a 3 .7 3 .6 3 .8 3 .8

0 3 .5 3 .6 3 .5 3 .7 3 .6

0 3 .6 3 .6 3 .5 3 .7 3 .6

0 3 .7 3 .9 3 .3 3 .6 3 .6

0 3 .4 3 .4 3 .2 3 .0 3 .3

40 5 .8 5 .7 5 .1 5 .5 5 .5

ho 4 .4 4 .5 4 .1 4 .7 4 .5

ho 5 .8 6 .4 5 .5 6 .2 5 .9

4o 4 .3 5 .2 4 .2 4 .4 4 .5

40 5 .2 5 .5 4 .8 5 .0 5 .1

aBach f i g u r e  r e p r e s e n t s  th e  average  d e r iv e d  from  
f o u r  fem a le s  housed i n  one c a g e .
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Table  4 .  Average D a i ly  W ater Consumption of 20 Kepone-Fed 
and 20 C o n tro l  A du lt V i rg in  Fem ales

D ie t  G ram s/D ay /lnd lv idu a  1 d u r in g  I n d i c a te d  Day I n t e r v a l s  
(ppm) T P S 9-17  18-25 2 6 -3 2  33-Tfl 42-48 Average

0 5 .4 s 4 .7 5 .1 5 .2 4 .6 4 ,8 5 .0

0 6 .4 4 .9 6 . 0 5 .5 4 .9 5 -3 5 .5

0 6 . 1 5 .1 4 .9 5 .2 4 .8 4 .8 5 .2

0 5 .8 4 .4 4 .7 5 .1 4 .2 4 .4 4 .8

0 6 . 1 5 .3 5 .1 5 .1 4 .8 4 .4 5 .2

40 8 . 0 6 .9 7 .6 7 .3 6 .4 6 .9 7 .1

40 6 . 3 5 .4 5 .6 5 .7 5 .2 5 .5 5 .6

40 9 .5 9 .1 9 .2 9 .3 8 .1 8 .5 8 .9

40 7 .0 6 . 5 6 .4 6 . 6 5 .8 6 . 2 6 .4

40 7 .8 7 .4 7 .3 7 .9 6 . 1 6 . 2 7 .1

Bach f i g u r e  r e p r e s e n t s  th e  ave rage  d e r iv e d  from  
f o u r  fe m a le s  housed i n  one ca g e .



p e rc e n ta g e  b a s i s ,  th e  t r e a t e d  group  consumed 42JEJ more food 

and 37% more v a t e r  th an  th e  c o n t ro l s *

The food  and v a t e r  consum ption  of w e a n l in g s ,  2 1 -2 4 -  

day s  -old w eigh ing  8-13 grams ea c h , were measured f o r  two 

months when fe d  0, 40, 60 , 70, 80 and 100 ppm* The w eekly 

consum ption r a t e s  of th e s e  groups can be found i n  T ab les  

5 th ro u g h  9*

I n  summary, th e  c o n t r o l  group averaged  3*9 grams of 

chow p e r  day p e r  I n d iv i d u a l  and 5«1 grams of w ater*  The 

mice fe d  40 ppm averaged  5«5 grams of chow p e r  day  p e r  

i n d i v id u a l  and 6*7 grams of w ate r*  The mice fe d  60 ppm 

averaged  grams of chow p e r  day  p e r  i n d i v id u a l  and 7*6 

gramB of w ater*  I n  e v e ry  case  i n d i v i d u a l s  c o n f in e d  

s e p a r a t e l y  a te  and d ran k  more th a n  the  ave rage  f o r  an 

i n d i v i d u a l  i n  a g ro up , a l th o u g h  th e  a d d i t i o n a l  amount vaB 

s l i g h t  i n  many c a s e s  and g r e a t e s t  i n  r e l a t i o n  to  w a te r  

consumption*

I n  th e  70, 80 and 100 ppm t e s t s ,  the  mice fed  70 

ppm averaged  3*4 gramB of chow p e r  day  p e r  i n d i v id u a l  and 

4*5 grams of w ater*  The mice fed  80 ppm averaged  3*5 

gramB of chow p e r  day  p e r  i n d i v i d u a l  and 4 .8  grams of 

w ate r*  The mice fe d  100 ppm averaged  2 .8  grams of chow p e r  

day  p e r  i n d i v i d u a l  and 4*4 grams of w a te r .

I n  th e  70, 80 and 100 l e v e l  t e s t s ,  th e  m a jo r i ty  of 

th e  j u v e n i l e s  d id  n o t  l i v e  lo n g e r  th an  10 days  and th e r e f o r e  

food  and w a te r  consum ption  com parisons w i th  o th e r  l e v e l s
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Table  5 .  Average D a l ly  Food Consumption of Xepone-Fed and 
C o n tro l  21-24-Day-Old J u v e n i le s

D ie t  Sexa
G ra m s /b a y / ln d lv id u a l  d u r in g  

I n d i c a te d  Dav I n t e r v a l s
(ppm) 0-6 7-18 19-30 31-39 40-54 55-67

0 M & F 3 .7 3 .9 4 .5 3 .4 3 .5 3 .7

M 4 .2 4 .3 4 .1 4 .3 4 .1 4 .0

? 2 .7 3 .6 4 .0 3 .6 3 .9 4 .1

Average 3 .6 3 .9 4 .3 3 .7 3 .7 3 .9

40 M & F 4 .5 5 .5 5 .0 5 .2 4 .5 4 .9

M 4 .3 7 .7 7 .2 6 .2 5 .9 7 .1

F 4 .2 5 .8 6 .0 5 .0 5 .0 5-5

Average 4 .4 6 .1 5 .8 5 .4 5 .0 5 .6

60 M & F 3*3 6 .7 5 .5 4 .5 5 .0 5 .5

M 3 .3 5 .0 5 .5 6 .3 6 .2 6 .3

F 4 .2 6 .5 6 .7 4 .5 5 .4 5 .1

Average 3-5 6 .2 5 .8 5 .0 5 .4 5 .6

One male (M) and one fem ale  (F) were housed 
to g e t h e r ,  w h ile  a n o th e r  male and fem ale  were housed 
s e p a r a t e l y .
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T able  b .  Average D a l ly  W ater Consumption of Kepone-Fed 
and C o n tro l  2 i-24-D ay-01d  J u v e n i l e s

G ra m s/D a y /ln d lv id u a l  d u r in g  
D ie t  Sex I n d ic a te d  Day I n t e r v a l s '5
(ppm) 30~39 40-54 55-67 Average

0 M & F 4 .2 4 .7 4 .3 4 .5

M 6 .2 5 .6 6 .0 5 .9

F 5 .6 5 .2 5 .5 5 .4

Average 5 .1 5 .0 5 .1 5 .1

40 M & F 5 .6 6 .4 6 .0 6 .1

M 7 .3 7 .9 7 .3 7.5

F 6 .5 7 .5 7 .1 7 .1

Average 6 .3 7 .0 6 .6 6 .7

60 M & F 6 .1 7 .4 6 .7 6 .8

M 8 .0 9 .1 8 .4 8 .6

F 7 .5 8 .3 8 .0 8 .0

Average 6 .9 8 .1 7 .4 7 .6

One male (M) and one fem ale  (F) were caged 
t o g e th e r  v h l l e  a n o th e r  male and fem ale  were caged s e p a r 
a t e  l y .

*Vater measurements vere not begun u n t il  30 days 
a fte r  the beginning of treatm ent.
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Table 7* L o n g ev ity , Food and W ater Consum ption and T o ta l
Kepone Consumed by  21-24-D ay-Old J u v e n ile s  Fed
70 ppm Kepone

a &Sex L o ngev ity  F o llo w ing  
I n i t i a t i o n  of 

T reatm ent (days)

Food
(grams)

W ater
(grams)

Kepone
(mg)

M 13 36.5 53 .0 2 .60

M 6 17 .0 3 0 .0 1 .2 0

M 5 14.0 2 0 .0 1 .0 0

M 15 6 9 .0 84.0 4 .80

Average 9 .7 34 .1 46 .7 2 .40

Ave ./D ay — 3.5 4 .b 0 .24

F 5 1 2 .0 14.0 0 .8 0

F 9 19 .0 2 7 .0 1 .30

F 12 5 0 .0 67.5 3 .50

F 12 49.5 65.5 3 .50

Average 9 .7 3 2 .6 43.5 2 .3 0

Ave ./D ay — 3 .4 4 .5 0.23

T o ta l  9*7 
Average

33.5 45 .0 2 .40

Ave./Day — 3.5 4 .6 0.24

Q
M * m ale; F * fe m a le .
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T ab le  8 . L o n g ev ity , Food and W ater Consum ption and T o ta l
Kepone Consumed by 2 1 -2 4 -Day-Old J u v e n i le s  Fed
80 ppm Kepone

Sex L o n g ev ity  F o llo w in g  Food W ater Kepone
I n i t i a t i o n  of (gram s) (gram s) (mg)

T reatm ent (day s)

M 5 1 6 .0 2 8 .0 1 .30

M 13 3 9 .0 6 1 .0 3 .1 0

M 16 6 5 .0 8 2 .0 5 .2 0

M 17 5 6 .0 8 5 .O 4 .50

Average 1 2 .7 4 4 .0 6 4 .0 3 .5 0

Average/Day — 3 .5 5 .0 0 .28

F 9 28 .5 38.5 3 .1 0

F 9 2 6 .0 3 6 .0 2 .9 0

F 11 37 .5 5 0 .0 4 .50

F 12 4 6 .0 5 8 .0 5 .1 0

Average 1 0 .3 3^ .5 45.5 2 .8 0

Average/Day — 3 .4 4 .4 0 .2 7

T o ta l  Average 11 .5 4 0 .0 5 5 .0 3 .2 0

Average/Day — 3.5 4 .8 0 .28

a M = m ale; F r  fe m a le .
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T able 9* L o n g e v ity , Pood and W ater Consum ption and T o ta l
Kepone Consumed by  2 1 -2 4 -Day-Old J u v e n i le s  Ped
100 ppm Kepone

Sex L o n g ev ity  P o l lo v ln g  Pood W ater Kepone
I n i t i a t i o n  of (gram s) (gram s) (mg)

T rea tm en t (days)

M 19 5 5 .0 95 .0 5 .5 0

M 16 4 7 .0 6 9 .0 4 .7 0

M 5 1 9 .0 2 4 .0 1 .90

M 10 2 5 .0 4 5 .0 2 .5 0

Average 1 2 .5 3 b .5 5 8 .0 3 .7 0

Average/Day 2 .9 4 .6 O.2 9

P 13 4 0 .0 5 6 .0 4 .0 0

P 8 2 5 .0 3 4 .0 2 .5 0

P 11 2 2 .5 4 7 .0 2 .3 0

P 2 6 . 0 7 .0 0 .60

Average 9 .0 2 3 .5 3 6 .0 2 .4 0

Average/Day — 2 . 6 4 .0 0 .26

T o ta l  Average i o . e 3 0 .0 4 7 .0 3 .0 0

Average/Day — 2 . 8 4 .4 0 .28

M s m ale; P = fe m a le .



95

a r e  n o t  v a l i d .  The m a jo r i ty  of ju v e n i l e s  t r e a t e d  a t  th e s e  

c o n c e n t r a t io n s  had grow th  im pairm ent a lm o st im m ed ia te ly .

The f o o d  and  w a t e r  c o n s u m p t i o n  a v e r a g e s  a t  th e  70, 80 and  

100 ppm l e v e l B  a r e  a  r e f l e c t i o n  o f  v e r y  e a r l y  m o r t a l i t y .

The av e rag e  lo n g e v i ty  of 2 i -2 4 -d a y -o ld  j u v e n i l e s  a f t e r  

th e  i n i t i a t i o n  of t r e a tm e n t  a t  the  70 ppm l e v e l  was 9*7 

d a y s ,  a t  80 ppm i t  was 11 .5  d a y s ,  and 1 0 .8  days a t  100 ppm.

The grow th r a t e  and lo n g e v i ty  of 21-24 -day-o ld  

ju v e n i l e s  were n o t  a f f e c t e d  a t  the  40 and 60 ppm 

c o n c e n t r a t i o n s .  C a lc u la te d  on a p e rc e n ta g e  b a s i s ,  

j u v e n i l e s  fe d  40 ppm averaged  42# more chow and 24# more 

w a te r  in ta k e  th an  c o n t r o l s .  J u v e n i l e s  fed  60 ppm had 

38# g r e a t e r  food in ta k e  and 49# g r e a t e r  w a te r  in ta k e  th an  

th e  c o n t r o l s .

I n  a t e s t  in v o lv in g  f o u r  a d u l t  m ales w eigh ing  30-38 

grams ea c h , t h e i r  av e rag e  i n d i v id u a l  food in ta k e  p e r  day  

f o r  14 days was 5*5 grams of chow and 7*0 grams of w a te r .  

They were th en  fed  a d i e t a r y  100 ppm. Food and w a te r  

consum ption in c re a s e d  i n  a l l  t e s t e d  a n im a ls .  T h is  

in c re a s e d  consum ption o ccu rred  ap p ro x im a te ly  th r e e  to  seven 

days  a f t e r  s t a r t i n g  th e  t r e a t e d  d i e t .  The average  

i n d i v id u a l  amount of food and w a te r  consumed by th e s e  m ales 

u n t i l  t h e i r  d e a th  was 7*5 grams of t r e a t e d  chow and 9*0 

grams of w a te r .  T h is  r e p re s e n te d  a food consum ption 

In c re a s e  of 3b# and a 28# In c re a s e  i n  w a te r  i n t a k e .
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W hether t h e r e  i s  any c o r r e l a t i o n  betw een th e  l e v e l  

o f t r e a tm e n t  and th e  d eg ree  of in c r e a s e  i n  food  and w a te r  

in t a k e  can n o t be s t a t e d  a t  t h i s  t im e .  P r e c i s e  measurem ents 

were n o t  made of a d u l t s  of th e  same age and w eigh t groups 

a t  th e  v a r io u s  l e v e l s  of t r e a tm e n t .  C a lc u la t io n s  made 

from  th e  t o t a l  amount of food  p re p a red  and th e  t o t a l  

number of mice on e a c h  l e v e l  of t r e a tm e n t  d u r in g  th e  

p r o j e c t  i n d i c a t e s  t h a t  t h e r e  i s  some r e l a t i o n s h i p  betw een 

in t a k e  and l e v e l  o f t r e a tm e n t  a l th o u g h  n o t  i n  d i r e c t  

p r o p o r t i o n .  The fo l lo w in g  f i g u r e s  r e p r e s e n t  th e se  

c a l c u l a t i o n s .

C o n tro l  A nim als] 130 an im als  consumed 100 poundB 

of chow i n  67  d ay s  f o r  an av erage  of 4*3 grams p e r  day  p e r  

I n d i v i d u a l .

40 ppm: 95 an im a ls  consumed 33*000  grams of

t r e a t e d  food  i n  6 0  days  f o r  an  ave rag e  of 5 . 8  grams p e r  day  

p e r  i n d i v i d u a l .

50  ppm] 4 an im a ls  consumed 1000 grams of t r e a t e d  

chow i n  44 days f o r  an averag e  of 5 . 7  grams p e r  day  p e r  

i n d i v i d u a l .

60 ppmi 2 an im als  consumed 650  grams of t r e a t e d  

chow i n  44 d ays  f o r  an  av e rag e  of 7*4 grams p e r  d ay  p e r  

i n d i v i d u a l .

80 ppm] 3 an im a ls  consumed 750  grams of t r e a t e d  

food  i n  25  days f o r  an av erage  of 1 0 .0  grams p e r  day  p e r  

i n d i v i d u a l .
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100 ppmi 3*5 anim als consumed 500 grams of tre a te d  

chow In  17 days fo r  an average of 8 .4  grams p er day per 

In d iv id u a l.

These f i g u r e s  I n d i c a t e  some d eg ree  of r e l a t i o n s h i p  

betw een c o n c e n t r a t io n  and consum ption  up to  th e  80 ppm 

l e v e l .  At th e  100 ppm l e v e l  th e r e  o ccu rs  a d e c re a s e  which 

p ro v es  I n t e r e s t i n g  I f  th e  fo l lo w in g  c a l c u l a t i o n s  a r e  made.

A mouse e a t i n g  10 grams p e r  day  of food c o n ta in in g  80 ppm 

Kepone would I n g e s t  0 .8  mg Kepone p e r  d a y .  A mouse e a t i n g  

8 .4  grams p e r  day  of food  c o n ta in in g  100 ppm Kepone p e r  

day  would I n g e s t  0 .8 4  mg Kepone p e r  d a y .  T his  may be th e  

e x p la n a t io n  f o r  th e  s i m i l a r  m o r t a l i t y  r a t e s  betw een th e s e  

two l e v e l s  of t r e a tm e n t  on m ice .

Growth Measurements

Growth was measured f o r  two months from  2 1 -2 4 -d ay -  

old  j u v e n i l e s  of b o th  sex e s  fe d  0, 40, 6 0 , 70, 80 and 100 

ppm Kepone. No grow th  Im pairm ent was observed  a t  th e  40 

and 60  ppm c o n c e n t r a t i o n s ,  b u t  grow th was s e v e r e ly  a f f e c t e d  

a t  h ig h e r  l e v e l s .  A c tu a l ly  th e  40 ppm t r e a t e d  an im a ls  

d em o n s tra ted  a s l i g h t l y  g r e a t e r  grow th f o r  th e  f i r s t  f i v e  

weeks, a f t e r  which t h e r e  was no m ajor d i f f e r e n c e  between 

any of th e  0, 40 and 60 ppm g ro u p s .  The growth measurements 

of th e  ju v e n i l e  g roups a r e  p re s e n te d  i n  T ab les  10, 11, 12 

and 13*
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Table  10* Growth M easurements of Kepone-Ped and C o n tro l  
21-24-Day-Old J u v e n i l e s

I n d i v i d u a l  Body W eights (gram s) a t  I n d ic a te d  
Sex q D ays^af t e r  I n l t l a t l o ^ o f  T r e a g p n t  _

M 1 2 .2 1 7 .0

C o n tro ls

2 1 .0 2 1 .5 2 3 .0 2 4 .0

M 1 2 .7 1 9 .0 22.5 2 2 .5 2 4 .0 24 .5

P 1 1 .8 1 5 .0 1 7 .0 1 8 .0 19 .5 19 .5

P 1 2 .7 1 6 .5 18.5 19-5 2 1 .0 21 .5

Average 12 .3 1 6 .9 1 9 .7 2 0 .4 2 1 .9 2 2 .4

M 1 3 .2 19 .5

40 ppm

2 1 .5 23 .5 24 .5 2 4 .0

M 1 1 .0 17.5 20 .5 2 1 .0 24 .0 23 .5

P 1 1 .7 17*5 2 1 .0 2 2 .5 2 4 .0 2 3 .0

P 1 1 .0 15 .5 18.5 19.5 20 .5 19 .5

Average 11.5 17 .5 20 .4 2 1 .6 2 3 .2 2 2 .5

M 13.7 1 9 .0

60 ppm

2 1 .5 21 .5 23 .5 23 .5

M 12.5 1 8 .0 20.5 21.5 2 2 .0 21 .5

P 11 .5 16 .5 18.5 1 9 .0 2 2 .0 20 .5

P 1 0 .0 1 4 .0 1 6 .0 17.5 19.5 18.5

Average 1 1 .9 1 6 .9 19 .1 19 .9 21 .7 2 1 .0

£
M ■ m ale; P s  fem ale#
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I n d i v id u a l  Body W eights (gram s) a t  I n d ic a te d  
Pflyĝ aftcE-J^etfltloĵ r  Tftsgpnt------------ ^

M 24.5 2 5 .0

C o n tro ls

2 6 .5 2 7 .0 27.5 2 8 .0

M 25 .5 2 6 .0 26.3 2 8 .2 2 8 .2 2 8 .7

P 2 0 .0 2 1 .0 21.5 2 2 .2 23.5 2 4 .0

P 21.5 2 3 .0 2 2 .5 2 4 .0 2 4 .2 24.5

Average 2 2 .9 2 3 .7 24 .2 25 .4 25 .9 2 6 .2

H 25.5 25*7

40 ppm

26.5 2 7 .7 28 .5 2 8 .8

M 2 5 .0 24 .5 25 .7 24 .0 26.5 28 .2

P 2 4 .0 24 .5 2 3 .8 24.0 25 .7 2 7 .0

P 20 .5 20 .3 2 1 .0 21 .7 2 2 .5 2 2 .0

Average 23*7 2 3 .7 24 .2 24 .3 25 .7 2 6 .5

M 2 4 .0 2 5 .0

60 ppm

2 6 .0 27.5 28 .0 2 8 .0

M 2 2 .5 23.5 23 .5 24.5 2 5 .8 2 5 .8

P 2 2 .0 2 3 .0 2 2 .5 23 .5 2 4 .0 24 .0

P 1 9 .0 2 0 .0 2 0 .0 2 1 .2 2 0 .5 2 2 .5

Average 2 1 .9 2 2 .9 23 .0 24 .2 2 5 .0 2 5 .O

a M = m ale; P s  f e m a le .
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Table  1 1 . I n d i v i d u a l  Body W eights of 2i-2lf-Day-01d 
J u v e n i l e s  Fed 70 PPm Kepone

a O ra m s / ln d lv ld u a l  a t  I n d ic a te d  Days W eight
Sex a f t e r  I n i t i a t i o n  of T rea tm en t D eath  a t

5 4 7 9 l 2 15 Day D eath

M 13.5 1 4 .2 1 5 .0 1 6 .0 14 .3 — 15 1 3 .6

M 8 .2 9 .5 1 0 .0 1 0 .5 9 .5 — 13 9 .0

M 1 2 .8 1 2 .0 5 1 1 .7

M 1 0 .9 11.5 - - — - - 6 11 .3

P 8 .5 10.5 11 .5 12 .5 - - 12 1 0 .8

P 9 A 1 1 .2 1 2 .6 11 .9 12 1 0 .9

P 8 .1 9 .0 8 .7 9 8 .6

P 1 0 .2 1 1 .0 5 1 0 .8

a M = m ale; P * fem ale
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Table 12. I n d i v i d u a l  Body W eights of 2 1 -2 4 -Day-Old 
J u v e n i l e s  Fed 80 ppm Kepone

a G ram s/ind iv idual a t  In d ic a te d  Days Weight
Sex a f t e r  I n i t i a t i o n  of Treatment Death a t

5 4 7 9 12 15^ Day Death

M 1 1.9 11.6 12.6 12.6 12 .6 12 .0 16 11 .3

M 12.5 12 .6 13 .0 14.5 14 .5 14 .0 17 12 .7

M 11.6 10.5 11.5 10.5 10 .0 - - 13 9 .2

M 9*5 10.0 5 9 .4

F 10 .2 12 .1 12 .8 12 .8 — 12 1 0 .6

F 9 .8 11 .4 1 1 .1 11 .0 — 12 9 .2

F 9 .5 10 .5 11 .1 9 1 0 .8

F 8 .2 9 .0 9 .6 9 9 .1

aM = m ale; F * fe m a le .
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Table 13* I n d i v i d u a l  Body W eigh ts  of 2 1 -2 4 -Day-Old 
J u v e n i l e s  Fed 100 ppm Kepone

a G ra m s / ln d lv ld u a l  a t  I n d i c a te d  Days W eight
Sex __ a f t e r  I n i t i a t i o n  o f T rea tm en t D ea th  a t

0 4 7 I S 15 17 Day D eath

M 1 3 .0  12 .5  1 1 .0  11 .5  12 .3  12 .0  19 1 1 .0

M 1 2 .0  1 4 .0  1 6 .0  1 5 .5  14 .5  — 16 14 .0

M 11.5  9 .5  9 .7    10 9 .0

M 8 .0  7*5 — — - -  — 5 7 .0

F 8 .0  9 .0  1 0 .0  1 0 .8  — - -  13 10 .8

F 10.5  1 1 .0  1 1 .0  — — — 8 10 .5

F 8 . 0  7.5 7 .0    11 6 . 0

F 8 . 0  - -  — -   2 7 .0

a M = m ale; F = fe m a le .
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Growth was a f f e c t e d  Im m ed ia te ly  o r  w i t h i n  th e  f l r a t  

few d ays  a t  th e  70, 80 and 100 ppm l e v e l s .  Even th o se  

an im a ls  which p e r s i s t e d  f o r  more th a n  two weeks showed 

l i t t l e  In c re a s e  I n  s i z e .  T h is  can  n o t  be a t t r i b u t e d  t o  a 

d e c re a s e  In  food  consum ption  s in c e  th e y  a t e  amounts 

com parable t o  c o n t r o l  an im a ls  of th e  same age o r  w e ig h t .  

Some w eig h t l o s s  was c h a r a c t e r i s t i c  one t o  s e v e r a l  d ay s  

p r i o r  t o  d e a th  even when food  consum ption  d id  n o t  d e c re a s e  

p r o p o r t i o n a l l y .

At l e t h a l  d o sa g e s ,  a d u l t  an im a ls  began l o s in g  

w e ig h t  w i th in  two w eeks. I n  one t e s t  th e  body w eigh t and 

th e  food  and w a te r  consum ption  of f o u r  a d u l t  m ales were 

re c o rd e d  f o r  two w eeks. A f te r  t h i s  two week p e r io d ,  th e s e  

a d u l t  m ales were fe d  100 ppm Kepone. W ith in  two weeks 

body w e ig h ts  began  to  d e c re a s e  g r a d u a l ly  even  though  food 

and w a te r  consum ption  had I n c r e a s e d .  T h is  I n i t i a l  w e ig h t 

l o s s  was a t  l e a s t  p a r t i a l l y  caused  by a r e d u c t io n  In  body 

f a t  i n  th e  rump r e g io n .  The body w e ig h ts  of th e  f o u r  

a d u l t  m ales a t  th e  b e g in n in g  of t r e a tm e n t  were 35*0, 2 6 .0 ,  

3 7 .0  and 29 .5  grains e a c h .  At d e a th ,  19 t o  32 days  l a t e r ,  

th e y  weighed 26*3, 2 1 .0 ,  2 6 .0  and 2 3 .0  grams e a c h .

I n  l a t e r  t e s t s  w i th  fe m a le s ,  v e ry  l i t t l e  body f a t  

co u ld  be found i n  th e  rump re g io n  a f t e r  th e y  had been fe d  

100 ppm f o r  two t o  th r e e  w eeks. The d e c re a s e  In  body 

w eigh t th e s e  an im a ls  e x p e r ie n c e d  was n o t  a  la rg e  and sudden 

r e d u c t io n .  U s u a l ly  such  t r e a t e d  an im a ls  would m a in ta in
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t h e i r  body w eigh t f o r  one to  tv o  weeks a f t e r  which a 

g ra d u a l r e d u c t io n  would occur p r i o r  to  d e a th .  T his w eigh t 

lo s s  was n o t ex trem e , u s u a l ly  o n ly  one to  f iv e  grams 

depend ing  on th e  I n i t i a l  w eigh t o f the  mouse. The f a t t e r  

th e  an im a l, th e  g r e a t e r  th e  w eigh t lo s s  p r i o r  to  d e a th .  

A lthough most an im als  t h a t  d ie d  from  l e t h a l  l e v e l s  of 

Kepone e x p e rien ced  some body w eigh t l o s s ,  th e  d e c re a se  was 

n o t n e a r ly  g r e a t  enough to  cause  d e a th .

At s u b le th a l  d o sa g e s , a d u l t  an im als  m ain ta in ed  

norm al body w e ig h ts . Mice fed  40 ppm f o r  s ix  to  e ig h te e n  

months m ain ta in ed  norm al body w e ig h ts  and body f a t  In  th e  

rump re g io n .  Animals fed  40 ppm f o r  such long  p e r io d s  

u s u a l ly  weighed one to  two grams more th a n  com parable 

c o n t r o l s  due to  th e  en la rg em en t of t h e i r  l i v e r s .  I t  should  

be s t r e s s e d ,  how ever, t h a t  th e se  an im als  consumed more food 

and w a te r  th a n  th e  c o n t r o l  m ice, and th e y  p ro b a b ly  cou ld  

n o t have m ain ta ined  t h e i r  norm al w e ig h ts  w ith o u t t h i s  

In c re a s e  In  food  and w a te r  consum ption .

M ajor Organ W eights

Groups of In d iv id u a ls  from  th e  v a r io u s  t e s t s  were 

s a c r i f i c e d ,  examined and t h e i r  v a r io u s  organs were weighed 

to  d e te c t  any m ajor changes w hich m ight have o c c u rre d . No 

d i f f e r e n c e s  were found In  th e  b r a in ,  h e a r t ,  a d r e n a ls ,  

t e s t e s  and sp le e n  o f a d u l t  m ales . The l i v e r  was en la rg e d
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g r e a t ly ,  how ever, and th e  k id n e y s  w ere s l i g h t l y  e n la rg e d  In  

K epone-fed  m a le s .

I n  a d u l t  fe m a le s , no d i f f e r e n c e s  were found In  th e  

a d r e n a ls ,  p i t u i t a r y ,  b r a in ,  o v a r ie s ,  thym us, h e a r t  and 

k id n e y s .  As In  m ales , th e  l i v e r  was g r e a t ly  e n la rg e d  I n  

t r e a te d  a n im a ls , w ith  a v a ry in g  d eg ree  of en la rg em en t o f 

th e  s p le e n  and u t e r u s .  The w e ig h ts  o f th e  fem ale  and male 

o rgans can  be found In  Table 14•

No m ajo r d i f f e r e n c e s  were found in  o rgan  w e ig h ts  of 

mice t r e a t e d  f o r  f o u r  o r  seven  m onths. T h is I n d ic a te s  t h a t  

o rgan  e n la rg e m e n t, I f  i t  o c c u rs , ta k e s  p la c e  w ith in  th e  

f i r s t  f o u r  m onths w ith  l i t t l e  change t h e r e a f t e r .  The l i v e r  

d a ta  p re s e n te d  i n  T a b le s  15 and 16 c l e a r l y  e x e m p lif ie s  t h i s  

o b s e rv a t io n .  F o r t h i s  re a s o n , th e  m ajo r o rgan  w e ig h ts  were 

averaged  to g e th e r  i n  T able 14.

I n  re g a rd  to  u t e r in e  w e ig h ts , i t  i s  p o s s ib le  t h a t  

th e s e  in c re a s e d  w e ig h ts  r e f l e c t  th e  horm onal d is tu rb a n c e  

w hich o cc u rs  i n  t r e a te d  fe m a le s , to  be d is c u s s e d  l a t e r .  

Under th e  in f lu e n c e  o f e s t ro g e n ,  th e  u te r u s  i s  g r e a t ly  

d is te n d e d  w ith  a c o rre sp o n d in g  w eigh t in c r e a s e .  S ince 

K epone-fed  fe m a le s  ten d  to  rem ain  i n  c o n s ta n t  e s t r u s ,  a 

s ta g e  d u r in g  w hich e s t ro g e n  i s  th o u g h t to  be c o n tin u o u s ly  

B e c re te d , th e  in c re a s e d  u te r in e  w e ig h ts  may be a r e f l e c t i o n  

of th iB  c o n d i t io n .

The l i v e r  was th e  o n ly  organ  w hich in c re a s e d  in  

w e ig h t i n  e v e ry  a n im a l t r e a t e d .  S ince th e  l i v e r  was
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T able 14• M ajor Organ W eigh ts and P e rc e n t Body W eight of 
Kepone-Fed and C o n tro l  A du lt Mice

Organ® W eight; t e a m s )  and P e rc e n t Body W eish t
C o n tro l

M ales
40 ppmg 

M ales0
C o n tro l
F em ales

40 ppm-. 
F em ales0

l i v e r 1 .6 0 0  5.9056 3 .3 0 0  I I .856 1 .5 0 0  6.0056 3*500 14.0056

b r a in 0 .390  1 .4 0 0 .396 1 .4 0 .3 8 5  1 .5 0 0 .382 1 .5 0

p i t u i t a r y 0 .002  0 .0 1 0 .002 0 .0 1

a d r e n a ls 0 .0 0 5  0 .0 2 0 .0 0 5 0 ,0 2 0 ,0 0 6  0 .0 2 0 .0 0 6 0 .0 2

k id n ey s 0.413  1 .5 3 0 .472 I .6 9 0 ,339  1 .36 0 .346 1 .3 8

t e s t e s 0 .214  0 .7 9 0 .210 0 .75

o v a r ie s 0 .0 0 8  0 .0 3 0 .0 0 8 0 .0 3

u te r u s 0 .153  0 .6 l 0 .2 1 1 0 .84

s p le e n 0.105 0 .3 8 0 .1 0 6

CO00•0

0 • 0 a 0 . u> 00 0 .1 3 6 0 .5 4

h e a r t 0 .1 6 1  0 .6 0 0 .167 0 .5 9 0.135 0 .5 4 0 .144 0 .58

thymus 0 .0 3 8  0 .15 0 .0 3 6 0 ,1 4

aMinimum sam ple s iz e  of 20 a n im a ls .

^Mice fe d  Kepone 4 -7  months and 6 -9  months o ld .
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Table 13* Average Body and L iv er W eights and P ercen t Body 
Weight of Kepone-Fed and C on tro l Adult Male Mice

D ie t Days on Number Body L iver P ercen t
(ppm) D ie t Weight Weight Body

(grams) (grams) Weight

0 0 20 2 7 .O 1 .6 5 .9

40 7 -1 0 4 2 5 .9 1 .8 7 .0

4o 14 4 3 1 .1 2 .7 8 .7

40 22 2 34 .5 3 .4 9 .8

40 28 2 2 8 .5 2 .8 9 .8

40 42 2 2 5 .0 2 .3 9 .2

40 5 6 -6 0 3 28 .4 3*4 1 2 .0

40 90 2 2 6 .0 3 .1 11 .9

40 120 4 2 9 .8 3 .9 13 .1

40 1 8 0 -2 1 0 6 2 8 .0 3 .2 11 .4

40 300 1 32.5 4 .0 1 2 .3

60 60 1 2 4 .0 3 .4 1 4 .2

60 90 1 2 1 .0 3 .0 14 .3

70 180 1 22 .5 3 .5 1 5 .6

100 21-26 3 2 4 .7 2 .8 11.3
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T able 16 . Average Body and L iv e r  W eigh ts and P e rc e n t Body
W eight o f Kepone-Fed and C o n tro l  A du lt Female
Mice

D ie t
(ppm)

Days on 
D ie t

Number Body
W eight
(gram s)

L iv e r
W eight
(gram s)

P e rc e n t
Body

W eight

0 0 40 2 5 .0 1 .5 6 .0

40 5 1 21 .5 1 .5 6 .9

40 15 1 23 .5 2 .0 8 .5

40 30 2 20 ,5 1 .7 8 .0

40 90 3 2 1 .7 2 .5 11.5

40 150 2 2 7 .5 3 .3 1 2 .0

40 210 15 2 5 ,0 3 .6 1 4 .4

40 240-270 28 2 6 .4 3 .5 13 .3

40 500 2 2 6 .0 3 .9 15 .0

100 6 -8 8 21 .5 2 .2 1 0 .2

100 14-16 9 2 1 .0 2 .6 12 .4

100 21-28 12 2 3 .0 3 .2 13 .9
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un ique i n  t h i s  r e s p e c t ,  a d d i t i o n a l  d a ta  were c o l le c te d  on 

t h i s  organ* D uring  th e  c o u rse  of t h i s  p r o j e c t ,  n e a r ly  200 

l i v e r s  were w eighed and examined a lo n g  w ith  th e  body 

w e ig h t, s e x , age and tre a tm e n t*  Summaries of th e se  d a ta  

a r e  p re se n te d  i n  T ab les  15 and 16*

On 40 ppm d i e t a r y ,  th e re  was an  in d ic a t io n  of 

l i v e r  en la rg em en t w i th in  th e  f i r s t  week o f tre a tm e n t*  As 

shovn i n  T ab les  15 and 16, th e  l i v e r  of a t r e a t e d  an im al 

doub led  i t s  v e ig h t  w i th in  6 0  to  90  days and In c re a se d  o n ly  

a sm a ll amount i n  r e l a t i o n  to  body w e ig h t a f t e r  t h i s  

p e r io d *  Upon w ith d ra w a l of th e  t r e a te d  d i e t ,  l i v e r s  would 

ten d  to  r e tu r n  to  norm al* Anim als w hich had been  t r e a te d  

f o r  two o r more months a t  th e  40 ppm l e v e l  would r e q u ir e  

f o u r  to  s ix  m onths of u n tr e a te d  d i e t  b e fo re  t h e i r  l i v e r s  

would ap p ro ach  a norm al s iz e *  The lo n g e r  th e  i n i t i a l  

t r e a tm e n t ,  th e  g r e a t e r  th e  amount of tim e r e q u ir e d  f o r  

t h i s  re d u c tio n *  On th e  100 ppm d i e t ,  th e  l i v e r  would 

d o ub le  i t s  s iz e  w i th in  30 d ays and in  some an im a ls  w i th in  

16 days*

M easurem ents were a l s o  made of th e  f a t  c o n te n t  of 

l i v e r s  of a n im a ls  w hich had been  t r e a te d  a t  40 ppm f o r  

v a r io u s  le n g th s  o f tim e* E n la rg ed  l i v e r s  c o n ta in e d  more 

f a t  th a n  norm al l i v e r s ,  b u t when e x p re sse d  a s  p e rc e n t  of 

th e  t o t a l  l i v e r  w e ig h t, th e r e  was no d e te c ta b le  d i f f e r e n c e .  

I n  f a c t ,  when e x p re sse d  a s  su ch , some l i v e r s  of t r e a te d  

anlm alB  c o n ta in e d  l e s s  f a t  th a n  th e  c o n tro ls *  C o n tro l
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mice averaged  0 , 1 - 0 ,3  gram of l i v e r  f a t  w hich ranged  from  

5-13#  o f th e  t o t a l  l i v e r  w e ig h t. L iv e rs  of t r e a te d  mice 

av e rag ed  0 , 1 - 0 ,5  gram o f f a t  w hich was 6-1356 o f th e  t o t a l  

l i v e r  w e ig h t .

R e p ro d u c tio n  D ata 

One of th e  o b je c t iv e s  of t h i s  s tu d y  was to  a s c e r t a i n  

w h e th e r  Kepone a t  s u b le th a l  c o n c e n tr a t io n s  a d v e rs e ly  a f f e c t s  

re p ro d u c t io n  I n  th e  l a b o r a to r y  mouse. As In d ic a te d  In  

T ab les  17 and 18, Kepone had an  ad v e rse  e f f e c t  a t  e v e ry  

l e v e l  t e s t e d  ra n g in g  from  10  to  ^0  ppm.

The re p ro d u c t io n  d a ta  c o l le c te d  f o r  100 days from  

group  A a re  p re s e n te d  In  T ab le 17* The number of young 

produced compared w ith  th e  c o n t r o l s  was reduced  2 3 , 9 ,

79*3  and 87*056 a t  1 0 , 30  and 37*3  ppm, r e s p e c t i v e l y .

Second l i t t e r s  o n ly  o c c u rre d  In  th e  c o n t r o l  and 10 ppm 

g ro u p s . At 30 and 37*5 PPfflj a l l  l i t t e r s  o ccu rred  w ith in  

th e  f l r B t  seven  weeks o f th e  t e s t .  There were no s ig n s  of 

p regnancy  i n  th e s e  two g roups a f t e r  t h i s  p e r io d .

At 10 ppm, p e rc e n t  s u r v iv a l  of th e  young to  w eaning 

was no rm al, b u t  th e  l i t t e r  s i z e ,  p a i r  d ay s  p e r  l i t t e r  and 

p a i r  d ays p e r  young w ere a l l  re d u c e d . A ll  th e  above 

c a te g o r ie s  were s e v e re ly  reduced  a t  30 and 37*5 ppm. P a i r  

d ay s  p e r  l i t t e r  were c a lc u la te d  by  d iv id in g  th e  number of 

d ay s  d u r in g  w hich  re p ro d u c t io n  d a ta  were c o l l e c te d  from  th e  

e ig h t  p a i r s  o f each  t r e a tm e n t  l e v e l  (8  x 1 0 0 ) by th e  number
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T ab le 17 . Average Body and Id .ver W eigh ts and P e rc e n t Body 
W eight o f A du lt Mice Fed C o n tro l  D ie ts  F o llo w in g  
40 ppm Kepone D letB

Days on 
Kepone 

D ie t

Days on 
C o n tro l  

D ie t

Number Body 
W eight 
(gram s)

L iv e r
W eight
(gram s)

P e rc e n t
Body

W eight

40 80 3

M ales

25 .5 2 .4 9 .4

150 240 1 32 .5 1 .9 5 .8

210 120 3 29.5 2 .3 7*8

210 150 1 29.5 2 .2 7 .5

280 120 1 29 .5 2 .5 8 .5

C o n tro ls — 20 2 7 .0 1 .6 5 .9

60 120 8

F em ales

2 8 .0 2 .0 7 .1

90 14 1 2 4 .0 2 .7 11 .3

90 24 1 2 2 .0 2 .0 9 .1

50 150 1 28 .0 1 .6 5 .7

210 120 6 2 8 .0 1 .6 9 .3

210 150 1 28 .5 2 .1 7 .4

C o n tro ls — 40 2 5 .0 1 .5 6 .0



T able 18• R ep ro d u c tio n  D ata f o r  100 Days of K epone-?ed and C o n tro l Mice of Group A

D ie t
(ppm)

P a i r s Number
F i r s t
L i t t e r s

Number
Second
L i t t e r s

Average Young 
p e r  L i t t e r

S u rv iv a l  
of Young

m

aP a i r  Days 
p e r  L i t t e r

P a i r  Days*3 
p e r  Young

0 8 7 5 7 .7 89 6 6 .7 8 .7

10 8 6 4 7 .1 87 8 0 .0 11 .3

30 8 4 0 4 .7 26 200 .0 4 2 .1

3 7 .5 8 3 0 4 .0 42 266 .7 6 6 .7

a Number of re p ro d u c tio n  days tim es  number of p a i r s  d iv id e d by number of l i t t e r s .

^Number of re p ro d u c tio n  days tim es  number of p a i r s  d iv id e d by number of young.



T able 19* R ep ro d u c tio n  D ata f o r  100 Days of Kepone-?ed and C o n tro l Mice of Group B

D ie t
(ppm) P a i r s

Number
P i r s t

L i t t e r s

Number
Second
L i t t e r s

Average Young 
p e r  L i t t e r

S u rv iv a l  
o f Young

w

P a i r  Days3 
p e r  L i t t e r

P a i r  Daysb 
p e r  Young

0 l k l k l k 7 .1 89 5 0 .0 7 .0

^0 I k 0 0 — -- — —

aNumber of re p ro d u c tio n  days tim es  number of p a i r s  d iv id e d by number of l i t t e r s .

^Number o f re p ro d u c tio n  days tim e s  number of p a i r s  d iv id e d by number o f young.

Hto
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of l i t t e r s  produced* The p a i r  d ays p e r  young v e re  

c a lc u la te d  by  d iv id in g  th e  p a i r  d ay s  by  th e  number o f young 

produced a t  each  t re a tm e n t  le v e l*

The r e p ro d u c t io n  d a ta  from  group  B a re  p re se n te d  

i n  T able 18* I n  t h i s  ex p e rim en t o n ly  c o n t r o l s  and a 

d i e t a r y  40 ppm tre a tm e n t  v e re  compared f o r  100 d a y s . 

P re c e d in g  t h i s  t e s t ,  th e  e x p e r im e n ta l mice v e re  t r e a t e d  f o r  

two months b e fo re  m ating* The re p ro d u c tio n  of th e  c o n t r o l  

g roup  v a s  f a v o ra b le  d u r in g  t h i s  p e r io d  v i t h  a l l  14 p a i r s  

p ro d u c in g  two l i t t e r s *  No l i t t e r s  v e re  produced among 

th e  14 p a i r s  o f K epone-fed  m ice.

To d e te rm in e  i f  Kepone a f f e c te d  th e  re p ro d u c tiv e  

c a p a c i ty  of b o th  sex e s  e q u a l ly ,  th e  fo llo w in g  tv o  

e x p e rim e n ts  v e re  conducted*  I n  th e se  e x p e rim e n ts , t r e a te d  

d i e t s  v e re  g iv en  to  a l l  an im a ls  d u r in g  th e  m ating  p e r io d  

a f t e r  v h ic h  th e y  v e re  re tu rn e d  to  t h e i r  p re v io u s  d i e t .  I n  

t h i s  v a y , r e p ro d u c tio n  vou ld  n o t be due to  c e s s a t io n  of 

tre a tm e n t*  As d e s c r ib e d  in  th e  Methods and M a te r ia ls  

s e c t io n ,  one m ating  t e s t  v a s  v i t h  mice from  group A, th e  

second t e s t  v i t h  mice from  group B*

I n  th e  f i r s t  t e s t  v i t h  mice from  group  A, o n ly  f iv e  

l i t t e r s  v e re  borne by  20 t r e a te d  and 20 c o n t r o l  fem a le s  

a f t e r  a tv o  veek  m ating  p e rio d *  A ll  l i t t e r s  v e re  borne by 

c o n t r o l  fe m a le s , tv o  of v h ic h  v e re  s i r e d  by t r e a te d  m ales, 

th e  o th e r  th re e  by  c o n t r o l  m ales* Two o f th e  l i t t e r s  d ie d  

v l t h l n  48 h o u rs  a f t e r  p a r t u r i t i o n  and th e  o th e r  th r e e  v e re
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veaned s u c c e s s f u l ly .  One of th e  tv o  l i t t e r s  v h ic h  d ie d  v as  

s i r e d  by  a t r e a te d  m ale, th e  o th e r  by a c o n t r o l  m ale.

L i t t e r  s iz e s  averag ing  5«0 young p e r l i t t e r ,  vere sm aller 

th an  comparable c o n tro ls  vh ich  averaged 7*1* Percent 

su rv iv a l of the young from b i r th  to  veaning vas a lso  belov 

norm al, being  only 67# In  c o n tra s t  to  89fi fo r  c o n tro l 

p a i r s .  The sm all sample s iz e  of l i t t e r s  must be taken 

In to  c o n s id e ra tio n  vhen comparing these  f ig u re s .  One of 

the fem ales p rev io u sly  fed a c o n tro l d i e t ,  d ied  du ring  

pregnancy.

The second t e s t  In v o lv in g  mice from  group B 

produced s im i la r  r e s u l t s .  A f te r  a f o u r  veek  m ating  p e r io d , 

o n ly  tv o  l i t t e r s  v e re  produced by 10 t r e a te d  and 10 c o n t r o l  

f e m a le s . B oth l i t t e r s  d ie d  v l t h l n  48 h o u rs  a f t e r  

p a r t u r i t i o n .  There v e re  th re e  o th e r  d e f i n i t e  p re g n a n c ie s , 

one o f v h ic h  ended In  th e  d e a th  of th e  fem ale  v h l le  

p re g n a n t, th e  o th e r  tv o  a p p a re n t ly  v e re  consumed by th e  

m others a t  b i r t h  aB no rem ains of e i t h e r  v e re  fo u n d . A ll 

l i t t e r s  and p re g n a n c ie s  o ccu rred  o n ly  I n  c o n t r o l  fe m a le s .

As o n ly  t r e a t e d  m ales v e re  mated v i t h  c o n t r o l  f ta a le s  In  

t h i s  t e s t ,  a l l  p re g n a n c ie s  o r l i t t e r s  v e re  s i r e d  by 

t r e a te d  m a le s . A gain , l i t t e r  s iz e  and p e rc e n t  s u r v iv a l  of 

th e  young to  v ea n in g  v e re  l e s s  th an  com parable c o n t r o l s .

The f i n a l  r e p ro d u c tio n  ex p erim en t in v o lv ed  

v l th d r a v ln g  th e  t r e a te d  d i e t  from  p re v io u s ly  t r e a te d  m ales 

and fe m a le s  and m ating  them v i t h  c o n t r o l  fe m a le s  and m a les .
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A ll t r e a te d  an im a ls  had p r e v io u s ly  been  t r e a te d  f o r  s ix  

months a t  40 ppm* These mice v e re  a l l  from  group  B, whose 

re p ro d u c tio n  d a ta  ap p e a r In  Table 18* A ll  c o n t r o l  an im als  

had proved f e r t i l e  In  p re v io u s  t e s t s *  None of th e  t r e a te d  

fe m a le s  had produced a l i t t e r  i n  p re v io u s  t e s t s  a lth o u g h  

some of th e  t r e a te d  m ales had produced f e r t i l e  m atin g s 

w ith  c o n t r o l  fe m a le s  In  th e  t e s t  j u s t  p re v io u s ly  d e sc r ib e d *  

R ep ro d u c tio n  In  p re v io u s ly  t r e a te d  fem a le s  resumed 

in  s ix  to  seven  weeks fo l lo w in g  th e  w ith d raw a l of Kepone 

from  t h e i r  d ie t*  T h is  means t h a t  f e r t i l e  c o n c e p tio n s  

began  o c c u rr in g  th re e  to  fo u r  weeks fo llo w in g  th e  

w ith d raw al of Kepone* B ig h t of th e  10 p re v io u s ly  t r e a te d  

fe m a le s  b o re  f i r s t  l i t t e r s  and f iv e  gave b i r t h  to  second 

l i t t e r s  w ith in  th e  100-day  t e s t  p e rio d *

I n i t i a l  l i t t e r s  were s m a lle r  th a n  com parable 

c o n t r o l s  a v e ra g in g  o n ly  4*3 young p e r  l i t t e r .  The p e rc e n t  

s u r v iv a l  of th e  young was reduced  to  64*7# In  c o n t r a s t  to  

89# f o r  th e  c o n t r o l s .  Second l i t t e r s  were bl i g h t l y  l a r g e r  

(4*6) b u t th e  o u ts ta n d in g  In c re a s e  v as  i n  th e  in c re a s e d  

s u r v iv a l  of young to  87*5#« The number of young produced 

vas o n ly  4 2 .4 #  o f th e  c o n t r o l  re p ro d u c tio n  d u r in g  th e  100- 

day  e x p e r im e n ta l  p e r io d .

C o n tro l fe m a le s  mated w ith  p r e v io u s ly  t r e a te d  m ales 

began re p ro d u c in g  im m ediately*  L i t t e r  s iz e  averaged  5*4 

compared w ith  7»1 f o r  th e  c o n tro ls *  P e rc e n t s u r v iv a l  o f 

th e  young was norm al f o r  b o th  f i r s t  and second l i t t e r s ,
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T able 2 0 . R ep ro d u c tio n  D ata f o r  100 Days F o llo w in g
W ithdraw al o f D ie ta ry  Kepone from  Mice I n  Group 
B, P re v io u s ly  fe d  40 ppm f o r  6 Months

C o n tro l  F em ales 
C a te g o ry  and

Kepone-Fed Males

C o n tro l  M ales 
and

Kepone-Fed Fem ales
C o n tro ls

P a i r s 10 10 5

F i r s t  L i t t e r s 10 8 5

Ave. No. Young 5 .5 4 .3 7 .4

% S u rv iv a l 8 8 .6 6 4 .7 8 9 .1

Second L i t t e r s 6 5 4

Ave. No. Young 5 .7 4 .6 7 .0

% S u rv iv a l 8 7 .9 87 .5 8 6 .2

P a i r  D a y s /L i t te r 6 2 .5 76 .9 55 .6

P a i r  Days/Young 11.5 17.3 7 .6

% R ep ro d u c tio n 6 5 .1 4 2 .4 1 0 0 .0
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b e in g  88*9 and 87*9#, r e s p e c t i v e l y .  T h is group of 10 p a i r s  

produced 10 f i r s t  l i t t e r s  and s ix  second l i t t e r s  in  th e  

100-day t e s t  p e r io d .  The number of young produced was 

6 5 . 2#  o f th e  c o n t r o l s .

S e v e ra l  o b s e rv a t io n s  shou ld  be p o in te d  ou t in  

r e l a t i o n  to  t h i s  l a s t  ex p e rim en t and th e  two m ating  

ex p e rim e n ts  betw een t r e a te d  and c o n t r o l  a n im a ls .  Fem ales 

t h a t  had p re v io u s ly  been  fe d  Kepone e x p e rie n c e d  some 

d i f f i c u l t i e s  w ith  t h e i r  f i r s t  l i t t e r s  fo llo w in g  th e  

w ith d raw a l of K epone. In  th e  ex p erim en t in  w hich Kepone was 

w ithdraw n from  th e  d i e t ,  two fe m a le s  rem ained i n f e r t i l e  and 

f o u r  of th e  rem ain in g  e ig h t  fe m a le s  l o s t  t h e i r  f i r s t  

p re g n a n c ie s  o r  l i t t e r s  e i t h e r  b e fo re  o r a f t e r  p a r t u r i t i o n .  

One fem ale  d ie d  d u r in g  p regnancy  and a n o th e r  was s a c r i f i c e d  

f o r  ex a m in a tio n  a f t e r  i t  had l o s t  i t s  l i t t e r  and no rem ains 

were fo u n d . No such  d i f f i c u l t i e s  were a p p a re n t d u r in g  th e  

p e r io d  of second l i t t e r s  w hich was r e f l e c t e d  i n  a norm al 

p e rc e n t s u r v iv a l  o f young. A p p a re n tly , th e  d e t r im e n ta l  

e f f e c t s  of s u b le th a l  l e v e l s  o f Kepone a re  r e v e r s ib l e  i f  th e  

t r e a te d  d i e t  i B  w ithd raw n . S ince no d e f i n i t e  c o n c lu s io n s  

cou ld  be re a c h e d , i t  seems b e s t  to  sum th e  r e s u l t s  by 

sa y in g  t h a t  Keponse r e s id u e s  i n  th e  fem ale  co n tin u ed  to  

e x e r t  a d e t r im e n ta l  e f f e c t  on th e  p h y s io lo g y  of the  

re p ro d u c tiv e  system  fo llo w in g  th e  rem oval of Kepone from  

th e  d i e t .  These d a ta  in d ic a te  t h a t  t h i s  p e r io d  may range 

from  20  to  60 d a y s .
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I n  th e  two m ating  ex p e rim e n ts  betw een t r e a te d  and 

c o n t r o l  s e x e s , two p re g n an t fem a le s  d ie d ,  f o u r  o f th e  seven  

l i t t e r s  d ie d ,  and no rem ains of two p re g n a n c ie s  were found# 

I t  shou ld  be em phasized t h a t  th e s e  fem a le s  were p re v io u s ly  

c o n t r o l  an im als  p lace d  on a 40 ppm d i e t  a t  th e  tim e of 

m a tin g . No p regnancy  o ccu rred  In  th e  p r e v io u s ly  t r e a te d  

fem ales#  In  o th e r  w ords, c o n t r o l  fem a le s  fe d  a 40 ppm 

d i e t  a t  th e  tim e of m ating  had f e r t i l e  c o n c e p tio n s , b u t 

f r e q u e n t ly  had tro u b le  e i t h e r  co m p le tin g  t h e i r  f u l l  te rm  

of p regnancy  or s u c c e s s f u l ly  w eaning th e  young p ro d u ced .

S e v e ra l fem aleB p laced  on a 40 ppm d i e t  In  the  

l a t e  p regnancy  s ta g e  d id  n o t have a s  much d i f f i c u l t y  In  

c o m p le tin g  t h e i r  p regnancy  o r w eening t h e i r  young, a lth o u g h  

th e  p e rc e n t s u r v iv a l  of th e  young was re d u c e d . The I n i t i a l  

developm ent p e r io d  of th e  embryo I s  a p p a re n t ly  th e  most 

c r i t i c a l  and s e n s i t i v e  p e r io d  to  u n d e s ira b le  in f lu e n c e s  

in c lu d in g  I n s e c t i c i d e s .  The n ex t most c r i t i c a l  p e r io d s ,  

a s  in d ic a te d  by th e se  s tu d ie s ,  were th e  f i r s t  48 h o u rs  

a f t e r  b i r t h  and th e  tim e of w eaning i f  a t r e a te d  d i e t  i s  

c o n tin u e d •

I n  some c a s e s ,  s u c k lin g s , n u rs in g  from  m others on a 

40 ppm t r e a te d  d i e t ,  were sm a lle r  th a n  c o n t r o l s .  As a 

r e s u l t ,  a lo n g e r  su c k lin g  p e r io d  was som etim es n e c e s sa ry  

b e fo re  w eaning . I n  one l i t t e r ,  th e  young developed  

trem o rs  d u r in g  th e  su c k lin g  p e r io d .  A d v erse ly  a f f e c te d  

young, i f  th e y  su rv iv ed  th e  w eaning p e r io d , would grow
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r a p id ly  and re a c h  norm al s iz e  w ith  th e  p e r s i s t e n t  trem o r 

p a t t e r n  d is c u s se d  p r e v io u s ly .

At t h i s  p o in t  th e  r e s u l t s  of two in d iv id u a l  t e s t s  

shou ld  be r e p o r te d .  I n  one c a s e , a fem ale  i n  l a t e  

p regnancy  was p u t on a d i e t  o f 100 ppm. B ig h t days l a t e r  

a l i t t e r  o f n in e  was b o rn . The m other took  norm al c a re  of 

th e  young f o r  10 d a y s . On th e  e le v e n th  day  th e  young were 

found dead o r d y in g  and some had been chewed b a d ly  by the  

m o th er. No n e s t  was p re s e n t  and th e  m other showed no 

m a te rn a l b e h a v io r . The fo llo w in g  day  a l l  were d e a d . In  

t h i s  t e s t ,  trem o rs  appeared  i n  th e  m other w ith in  e ig h t  

days and co n tin u ed  to  in c re a s e  i n  i n t e n s i t y .  The young 

seemed to  be d e v e lo p in g  n o rm a lly  w ith  h a i r  a p p e a rin g  on 

th e  1 0 th  day , b u t t h e i r  average  w e ig h t was o n ly  3*0 grams 

each  in  c o n t r a s t  to  6 .0  grams f o r  com parable 1 0 -day -o ld  

c o n t r o l  s u c k l in g s .  I t  cou ld  n o t be d e te rm in ed  w hether th e  

young had d ied  from  m a ln u t r i t io n ,  Kepone p o iso n in g , o r  i f  

th e  m other had k i l l e d  some h e r s e l f .

I n  a s im i la r  t e s t ,  a l a c t a t l n g  fem ale was p u t on a 

100 ppm d i e t  two days a f t e r  th e  b i r t h  of h e r  f iv e  young. 

S l ig h t  trem o rs  appeared  i n  th e  m other f i v e  days l a t e r .  On 

th e  sev e n th  day  a l l  th e  young were found dead o r d y in g , no 

n e s t  was p r e s e n t ,  and th e  m other was i n  c o n s ta n t  trem o rs  

showing no m a te rn a l b e h a v io r .  She was th en  fed  a c o n t r o l  

d i e t  and th re e  days l a t e r  th e  trem o rs  had d is a p p e a re d .



121

T h is  same fem ale  v as  mated a g a in  and v l t h l n  f iv e  

weeks gave b i r t h  to  a l i t t e r  of seven  w hich she weaned 

s u c c e s s fu l ly *  I n  November, she gave b i r t h  to  seven 

young, h e r  t h i r d  l i t t e r ,  and was a g a in  fe d  100 ppm* F iv e  

d ays l a t e r  th e  young were d ead , no n e s t  was p re s e n t  and 

th e  m other was in  c o n s ta n t  trem ors*  She re co v e re d  

q u ic k ly  fo llo w in g  th e  rem oval o f th e  t r e a te d  d ie t*

She was mated a g a in  and gave b i r t h  to  Blx young In  

J a n u a ry , 1 9 6 3 * Three dayB b e fo re  th e  b i r t h  o f th e  l i t t e r  

she was p lace d  on 40 ppm* T his l i t t e r ,  a lth o u g h  l e s s  i n  

w eigh t th an  c o n t r o l s ,  appeared  to  be p ro g re s s in g  n o rm a lly  

u n t i l  F e b ru a ry  18 when two young were found dead and th e  

rem a in in g  f o u r  were i n  c o n s ta n t  trem o rs*  These f o u r  young 

re c o v e re d , a lth o u g h  th e  tre m o rs  p e r s i s t e d ,  and were weaned 

on March 9* They weighed 5*0 grams a t  22 d ay s  of ag e ,

9*0 grams a t  30  d ay s  and 13*5 grams a t  40 days when weaned* 

C o n tro ls  averaged  a p p ro x im a te ly  5*0 grams more a t  each  age 

and were u s u a l ly  weaned a t  28 d a y s .

T h is  fem ale  was m a in ta in ed  on 40 ppm and mated 

aga in*  No p re g n a n c ie s  occu rred*  I n  l a t e  A p r i l  she was 

fe d  a c o n t r o l  d i e t  and 46 d ays l a t e r  gave b i r t h  to  a l i t t e r .  

As had been observed  in  B ev era l o th e r  c a se s  when the  

fem ale  had been r e c e n t ly  removed from  a t r e a te d  d i e t ,  t h i s  

l i t t e r  d ie d  w ith in  48 h o u rs .
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V ag in a l Smears 

V ag in a l sm ears were ta k e n  from  th e  fo llo w in g  th re e  

m ajor groups* ( l )  A group  o f v i r g in  fem ale  a d u l t s ;

(2 ) th e  fem aleB o f g roup  A; and (3) th e  fem a le s  of group B. 

A d e f i n i t e  d is tu rb a n c e  of th e  e s t r o u s  c y c le  was found In  

a l l  t r e a te d  fem ales*  I n  g e n e ra l ,  t r e a te d  fe m a le s  tended  

to  d ev e lo p  c o n s ta n t  o r  ex tended  e s t r u s .

The v i r g i n  g roup  was d iv id e d  I n to  two subgroups of 

20 fe m a le s  each* D uring  th e  p re tre a tm e n t  t r i a l  b o th  

subgroups had s im i la r  e s t r o u s  c y c le s  In  r e l a t i o n  to  e s t r u s  

o ccu rren ce  and le n g th  of th e  eBtrouB cy c le*  A f te r  one 

subgroup had been  fed  40 ppm f o r  th re e  w eeks, sm ears were 

ta k e n  f o r  th e  n e x t  th re e  weeks* The d a l l y  sm ears re v e a le d  

t h a t  th e  t r e a te d  fe m a le s  had a much h ig h e r  p e rc e n t 

o ccu rren ce  of e s t r u s  and a lo n g e r  e s t r o u s  cy c le*  F our 

t r e a te d  fem a les  had d eve loped  c o n s ta n t  e s t ru s *  D uring  t h i s  

th re e  week p e r io d ,  5 6 *1#  of the  sm ears from  tie  t r e a te d  

fe m a le s  were e B tru s  i n  c o n t r a s t  to  2 3 . 9^  from  th e  c o n t r o l s .  

The av e rag e  eB tro u s  c y c le  le n g th  was 7»7 days In  th e  

t r e a te d  fem a le s  a s  compared to  4 .8  f o r  th e  c o n tro ls *

D a lly  smearB were ta k e n  from  th e  v i r g in  fem ales 

a f t e r  th e  t r e a te d  fe m a le s  re c e iv e d  40 ppm f o r  fo u r  months* 

D a ily  v a g in a l  sm ears f o r  30 d ay s  re v e a le d  th a t  12 of th e  

20 t r e a te d  fe m a le s  had deve loped  c o n s ta n t  e s t ru s *  D uring 

t h i s  p e r io d  o v e r 71# of th e  sm ears from  the  t r e a te d  fem a les  

were e s t ru s *  The av e rag e  le n g th  of th e  e s t r o u s  c y c le  In
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th o se  fe v  t r e a te d  fe m a le s  h av in g  a c y c le  was 8 .0  days*

Only 24*8# of th e  sm ears from  th e  c o n t r o l  fem a le s  were 

e s t r u s  w ith  an  av e rag e  e s t r o u s  c y c le  of dayB* A 

summary of th e  v a g in a l  sm ears from  v i r g in  fem a le s  I s  

p re se n te d  In  T able 20*

Smears ta k e n  from  group A fo llo w in g  t h e i r  

r e p ro d u c tio n  ex p erim en t gave s im i la r  re su ltB *  N ea rly  68# 

o f th e  Btoears from  th e  t r e a te d  fem a le s  were e s t r u s  a s  

compared to  17*5# f o r  th e  c o n tro ls *  Nine of th e  16 

t r e a te d  fem a le s  had d eve loped  c o n s ta n t  e s t ru s *

Smears ta k e n  from  group B b e fo re  t h e i r  r e p ro d u c tio n  

ex p e rim en t re v e a le d  t h a t  81# of th e  sm ears from  th e  14 

t r e a t e d  fem a le s  were e s t ru s *  Ten of th e s e  14 fem a le s  had 

developed  c o n s ta n t  e s t ru s *  These fem a le s  were fe d  40 ppm 

Kepone f o r  two months* Only 2 3 . 8# of th e  sm ears from  th e  

14 c o n t r o l  fem a le s  were e s t ru s *  The c o n t r o l  fem a les  had a 

norm al e s t r o u s  c y c le  of 4*8 days* A summary of th e  v a g in a l  

smear d a ta  from  groups A and B can  be found i n  Table 21 .

I t  i s  n o t known w hether fem a le s  w hich developed  

c o n s ta n t  e s t r u s  were a c tu a l l y  i n  t ru e  e s t r u s .  I f  

c o r n i f ie d  c e l l s  were th e  m ajor c e l l  component o f a sm ear 

i t  was d e s ig n a te d  a s  e s t ru s *  The sm ears from  th e  c o n t r o l  

fem a le s  were v e ry  t y p i c a l  and d i s t i n c t  a s  to  th e  s ta g e  of 

th e  e s t r o u s  cy c le*  Smears from  t r e a te d  fem a le s  were 

f r e q u e n t ly  a ty p i c a l  g iv in g  th e  im p re ss io n  t h a t  th e  

r e g u la t in g  mechanism had been d is tu rb e d *  As an  exam ple,
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T ab le  21 , Summary o f V ag in a l Smear D ata from  40 ppm 
Kepone-Fed and C o n tro l  A du lt V irg in  Fem ales

Days
Fed

Kepone
Number
Fem ales

Smears P e rc e n t
E s t ru s

E s tro u s
C ycle

(d a y s)

0 20 410 2 4 .7 4 .8 7

0 20 410 2 4 .1 4 .8 2

0 20 410 2 3 .9 4 .8 6

21 20 410 5 6 .1 7 .6 9

0 20 600 2 4 .8 5 .4 6

120 20 600 7 1 .3 —
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T able  2 2 . Summary of V ag in a l Smear D ata from  Kepone -Fed 
and C o n tro l  F em ales of C roups A and B

Croup D ie t  Days on Number Smears P e rc e n t 
(ppm) D ie t  Fem ales E s t r u s

A 0-10 240 16 128 17 .5

A 3 0 -3 7 .5 240 16 128 6 7 .5

B 0 60 14 294 2 3 .8

B 40 60 14 294 8 1 .0
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some le u k o c y te s  would ap p e a r f o r  one o r  two d ays In  sm ears 

from  a fem ale  w hich had d ev e lo p ed  c o n s ta n t  e s t r u s  

I n d ic a t in g  t h a t  e s t r u s  was re c e d in g *  B ut th e  n e x t day , a 

t y p i c a l  e s t r u s  was p r e s e n t  a g a in  In s te a d  of th e  ex p e c ted  

m e te s t ru s .

U ndoubted ly  t h i s  e s t r o u s  c y c le  d is tu rb a n c e  I s  a 

r e f l e c t i o n  of a d is tu r b e d  horm onal b a la n c e .  The fem ale  

system  I s  s e n s i t i v e  and i n t r i c a t e  d ep en d in g  on th e  p ro p e r  

i n t e r p l a y  of th e  v a r io u s  c y c l in g  l e v e l s  o f horm ones. Any 

d is tu rb a n c e  of a s in g le  c y c l in g  hormone l e v e l  co u ld  u p s e t  

th e  e s tro u B  c y c le .  The a ty p i c a l  Bmears of some o f th e  

t r e a te d  fe m a le s  may be an i n d i c a t i o n  t h a t  th e  l e v e l s  of 

th e se  horm ones a re  f l u c t u a t i n g  to  some d eg ree  b u t n o t 

enough to  i n i t i a t e  th e  n e x t s ta g e  of th e  e s t r o u s  c y c le .

H i s to lo g ic a l  S tu d ie s

M icroscop ic  ex a m in a tio n  of h i s t o l l g l c a l  s e c t io n s  

o f th e  p i t u i t a r y  and thymus g lan d s  re v e a le d  no a l t e r a t i o n  

in  t h e i r  i n t e r n a l  s t r u c t u r e .  A ll  b u t one of th e  50 

a d re n a l  g la n d s  exam ined appeared  n o rm al. ThlB lone 

e x c e p tio n  had a l a y e r  of f a t  d e p o s i te d  around th e  m edulla 

zone , and had b een  removed from  a fem ale  fe d  100 ppm 

Kepone f o r  th r e e  w eeks.

No a l t e r a t i o n  o f s t r u c tu r e  was found in  s p le e n s  

from  t r e a te d  an im a ls  e x c e p t m oderate c o n g e s tio n  in  th o se  

s p le e n s  w hich were e n la r g e d .  U te r i  removed from  t r e a te d
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fe m a le s  w ere norm al e x c e p t th o se  In  th e  e s t ro g e n ic  p h ase , 

w hich  showed d e f i n i t e  c y s t i c  h y p e rp la s ia  of th e  endom etrium . 

T h is  c o n d i t io n  I s  th o u g h t to  be due to  p ro longed  o r 

abnorm al e s t ro g e n  s t im u la t io n .

The b r a in  t i s s u e  o f moBt t r e a te d  an im a ls  appeared  

n o rm a l. TOiere w ere I n d ic a t io n s  of m oderate c o n g e s tio n  In  

a few b r a in s ,  and some m yelin  a l t e r a t i o n  In  th e  nerve  

t r a c t s .

T e s te s  from  t r e a te d  maleB appeared  n o rm al. The 

amount and d eg ree  o f developm ent of th e  se m in ife ro u s  

tu b u le s ,  I n t e r s t i t i a l  t i s s u e ,  and th e  p ro c e s s  of 

sp e rm a to g e n e s is  a l l  ap p eared  n o rm al.

D e g e n e ra tiv e  changes were commonly found in  th e  

k id n e y s  o f t r e a te d  m ice . They had v a ry in g  d e g re e s  of 

g lo m e ru lo n e p h r i t i s ,  d is s e m in a te d  lupuB e ry th e m a to su s , 

h y p e r tro p h y  of th e  tu b u le s  and hem orrhage i n  th e  d i s t a l  

c o n v o lu ted  and loop  o f H e n le 's  tu b u le s .  F re q u e n tly , la rg e  

e x u d a te s  were found In  th e  Bowman's c a p su le  and th e  

g lo m e ru la r  membrane was ru p tu r e d .

H y p e rp la s ia  and c o n g e s tio n  were found In  a l l  l i v e r s  

ta k e n  from  t r e a te d  a n im a ls .  The d eg ree  of o th e r  

d e g e n e ra t iv e  ch an g es , such  a s  f o c a l  n e c r o s is  and c e l l u l a r  

h y p e r tro p h y , v a r ie d  g r e a t ly  a lth o u g h  th e  d eg ree  appeared  to  

depend on th e  d u r a t io n  of t re a tm e n t w ith  Kepone. Such 

d e g e n e ra t iv e  changes were much more e x te n s iv e  i n  an im a ls
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t r e a t e d  f o r  10 to  16 months th a n  I n  an im a ls  t r e a te d  fo u r  to  

s ix  m onths•

E le c t ro n  m ic ro sco p ic  ex a m in a tio n  of tv o  l i v e r s  from  

mice w hich had been  fe d  40 ppm f o r  fo u r  months showed two 

m ajor a l t e r a t i o n s !  Reduced number of m ito c h o r tir ia  and 

fo rm a tio n  of l lp o sp h e re B .

L lp o sp h e re s , when f i r s t  i d e n t i f i a b l e , o ccu r a s  

sm a ll B ing le  b o d ie s  and a re  complex l ip o p r o te in  s t r u c tu r e s *  

As th e  dosage o r  d u r a t io n  of tre a tm e n t i s  in c re a s e d ,  th e  

s t r u c tu r e s  In c re a s e  i n  num ber, s iz e  and th ic k n e s s  of th e  

c a p s u le .  The s t r u c tu r e s  ten d  to  c o a le s c e  t o  form  

p leom orph ic  in c lu s io n s  up to  25 m icrons In  d ia m e te r .  As 

th e  in c lu s io n s  In c re a s e  i n  s i z e ,  th e  c a p su le  a c q u ir e s  a 

d e f i n i t e  f i b r i l l a r  s t r u c tu r e  w ith  d i s t i n c t  la m in a t io n s .  

S im ila r  in c lu s io n  b o d ie s  have been  re p o r te d  a f t e r  expo su re  

to  a v a r i e ty  of compounds in c lu d in g  c a rc in o g e n ic  a z o - 

compounds and c h lo r in a te d  n a p h th a le n e s , b u t o n ly  in  

ro d e n ts  (O rtega  e j .  a i . , 195 6 ).

A lthough based  on a sm a ll sample s i z e ,  more tum ors 

o ccu rred  in  th e  l i v e r s  of an im als  t h a t  had been  on a 

Kepone d i e t  f o r  12 o r more months th a n  in  an im a ls  t r e a te d  

a l e s s e r  p e r io d  o f t im e . Two of 10 mice t r e a te d  f o r  more 

th a n  12 months deve loped  e x te n s iv e  tum orous grow ths 

th ro u g h o u t th e  l i v e r .  T h is c o n d i t io n  was n o t found a g a in  

d u r in g  t h i s  s tu d y .
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T able 2 3 . Summary of P a th o lo g ic a l  A l t e r a t io n s  Pound In
H is to lo g ic a l  S tu d ie s  of Mice Ped 40 ppm Kepone 
from  Two to  E ig h te e n  Months

O rgan A nim als
Examined

P a th o lo g ic a l  P ln d ln g s

P i t u i t a r y 8 Normal

S p leen 8 C o n g estio n  when e n la rg e d

Thymus 6 Normal

A d ren a ls 25 Normal

B ra in 12 Some c o n g e s tio n  and iqyelln  
a l t e r a t i o n *

U te ru s 12 C y s tic  H y p e rp la s ia  of endom etrium

K idneys 25 Q lo m e ru lo n e p le r l t i s ,  tu b u le  
h y p e r tro p h y , d i s t a l  tu b u le  and lo o p  
o f H enle hem orrhage, d is se m in a te d  
lu p u s  e ry th e m a to su s , la rg e  e x u d a te s  
In  Bowman's c a p s u le ,  and g lo m e ru la r  
membrane ru p tu re *

L iv e r 30 P o c a l n e c r o s i s ,  r e g e n e ra t iv e  
lo b u le s ,  c e l l u l a r  h y p e r tro p h y , 
c o n g e s tio n , h y p e r p la s ia ,  l lp o s p h e re  
fo rm a tio n  and r e d u c t io n  in  m ito 
c h o n d ria  number*

O v a rie s 55 O v u la tio n  and c o rp o ra  lu te a  fo rm a tlo i 
i n h ib i t e d  o r s e v e re ly  re d u ced .
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H is to lo g ic a l  ex a m in a tio n  of o v a r ie s  from  t r e a te d  

and c o n t r o l  fe m a le s  re v e a le d  th a t  v e B lc u la r  f o l l i c l e  

developm ent v a s  norm al In  most t r e a te d  fe m a le s , b u t c o rp o ra  

l u t e a  v e re  u s u a l ly  a b s e n t • The av e rag e  numbers of 

f o l l i c l e s  270  m icrons o r more In  d ia m e te r  and co rp o ra  lu te a  

I n  o v a r ie s  from  20  c o n t r o l  fe m a le s  v e re  6*1  f o l l i c l e s  and 

3*8 c o rp o ra  lu te a  p e r  o v a ry . The av e rag e  numbers of 

f o l l i c l e s  and c o rp o ra  lu te a  from  th e  o v a r ie s  of 30  t r e a te d  

fem a le s  v h lc h  had been  fe d  40 ppm f o r  f o u r  to  e ig h t  months 

v e re  5*6 f o l l i c l e s  and 0 .8  co rp o ra  lu t e a  p e r  o v a ry . N in e ty  

p e rc e n t  of th e  o v a r ie s  from  c o n t r o l  fem a les  c o n ta in e d  one 

o r  more co rp o ra  lu te a  compared to  o n ly  2556 i n  t r e a te d  

fe m a le s . A summary o f th e  p a th o lo g ic a l  a l t e r a t i o n s  i n  th e  

o rgans examined i s  p re se n te d  In  Table 2 3 .

S e ro lo g ic a l  S tu d ie s

D e te rm in a tio n s  v e re  made of th e  ca lc iu m , sodium , 

p ro te in -b o u n d  io d in e  (PBI) and g lu co se  l e v e l s  in  th e  b lood  

of t r e a te d  and c o n t r o l  a d u l t  fe m a le s . A summary of th e s e  

d a ta  i s  p re se n te d  i n  Table 24 .

C alcium  d e te rm in a t io n s  d is c lo s e d  no d i f f e r e n c e  

b e tv e e n  t r e a te d  and c o n t r o l  m ice. V alues ranged  from  8 .5  

to  1 0 .5  mg/1 0 0  ml v h lc h  a re  v i t h i n  th e  norm al range 

e s ta b l i s h e d  f a r  r a t s  and man. These d a ta  I n d ic a te  t h a t  

th e  c h a r a c t e r i s t i c  trem o rs  of c h lo r in a te d  o rg a n ic  

i n s e c t i c i d e  p o iso n in g  a re  n o t due to  h y p o ca lcem ia . I t  i s
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T able 24 . Summary of S e ro lo g ic a l  T e s ts  from  Kepone-Fed and 
C o n tro l  A du lt Fem ale Mice

D ie t
(ppm)

Days on 
D ie t

Number®
Sam ples

Average Blood Range 
Component V alues

C alcium

0 0 2 9*0 mg/100 ml 8 .5 - 9 .5  mg/100 ml

40 150 2 9*6 9 .0 -1 0 .2  "

100 14 2 1 0 .0  " 

Sodium

9 .5 -1 0 .5

0 0 4 140 raBq/L 131-156 mBq/L

40 120 4 122 " 111-132 "

100 14 4 134 " 127-144 "

P ro te in -B o u n d  Io d in e  (PBI)

0 0 1 4 .3  mg/100 ml —

40 120 1 4 .6 ---------

100 14 1 5 .3

Blood G lucose

—  “

0 0 4 1 5 0 .1  mg/100 ml 9 7 .5 -1 8 8 .0  rag/lOOml

40 120 4 133 .3 1 0 7 .5 -1 8 8 .0  "

100 14 4 117 .9  " 9 4 .0 -1 4 0 ,0  "

Blood G lucose ( f a s te d  16 h o u rs )

0 0 4 100.5  mg/100 ml 8 5 .0 -1 1 0 .0  mg/10Oml

4o 120 4 9 6 .2  " 8 5 .0 -1 0 5 .0  "

100 14 4 4 7 .7  " 3 0 . 0 - 6 8 .0  "

aC alclum  and PBI sam ples r e p r e s e n t  poo led  b lood  from  
f o u r  m ice . A H  o th e r s  v e re  I n d iv id u a l  m easurem ents*
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a l s o  an  I n d i c a t i o n  t h a t  th e  p a r a th y r o id  g land  was 

f u n c t io n in g  w i th in  norm al l i m i t s  i n  th e s e  t r e a t e d  m ice.

Sodium v a lu e s  of a l l  tw elve  t e s t e d  an im a ls  were 

w i th in  norm al l i m i t s  i n d i c a t i n g  t h a t  th e  zona g lom eru losa  

of th e  a d r e n a l  c o r te x  was s e c r e t i n g  s u f f i c i e n t  m in e ra lo -  

c o r t l c o i d s  t o  r e g u la t e  th e  sodium c o n te n t  of th e  body and 

i t s  a c id - b a s e  b a l a n c e .  The av e rag e  v a lu e s  f o r  sodium i n  

fe m a le s  fe d  40 ppm l i e s  on the  low er range of norm alcy  and 

may be som eth ing  to  c o n s id e r  f u r t h e r .  P o s s ib ly  th e s e  

s l i g h t l y  low er v a lu e s  a r e  caused  by  th e  g r e a t e r  w a te r  

i n t a k e  of t r e a t e d  an im a ls  which i n  e f f e c t  would d i l u t e  th e  

sodium c o n te n t  i n  th e  e x t r a c e l l u l a r  f l u i d s .

PBI v a lu e s  were a l l  w i th in  a norm al range  of 4 -8  

mg/ 1 0 0  ml i n d i c a t i n g  p ro p e r  f u n c t io n in g  of th e  th y ro id  

g la n d .  I t  was th o u g h t  t h a t  p o s s ib ly  the  b a s a l  m etabo lism  

of t r e a t e d  mice would be g r e a t e r  th a n  c o n t r o l  mice s in c e  

t r e a t e d  an im a ls  consumed g r e a t e r  q u a n t i t i e s  of food and 

w a te r  w i th  no i n c r e a s e  i n  body w e ig h t .  I f  t h i s  were so , 

h ig h e r  PBI v a lu e s  would be ex p ec ted  i n  t r e a t e d  a n im a ls .  

P o s s ib ly  th e  b a s a l  m etabo lism  i s  n o t  g r e a t e r  i n  t r e a t e d  

a n im a ls .  T h e ir  g r e a t e r  food and w a te r  consum ption  may be 

due t o  an  i n e f f i c i e n t  use  of th e  food o r  d e c re a se d  

i n t e s t i n a l  a b s o r p t i o n .  L ess  e f f i c i e n t  use  of consumed 

food  cou ld  be caused  by an  i n t e r f e r e n c e  a t  th e  enzyme 

l e v e l  w i th in  th e  m e ta b o l i te  pa thw ays .
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Blood g lu co se  v a lu e s  v e re  norm al In  a l l  n o n - fa s te d  

a n im a ls .  However, f o u r  mice f a s t e d  f o r  16 h o u rs  a f t e r  

b e in g  fe d  100 ppm Kepone f o r  two weeks, d id  n o t  m a in ta in  

norm al g lu co se  l e v e l s .  The l e v e l  of one dropped to  

30 mg/100 m l. A f te r  th e  f a s t i n g  th e s e  fo u r  mice averaged  

47*7 mg/1 0 0  ml g lu c o s e ,  compared to  1 0 0 .5  and 9 6 .2  mg/1 0 0  

ml f o r  th e  c o n t r o l s  and th e  f o u r  fem a le s  fed  40 ppm f o r  

f o u r  m onths.

Hormone B lo assay s

S ince many of the  e a r l i e r  s t u d i e s  of t h i s  p r o j e c t  

I n d ic a te d  a d i s tu r b a n c e  of th e  hormone l e v e l s  I n  the  

fe m a le ,  b lo a s s a y s  were conducted  of th e  f o l l i c l e  s t im u la t in g  

hormone (FSH) and th e  l u t e i n i z i n g  hormone (LH) of th e  

p i t u i t a r y  g la n d .

A t r i a l  t e s t  was conducted  w i th  b o th  hormones to  

a s c e r t a i n  th e  m inim al amount of p i t u i t a r y  t lsB u e  n e c e s s a ry  

t o  g ive  a m easurab le  e f f e c t  w i th in  th e  b lo a s s a y  r a t s .  Such 

t e s t s  would a l s o  d i s c l o s e  w h e the r  th e r e  was a l i n e a r  

r e l a t i o n s h i p  between the  number of p i t u i t a r l e s  pooled and 

th e  re sp o n se  of th e  I n d i c a t o r  o rg a n .

The FSH t r i a l  t e s t  I n d ic a te d  t h a t  a p o o lin g  of two 

mouse p i t u i t a r l e s  s u p p l ie d  enough e x t r a c t  to  g iv e  a 

m easurab le  re spo nse  of FSH i n  th e  r a t .  The 50 I .U .  of 

human c h o r io n ic  g o n ad o tro p h in  (HCG), v h lc h  were used to  

f o r t i f y  th e  e x t r a c t s ,  in c re a s e d  th e  r a t  ovary  w e ig h ts
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5 8 . S# based  on th e  w eigh t of th e  o v a r ie s  from  th e  c o n t r o l  

r a t s .  The HCG f o r t i f i c a t i o n  p lu s  th e  e x t r a c t  from  one 

p i t u i t a r y  in c r e a s e d  th e  r a t  ovary  w e ig h ts  1 1 2 .756. Two 

p i t u i t a r l e s  poo led  p lu s  a f o r t i f i c a t i o n  of 50 I .U .  of HCG 

In c re a s e d  ovary  w e ig h ts  2 0 2 . 956.

No r e l a t i o n s h i p  was found betw een  u t e r i n e  w e ig h ts  

and th e  number of p i t u i t a r l e s  pooled* The u t e r i  of r a t s  

i n j e c t e d  w i th  50 I .U .  of HCG a lo n e  e q u a l le d  th e  u t e r i n e  

w e ig h t8 o f r a t s  i n j e c t e d  w i th  p i t u i t a r y  e x t r a c t s  p lu s  th e  

HCG. A summary of th e  PSH b io a s s a y s  can  be found In  

T ab le s  25 and 26 .

I n  th e  a c t u a l  PSH b ioasB ay , no d i f f e r e n c e  was 

found i n  p i t u i t a r y  e x t r a c t s  from  t r e a t e d  and c o n t r o l  

f e m a le s .  T h is  I s  i n  agreem ent w i th  th e  h i s t o l o g i c a l  

s t u d i e s  which d i s c lo s e d  t h a t  f o l l i c l e  developm ent was 

norm al In  t r e a t e d  f e m a le s .

A lthough th e s e  b io a s s a y s  I n d ic a te d  t h a t  th e  PSH 

c o n te n t  o f th e  p i t u i t a r l e s  from  t r e a t e d  and c o n t r o l  femaleB 

were e q u a l ,  t h e r e  s t i l l  rem ains  th e  p o s s i b i l i t y  t h a t  the  

r e l e a s e  of th e s e  hormones may v a r y .  I n  o th e r  w ords, 

t r e a t e d  mice may have e q u a l  amounts of PSH, b u t  i t  may be 

a c o n s ta n t  s e c r e t i o n  r a t h e r  th a n  a c y c l i c  r e l e a s e  of th e  

hormone. H i s t o l o g i c a l  and v a g in a l  smear d a ta  su g g es t  

t h a t  Kepone-fed fe m a le s  a r e  u n d er  a more c o n s ta n t  

s t i m u l a t i o n  of PSH th a n  th e  c o n t r o l  f e m a le s .



T able 25 . F o l l i c l e  S tim u la tin g  Hormone B lo assay s  In  R a ts  w ith  F o r t i f i e d  P i t u i t a r y
E x t r a c ts  from  C o n tro l A du lt Female Mice

T rea tm en t0
Number

R ats
I n i t i a l
Weight
(gram s)

F i n a l
W eight
(grams)

O v ar ie s
W eight

(mg)

U te ru s
W eight

(mg)

C o n tro ls 3 4 9 .0 5 8 .0 20.5 3 5 .2

HCG 3 5 0 .0 6 0 .0 3 ^ .8 1 0 8 .6

1 - E x t r a c t s  + HCG 3 ^5*5 53 .5 43-6 1 1 7 .8

2- E x t r a c t s  + HCG 3 5 0 .0 6 0 .5 6 2 .1 120 .7

^u m an  c h o r io n ic  g o n ad o tro p h in  (HCG), 50 I . U . ,  was used In  a l l  f o r t i f i e d  e x t r a c t s .

U1



T able 26 . F o l l i c l e  S tim u la t in g  Hormone B lo assay s  In  R a ts  w ith  F o r t i f i e d  P i t u i t a r y
E x t r a c ts  from  Kepone-Fed and C o n tro l M u l t  Female Mice

T rea tm en t8
Number

R a ts
I n i t i a l
W eight
(grams)

F i n a l
Weight
(grams)

O varies
W eight

(mg)

U te ru s
W eight

(mg)

C o n tro ls 5 4 2 .0 5 2 .0 20 .7 49*8

HCG 5 4 3 .0 5 3 .2 3 5 .8 134.7

2- E x t r a c t s  + HCG 
Kepone-Fed Females 7 42 .2 5 4 .1 5 3 .0 1 3 8 .6

2 - E x t r a c t s  + HCG 
C o n tro l  Fem ales 7 42.5 5 4 .2 5 4 .3 141.5

^ u m an  c h o r io n ic  g o n ad o tro p h in  (HCG), 50 I . U . ,  was used In  a l l  f o r t i f i e d  e x t r a c tB .

00o\
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The IH t r i a l  t e s t  I n d ic a te d  t h a t  th e  p o o l in g  of 

f o u r  p l t u l t a r l e B  was n e c e s s a ry  to  o b ta in  a d e f i n i t e  

m easurab le  re sp o n se  o f IH . I t  a l s o  I n d ic a te d  a l i n e a r  

r e l a t i o n s h i p  betw een th e  number of p i t u i t a r l e s  poo led  p e r  

sample and the  d eg ree  of re sp o n se  of th e  v e n t r a l  p r o s t a t e  

g la n d .  No r e l a t i o n s h i p  waB found betw een  th e  r a t  

sem in a l  v e s i c l e  w e ig h t and th e  number of p i t u i t a r l e s  

p o o led , b u t  th e r e  was a l i n e a r  r e l a t i o n s h i p  between t e s t e s  

w eigh t and p i t u i t a r y  e x t r a c t  c o n c e n t r a t i o n .  However, th e  

t e s t e s  c r i t e r i a  In  r a t s  I s  n o t  IH s p e c i f i c  a s  I s  the  

v e n t r a l  p r o s t a t e .

As in d i c a t e d  i n  Table 2 7 , th e  e x t r a c t  of one 

p i t u i t a r y  r e s u l t e d  i n  a 45 • 8# i n c r e a s e  i n  th e  v e n t r a l  

p r o s t a t e  i f  th e  c o n t r o l  p r o s t a t e  w eigh t i s  e q u a l  to  one. 

Samples c o n s i s t i n g  of two and f o u r  pooled p i t u i t a r l e s  

in c re a s e d  th e  v e n t r a l  p r o s t a t e  by 101 .7  and 2 3 9 . 0# , 

r e s p e c t i v e l y .  One, two and f o u r  p i t u i t a r y  sam ples in c r e a s e d  

th e  w eigh t of th e  r a t  t e s t e s  2 1 .4 ,  3 2 .3  and 73*0#* 

r e s p e c t i v e l y .

The a c t u a l  IH b io a s s a y  re v e a le d  a d i f f e r e n c e  i n  th e  

IH c o n te n t  of p i t u i t a r l e s  from  t r e a t e d  and c o n t r o l  femaleB 

(Table 2 8 ) .  The v e n t r a l  p r o s t a t e  g land w e ig h ts  of 

hypophysectom ized male r a t s  averaged  1 6 .2  mg when i n j e c t e d  

w i th  p i t u i t a r y  e x t r a c t s  from  fem a le s  fe d  40 ppm Kepone f o r  

t h r e e  to  f o u r  m onths. I n  com parison , th e  v e n t r a l  p r o s t a t e  

averaged  2 0 .8  mg i n  r a t s  i n j e c t e d  w i th  p i t u i t a r y  e x t r a c t s  

from  c o n t r o l  a d u l t  f e m a le s .



T able 2 7 . L u te in iz in g  Hormone B io assay s  i n  R ats  v i t h  P i t u i t a r y  E x t r a c ts  from  C o n tro l
A dult Pem ale Mice

aT reatm en t
Number

R ats
I n i t i a l  
W eight 
(gram s)

? i n a l
W eight
(gram s)

V e n t r a l
P r o s t a t e
W eight

(nig)

Sem inal 
Ve s i c  le  
W eight 

(mg)

T e s te s
W eight

(mg)

C o n tro ls 3 4 9 .2 5 9 .0 5 .9 6 .0 145 .7

1 -E x t r a c t 3 48 .8 5 8 .3 8 .6 6 .3 1 7 6 .8

2 - E x t r a c t s 3 3 1 .3 6 0 .5 11 .9 6 .7 192.7

4 - E x t r a c t s 3 52 .5 6 2 .3 2 0 .0 9 .3 2 5 2 .1

^ a c h  t r e a tm e n t  c o n ta in e d  th e  hormone e x t r a c t s  of 1 , 2 o r  4 mouse p i t u i t a r l e s  a s  
i n d i c a t e d .

U)
00



T able 28 . L u te in iz in g  Hormone B lo assay s  In  R a ts  w ith  P i t u i t a r y  E x t r a c ts  from  Kepone-Fed
arrl C o n tro l A dult Female Mice

a
T reatm ent

Number
R a ts

I n i t i a l
Weight
(grams)

F i n a l
W eight
(gram s)

V e n tr a l
P r o s t a t e
W eight

(mg)

Seminal
V e s ic le
W eight

(mg)

T e s te s
W eight

(mg)

C o n tro ls 7 4 7 .1 5 4 .5 6 .3 5 .4 134 .3

4 -E x t r a c t s  
C o n tro l  Fem ales 7 4 5 .9 56 .4 2 0 .8 1 1 .2 286.5

4 - E x t r a c t s  
Kepone-Fed Fem ales 7 4 6 .9 5 4 .7 1 6 .2 8 .9 2 3 6 .2

a
Each t r e a tm e n t  c o n ta in ed  th e  hormone e x t r a c t s  from  f o u r  mouse p i t u i t a r l e s .
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By i n t e r p o l a t i o n  from  th e  IH t r i a l  t e s t  d a t a ,  th e  

a c t i v i t y  of 4 p i t u i t a r y  e x t r a c t s  from  t r e a t e d  fe m a le s  v as  

e q u a l  t o  t h r e e  norm al p i t u i t a r l e s .  T h is  would mean t h a t  

p i t u i t a r y  e x t r a c t s  from  t r e a t e d  fe m a le s  c o n ta in  ap p ro x 

im a te ly  2536 l e s s  a c t i v i t y  th a n  p i t u i t a r y  e x t r a c t s  from  

c o n t r o l  f e m a le s .

T h is  d i f f e r e n c e  i n  IH c o n te n t  was a l s o  e x e m p li f ie d  

i n  th e  w eigh t of th e  t e s t e s .  As in d i c a t e d  i n  Table 28, th e  

t e s t e s  w e ig h ts  of r a t s  i n j e c t e d  w i th  p i t u i t a r y  e x t r a c t s  

from  t r e a t e d  mice averaged  2 3 6 .2  mg i n  c o n t r a s t  to  286 .5  mg 

f o r  r a t s  i n j e c t e d  w i th  e x t r a c t s  from  c o n t r o l  fe m a le s .  By 

i n t e r p o l a t i o n  from  th e  IH t e s t  t r i a l  d a t a ,  t h i s  i n d i c a t e s  

an  approx im ate  2556 r e d u c t io n  i n  a c t i v i t y  seen  i n  th e  v e n t r a l  

p r o s t a t e  d a t a .  However, t e s t i c u l a r  re sp o n se  i s  th o u g h t t o  

be due t o  th e  combined s y n e r g i s t i c  a c t i o n  of b o th  PSH and 

IH and no t s p e c i f i c  t o  IH a s  i s  th e  v e n t r a l  p r o s t a t e  g la n d .

I n s e c t i c i d e  R es id ues  

R es id u es  of Kepone i n  th e  v a r io u s  o rgans  of mice 

were measured by  g a s - l i q u i d  ch rom atog raphy . Techniques 

used were such t h a t  th e  d a ta  should  be ta k e n  on ly  a s  

ap p ro x im atio n s*  A summary of th e s e  d a t a  a re  p re s e n te d  i n  

Tableb  29  th ro u g h  33*

Mice fe d  40 ppm f o r  150 d ay s  c o n ta in e d  an averag e  

o f  462 .5  ug Kepone i n  t h e i r  l i v e r ,  b r a in  and k id n ey  sam p les . 

Mice fe d  40 ppm f o r  500 days  c o n ta in e d  an  averag e  of
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456*3 ug Kepone I n  s i m i l a r  sam ples* The f a c t  t h a t  mice 

t r e a t e d  f o r  500 d ay s  c o n ta in e d  no more Kepone th a n  mice 

t r e a t e d  f o r  o n ly  150  d ay s  I n d i c a t e s  t h a t  maximum 

a c cu m u la tio n  o ccu rs  v i t h i n  150  days  fo l lo w in g  th e  I n i t i a t i o n  

o f t r e a tm e n t  (T ab le s  2 9 , 30 and 3 l )»

W ith in  th e  f i r B t  150 d ay s  of t r e a tm e n t  a t  a d i e t a r y  

40 ppm, th e r e  I s  an  i n i t i a l  r a p id  a c c u m u la tio n  of Kepone 

d u r in g  th e  f i r s t  30  d a y s ,  a d e c re a s e  i n  th e  ac cu m u la tio n  

r a t e  f o r  th e  n e x t  6 0  d ay s  and th e n  a n o th e r  in c r e a s e  i n  th e  

ac cu m u la tio n  r a t e  u n t i l  maximum s to ra g e  has  o ccu rred*  The 

av e rag e  r a t i o  of th e  amount of Kepone accum ula ted  I n  th e  

l i v e r  t o  th e  computed d a i l y  In ta k e  of Kepone was 2 .0 #  

d u r in g  th e  f i r s t  30  d a y s ,  0 *3#  d u r in g  th e  n e x t  60  d a y s ,  

and 2 .0 #  f o r  th e  fo l lo w in g  60 d a y s .  T h is  i s  based  on an  

av e rage  food consum ption of f i v e  gramB p e r  d ay .

The l i v e r  was th e  m ajor organ  i n  which Kepone 

accum ulated* When l tB  Kepone c o n te n t  i s  e x p re s se d  i n  

t o t a l  micrograms (ug) i n s t e a d  o f ppm, t h i s  f a c t  i s  e v id e n t  

because  of i t s  l a rg e  s i z e .  T h is  s i z e  r e l a t i o n s h i p  becomes 

im p o r ta n t  s in c e  th e  l i v e r  e n la r g e s  t rem en d o u s ly  i n  t r e a t e d  

mice •

C e r t a in  o rgans  re v e a le d  l i t t l e  in c r e a s e  i n  Kepone 

ac cu m u la tio n  a f t e r  th e  f i r s t  30 d ays  of t r e a tm e n t .  These 

in c lu d e d  th e  gonads, a d r e n a l s ,  u t e r u s ,  s p le e n ,  h e a r t  and 

muscle* F u r th e r  Kepone s to ra g e  took  p la c e  m ain ly  i n  th e  

l i v e r ,  b r a i n ,  k id n e y  and body f a t .
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T able  2 9 , R es id u es  o f Re pone I n  Mouse Organs a s  Measured 
by G as-L iq u id  Chrom atography

Sexa
Days 

D ie t  on 
(ppm) D ie t

Kenone (ppm)
l i v e r B ra in Kidney P a t Muscle A d rena ls

P 40 5 45 3 7 13 — —

P 40 15 39 20 30 27 5 —

P 40 30 78 26 27 25 20 67

P 40 30 64 30 32 33 15 25

P 40 90 67 29 27 29 15 15

P 40 90 66 30 39 34 16 37

P 40 150 168 26 74 81 23 45

P 40 150 90 61 37 49 19 86

P 40 500 120 75 88 84 26 72

P 40 500 96 55 35 29 11 20

P 100 5 55 16 15 25 4 28

5* 100 15 36 35 49 64 5 —

M 40 100 60 25 25 41 10 25

M 40 300 113 65 49 22 8 —

a M = m ale; P * fe m a le .
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Table 30* R es id u es  o f Kepone In  Mouse Organs a s  Measured 
by G as-L iqu id  Chromatography

Sexa D ie t
(ppm)

Days
on

D ie t
Kepone (ppm)

T e s t i s Ovary U te ru s  S p leen H e a rt

F 4o 30 — 15 19 — 33

F 40 30 — 25 18 — 33

!? 40 90 — 13 15 mm mm 6

F 40 90 - - 26 26 14 23

F 40 150 — — 7 — —

F 40 150 — 20 45 13 —

7 40 500 — 18 17 - - —

F 40 500 — — 9 — —

F 100 5 — - - — 21

M 40 100 26 — — 13 7

M 40 300 XT — — 8 —

a M * m ale; F - fe m a le .
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Table 31* T o ta l  E s t im a te d  Kepone I n  Mouse Organs as  

Measured by  G a s - l iq u id  Chromatography

Sex® D ie t
(ppm)

Days on 
D ie t

Kepone (tCs)________
l i v e r B ra in Kidney T o ta l

P 40 5 6 7 .5 1 .2 1 .8 70.5

P 40 15 77 .0 7 .2 8 .4 9 2 .6

P 40 30 140.0 13.5 6 .7 1 6 0 .2

P 40 30 9 6 .0 10 .7 7 .7 114.4

P 40 90 1 6 0 .0 11.5 6 .0 177.5

P 40 90 138.7 1 1 .0 8 .5 1 5 8 .2

P 40 150 5 2 0 .0 8 .3 2 2 .8 55 1 .1

40 150 335 .0 25 .5 13 .4 373 .9

P 40 500 418.0 3 0 .0 2 9 .0 477 .0

? 40 500 403.2 23 .5 9 .0 435 .7

P 100 5 6 6 .5 6 .4 3 .5 76 .4

P 100 15 89 .3 1 5 .O 13.2 117.5

M 40 100 1 8 9 .0 10.5 11 .7 2 1 1 .2

M 40 300 450 .0 2 6 .0 2 4 .0 5 0 0 .0

aM = m ale; P * fe m a le .
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Upon w ith d raw a l  of th e  t r e a t e d  d i e t ,  Kepone 

r e s id u e s  d is a p p e a re d  r a p i d l y  from  th e  mouse o rgans  (T ab le s  

32 and 33)•  One male and one fem ale  fe d  40 ppm f o r  210 

days  r e t a in e d  o n ly  a t r a c e  of Kepone In  t h e i r  l iv e rB  a f t e r  

th e y  had been fed  a c o n t r o l  d i e t  f o r  150 d a y s .  A l l  o th e r  

o rgans  c o n ta in e d  no m easurab le  Kepone*

Two a d u l t  fe m a le s  fe d  40 ppm f o r  90 days had reduced  

amounts of Kepone i n  t h e i r  o rgans when fed  c o n t r o l  d i e t s  

f o r  14 and 24 d a y s .  These r e d u c t io n s  a r e  based  on 

com parisons w i th  two o th e r  fe m a le s  fe d  40 ppm f o r  90  dayB 

and th e n  s a c r i f i c e d  (TableB 32 and 33)* C o n s id e r in g  j u s t  

th e  l i v e r ,  b r a in ,  k id n e y ,  f a t  and muscle sam ples , th e  two 

fe m a le s  t r e a t e d  f o r  90  days  averaged  179  hg of r e s i d u a l  

Kepone. The two fe m a le s  fe d  a c o n t r o l  d i e t  f o r  14 and 24 

day s  a f t e r  a 90 day  t r e a tm e n t  p e r io d  averaged  134 and 79 Jug 

of r e s i d u a l  Kepone. Such r e d u c t io n s  e x p re s se d  on a p e r c e n 

tag e  b a s i s  would be e q u a l  t o  25 and 56%, r e s p e c t i v e l y .

The l i v e r  showed th e  g r e a t e s t  t o t a l  r e d u c t io n  of 

Kepone of any organ  i n  th e s e  t e s t s .  Only 59 ng were found 

i n  th e  l i v e r  of the  fem ale  fe d  a c o n t r o l  d i e t  f o r  24  days 

a f t e r  a 90 day  t r e a tm e n t  p e r io d  i n  c o n t r a s t  t o  an  average  

of 150 ug i n  th e  fe m a le s  fed  40 ppm f o r  90 d a y s .  T h is  

r e p r e s e n t s  a d e c re a s e  of a p p ro x im a te ly  60^ . The b r a in  

a l s o  showed a r a p id  l o s s  of accum ula ted  Kepone, e q u a l  t o  

50#  a f t e r  24 d a y s .
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T ab le  3 2 . R es id u es  o f Kepone I n  Mouse Organs F o llo w in g  
W ithdraw al of 40 ppm D i e t ,  Measured by  G as- 
M q u id  Chrom atography

Sex8
Days on 
Kepone 

D ie t

Days on 
C o n tro l  

D ie t
Kepone (ppm)

L iv e r B ra in K idney F a t Muscle

F 90 0 67 29 27 29 15

F 90 0 66 30 39 34 16

F 90 14 46 15 4 11 0 .5

F 90 24 30 17 25 19 11

M 150 240 0 .6 0 0 0 0

F 60 150 0 .9 0 0 0 0

F 210 150 0 .4 0 0 0 0

M 210 150 4 .2 0 0 0 0

a M -  m ale; F = fe m a le .
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T able  33* T o ta l  E s t im a te d  Kepone I n  Mouse Organs F o llo w in g  
W ithdraw al o f 40 ppm D i e t ,  Measured by Qas- 
L iq u id  Chrom atography

Sexa
Days on 
Kepone 

D ie t

Days on 
C o n tro l  

D ie t
... Kepone f i te l

L iv e r B ra in K idney T o ta l

F 90 0 1 6 0 .0 11 .5 6 .0 177.5

F 90 0 138 .7 1 1 .0 8 .5 1 5 8 .2

F 90 14 1 2 5 .0 5 .4 1 .0 131 .4

F 90 24 5 9 .4 5 .4 6 .5 71 .3

F 60 150 1 .4 0 0 1 .4

F 210 150 0 .8 0 0 0 .8

M 210 150 9 .4 0 0 9 .4

M 150 240 1 .2 0 0 1 .2

a M = m ale; F = fe m a le .
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The f a c t  t h a t  th e  l i v e r  h as  Buch la rg e  and ra p id  

r e d u c t io n s  of accum ulated  Kepone fo l lo w in g  w ith d raw a l  of 

t r e a tm e n t  m ight he an i n d i c a t i o n  t h a t  the  l i v e r  i s  th e  

m ajor d e ta o c ic a t io n  c e n t e r  of Kepone i n  th e  l a b o r a to r y  mouse • 

W hether th e  l i v e r  i s  im p o r ta n t  i n  th e  e x c r e t i o n  of Kepone 

from  th e  body i s  n o t  known. O b se rv a t io n s  which i n d i c a t e  

a much g r e a t e r  u r i n a t i o n  r a t e  i n  t r e a t e d  mice might be an 

i n d i c a t i o n  t h a t  th e  k id n ey  i s  an  im p o r ta n t  e x c r e to r y  

o rgan  of Kepone,

The r e s id u e  s t u d i e s  gave some i n d i c a t i o n  t h a t  the  

c h a r a c t e r i s t i c  trem o rs  of c h lo r in a te d  o rg a n ic  i n s e c t i c i d e s  

may be due t o  Kepone ac cu m u la tio n  i n  th e  b r a i n .  Upon 

rem oval o f th e  t r e a t e d  d i e t ,  Kepone i s  removed r a p i d l y  from 

th e  b r a i n .  Such d a ta  c o r r e l a t e  w e l l  w i th  th e  ap p e a ra n c e , 

p e r s i s t e n c e ,  and d is a p p e a ra n c e  of trem o rs  when an an im al 

i s  i n i t i a l l y  t r e a t e d ,  m a in ta in ed  and th e n  w ithdraw n from  a 

t r e a t e d  d i e t .

The p o s s i b i l i t y  t h a t  Kepone a c c u m u la tio n  i n  muscle 

t i s s u e  may g ive  r i s e  t o  trem o rs  i s  n o t  ru le d  o u t ,  a l th o u g h  

th e  d a ta  from  t h i s  s tu d y  does n o t  su p p o r t  such a th e o r y .  

Kepone d id  no t accum ula te  i n  muscle a s  r a p i d l y  a s  i t  d id  i n  

th e  b r a i n .  The c o n c e n t r a t io n  of Kepone i n  muscle t i s s u e  

was r a t h e r  low and a c t u a l l y  showed l i t t l e  i n c r e a s e  i n  

ac cu m u la tio n  a f t e r  30 days  of t r e a tm e n t .  A fem ale  fe d  100 

ppm f o r  15 d ay s  and i n  s e r io u s  t rem o rs  c o n ta in e d  o n ly  5 ppm



149

Kepone In  th e  muscle t i s s u e  In  c o n t r a s t  to  35 ppm i n  th e  

b ra in *  However, i t  i s  n o t  known i f  5 ppm i n  muscle t i s s u e  

would be more a d v e rse  t o  th e  p h y s io lo g y  of th e  muscle th a n  

35 ppm i n  b r a in  t i s s u e *

The Kepone c o n te n t  of f o u r  b r a in s  was measured i n  a 

way t h a t  th e  c e r e b r a l  hem isphere  t i s s u e s  were an a ly zed  

s e p a r a t e l y  from  th e  r e s t  of th e  b ra in *  No c o n s i s t e n t  

d i f f e r e n c e  was found i n  th e  two b r a in  d iv i s io n s *  I t  i s  n o t 

known w hethe r  d i f f e r e n t  b r a i n  a r e a s  v a ry  i n  t h e i r  

s e n s i t i v i t y  t o  Kepone*

Seven d e v e lo p in g  embryos, a v e ra g in g  0*3 gram e a c h ,  

c o n ta in e d  4*5 t o  5*5 ppm Kepone* T h e ir  m other had been  

fe d  40 ppm f o r  s ix  days* A n a ly s is  of f o u r  p la c e n ta e  

ave raged  12 ppm each* The l i v e r  and b r a in  of th e  m other 

c o n ta in e d  13 and 11 ppm Kepone, r e s p e c t iv e ly *

A mouse b o rn  24 h o u rs  p r i o r  to  a n a ly s i s  and 

w eigh ing  1*5 grams c o n ta in e d  5*4 ppm Kepone i n  i t s  e n t i r e  

body . I t s  m other had been  fe d  40 ppm f o r  e i g h t  d a y s .

The body of a s u c k l in g  mouse s ix - d a y s - o ld  and 

w eigh ing  4*5 grams c o n ta in e d  3 ppm Kepone* The b r a in  

( 0 .2 1  g ) ,  l i v e r  (0 .1 4  g ) and stomach c o n te n t s  ( 0 .1 1  g ) of 

a s ix - d a y - o ld  l i t t e r - m a t e  c o n ta in e d  8 *8 , 33*6  and 1 6 .8  

ppm, r e s p e c t iv e ly *  T h e i r  m other had been  fe d  40 ppm s in c e  

th e  b i r t h  of th e  l i t t e r .  The b r a in  (0 .2 9  g ) and l i v e r  

(0*43 g ) of a n o th e r  l i t t e r - m a t e  15-dayB-old  and w eigh ing  

6 .0  grams c o n ta in e d  36  and 47 ppm Kepone, r e s p e c t iv e ly *
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D uring  th e  r e s id u e  s tu d y ,  Kepone v a s  found I n  e v e ry  

type  of organ o r  t i s s u e  ana lyzed*  Trace amounts were found 

i n  one p i t u i t a r y  which o n ly  weighed *0015 gram. Trace 

amounts were a l s o  found i n  th e  l i v e r s  of two ju v e n i l e s  h o rn  

t o  a m other 43 days  a f t e r  she had been removed from  a 

t r e a t e d  d i e t .  There was no i n d i c a t i o n  of a Kepone 

m e ta b o l i te  i n  th e  t i s s u e s  a n a ly z e d .  T h is  might be an 

i n d i c a t i o n  t h a t  Kepone i s  a v e ry  s t a b l e  compound which 

may be p a r t i a l l y  r e s p o n s ib le  f o r  i t s  r a p id  ac cu m u la tio n  i n  

th e  mouse, e s p e c i a l l y  i n  th e  l i v e r .



DISCUSSION

T his  s tu d y  g iv e s  d e f i n i t e  i n d i c a t i o n s  t h a t  Kepone,

fe d  a t  s u b l e t h a l  c o n c e n t r a t i o n s ,  can  r e s u l t  I n  many

d e t r im e n t a l  p h y s io lo g ic a l  e f f e c t s  i n  th e  l a b o r a to r y  mouse#

UnleBS o th e rw ise  s p e c i f i e d ,  an im a ls  d e s ig n a te d  a s  t r e a t e d

a r e  mice which had been  fe d  a t  the 40 ppm c o n c e n t r a t io n #

No m o r t a l i t y  o ccu rred  among th e  t r e a t e d  an im als#

A p p a re n tly  th e s e  i n d i v i d u a l s  were a b le  to  e s t a b l i s h  an

e q u i l ib r iu m  betw een th e  i n g e s t i o n ,  s t o r a g e ,  e x c r e t i o n  and

m etabo lism  of Kepone# R esidue  s t u d i e s  I n d ic a te d  t h a t

maximum a c cu m u la tio n  I s  reach ed  w i th in  f i v e  months a f t e r

th e  i n i t i a t i o n  of t re a tm e n t#  That c e r t a i n  d e t o x i c a t i o n

o r  e x c r e to r y  p ro c e s s e s  o ccu r  i s  i n d i c a t e d  by th e  f a c t  t h a t

th e r e  1b no f u r t h e r  Kepone ac cu m u la tio n  a f t e r  150  d ays  of

t r e a tm e n t .  I t  seems l i k e l y  t h a t  th e  en la rg em en t of the

l i v e r  r e p r e s e n t s ,  i n  e f f e c t ,  a re sp o n se  w hich would in c r e a s e

th e  c a p a c i ty  of a mouse t o  s t o r e  and d e t o x i f y  g r e a t e r

amounts of Kepone#

The g r e a t e r  food and w a te r  consum ption  by t r e a t e d

mice was a t  f i r s t  a t t r i b u t e d  to  an  In c re a s e  i n  b a s a l

metabolism# PBI t e s t s  d id  n o t  c o n f irm  t h i s  and p o s s ib ly

such consum ption  i n c r e a s e s  a r e  caused  by d e c re a se d

i n t e s t i n a l  a b s o rp t io n  of Kepone t r e a t e d  food o r l e s s

e f f i c i e n t  use  of abso rbed  f o o d s tu f f s #  W hether th e  g r e a t e r
151
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volume of u r in e  e x c re te d  by t r e a t e d  mice I s  a cause  o r  a 

r e s u l t  of th e  g r e a t e r  w a te r  I n ta k e  I s  n o t  known* The 

p o s s i b i l i t y  t h a t  a r e l a t i o n s h i p  e x i s t s  betw een th e  

observed  In c re a s e d  volume of u r i n a t i o n  by t r e a t e d  mice 

and th e  e x c r e t i o n  o f Kepone should  be e x p lo re d  i n  f u t u r e  

re se a rc h *

The c o n s ta n t  t re m o rs  In  t r e a t e d  mice seem to  be a 

un ique  c h a r a c t e r i s t i c  of Kepone* Sherman and Ross ( 1 9 6 1 ) 

a l s o  r e p o r t  a c o n s ta n t  trem o r syndrome i n  Kepone t r e a t e d  

c h ic k e n s ,  a syndrome which d id  n o t  o ccu r  fo l lo w in g  th e  

a d m i n i s t r a t i o n  of o th e r  c h l o r i n a t e d  o rg a n ic  i n s e c t i c i d e s *  

S im i la r  t re m o rs  a re  produced by  o th e r  c h l o r i n a t e d  o rg a n ic  

i n s e c t i c i d e s  p r i o r  to  d e a th ,  b u t  a c o n s ta n t  trem o r syndrome 

h a s  n o t  been  r e p o r te d  a t  s u b l e t h a l  le v e ls *

The trem o r p a t t e r n  seemed t o  be co rxe la  te d  w ith  

th e  r a p id  ac cu m u la tio n  of Kepone, th e  p e r s i s t e n c e  of a h ig h  

l e v e l  of Kepone w i th in  th e  b r a in  and l i v e r ,  and th e  ra p id  

e x c r e t io n  o f Kepone r e s i d u e s  fo l lo w in g  th e  w ith d raw a l  o f  

th e  t r e a t e d  d i e t *  The s t a b i l i t y  of t h i s  compound may be a 

f a c t o r  i n  t h i s  syndrome* Tremors ce a se  w i th in  f o u r  weeks 

fo l lo w in g  th e  w ith d ra w a l  of th e  t r e a t e d  d i e t *  The r e s id u e  

s tu d y  in d i c a t e d  t h a t  a p p ro x im a te ly  5656 of th e  accum ulated  

Kepone i s  e x c re te d  w i th in  a f o u r  week p e r io d *

The l i f e  p ro c e s s e s  of th e  t r e a t e d  i n d i v id u a l  d id  

n o t  seem t o  be a f f e c t e d  a s  a d v e r s e ly  a s  th e  r e p ro d u c t iv e  

p ro c e s se s*  However, h i s t o l o g i c a l  s t u d i e s  i n d ic a te d  t h a t
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th e  ad v e rse  e f f e c t s  on th e  l i f e  p ro c e s s e s  vou ld  In c re a s e  aB 

th e  d u r a t i o n  of t r e a tm e n t  In c re a se d *  A lthough th e  t r e a t e d  

an im a ls  seemed to  be a b le  t o  re a c h  an e q u i l ib r iu m  v l t h  th e  

In ta k e  of Kepone a t  40 ppm, th e  m ain tenance of such an  

e q u i l ib r iu m  g r a d u a l ly  led  t o  d e g e n e ra t iv e  changes w i th in  

th e  o rg a n s ,  e s p e c i a l l y  v l t h l n  th e  l i v e r  and kidney* The 

e x te n s iv e n e s s  and d eg ree  of d e g e n e ra t iv e  changes v e re  

g r e a t e r  i n  I n d iv id u a l s  t r e a t e d  f o r  1 0 -1 2  months th a n  i n  

i n d i v i d u a l s  t r e a t e d  f o r  5-6  months* The m a jo r i ty  of th e s e  

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

d i e t  was w ithdraw n a s  in d ic a te d  by  r e d u c t io n  i n  th e  s i z e  

of e n la rg e d  l i v e r s  and th e  re su m p tio n  of r e p ro d u c t io n  i n  

fem ales*  A l l  mice were m a in ta in ed  under l a b o r a to r y  

c o n d i t io n s  and i t  i s  d o u b t f u l  w he the r  t r e a t e d  mice could  

have m ain ta ined  th em se lv es  a s  w e l l  u n d er  g r e a t e r  s t r e s s *

I n  a s tu d y  by Good e £  a ^ . , (1 9 6 3 )» mice fe d  37*5 ppm 

Kepone co u ld  n o t  t o l e r a t e  s t r e s s  produced by  the  rem oval 

o f  t h e i r  d r in k in g  w a te r  a s  w e l l  a s  c o n t r o l  mice*

The m ajor p h y s io lo g ic a l  e f f e c t s  produced by 

Kepone in v o lv ed  th e  r e p ro d u c t iv e  p ro c e sse s*  The 

r e p ro d u c t iv e  c a p a c i ty  of t r e a t e d  an im als  was i n h i b i t e d  or 

s e v e r e ly  re d u c e d . T his  e f f e c t  of Kepone upon th e  

r e p ro d u c t io n  of mice haB been  r e p o r te d  by Good e £  a l *

(1963).
The fem a les  were l a r g e l y  r e s p o n s ib le  f o r  t h i s  

r e d u c t io n  i n  re p ro d u c t io n *  M atings betw een c o n t r o l  males
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and t r e a t e d  fem a le s  f a i l e d  t o  I n c re a s e  th e  t r e a t e d  fem a le s  

r e p ro d u c t io n  r a te *  M atings b e tv e e n  t r e a t e d  m ales and 

c o n t r o l  fem a les  In d ic a te d  t h a t  moBt t r e a t e d  males were 

f e r t i l e ,  a l th o u g h  l i t t e r  s i z e  v a s  re d u c e d .  A lthough 

h i s t o l o g i c a l  ex a m in a tio n  of t e s t e s  d i s c lo s e d  norm al sperm

a to g e n e s i s  v l t h l n  th e  s e m in ife ro u s  tu b u le s ,  such  s t u d i e s  

would n o t  r e v e a l  w h e th e r  th e  number of f e r t i l e  sperm was 

norm al o r I f  th e  f i n a l  m a tu ra t io n  of th e  sperm I n  th e  

e p id id y m is  was a f f e c t e d .  S e v e ra l  sam ples o f sperm removed 

from  th e  ep id id y m is  and the  vas d e f e r e n s  I n d ic a te d  t h a t  

t r e a t e d  males had an  e q u a l  number of sperm b u t  t h a t  more 

sperm were n o n -m o t i le •

Data c o l l e c t e d  by means of v a g in a l  sm ears, hormone 

b lo a s s a y s ,  h i s t o l o g i c a l  e x a m in a t io n s ,  and m atings gave 

d e f i n i t e  I n d i c a t i o n s  t h a t  th e  fem ale  hormonal system  vas  

d i s t u r b e d .  The o ccu rren ce  of c o n s ta n t  e s t r u s ,  th e  

p re se n ce  of la rg e  v e s i c u l a r  f o l l i c l e s ,  th e  absence of 

c o rp o ra  l u t e a ,  and th e  f a i l u r e  to  rep ro duce  a re  i n d i c a t i o n s  

t h a t  th e  t r e a t e d  fem a les  were u n d er  a p ro longed  in f lu e n c e  

of FSH or some F SH -like  compound and o n ly  sm a ll  amounts of 

IX.

S im i la r  syndromes have been produced by p a r a b i o s i s  

betw een  a hypophysectom ized fem ale  and an  o v a r ie c to m iz ed  

fem ale  r a t  (W ltsc h i ,  1934). The a d m in i s t r a t i o n  of p u r i f i e d  

Ifl to  such a fem ale p a r a b io n t  reB u ltB  i n  th e  o v u la t io n  of 

th e  f o l l i c l e s  and c o rp o ra  l u t e a  fo rm a t io n .  A s i m i l a r
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syndrome v a s  a l s o  produced  by Dey (1943) I n  th e  gu inea  p ig  

and by  B a r r n e t t  and Mayer (1954), G re e r  (1953) and H i l l a r p  

(1949) In  th e  r a t*  They produced t h i s  syndrome c o n s i s t i n g  

of c o n s ta n t  e s t r u s ,  l a rg e  f o l l i c l e s ,  b u t  no c o rp o ra  l u t e a  

fo rm a t io n s ,  by  p la c in g  leB io n s  In  th e  a n t e r i o r  hypothalam us 

of th e  b ra in *  The l e s i o n  i s  b e l ie v e d  to  have b locked  the  

rhy thm ic  r e l e a s e  of m  from  th e  p i t u i t a r y *  As d is c u s s e d  

i n  th e  l i t e r a t u r e  re v ie w , t h i s  b lo c k in g  a c t i o n  1 b b e l ie v e d  

t o  tak e  p la c e  betw een th e  nervouB components of the  

hypothalam us and th e  hypophyB ial p o r t a l  system  which d r a in s  

th e  median eminence* I n  e f f e c t ,  Buch a b lo c k  would 

p re v e n t  horm onal su b s tan ceb  l i b e r a t e d  by nerve  endingB in  

th e  median eminence from  re a c h in g  th e  a n t e r i o r  p i t u i t a r y  

by  way of the  p o r t a l  sy s tem . These hormone s u b s ta n c e s  a re  

th o u g h t  t o  o r i g i n a t e  i n  th e  hypothalam us and t o  s t im u la te  

o r  i n h i b i t  th e  r e l e a s e  of hormones from  th e  p i t u i t a r y *

From t h i s  a g g re g a t io n  of d a t a ,  the  fo l lo w in g  

h y p o th e s is  i s  formed co n c e rn in g  th e  r e p ro d u c t iv e  e f f e c t  of 

Kepone w i th in  th e  l a b o r a to r y  mouse.

The ra p id  accu m u la tio n  and p e r s i s t e n c e  of Kepone 

w i th in  th e  b r a in  r e s u l t s  i n  an i n t e r f e r e n c e  i n  th e  

p ro c e s s e s  of th e  b r a i n  c e l l s *  Because of th e  f a t  s o lu b le  

p r o p e r t i e s  of Kepone, t h i s  e f f e c t  may be i n  th e  c e l l  

membrane and a lo n g  th e  m yelin  s h e a th  of th e  nerve  t r a c t s *  

The d e p o s i t i o n  of Kepone in  theBe a r e a s  cou ld  a f f e c t  the  

p e r m e a b i l i ty  of th e  membranes and r e s u l t  i n  the
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d e p o l a r i z a t i o n  o r  th e  i n h i b i t i n g  of th e  r e p o l a r l z a t l o n  of 

such  membranes. I n  e i t h e r  c a s e ,  th e  e f f e c t s  vou ld  be 

c o n s ta n t  and v o u ld  p re v e n t  th e  norm al f u n c t io n in g  o f such 

c e l l s .  T h is  might r e s u l t  i n  th e  c o n s ta n t  s t im u la t io n  of an 

i n h i b i t i n g  c e n te r  b lo c k in g  th e  rhy thm ic r e l e a s e  of I £ ,  o r 

an  a c t i v a t i n g  c e n t e r  p ro lo n g in g  FSH s t i m u l a t i o n .  The 

trem o r syndrome may a l s o  be due t o  Buch c e l l  d i s tu r b a n c e s  

w i th in  th e  b r a i n .

The b lo c k in g  of th e  rhy thm ic r e l e a s e  of IH vould 

p re v e n t  o v u la t io n  and c o rp o ra  l u t e a  fo rm a tio n  and 

c o n s e q u e n t ly  r e p r o d u c t io n .  T h is  b lo c k in g  a c t i o n  would 

u p s e t  the  norm al feed b ack  o s c i l l a t i o n  of th e  ad en o h y p o p h y s ia l-  

o v a r ia n  sy s tem . T h e re fo re ,  th e  c o n tin u o u s  o r  p ro longed  

s e c r e t i o n  of FSH a lo n g  w i th  sm a ll  amounts of IH vould  

produce a c o n tin u o u s  s e c r e t i o n  of e s t r o g e n  from  the  

v e s i c u l a r  f o l l i c l e s  p ro d u c in g  a c o n s ta n t  e s t r u s  and 

e n d o m e tr ia l  h y p e r p la s ia  of th e  u t e r u s .  The amount of W  

s e c re te d  a p p e a rs  t o  be l a rg e  enough i n  q u a n t i t y  t o  a c t  w ith  

FSH to  cause e s t r o g e n  B e c re t io n ,  b u t  subminim al f o r  

o v u la t i o n .

J u s t  hov th e s e  p o t e n t i a l  horm onal r e l a t i o n s h i p s  

would a f f e c t  p ro g e s te ro n e  B e c re t io n  i s  unknown s in c e  I t  I s  

n o t  known w hethe r  th e  co rp u s  lu teum  i s  Im p o r ta n t  In  

r e g u l a t i n g  th e  e s t r o u s  c y c le  i n  r o d e n t s .  The s e c r e to r y  

a c t i v i t y  of th e  co rp u s  lu teum  i s  d e f i n i t e l y  n e c e s s a ry  f o r  a 

s u c c e s s f u l  p regnancy , b u t  Young (19^5) i n d i c a t e s  t h a t  in
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r a t s  th e  s e c r e t i o n  of p ro g e s te ro n e  from  m od ified  f o l l i c u l a r  

t i s s u e  may be th e  sou rce  of p ro g e s te ro n e  im p o r ta n t  to  the  

r e g u la t i o n  of th e  e s t r o u s  c y c l e .  A ccord ing  t o  Young (19^5 )» 

th e  s e c r e t i o n  o f p ro g e s te ro n e  by f o l l i c u l a r  t i s s u e  b e g in s  

d u r in g  p r o e s t r u s  and d im in is h e s  m arkedly  a s h o r t  time a f t e r  

o v u la t io n .  I f  such  i s  th e  c a s e ,  a c o n t in u o u s  s e c r e t i o n  of 

p ro g e s te ro n e  might be ex p ec ted  from  t h i s  sou rce  i f  o v u la t io n  

d o e s  n o t  o c c u r .  High l e v e l s  of p ro g e s te ro n e  i n  th e  blood 

d e f i n i t e l y  have an i n h i b i t i n g  e f f e c t  on th e  s e c r e t i o n  of LH 

by  th e  p i t u i t a r y .  On th e  o th e r  hand, i f  p ro g e s te ro n e  

s e c r e t i o n  from  c o rp o ra  l u t e a l  b o d ie s  i s  im p o r ta n t  i n  th e  

r e g u l a t i o n  of th e  ro d e n t  e s t r o u s  c y c le ,  th e  q u a n t i t y  of 

p ro g e s te ro n e  s e c r e te d  vou ld  be reduced  i n  the  absence of 

such  l u t e a l  f o rm a t io n s .

As th e  above d i s c u s s io n  o n ly  r e p r e s e n ts  a 

h y p o th e s is ,  o th e r  p o s s ib le  cauBes o f reduced  g o n ad o tro p h ic  

B e c re tio n  shou ld  n o t be o v e rlo o k e d . C o n ce iv ab ly  the  d eg ree  

of a c t i v i t y  of th e  g o n ad o tro p h ic  hormones on th e  gonads 

co u ld  be su b -n o rm a l, f o r e ig n  su b s ta n c e s  I n  th e  b lo o d , 

m a lfu n c tio n  of th e  l i v e r  I n  I tB  a c t io n  upon horm ones, o r 

i n s u f f i c i e n t  enzyme a c t i v i t y  i n  th e  t a r g e t  t i s s u e  m ight 

r e s t r i c t  th e  f u l l  e f f e c t  of th e  horm ones. R esearch  by 

C h r i s t ia n  (1955) h as  re v e a le d  t h a t  s t r e s s e d  mice may have 

red u ced  p i t u i t a r y  s e c r e t i o n .  T h is  r e d u c t io n  i s  b e lie v e d  to  

be caused  by abnorm al l e v e l s  o f a d re n a l  c o r t i c a l  hormones
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o r by  d i r e c t  n e u r a l  I n h i b i t i o n  of th e  p i t u i t a r y  th ro u g h  th e  

h y p o th a lam u s .

That accum ula ted  Kepone may i n t e r f e r e  v i t h  th e  

f u n c t io n  of c e r t a i n  v i ta m in s  o r  enzymes i s  a l s o  c o n c e iv a b le ,  

w hich  i n  e f f e c t  would cause  a v i ta m in  d e f ic ie n c y *  Many 

w orkers  in c lu d in g  M eltes  and Reed (19^9) and A l b r i t t o n  

( 1 9 5 5 ) have d em o n s tra ted  t h a t  v i ta m in  d e f i c i e n c i e s  can  

a f f e c t  p i t u i t a r y  a c t i v i t y  i n  mammals*

The p re se n ce  of Kepone w i th in  d e v e lo p in g  embryos 

and s u c k l in g  young i n d i c a t e s  t h a t  Kepone can  be passed  

th ro u g h  the  p la c e n ta e  o r  th e  m ilk  of fem ale m ice . That 

such e v e n ts  may a f f e c t  th e  o f f s p r in g  was d em o n s tra ted  by 

th e  appearance  of t re m o rs  i n  one n u r s in g  l i t t e r ,  th e  

g r e a t e r  m o r t a l i t y  w i th in  l i t t e r s  n u r s in g  from  m others on 

t r e a t e d  d i e t s ,  and th e  f r e q u e n t  l o s s  of unborn o r  newly 

b o m  l i t t e r s  borne  by m others  fe d  Kepone s h o r t l y  b e fo re  o r  

d u r in g  th e  e a r l y  s t a g e s  of pregnancy*



SUMMARY

T es ta  w i th  Kepone, th e  t r a d e  name f o r  

d e c a c h lo r o o c ta h y d r o - 1 ,3* 4 -m e th en o -2 H -cy c lo b u ta (6 d ) 

p e n ta le n - 2 -o n e ,  were conducted  on th e  BAI£/cJaxGnMc s t r a i n  

o f l a b o r a to r y  mice from  J a n u a ry ,  1962 th ro u g h  Ju n e , 1963* 

Kepone i s  a c h l o r i n a t e d  o rg a n ic  i n s e c t i c i d e  w i th  th e  

e m p i r i c a l  fo rm ula  of C ^ C l ^ O .

I n  t e s t s  e x te n d in g  up t o  s ix  m onths, d i e t s  

c o n ta in in g  Kepone c o n c e n t r a t i o n s  of 60 ppm o r  l e s s  were 

found to  be s u b l e t h a l  t o  th e  a d u l t  l a b o r a to r y  mouse. 

J u v e n i le  mice t o l e r a t e d  50 ppm f o r  a s i m i l a r  p e r io d  of 

t im e .  No s i g n i f i c a n t  m o r t a l i t y  o ccu rred  among ju v e n i l e s  

o r  a d u l t s  fe d  40 ppm f o r  12 c o n s e c u t iv e  m onths. A 

c o n c e n t r a t i o n  of 60 ppm waB f a t a l  w i th in  th r e e  months t o  

j u v e n i l e s  fe d  t h i s  d i e t  fo l lo w in g  weaning a t  21 -24 -days  - 

o ld .  Most a d u l t s  succumbed w i th in  40 d ays  when fed  70 

ppm. At th e  80 and 100 ppm l e v e l s ,  a l l  mice d ie d  w i th in  

32 d a y s .  No d i f f e r e n c e s  were found between th e  t o l e r a n c e  

l i m i t s  of th e  two s e x e s .

A c o n s ta n t  trem o r ap p eared  in  a l l  mice fe d  30 ppm 

or h ig h e r .  At s u b l e t h a l  l e v e l s ,  t rem o rs  appeared  w i th in  

two weeks, re ach ed  t h e i r  peak of i n t e n s i t y  w i th in  two 

months and th e n  rem ained more o r  l e s s  c o n s t a n t .  At 80 o r  

100  ppm d i e t a r y ,  t re m o rs  appeared  w i th in  seven  d a y s ,

159
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became sev e re  a f t e r  10 t o  14 d a y s ,  and u s u a l l y  te rm in a te d  

i n  c o n v u ls io n s  and d e a th  v l t h l n  32 days* The v l t h d r a v a l  

of th e  t r e a t e d  d i e t  anytim e b e fo re  a l e t h a l  q u a n t i t y  of 

Kepone had been  In g e s te d  vou ld  r e s u l t  i n  a r e d u c t io n  i n  

trem o r i n t e n s i t y  v i t h i n  f o u r  to  seven  days and no trem o rs  

v e re  v i s i b l e  a f t e r  f o u r  v e e k s .

Pood and v a t e r  consum ption of K epone-fed mice 

in c re a s e d  compared to  c o n t r o l s .  T h is  in c r e a s e  vas  u s u a l l y  

i n  th e  range of 25 t o  45£>, h u t  d id  n o t  r e s u l t  i n  in c re a s e d  

body v e i g h t s .  The g ro v th  of 2 l -2 4 -d a y -o ld  j u v e n i l e s  

v e ig h in g  8 -1 3  grams each  v a s  n o t  a f f e c t e d  a t  t r e a tm e n t  

l e v e l s  up to  60 ppm. D ie t s  c o n ta in in g  70 ppm or more 

a d v e r s e ly  a f f e c t e d  th e  g ro v th  of veaned j u v e n i l e s .  These 

d ie d  v i t h i n  19 days and e x p e r ie n c e d  l i t t l e  g ro v th  d u r in g  

t h i s  p e r io d .  A d u lts  fe d  40 ppm m a in ta in ed  norm al body 

v e i g h t s .  A dultb  fe d  s u b l e t h a l  lev e lB  f o r  s e v e r a l  months 

vou ld  f r e q u e n t l y  v e ig h  one o r tv o  gramB more th a n  c o n t r o l s  

because  of th e  en la rg em en t of th e  l i v e r .  A d u lts  fe d  l e t h a l  

l e v e l s  of Kepone d em o n s tra ted  a g ra d u a l  d e c re a s e  i n  body 

v e ig h t  B evera l d ay s  p r i o r  t o  d e a th .  Such d e c re a s e s  v e re  

n o t  g r e a t  enough t o  cause  th e  d e a th  n o r  v e re  th e y  due to  

d e c re a se d  food  consum ption  s in c e  consum ption a c t u a l l y  

in c r e a s e d .

The l i v e r  v a s  th e  o n ly  organ t h a t  shoved an in c r e a s e  

i n  s i z e  i n  a l l  t r e a t e d  an im a ls  exam ined . At 40 ppm, l i v e r  

en la rg em en t began  v i t h i n  th e  f i r s t  10 days  of t r e a tm e n t  and
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u s u a l l y  doub led  I t s  w e ig h t v l t h l n  60  t o  90 d a y s .  F u r th e r  

en la rg em en t v a s  s l i g h t  o r  v e ry  g r a d u a l .  The f a t  c o n te n t  

of th e  l i v e r  d id  n o t  I n c r e a s e  I n  th e  e n la rg e d  l i v e r s .

The o n ly  o th e r  o rgans I n d i c a t i n g  en la rg em en t v e re  the  

k id n ey s  o f th e  male and th e  s p le e n  and u t e r u s  of the  

fe m a le .  I n d iv i d u a l  c a s e s  of fem ale  k id n e y  and male sp le e n  

en la rg em en t d id  o c c u r .  There v a s  no I n d i c a t i o n  of any 

r e d u c t io n  o r  en la rg em en t I n  th e  b r a i n ,  p i t u i t a r y ,  a d r e n a l s ,  

t e s t e s ,  o v a r i e s ,  h e a r t  o r thym us.

R ep ro d u c tio n  by  K epone-fed  fe m a le s  of group A was 

reduced  a t  a l l  c o n c e n t r a t io n s  of Kepone t e s t e d .  W ith th e  

r e p ro d u c t io n  of th e  c o n t r o l s  b e in g  e q u a l  to  100^  In  te rm s 

of th e  number of young p roduced , th e  r e p ro d u c t io n  was 

reduced  2 3 . 9 , 79*3 and 87*0^ a t  th e  1 0 , 30  and 37*5 PPm 

c o n c e n t r a t i o n s ,  r e s p e c t i v e l y .  F o u r te e n  p a i r s  of fem a les  

from  group  B fe d  40 ppm f a i l e d  t o  produce one l i t t e r  I n  100 

d a y s .  No m o r t a l i t y  o c c u rre d  among th e  mated p a i r B .

I n  m ating  ex p e r im e n ts  In v o lv in g  t r e a t e d  m ales w i th  

c o n t r o l  fe m a le s  and t r e a t e d  fem a le s  w i th  c o n t r o l  m ales, 

th e  fe m a le s  were l a r g e l y  r e s p o n s ib le  f o r  th e  r e d u c t io n  In  

r e p r o d u c t io n .  Not one t r e a t e d  fem ale  produced a l i t t e r  In  

th e s e  t e s t s  w h ile  s e v e r a l  t r e a t e d  m ales produced p re g 

n a n c ie s  In  c o n t r o l  f e m a le s .

R ep ro d u c tio n  resumed w i th in  s ix  t o  seven weeks In  

K epone-fed  fe m a le s  fo l lo w in g  th e  w ith d raw a l of th e  t r e a t e d  

d i e t .  These fe m a le s  had f a i l e d  t o  produce a l i t t e r  I n  100
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c o n c e p t io n s  w i th in  th r e e  t o  f o u r  weeks fo l lo w in g  th e  

w ith d ra w a l  of th e  t r e a t e d  d i e t .  The i n i t i a l  l i t t e r s  of 

th e s e  fe m a le s  were s m a l le r  w i th  a low er p e r c e n t  s u r v i v a l  

o f young th a n  c o n t r o l s .  Second l i t t e r s  were s l i g h t l y  

l a r g e r ,  b u t  th e  p e rc e n t  s u r v i v a l  of young was e q u a l  t o  

c o n t r o l s .  The s m a l le r  l i t t e r  s i z e  and th e  g r e a t e r  

m o r t a l i t y  among th e  young b o rn  i n  th e  f i r B t  l i t t e r s  may be 

an  i n d i c a t i o n  t h a t  th e  Kepone r e s id u e s  w i th in  th e  fem ale  

a re  s t i l l  c a p a b le  of e x e r t i n g  a d e t r i m e n t a l  e f f e c t  upon th e  

fem ale  and h e r  young. T h is  r e s id u e  e f f e c t  may p e r s i s t  f o r  

60 days  a f t e r  th e  w ith d ra w a l  of th e  t r e a t e d  d i e t .  Kepone 

r e s id u e s  were found i n  th e  young of such  fe m a le s .

Some t r e a t e d  m ales f e r t i l i z e d  c o n t r o l  fem a les  

im m ed ia te ly  i n d i c a t i n g  t h a t  t h e i r  f e r t i l i t y  had n o t  been  

t o t a l l y  i n h i b i t e d  by Kepone i n g e s t i o n .  O ther m ales d id  n o t  

f e r t i l i z e  t h e i r  m ates u n t i l  s e v e r a l  weeks fo l lo w in g  th e  

w ith d raw a l  of th e  t r e a t e d  d i e t .  W hether a c o r r e l a t i o n  

e x i s t s  betw een such m ales and th e  w ith d raw a l  of th e  t r e a t e d  

d i e t  i s  n o t  known. O v e r a l l ,  th e  number of young produced 

i n  100  days fo l lo w in g  th e  w ith d ra w a l  of the  t r e a t e d  d i e t  

from  th e  m ales was 3̂ *95*> l e s s  th a n  c o n t r o l s .  T h is  r e d u c t io n  

was l a r g e l y  due t o  s m a l le r  r a t h e r  th an  few er l i t t e r s .  

P o s s ib ly  t h i s  r e d u c t io n  i n  l i t t e r  s i z e  i s  an  i n d i c a t i o n  of 

some e f f e c t  o f  Kepone upon th e  number o r  m o t i l i t y  of Bperm 

produced by K epone-fed  m a les .  H i s t o l o g i c a l  e x a m in a t io n  of



163

t e s t e s  re v e a le d  norm al sp e rm a to g e n es is  In  th e  s e m in ife ro u s  

t u b u le s  and norm al amounts of I n t e r s t i t i a l  t i s s u e *  Such 

e x a m in a t io n s  vou ld  n o t  r e v e a l  w hether norm al m a tu ra t io n  of 

th e  sperm o cc u rred  In  th e  e p id id y m is .

V ag in a l  smear d a ta  I n d ic a te d  a d e f i n i t e  d i s tu r b a n c e  

o f th e  e s t r o u s  c y c le  v i t h i n  K epone-fed fe m a le b . Fem ales 

fe d  40 ppm appeared  t o  be i n  c o n s ta n t  e s t r u s  v i t h i n  f o u r  

weeks a f t e r  th e  I n i t i a t i o n  of t r e a tm e n t .  Up to  80^ of the  

sm ears tak en  from  t r e a t e d  fe m a le b v e re  e s t r u s  compared to  

an  averag e  of o n ly  24j6 Prom th e  c o n t r o l s .

S e r o lo g ic a l  s t u d i e s ,  In  which d e te r m in a t io n s  v e re  

made of th e  ca lc iu m , sodium, p ro te in -b o u n d  io d in e ,  and 

b lo o d  g lu co se  l e v e l s ,  i n d i c a t e d  no abnorm al a l t e r a t i o n s  of 

th e s e  components In  t r e a t e d  mice w i th  th e  e x c e p t io n  of 

b lood  g lu co se  i n  f a s t e d  anlmalB t r e a t e d  a t  th e  100 ppm 

c o n c e n t r a t io n  f o r  th r e e  w eeks. These an im a ls  d id  n o t  

m a in ta in  norm al b lood  g lu co se  v a lu e s  when f a s t e d  f o r  l 6 

h o u r s .  T h e ir  g lu co se  v a lu e s  dropped a s  low a s  30 mg/100 ml 

w i th  an average  o f 47*7 mg/1 0 0  ml i n  c o n t r a s t  t o  1 0 0 .5  

and 9 6 .2  mg/1 0 0  ml i n  c o n t r o l s  and mice fed  40 ppm f o r  

f o u r  to  s ix  months, r e s p e c t i v e l y .

H is to lo g ic a l  ex a m in a tio n  o f p re p a red  s e c t io n s  from  

th e  o rgans of t r e a te d  mice re v e a le d  no m ajor d e g e n e ra tiv e  

changes i n  th e  p i t u i t a r y ,  thym us, a d re n a ls  and t e s t e s .  

E n la rg ed  sp le e n s  showed m oderate c o n g e s tio n . U te r i  i n  th e  

e s t ro g e n ic  phase re v e a le d  c y s t i c  h y p e rp la s ia  of the
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endom etrium . There v e re  i n d i c a t i o n s  of m oderate c o n g e s t io n  

and m yelin  a l t e r a t i o n  i n  a fe v  b r a i n s .

The k id n e y  and th e  l i v e r  were th e  organB i n  which 

d e g e n e ra t iv e  changes were commonly fo u n d . The m a jo r i ty  of 

k id n ey s  from  t r e a t e d  mice had v a ry in g  d e g re e s  of 

g lo m e r u lo n e p h r i t i s , d is s e m in a te d  lu pus  e ry th e m a to su s ,  

h y p e r tro p h y  of th e  tu b u le  c e l l s ,  and hemorrhage w i th in  th e  

d i s t a l  convo lu ted  and loop  of Henle's t u b u l e s .  F re q u e n t ly ,  

l a rg e  e x u d a te s  were found i n  th e  Bowman's c a p su le  and 

o c c a s io n a l ly  th e  g lo m e ru la r  membrane was r u p tu r e d .

H y p e rp la s ia  and c o n g e s t io n  were found i n  th e  l i v e r s  

of a l l  t r e a t e d  a n im a ls .  The d eg ree  of o th e r  d e g e n e ra t iv e  

ch an g es , such a s  f o c a l  n e c r o s i s  and c e l l u l a r  h y p e r tro p h y , 

v a r ie d  g r e a t l y  a l th o u g h  such v a r i a t i o n  appeared  to  depend 

on th e  le n g th  of t r e a tm e n t .  Such d e g e n e ra t iv e  changes 

were more e x te n s iv e  i n  animalB t r e a t e d  1 0-12  months th an  

i n  an im a ls  t r e a t e d  5 -6  m onths.

E le c t r o n  m ic ro scop ic  ex a m in a tio n  of two l i v e r s  from  

t r e a t e d  mice i n d i c a t e d  a r e d u c t io n  i n  number of m ito ch ond ria  

and th e  fo rm a tio n  of cy to p la sm ic  in c lu s io n s  s i m i l a r  i n  

appearance  to  l i p o s p h e r e s .

H i s t o l o g i c a l  ex a m in a tio n  of o v a r ie s  from  mice fed  

40 ppm f o r  fo u r  t o  e i g h t  months re v e a le d  norm al f o l l i c l e  

developm ent b u t  few c o rp o ra  l u t e a .  T rea ted  fem a les  averaged  

o n ly  0 .8  co rp u s  lu teum  p e r  ovary  i n  com parison  to  3*8  f o r  

c o n t r o l s .  N in e ty  p e r c e n t  of th e  o v a r ie s  from  c o n t r o l
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fe m a le s  c o n ta in e d  a t  l e a s t  one co rpus  lu teum  compared t o  

27#  in  Kepone-fed f e m a le s .

Hormone b lo a s s a y s  of th e  FSH and IX hormones of th e  

p i t u i t a r y  re v e a le d  t h a t  Kepone-fed fem a le s  had e q u a l  

amounts of FSH In  com parison  w i th  c o n t r o l s ,  b u t  ap p ro x 

im a te ly  25#  l e s s  IX a c t i v i t y .  I t  I s  p o s s ib le  t h a t  t h i s  

r e d u c t io n  In  IH a c t i v i t y  v l t h l n  th e  t r e a t e d  fe m a le s  may be 

s u f f i c i e n t  to  p re v e n t  o v u la t i o n .  T h is  d i s tu r b a n c e  of the
*

IX hormone may alB o c o n t r ib u te  to  th e  u p s e t t in g  o f th e  

norm al feed b ack  o s c i l l a t i o n  of th e  ad en o h y p o p h y sia l-  

o v a r ia n  system .

The c o n s ta n t  e s t r u s  of t r e a te d  fe m a le s , vhoBe o v a r ie s  

c o n ta in e d  la rg e  v e s i c u l a r  f o l l i c l e B  b u t u s u a l ly  no co rp o ra  

l u t e a ,  r e p r e s e n ts  a syndrome v h lc h  m ight be caused  by th e  

b lo c k in g  of th e  rhy thm ic  r e le a s e  of IX . The b lo c k in g  of 

s u f f i c i e n t  q u a n t i t i e s  o f IX to  t r i g g e r  o v u la t io n  may lead  

to  p ro longed  FSH s t im u la t io n  and c o n s ta n t  eB trogen  

s e c r e t io n  from  th e  la rg e  f o l l i c l e s  p ro d u c in g  c o n s ta n t  e s t ru B .

I n s e c t i c i d e  r e s id u e  s t u d i e s  w i th  g a B - l iq u id  

chrom atography re v e a le d  t h a t  Kepone i s  accum ula ted  r a p i d l y  

b u t  t h a t  no f u r t h e r  a c cu m u la tio n  occu rs  a f t e r  f i v e  months 

o f t r e a tm e n t  on 40 ppm. Upon v i t M r a v a l  o f th e  t r e a t e d  

d i e t ,  Kepone i s  e x c re te d  r a p i d l y .  The a n a ly s e s  of o rgans 

from  two fem a le s  I n d ic a te d  t h a t  a s  much a s  25 and 56^  of 

th e  accum ulated  Kepone v as  e x c re te d  v l t h l n  14 and 24 d a y s ,  

r e s p e c t i v e l y ,  f o l l o v i n g  v l t h d r a v a l  of th e  t r e a t e d  d i e t .
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O nly a t r a c e  of Kepone v a s  found i n  mice fe d  a c o n t r o l  d i e t  

f o r  150 d ay s  a f t e r  b e in g  fe d  40 ppm f o r  210 d a y s .

The l i v e r  v a s  th e  m ajor organ  a c cu m u la tin g  Kepone. 

I t b e n la rg e m e n t,  In  e f f e c t ,  e n a b le s  t r e a t e d  mice t o  s to r e  

and p o s s i b l y  d e t o x i f y  g r e a t e r  amounts of Kepone. The 

r e s id u e  d a t a  a l s o  su g g e s t  t h a t  th e  l i v e r  I s  th e  m ajor 

d e t o x i c a t i o n  o rgan  In  th e  mouse.

The b r a i n ,  k id n e y ,  f a t  and muscle fo l lo w  th e  l i v e r  

In  Kepone a c c u m u la t io n .  C e r t a in  o rgans I n c lu d in g  th e  

gonads, a d r e n a l s ,  u t e r u s ,  s p le e n ,  h e a r t  and muscle shoved 

l i t t l e  In c r e a s e  In  Kepone ac c u m u la tio n  a f t e r  th e  f i r s t  30 

d ay s  of Kepone I n g e s t i o n .

The r a p id  ac cu m u la tio n  and th e  p e r s i s t e n c e  of h ig h  

l e v e l s  of Kepone v i t h i n  th e  b r a i n  may be an  i n d i c a t i o n  t h a t  

th e  trem o r syndrome and th e  horm onal d i s tu r b a n c e s  o r i g i n a t e  

i n  t h i s  o rg a n .  Kepone i s  e x c re te d  r a p i d l y  from  th e  b r a in  

fo l lo w in g  th e  w ith d ra w a l  of th e  t r e a t e d  d i e t .  TM s p a t t e r n  

of r a p id  ac c u m u la tio n ,  p e r s i s t e n c e ,  and ra p id  e x c r e t i o n  

c o r r e l a t e s  w i th  th e  trem o r and r e p ro d u c t iv e  d i s t u r b a n c e s .

The p re se n ce  of Kepone in  s u c k l in g  young and i n  

d e v e lo p in g  enfcryos i n d i c a t e s  t h a t  Kepone can  p ass  th ro u g h  

th e  p la c e n ta  o r th e  m ilk  of K epone-fed  fem ale  m ice . The 

ap p earan ce  of tremorB i n  one n u r s in g  l i t t e r  and th e  

in c r e a s e d  m o r t a l i t y  o f p r e - b o m  and p o s t - b o m  young among 

t r e a t e d  fe m a le s  le a v e s  l i t t l e  do u b t t h a t  such passage  of 

Kepone can a f f e c t  th e  o f f s p r i n g .
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P i t u i t a r y  B io assay  P ro ced u res  

F o l l i c l e  S t im u la t in g  Hormone B io assay  

Equipment and R eag en ts :

1 * 7*0 mm M icro-homogenize r

2 * pH M eter, w i th  s m a l le s t  s iz e  e l e c t r o d e s

3 . C e n t r i f u g e ,  w i th  a t  l e a s t  5000  rpm c a p a c i ty

4 . G la ss  s t i r r e r

5 . B o iled  s a l i n e  s o lu t io n ,  c o o l  to  3 6 - 38°  F

6 . Weak s o l u t io n s  of HC1 and NaQH

7. 5 - ml Hypodermic Byringe and 20-gauge n eed le

8 . 2 - ml Hypodermic s y r in g e  and 2 7 -gauge n eed le

9 . 1 5 -ml C e n tr i fu g e  tu b e s

1 0 . 5 - ml G la s s  b e a k e rs

1 1 . 20-m l G la ss  v ia lB  w i th  caps

1 2 . R e f r i g e r a t o r ,  t o  s to r e  e x t r a c t s  a t  3 6 - 38°  F

13. R e f r lg e r a t e d  room between 40-43° F

14. S in g le -p a n  a n a l y t i c a l  b a la n c e

P rocedure  t

1 , Remove p i t u i t a r y  from  head of mouse j u s t  s a c r i f i c e d  

by b re a k in g  neck* The p i t u i t a r y  may be removed by th e  

fo l lo w in g  p rocedure*

a .  Cut th e  s k u l l  bones around th e  cran ium  w ith  a 

s c i s s o r s  and remove ro o f  of cran ium  w ith  

tw eezers*
167



b .  L i f t  th e  b r a in  t o  th e  r e a r  and o f f  th e  baae  of 

th e  c ran ium  by I n s e r t i n g  a probe under th e  

o l f a c t o r y  n e rv e s  and g e n t ly  l i f t i n g  th e  b r a in  

tow ard th e  c a u d a l  en d .

c .  S tep  (b ) w i l l  expose th e  p i t u i t a r y  ly in g  i n  a 

sm a ll  d e p r e s s io n  of th e  b a s isp h e n o id  bone, th e  

s e l l a  t u r c i c a .  B efo re  th e  p i t u i t a r y  can be 

removed from  t h i s  d e p r e s s io n ,  th e  t h i n  c o v e r in g  

o f meninges must be c a r e f u l l y  removed from  the  

p i t u i t a r y  by  means of a s h a rp -p o in te d  p r o b e .

2 .  P la c e  th e  p i t u i t a r y  i n t o  th e  m icro-hom ogenizer 

c o n ta in in g  0 .5  ml r e f r i g e r a t e d  s a l i n e .

3 .  I f  sample i s  t o  c o n ta in  more th a n  one p i t u i t a r y ,  r e p e a t  

s t e p s  1 and 2 a s  o f t e n  a s  n e c e s s a r y .  Two p i t u i t a r i e s  were 

used  i n  th e  ?SH a s s a y s .

if. M ascerate  th e  p i t u i t a r i e s  w i th  th e  p lu n g e r  o f the  

hom ogen lzer .

5 . T r a n s f e r  hom ogenlzer c o n te n t s  t o  a 5 -ml pH b e a k e r .

6 , RinBe hom ogenlzer and p lu n g e r  w ith  rem a in in g  2 ,5  ml 

s a l i n e ;  add to  pH b e a k e r .  A 5 "ml hypoderm ic s y r in g e  may 

be used  to  m easure and a p p ly  the  q u a n t i t i e s  of B aline  

n e e d e d •

7* A d ju s t  pH to  8 .3  w i th  weak HC1 and NaOH s o l u t i o n s .

8 . T ra n s f e r  pH b e a k e r  c o n te n t s  t o  c e n t r i f u g e  tu b e s  and 

s t i r  a t  l e a s t  10  m in u te s .
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9« C e n t r i fu g e  a t  l e a s t  5 m inu tes  and draw o f f  s u p e rn a ta n t  

l i q u i d  and p la c e  i n  a numbered g l a s s  v i a l .

10* Add 50 I .U . of Human Chorionic Gonadatrophin and 

store in  r e fr ig era to r .

1 1 . I n j e c t  i n t o  i n t a c t ,  21-d a y -o ld ,  v i r g i n  Sprague-Dawley 

r a t s  w eigh ing  40-45 grams each, su b c u tan e o u s ly  w i th  a 2 -ml 

s y r in g e  and a 2 7 -gauge n e e d le ,  a t o t a l  of 6 i n j e c t i o n s  a t

0 . 5. ml p e r  i n j e c t i o n .

12. D issect out the rat ovaries and weigh to 0 .1  m illigram  

72  hours a fte r  the f i r s t  in je c t io n .

L utein izing Hormone Bioassay

The M  procedure i s  id e n tic a l to  the FSH procedure 

with the fo llow ing exceptions:

1 . F o u r p i t u i t a r i e s  were used  p e r  sample in s t e a d  of two.

2 .  A t o t a l  of 4 ml s a l i n e  were used p e r  sample i n s t e a d  of

3 ml s a l i n e .

3* No Human C h o r io n ic  G onado troph in  was added .

4 .  S u p e rn a ta n t  was i n j e c t e d  i n t o  hypophysectom lzed 24 -day- 

o ld  Sprague-Dawley male r a t s  w eigh ing  45-50 grams each, over

4 d a y s ,  a t o t a l  of 8 i n j e c t i o n s  of 0 .5  ml p e r  i n j e c t i o n .

5 .  D i s s e c t  ou t th e  v e n t r a l  p r o s t a t e  and weigh t o  0.1  

m ill ig ra m  120  hourB a f t e r  th e  f i r s t  i n j e c t i o n .
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M icro techn ique  P ro ced u res  

Azocarmine G-Orange G-Methylene Blue 

Equipment and R eag en ts :

1 . D i s s e c t in g  In s t ru m e n ts

2 , Azocarmine G s t a i n  

3* Orange G s t a i n

M ethylene b lu e  s t a i n  

5* D i s t i l l e d  w a te r

6 . P h o sp h o tu n g s tlc  a c id

7* F ix a t iv e  ( a lc h o lo lc  and aqueous B o u in 's )

8 . Xylene

9 . A lco ho ls  (35, 50, 75, 85, 95, and 100#)

10 . A n i l in

11* P a r a f f i n

12 . Microtome and k n i f e

13* G lass  s l i d e s

14. Cover s l i d e s  (22X50 mm)

1 5 * Bgg album in ad h es iv e

1 6 . P i c o ly te

17* A lco h o lic  lamp

18* Oven ( to  m elt p a r a f f i n )

19* S l id e  d r y e r

20* S l id e  c o n ta in e r  boxes

2 1 . Diamond p e n c i l

22 . G l a c i a l  a c e t i c  a c id

2 3 . C op lin  s t a i n i n g  j a r s

2 4 .  S ta in in g  ra c k
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S t a i n  and S p e c ia l  S o lu t io n  P r e p a r a t i o n s !

1 . Azocarmine G S ta in

a* Add 0 .1  g azocarm ine G t o  100  ml d i s t i l l e d  

w a te r  and b o i l  f o r  5 m in u te s .

b .  F i l t e r  th ro u g h  Whatman*b No . 1 f i l t e r  p ap e r  

a f t e r  c o o l in g .

c .  Add 2 ml g l a c i a l  a c e t i c  a c i d .

2 .  Orange G-Methylene Blue C o u n te r s ta in

a .  Mix 10 g p h o sp h o tu n g s t lc  a c id ,  1 .2  g m ethylene 

b lu e ,  4 .4  g orange G and 1000  ml d i s t i l l e d  

w a te r .

3 .  Aqueous B o u in 1s F i x a t iv e

a .  Mix 75 p a r t s  s a tu r a t e d  aqueous s o l u t i o n  of

p i c r i c  a c id  w i th  25 p a r t s  f o rm a l in  and 5 p a r t s  

g l a c i a l  a c e t i c  a c i d .

4 .  A lco h o lic  Bouin*s F ix a t iv e

a .  Mix 150 p a r t s  75# a l c o h o l ,  60 p a r t s  fo rm a l in ,

15 p a r t s  g l a c i a l  a c e t i c  a c id ,  and 75 p a r t s  

s a tu r a t e d  aqueous s o l u t i o n  of p i c r i c  a c i d .

5* A n i l ln  S o lu t io n

a .  Add 1 ml a n l l i n  t o  100 ml of 95# a l c o h o l .

P ro c e d u re s :  F i x a t i o n  and P r e s e r v a t io n

1 . K i l l  th e  an im al t o  be s a c r i f i c e d  by  b re a k in g  th e  n eck .

2 .  D is s e c t  and remove d e s i r e d  t i s s u e  a s  q u ic k ly  a s

p o s s i b l e .
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3 .  R inse  In  p h y s io lo g ic a l  s a l i n e  I f  th e  o rgan  i s  

con tam ina ted  v i t h  b lo o d ,  and p la c e  Im m ed ia te ly  I n t o  a v i a l  

c o n ta in in g  th e  f i x a t i v e  f o r  6 -24  h o u r s ,

4 .  Pour o f f  B o u ln 's  f i x a t i v e  and r e p la c e  v i t h  75# a l c o h o l  

f o r  24 h o u r s .  Change a lc o h o l  a t  l e a s t  t v i c e .  I f  aqueous 

B o u ln 's  i s  used a s  th e  f i x a t i v e ,  p recede  th e  75# a lc o h o l  

v i t h  50# a lc o h o l  f o r  one h o u r .

P rocedures*  Embedding 

5* Pour o f f  75# a l c o h o l  and r e p la c e  v i t h  85#  a l c o h o l  f o r  

24 h o u r s .  T is su e s  may be s to r e d  i n  85#  a l c o h o l  f o r  s e v e r a l  

v e e k s .

6 .  Pour o f f  85# a l c o h o l  and r e p la c e  v i t h  95# a l c o h o l  f o r  

30  m in u te s .

7 . Pour o f f  95# a lc o h o l  and r e p la c e  v i t h  100# a lc o h o l  f o r  

one h o u r .  Change th e  a lc o h o l  a f t e r  3 0  m in u te s .

8 . Pour o f f  100# a lc o h o l  and re p la c e  v i t h  a m ix tu re  of 

100# a lc o h o l  and x y le n e , e q u a l p o r t s .  Leave f o r  30  

m in u te s .

9 .  Pour o f f  a lc o h o l  -  x y le n e  m ix tu re  and r e p la c e  v i t h  

x y le n e  f o r  30 m in u te s .

10 . Pour o f f  x y le n e  and add one-ha I f  volume of x y le n e .  

P la c e  i n  58° P oven f o r  30  m in u te s .

11 . Add o n e -h a l f  volume p a r a f f i n  t o  x y len e  and le av e  f o r  

30  m in u te s .
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12 . Pour o f f  x y l e n e - p a r a f f i n  m ix tu re  and r e p la c e  v i t h  

second p a r a f f i n  f o r  60 m inutes*

13* Pour o f f  second p a r a f f i n  and r e p la c e  v i t h  t h i r d  

p a r a f f i n  and leav e  o v e rn ig h t*

1^* Embed t i s s u e  v i t h i n  p a r a f f i n  i n  p r o p e r ly  la b e le d  

c o n ta in e r s *

15* S to re  p a r a f f i n  b lo c k s  and c o n ta in e r s  i n  r e f r i g e r a t o r  

o v e r n ig h t .

P ro c e d u re s :  S e c t io n in g  and Mounting

16* Warm b lo c k s  to  room te m p e ra tu re  and s e c t i o n  v i t h  

microtome and k n i f e  a t  8-12 m icrons*

17* P la c e  s e c t io n  s t r ip B  i n  la b e le d  ca rd b o a rd  c o n ta in e r s  

i n  s e r i a l  o rd e r  and s to r e  i n  r e f r i g e r a t o r  o v e rn ig h t*

18 . Mount s e r i a l  s e c t i o n  s t r i p s  on s l i d e  v i t h  egg 

album in and d r y  o v e r n ig h t .

P ro c e d u re s :  D e p a ra f f in in g  and S ta in in g

19* P lace  s l i d e s  i n  s t a i n i n g  ra c k  i n t o  x y len e  and leav e  

f o r  10 m in u te s .

20* P lace  s l i d e s  i n t o  second x y len e  f o r  10 m inutes*

21* P lace  s l i d e s  i n t o  100# a lc o h o l  f o r  10 m in u te s .

22 . P lace  s l id e B  i n t o  second 100# a lc o h o l  f o r  10 m in u te s .

2 3 . P la c e  s l i d e s  i n t o  95# a l c o h o l  f o r  5 m inutes*

2 4 . P la c e  B l ld e s  i n t o  second 95# a lc o h o l  f o r  5 m inutes*

2 5 . P lace  s l i d e s  i n t o  75# a lc o h o l  f o r  5 m in u te s .
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26. P la c e  e l i d e s  i n t o  50# a lc o h o l  f o r  5 m in u te s .

27* P la c e  s l i d e s  i n t o  35# a lc o h o l  f o r  5 m in u te s .

28 . P lace  s l i d e s  i n t o  d i s t i l l e d  v a t e r  f o r  10 m in u te s .

29* P lace  s l i d e s  i n t o  azocarm ine G s t a i n  f o r  15 m in u te s .

30 . Dip s l i d e s  i n t o  d i s t i l l e d  v a t e r .

31* Dip s l i d e s  i n t o  a n i l i n  s o l u t i o n .

3 2 . Dip s l i d e s  f o r  2-5 secorris  i n t o  d i s t i l l e d  w a te r  u n t i l

d i f f u s i o n  c u r r e n t s  c e a s e .

33* P la c e  BlideB i n to  orange G -m ethylene h lu e  c o u n te r s ta in  

f o r  15  m in u te s .

34 . P la c e  s l i d e s  i n t o  100# a l c o h o l  f o r  5 m in u te s .

35 . P la c e  s l i d e s  i n t o  100# a l c o h o l  f o r  5 m in u te s .

3 6 . P lace  s l i d e s  i n t o  100# a l c o h o l  f o r  5 m in u te s .

37• P la c e  s l i d e s  i n t o  100# a lc o h o l  f o r  5 m in u te s .

3 8 . P lace  s l i d e s  i n t o  xy lene  f o r  10 m in u te s .

39* P lace  s l i d e s  i n t o  second x y len e  f o r  5 m in u te s .

40 . Mount s l i d e s  w i th  cov er g l a s s  and p i c o l y t e .  L abe l 

B lid e s  w i th  diamond p e n c i l .

41 . Dry s l i d e s  f o r  s e v e r a l  days  on 50° C d ry in g  oven.

42 . P lace  s l i d e s  i n  s l i d e  c o n ta in e r  boxes and s to r e  s l i d e s

i n  h o r i z o n t a l  p o s i t i o n .

H em atoxylin  -  B osin  S ta in in g

Equipment and R eag en ts t

1 .  I d e n t i c a l  t o  Azocarmine G-Orange G-Methylene Blue Method 

w i th  th e  fo l lo w in g  e x c e p t io n s :
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a* D e l a f i e l d ' s  h em atox y lin  s t a i n  ( s ta n d a rd )

b . Bosin sta in  (standard)

c .  A lkalized vater (0 .1#  so lu tion  of sodium 

bicarbonate in  d is t i l l e d  vater)

d . A c id ized  v a t e r  ( 1 .0  ml c o n c e n t r a te d  HC1 i n  

300  ml d i s t i l l e d  v a t e r )

P ro c e d u re s i  F ix a t io n  and P r e s e r v a t io n  

1-5 Same as  p r e v io u s ly  d e sc r ib e d *

Procedures] Embedding 

6 - 1 3  Same as previously  described .

P ro ce d u re s ]  D e p a ra f f in in g  and S ta in in g  

16-28 Same a s  p r e v io u s ly  d e sc r ib e d *

2 9 . Place s lid e s  in to  hematoxylin s ta in  for 30 minutes.

30. Place s lid e s  in to  tap vater fo r  5 minutes u n t il  t issu e  

turns b lu e.

31 . Dip s l i d e s  i n t o  a c i d i f i e d  v a t e r  u n t i l  t i s s u e s  tu r n  

red  •

32. D ip s l i d e s  i n t o  a l k a l i z e d  v a t e r  u n t i l  t i s s u e s  tu rn  

b lu e  •

33* P lace  BlideB i n t o  d i s t i l l e d  v a t e r  f o r  2 m in u te s .

3 4 . P lace  s l i d e s  i n t o  35# a lc o h o l  f o r  5 m in u te s .

3 5 . Place s lid e s  in to  5036 alcohol fo r  5 minutes.

3 6 . P la c e  s l i d e s  i n t o  75# a lc o h o l  f o r  5 m in u te s .
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37* P lace  s l i d e s  I n t o  95# a l c o h o l  f o r  5 minute s .

38* P la c e  s l i d e s  I n t o  e o s ln  s t a i n  f o r  1-5 m inu tes  u n t i l

t i s s u e s  show a red  h u e .

39* Dip B l i d e s  i n t o  95# a l c o h o l  f o r  s e v e r a l  s e c o n d s  t o  

g e t  r i d  o f  e x c e s s  e o s l n .

4 0 . D ip s l i d e s  i n t o  100# a lc o h o l  f o r  30 seconds o r j u s t  

long  enough to  com plete  th e  d e h y d ra t io n  p ro c e s s .

41 . P lace  s l i d e s  i n t o  x y len e  f o r  10  m in u te s .

42 . P la c e  s l i d e s  i n t o  second x y len e  f o r  5 m in u te s .

43* Mount s l i d e s  a s  d e s c r ib e d  p r e v io u s ly .

Sample P r e p a r a t io n  f o r  G as-L iqu id  Chrom atography 

Equipment and R eag en ts :

1 . D i s s e c t in g  in s t ru m e n ts

2 . S in g le  pan a n a l y t i c a l  b a la n c e

3 . Diamond p e n c i l

4 . P l a s t i c  capped g l a s s  v i a l s  (30-m l)

5 . M ortar and p e s t l e  ( s e v e r a l )

6 . 7 .0  mm M icro-hom ogenlzer

7 . Whatman's No. 1 f i l t e r  P aper

8 . S e p a ra to ry  fu n n e ls  (50-m l)

9 . S hort stem  fu n n e ls

1 0 . D i s t i l l e d  v a t e r

1 1 . Hexane, re a g e n t  grade

1 2 . A cetone, r e a g e n t  grade

13 . Sodium s u l f a t e ,  anhydrous r e a g e n t

14. 5 - p l  s y r in g e
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P ro c e d u re s t

1* S a c r i f i c e  by b re a k in g  neck  of mouse and d i s s e c t  ou t 

d e s i r e d  t i s s u e .

2 . Weigh organ o r t i s s u e  on a n a l y t i c a l  b a la n c e ,

3 .  M acerate organ  i n  m o rta r  and p e s t l e  v i t h  sodium s u l f a t e

x t i s s u e  w e ig h t ) .  Use m icro-hom ogenizer w ith o u t  sodium

s u l f a t e  f o r  mouse p i t u i t a r y ,  a d r e n a l s  and o v a r i e s .

Jf. E x t r a c t  m acerated  o rgan  w i th  f o u r  washes of ace to n e  

to  a t o t a l  of 25 ml.

5 .  F i l t e r  e x t r a c t  th ro u g h  W hatman's No. 1 f i l t e r  p ap e r  

i n t o  a s e p a r a to r y  f u n n e l .

6 , Add 10 ml hexane and 5 ml d i s t i l l e d  w a te r  to  th e

f i l t r a t e  of the  e x t r a c t  and shake w e l l .

7* Allow aqueous ace to n e  (bottom  la y e r )  t o  s e p a ra te  from  

hexane and pour o f f  aqueous ac e to n e  l a y e r  i n t o  a 2nd 5 0 - ml 

s e p a r a to r y  f u n n e l .

8 . Pour o f f  hexane l a y e r  i n t o  numbered p l a s t i c  capped 

v i a l .

9* Add 10 ml hexane t o  rem ain ing  aqueous ace tone  

s o lu t io n  and shake w e l l .

10 . Allow to  s e p a r a t e .  Pour o f f  aqueous ace to n e  l a y e r  

(bo ttom  l a y e r )  and add the  hexane l a y e r  to  th e  v i a l  

c o n ta in in g  th e  f i r s t  hexane wash. S to re  v i a l  i n  

r e f r i g e r a t o r .



1 1 . B efore  I n j e c t i n g  i n t o  gas chrom atography  u n i t ,  f i l t e r  

sam ples th ro u g h  Whatman*s No. 1 f i l t e r  p ap e r  and 0 .5  grams 

sodium s u l f a t e .

12 . Some sam ples , such  a s  l i v e r ,  may have to  be d i l u t e d  

w h ile  o th e r s  a r e  c o n c e n t r a te d  b e fo re  a n a l y s i s  by gas 

chrom atography i n  o rd e r  to  o b ta in  a m easurab le  peak a r e a .

13 . I n j e c t ,  by means of th e  5 - 11I  s y r in g e ,  a one o r two 

u l  volume depend ing  on th e  peak a r e a  o b ta in ed  a t  one u l .

I n  some c a s e s ,  a g r e a t e r  i n j e c t i o n  volume w i l l  be n e c e s s a ry  

i n  o rd e r  to  o b ta in  a peak from  v e ry  sm a ll  o rgan s  l i k e  the  

p i t u i t a r y .
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