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A b s t r a c t

A N T E R IO R  HYPOTHALAM IC K N IFE -C U T S AND THE 
OVARIAN H Y PE R PH A G IA -O B ESITY  SYNDROME

by

Steven  K. G ale  

A d v is e r :  P r o f e s s o r  A nthony  S c la fan i

The h y p o th e s is  th a t  the  o v e re a t in g  and  w eigh t g a in  p r o d u c e d  

b y  a n t e r io r  h y p o th a la m ic  t r a n s e c t io n s  in  adu lt  f e m a le  r a t s  r e s u l t s  

i n d i r e c t ly  f r o m  fu n c t io n a l  c a s t r a t io n  w as ex am in ed . In E x p e r im e n t  1 

d i r e c t  c o m p a r is o n s  w e re  m ade  be tw een  o v a r ie c to m iz e d  r a t s  and  

a n im a ls  w ith  c o ro n a l  k n i f e - c u ts  th ro u g h  th e  a n te r io r  h y p o th a la m ic  

a r e a  (AHA). I t  w as  found  th a t  w hile  bo th  p h y s io lo g ic a l  m a n ip u la ­

t io n s  p ro d u c e d  h y p e rp h a g ia  and  o b e s i ty ,  th e  feed ing  a n d  w eigh t 

f a c i l i t o r y  e f fe c ts  of th e  AHA k n i f e -c u ts  ex ce ed e d  th o s e  r e s u l t i n g  f r o m  

o v a r ie c to m y .  E s t r o g e n  r e p la c e m e n t  ( l^ u g /d a y )  c o m p le te ly  r e v e r s e d  

o v a r ia n  o b e s i ty  bu t d id  n o t  a l t e r  the  e x p re s s io n  of AHA k n i f e - c u t 7  

in d u c e d  o b e s i ty .  K n i fe -c u t  r a t s  w e re  no t in s e n s i t iv e  to  e s t r o g e n ,  

h o w e v e r ,  s in c e  th e y  r e d u c e d  th e i r  body w eigh t, a s  d id  n e u r a l ly  i n ­

t a c t  r a t s ,  w hen in je c te d  s y s te m ic a l ly  with a  h ig h e r  d o se  (5 -u g /d a y )  

of the  h o rm o n e .  T he  f ind in gs  of E x p e r im e n t  1 a ls o  r e v e a l e d  th a t  

s ig n if ic a n t  d i f f e r e n c e s  e x i s t  be tw een  a n te r io r  k n i f e - c u t  an d  o v a r i ­

e c to m iz e d  r a t s  in t h e i r  w a te r  co n su m p tio n , w a te r / f o o d  in ta k e  r a t i o ,



l i n e a r  g ro w th ,  a n d  L ee  O b e s i ty  Index  v a lu e s .  T aken  to g e th e r ,  

t h e s e  r e s u l t s  su g g e s t  th a t  fu n c t io n a l  c a s t r a t i o n  is  no t a  c a u sa t iv e  

f a c t o r  in  th e  a n t e r i o r  k n i f e -  cu t -^induced o b e s i ty  sy n d ro m e .

In E x p e r im e n t  2 o v a r ie c to m iz e d  r a t s  in  the  s ta t ic  p h a se  

of t h e i r  o v a r ia n  o b e s i ty  w e re  g iv en  a n te r io r  c o ro n a l  k n i f e - c u ts .

I t  w as  o b s e r v e d  th a t  th e s e  t r a n s e c t i o n s  p ro d u c e d  a d d it io n a l  w eigh t 

g a in s  in  a n im a ls  w ith  a  p r e - e x i s t i n g  e s t r o g e n  in su f f ic ien c y .  F u r ­

t h e r ,  th e  body  w eigh t e f fe c ts  p ro d u c e d  b y  o v a r ie c to m y  and  b y  a n ­

t e r i o r  k n i f e - c u ts  w e r e  found to  be  n e a r  add it ive  when bo th  p h y s io l ­

o g ic a l  m a n ip u la t io n s  w e re  c o m b in ed  in th e  s a m e  a n im a l .  The 

fe e d in g  r e s p o n s e s  of th e  a n t e r io r  cu t and  o v a r ie c to m iz e d  r a t s  to  

a b r u p t  ch an g e s  in  e n v iro n m e n ta l  t e m p e r a t u r e  were a ls o  e x a m in e d  

in  t h i s  e x p e r im e n t .  T h e  r e s u l t s  of th e s e  t e m p e r a t u r e  t e s t s  i n d i ­

c a te  t h a t  k n i f e - c u t  d a m a g e  to  th e  AHA d i s r u p t s  th e rm o r e g u la t io n  

bu t th i s  i s  n o t  l ik e ly  to  ex p la in  th e  e x c e s s  feed ing  and w eigh t ga in  

s e e n  fo llow ing  a n t e r i o r  c o ro n a l  t r a n s e c t i o n s .

In E x p e r im e n t  3 i t  w as o b s e r v e d  th a t  adu lt  m a le  r a t s  g iven  

a n t e r i o r  k n i f e - c u ts  b e c a m e  h y p e rp h a g ic  and o b e se .  T h is  f ind ing  

f u r t h e r  s t r e n g th e n s  th e  v iew  th a t  an e s t r o g e n  in su f f ic ie n c y  cou ld  

n o t  a d e q u a te ly  e x p la in  AHA k n i f e - c u t - in d u c e d  o b e s i ty .  It w as a lso  

found  th a t  m e d ia l  p a r a s a g i t t a l  k n i f e - c u ts  w e re  e ffec tiv e  in p ro d u c in g  

o v e re a t in g  and w e igh t g a in  in  ad u lt  m a le  r a t s .  F u r t h e r ,  r a t s  g iven  

e i t h e r  s e t  of k n i f e - c u ts  d isp la y e d  an  in i t i a l  o v e rc o n su m p tio n  when 

sw itc h e d  to  a  h igh  fa t  d ie t  f r o m  t h e i r  s t a n d a r d  l a b o r a to r y  chow.



E x p e r im e n t  4 e x a m in e d  w h e th e r  o r  n o t  o v a r i e c to m iz e d  r a t s  

w ith  a n te r io r  c o ro n a l  c u ts  w ould  r e s p o n d  l ik e  n e u r a l ly  in ta c t  r a t s  to  

th e  feed ing  and w eigh t s u p p r e s s i v e  e f fe c ts  of exo genous e s t r o g e n  a d ­

m in is t r a t io n .  It w as  o b s e r v e d  th a t  a n t e r i o r  c u ts ,  a s  w e ll  a s  m e d ia l  

p a r a s a g i t t a l  t r a n s e c t i o n s ,  d id  n o t  b lo ck  e s t r o g e n  a n o r e x i a .  T h ese  

f ind ings  su g g es t  th a t  n e i t h e r  th e  a n t e r i o r  o r  m e d ia l  t r a n s e c t i o n s  

p ro d u c e d  th e i r  fee d in g  an d  w e ig h t  f a c i l i t o r y  e f fe c ts  b y  d i r e c t l y  

d am ag in g  e s t r o g e n - s e n s i t i v e  fe e d in g  n e u ro n s .

It was o b s e rv e d  in  E x p e r im e n t  5 th a t  o v a r i e c to m iz e d  r a t s  

g iven  e i th e r  a n t e r io r  c o r o n a l  o r  m e d ia l  p a r a s a g i t t a l  k n i f e - c u t s  e x ­

h ib i te d  s e v e re  and  p e r s i s t i n g  a c t iv i ty  d e c r e m e n t s  w hich  w e re  in d e ­

penden t of changes in  o v a r i a n  h o rm o n e  l e v e l s .  E s t r o g e n  r e p la c e m e n t  

(5 -u g /d a y )  was found to  c o m p le te ly  r e s t o r e  th e  w heel ru n n in g  a c t iv i ty  

of m e d ia l ,  but not a n t e r i o r ,  cu t  r a t s  to  p r e o v a r i e c to m y  l e v e l s .

T h ese  f ind ings a r e  d i s c u s s e d  in  l ig h t  of the  e v id e n c e  im p l ic a t in g  

e s t r o g e n - s e n s i t iv e  and  e s t r o g e n - i n s e n s i t i v e  b r a in  a r e a s  in  th e  

m o d u la tio n  of sp o n ta n eo u s  l o c o m o to r  a c t iv i ty .

In E x p e r im e n t  6  i t  w as  found th a t  o v a r i e c to m iz e d  r a t s  g iven  

e i th e r  a n te r io r  c o ro n a l  o r  m e d ia l  p a r a s a g i t t a l  kn ife  c u ts  d isp la y e d  an  

e x a g g e ra te d  u n d e rc o n s u m p t io n  on a  . 2 % q u in in e - a d u l t e r a te d  d ie t ,  

d e c r e a s e d  la te n c ie s  to  e a t  a  h ig h ly  p a la ta b le  food  in  a  n o v e l  e n v i r o n ­

m e n t ,  and, when o f f e re d  a  high-^fat d ie t ,  bo th  cu t g ro u p s  show ed  

e x c e l le r a te d  w eigh t g a in s .  T h e s e  f in d in g s  s u g g e s t  th a t  a n t e r i o r  

c o ro n a l  and  m e d ia l  p a r a s a g i t t a l  k n i f e - c u t  r a t s  a r e  f in ic k y  e a t e r s .



In s u m m a r y ,  the  r e s u l t s  of th is  s tu d y  d e m o n s t r a te  th a t  

the  hyperp hag ia -^o bes ity  sy n d ro m e  p ro d u c e d  b y  a n t e r i o r  c o ro n a l  

k n i f e - c u ts  does  no t r e s u l t  f ro m  the  h y p o s e c r e t io n  of e s t r o g e n  a s  

w as in i t i a l ly  su g g e s te d .  The p r e s e n t  f in d in g s  a l s o  in d ic a te  th a t  

a n t e r io r  n e u r a l  t r a n s e c t io n s  do no t i n t e r f e r e  w ith  th e  e s t ro g e n ic  

s u p p r e s s io n  of fee d in g  and body w eigh t fo llo w in g  s y s te m ic  h o rm o n e  

in je c t io n s .  T h ese  f ind ings  in d ic a te ,  t h e r e f o r e ,  th a t  the  o v e re a t in g  

and  w eigh t g a in  p ro d u c e d  by a n te r io r  c o ro n a l  t r a n s e c t i o n s  i s  i n ­

d ep en d en t  of the  h y p e rp h a g ia -o b e s i ty  s y n d ro m e  r e s u l t i n g  f r o m  the  

c h ro n ic  w ith d raw a l  of e s t ro g e n .  The fe e d in g  an d  body  w eigh t e f ­

fe c ts  p ro d u c e d  by  a n te r io r  t r a n s e c t io n s  a r e  c o n s i s t e n t  w ith  o th e r  

r e c e n t  f in d in g s  in d ic a t in g  th a t  such  k n i f e - c u t s  d a m a g e  a lo n g i tu ­

d in a l  fee d in g  s y s te m  which p r o je c ts  th ro u g h  th e  h y p o th a la m u s .
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INTROD UCTIO N

OVARIAN H Y P E R P H A G IA -O B E S IT Y  SYNDROME 
IN THE A D U L T  F E M A L E  RAT____________________

E s t r o g e n - I n d u c e d  C h a n g es  in  Ad L ib i tu m  F o o d  In take

It  h a s  lon g  been  known th a t  b i l a t e r a l  o v a r ie c to m y  in ad u lt  

fe m a le  r a t s  p r o d u c e s  h y p e rp h a g ia  a n d  r a p id  body  w eight gain . H olt, 

K ee to n , an d  V e n n e s la n d  (1936) w e re  am o n g  th e  f i r s t  to  o b s e rv e  th e s e  

e ffe c ts  w h ich  h a v e  s in ce  b e en  c o n f i rm e d  by  n u m e r o u s  o th e r  i n v e s t i ­

g a to r s  (H e rv e y  a n d  H e rv e y ,  1966; K a k o le w sk i ,  Cox, and  V a le n s te in ,  

1968; T a r t e l l i n  a n d  G o rs k i ,  1971). The o n se t  of th e  o v e re a t in g  o c ­

c u r s  w ith in  a  few  days fo llow ing  o v a r i e c to m y  and  c o n tin u es  fo r s e v e r a l  

p o s to p e r a t iv e  w e e k s .  F o o d  c o n su m p tio n  g ra d u a l ly  d e c l in e s  to w a rd s  

p r e o v a r i e c to m y  l e v e ls  a l th o u g h  th e  bo dy  w eigh t of th e  o v a r ie c to m iz e d  

a n im a l  r e m a i n s  p e r m a n e n t ly  e le v a te d .  The i n c r e a s e  in  body w eigh t 

fo llow ing s u r g e r y  r e s u l t s  p r i m a r i l y  f r o m  an  e le v a t io n  in  food in ta k e  

(L andau  an d  Z u c k e r ,  1976) a n d  is  a s s o c i a t e d  w ith  a  d is p ro p o r t io n a l  i n ­

c r e a s e  in  f a t  s t o r e s  r e l a t iv e  to  le a n  bod y  m a s s  (L e s h n e r  and  C o l l i e r ,  

1973). O v a r ie c to m y  h a s  a ls o  b e en  r e p o r t e d  to  i n c r e a s e  th e  w a te r  c o n ­

su m p tio n  of a d u l t  r a t s  ( T a r t e l l in  a n d  G o r s k i ,  1971) a s  w e ll  a s  to  a u g ­

m e n t  t h e i r  l i n e a r  g ro w th  (Nyda, d e M ajo ,  and  L e w is ,  1948).

O v a r ie c to m y - in d u c e d  h y p e rp h a g ia  and  o b e s i ty  do not d eve lo p  

in  r a t s  i n je c te d  s y s t e m ic a l ly  w ith  e s t r o g e n  a t  th e  t im e  of spay ing  (W ade



and Z u c k e r ,  1970) an d  n o n - t r e a t e d  o v a r i e c to m iz e d  r a t s  a llow ed  to  

b e c o m e  o b e se  r e d u c e  t h e i r  feed in g  and  lo s e  w eigh t in  a  d o s e - d e p e n d ­

ent fa sh io n  fo llow ing  p e r i p h e r a l  e s t r o g e n  in je c t io n s  (Mook e t. a l ,  1972; 

T a r te l l in  a n d  G o rs k i ,  1973; Z u c k e r ,  1972). T he e s t r o g e n ic  s u p p r e s ­

sion  of fee d in g  and  bo dy  w e ig h t  h a s  a ls o  been  r e p o r t e d  a f t e r  s u b c u ta ­

neous (Dubuc, 1974), o r a l  (B ull e t.  a l ,  1974) an d  in tra h y p o th a la m ic  

e s t ro g e n  a d m in i s t r a t io n  in  o v a r i e c to m iz e d  a n im a l s  (B e a tty ,  O 'B r ia n t  

& V ilb e rg ,  1974; J a n k o w ia k  an d  S te r n ,  1974; W ade an d  Z u c k e r ,  1970).

In c o n t r a s t  to  th e  e f fe c ts  of e s t r o g e n  r e p la c e m e n t  on the  f e e d ­

ing a n d  body  w eigh t of o v a r i e c to m iz e d  r a t s ,  th e  o th e r  m a jo r  o v a r ia n  

h o rm o n e ,  n a m e ly  p r o g e s t e r o n e ,  f a i l s  to  e i t h e r  p r e v e n t  o r  r e v e r s e  the  

o v a r ia n  h y p e r p h a g ia - o b e s i ty  s y n d ro m e  (H e rv e y  and H e rv e y ,  1964,

1966; R o d ie r ,  1971). P r o g e s t e r o n e  in je c t io n s  in  h igh  d o se s  have  been  

r e p o r t e d  to i n c r e a s e  th e  food  in ta k e  an d  body  w eigh t of e n d o c r in e  i n ­

ta c t  r a t s  (H e rv e y  and  H e r v e y ,  1964; R o b e r t s ,  K en n ey  and Mook, 1972; 

R o d ie r ,  1971) h o w e v e r  c o n s id e r a b le  e v id e n c e  now in d ic a te s  th a t  the  

feed ing  and w e igh t p ro m o t in g  e ffe c ts  of th i s  h o rm o n e  r e s u l t  i n d i r e c t ly  

f ro m  p r o g e s ta t io n a l  in f lu e n c e s  on en dog en ous  e s t r o g e n  le v e ls  (W ade,

1975). T h u s , it  a p p e a r s  l ik e ly  th a t  e s t r o g e n  w i th d ra w a l  i s  r e s p o n s ib le  

fo r  th e  h y p e r p h a g ia - o b e s i ty  sy n d ro m e  r e s u l t i n g  f r o m  o v a r ie c to m y .

D u r in g  th e  n o r m a l  o v a r ia n  c y c le  of the  r a t  food  in take  and  

body w eigh t h ave  b e en  show n to  v a r y  p r e d i c ta b ly  w ith  ch ang es  in  p l a s m a  

e s t r o g e n  t i t e r s .  T hat  i s ,  f e m a le  r a t s  o v e r e a t  and  g a in  w eight d u r in g  

the  d i e s t r o u s  p h a se  of th e  c y c le  (B ro b e c k ,  W h ea tlan d  and  S t r o m in g e r ,  

1947) when e s t r o g e n  s e c r e t i o n  i s  g r e a t l y  d im in is h e d  (H o ri ,  Ide and  

M iyake, 1968; Y o sh in a g a ,  H aw kins  and  S to c k e r ,  1969). T h e re  i s  a ls o
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a  m a r k e d  e le v a t io n  in  the  fe e d in g  a n d  body  w eigh t of in ta c t  r a t s  in  

e a r l y  p re g n a n c y ,  p s e u d o p re g n a n c y ,  an d  l a c ta t io n  w hich , l ik e  th e  o v e r ­

ea tin g  se e n  n o r m a l ly  a t  d i e s t r u s ,  h a s  b een  a t t r ib u te d ,  in  p a r t ,  to  a

r e d u c t io n  in e s t r o g e n 's  fe e d in g  in h ib i to ry  e f fe c ts  (O ta and  Y okoyam a,
«

1967; W ade an d  Z u c k e r ,  1969). C o n v e r s e ly ,  th e  food in tak e  and  body 

w eigh t of in ta c t  r a t s  show s a  m a r k e d  d e c l in e  d u r in g  th e  e s t r u s  p h a se  

of the  o v a r ia n  cyc le  (B ro b e c k , W h ea tlan d , and  S t r o m in g e r ,  1947) when 

p la s m a  e s t ro g e n  t i t e r s  a r e  n o r m a l ly  e le v a te d  (H o ri ,  Ide , and  M iyake, 

1968; Y osh inaga , H aw k ins , a n d  S to c k e r ,  1969). I t h a s  r e c e n t l y  been  

shown, in  fa c t ,  th a t  even a f t e r  n o r m a l  o v a r ia n  cy c l in g  h a s  c e a s e d  the 

food in take  and  body  w eigh t of a g e d  f e m a le s  in c o n s ta n t  v a g in a l  e s t r u s  

i s  s ig n if ic a n t ly  l e s s  than  th a t  of s a m e  age  r a t s  in  v a g in a l  s t a t e s  c h a r ­

a c t e r i z e d  by low  le v e ls  of e s t r o g e n  s e c r e t io n  (C o oper  and  L in n o i la ,  1976). 

T h ese  f in d in g s ,  ta k e n  to g e th e r ,  in d ic a te  th a t  the  fee d in g  and  bo dy  w eight 

of in ta c t  r a t s  a r e  in f lu e n ce d  b y  n a tu r a l l y  o c c u r r in g  ch an g e s  in  e s t r o g e n  

a v a i la b i l i ty  an d  a r e  a ls o  c o n s i s t e n t  w ith  th e  ev id e n ce  c i te d  e a r l i e r  th a t  

th e  h y p e rp h a g ia -o b e s i ty  s y n d ro m e  fo llow ing  o v a r ie c to m y  r e s u l t s  f ro m  

a  c h ro n ic  e s t ro g e n  in su f f ic ie n c y .

E s t ro g e n - In d u c e d  C h a n g e s  in  F o o d -M o tiv a te d  B e h av io r

The fo o d -m o tiv a t io n a l  e f f e c ts  p ro d u c e d  by  ch an g e s  in  o v a r ia n  

h o rm o n e  le v e ls  h ave  r e c e iv e d  m u c h  l e s s  a t te n t io n  c o m p a re d  to  th e  ad 

l ib i tu m  ch an g es  in feed ing  a n d  bod y  w e igh t p ro d u c e d  e i t h e r  by  o v a r i e c ­

to m y  o r  by  e s t ro g e n  a d m in i s t r a t io n .  The a v a i la b le  e v id e n c e ,  h o w e v e r ,  

r e la t in g  changes  in  p la s m a  e s t r o g e n  t i t e r s  to  food m o tiv a t io n  d e m o n ­

s t r a t e  th a t  h igh  le v e ls  of t h i s  h o r m o n e  in th e  p e r i p h e r a l  p l a s m a  c au se
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a  d e c r e a s e ,  an d  low le v e l s  an  in c r e a s e ,  in  food  r e w a r d e d  b e h a v io r s .

F o r  e x a m p le ,  H a r r i s  and  H e is ta d  (1970) t r a i n e d  fo o d -d e p r iv e d  fe m a le  

r a t s  to  p r e s s  a  l e v e r  to  o b ta in  food r e w a r d s  an d  o b s e r v e d  th a t  r e ­

spond ing  m a r k e d ly  d e c r e a s e d  d u r in g  the  e s t r u s  s ta g e  of th e  o v a r ia n  

c y c le .  F u r t h e r ,  sy s te m ic  in je c t io n s  of e s t r a d i o l ,  but no t th e  oil 

v e h ic le ,  p r o d u c e d  a d o s e - r e l a t e d  d e c r e m e n t  in  th e  f o o d - r e in f o r c e d  

l e v e r  p r e s s i n g  of o v a r ie c to m iz e d  r a t s .  In a  s i m i l a r  m o tiv a t io n a l  

a n a ly s i s  J e n n in g s  (1973) o b s e rv e d  th a t  f e m a le  r a t s  in  e s t r u s  w e r e  l e s s  

w il l ing  to  w o rk  fo r  food th an  w e re  r a t s  in  th e  d i e s t r u s  p h a s e  of th e  

o v a r ia n  c y c le  a n d  th is  in h ib it io n  of feed ing  a t  e s t r u s  w as  no t o v e rc o m e  

b y  o f fe r in g  the  a n im a ls  h ig h ly  p a la ta b ly  food r e w a r d s .

T h e s e  f ind in gs  w hich  in d ica te  a  d e c r e a s e  in  h u n g e r  m o t i v a ­

t io n  d u r in g  e i t h e r  n a tu r a l  e s t r u s  o r  fo llow ing e s t r o g e n  r e p l a c e m e n t  in  

o v a r i e c to m iz e d  r a t s  a r e  c o n s is te n t  with th e  w e ll  d o c u m e n te d  h y p o -  

p h ag ia  s e e n  in f r e e  feed in g  r a t s  when b lood  e s t r o g e n  c o n c e n tr a t io n s  a r e  

e n d o g e n o u s ly  o r  e x p e r im e n ta l ly  e le v a te d  (B ro b e c k ,  W h ea tland , and  

S t r o m in g e r ,  1947; W ade an d  Z u c k e r ,  1970). An e x a m in a t io n  of the  

m e a l  p a t t e r n s  of r a t s  d u r in g  e s t r u s  a ls o  r e v e a l s  th a t  th i s  s ta g e  of the  

o v a r ia n  c y c le  i s  a s s o c ia t e d  w ith  a  s ig n if ic an t  r e d u c t io n  in  th e  s iz e  of 

n a tu r a l l y  o c c u r r in g  m e a ls .  M o re o v e r ,  a  s i m i l a r  d e c r e a s e  in  m e a l  

s i z e  h a s  b e e n  p ro d u c e d  e x p e r im e n ta l ly  by  th e  s y s te m ic  a d m in i s t r a t io n  

of e s t r o g e n  in to  h y p e rp h a g ic  o v a r ie c to m iz e d  r a t s  (B la u s te in  an d  W ade, 

1976).

In c o n t r a s t  to  the  in h ib i to ry  e f fe c ts  on food  m o tiv a t io n  o b s e rv e d  

w hen p l a s m a  e s t r o g e n  l e v e ls  a r e  e le v a te d ,  th e  f in d in g s  of s e v e r a l  s tu d ie s  

in d ic a te  th a t  the  c h ro n ic  w ith d raw a l  of e s t r o g e n  fo llow ing  o v a r ie c to m y



e n h a n c e s  the  a n im a l 's  food  r e w a rd e d  r e s p o n d in g .  F o r  e x a m p le ,  th e  

r e s u l t s  of a  s tu d y  b y  K enny  and  Mook (1974) in d ic a te  th a t  o v a r i e c t o ­

m iz e d  r a t s  w il l  i n c r e a s e  t h e i r  d a ily  b a r  p r e s s i n g  abov e  p r e s u r g i c a l  

l e v e l s  to  o b ta in  food  r e w a r d s .  T h is  f ind ing  su g g e s t in g  e n h a n c e d  fo o d -  

m o t iv a te d  b e h a v io r  fo llow ing  e s t r o g e n  w i th d ra w a l  h a s  r e c e n t ly  b e en  

c o n f i rm e d  by  G ale  and  S c la fa n i  (1977b) who a ls o  o b s e r v e d  th a t  o v a r i ­

e c to m iz e d  r a t s  w o rk e d  h a r d e r  fo r  food th an  d id  o p e r a te d  c o n t ro l s  in  

b o th  s h o r t -  a n d  l o n g - t e r m  b a r  p r e s s in g  t e s t s .  F u r t h e r ,  when a l lo w e d  

to  b e c o m e  o b e se  o v a r i e c to m iz e d  r a t s  d id  no t d i s p la y  a  r e d u c t io n  in 

t h e i r  b a r  p r e s s i n g  b e h a v io r  c o m p a re d  to  s h a m  o v a r i e c to m iz e d  r a t s  

w o rk in g  fo r  s i m i l a r  food  r e w a r d s  on d em an d in g  r e i n f o r c e m e n t  s c h e ­

d u le s  (G ale  and  S c la fa n i ,  1977c). T aken  to g e th e r  th e s e  f in d in g s  r e v e a l  

t h a t  o v a r i e c to m y  i n c r e a s e s  the  r a t ' s  food  m o tiv a t io n  an d  th is  i s  c o n ­

s i s t e n t ,  t h e r e f o r e ,  w ith  e a r l i e r  e v id en ce  th a t  r a t s  g iv en  f r e e  a c c e s s  to  

food  in  t h e i r  h o m e  cag e  w ill  o v e re a t  and  ga in  w eigh t fo llow ing  e i th e r  

c h ro n ic  e s t r o g e n  w i th d ra w a l  o r  th e  t r a n s i e n t  r e d u c t io n  in  the  c i r c u l a t ­

in g  le v e l  of th i s  h o rm o n e  a t  d i e s t r u s  in  in ta c t  cy c l in g  r a t s .

The e n h a n c e d  food m o tiv a tio n  of o v a r i e c to m iz e d  r a t s  i s  a l s o  

c o n s i s t e n t  w ith  o th e r  e v id e n c e  d e m o n s t r a t in g  th a t  ev en  a  v e r y  b i t t e r  

t a s t in g  d ie t  f a i l s  to  p r e v e n t  th e  o v e re a t in g  and  w eigh t g a in  w hich  fo llow s 

e s t r o g e n  w i th d ra w a l  an d  b r a in  d a m a g ed  r a t s  who r e m a i n  n o rm o p h a g ic  

on such  n o x io u s  d ie t s  ex h ib i t  an  a b ru p t  h y p e rp h a g ia  an d  body  w e igh t g a in  

when s u b s e q u e n t ly  o v a r ie c to m iz e d  (G ale  and  S c la fa n i ,  1977b). F in a l ly ,  

a n a ly s i s  of m e a l  p a t t e r n  d a ta  r e v e a l  th a t  o v a r i e c to m iz e d  r a t s  ta k e  

l a r g e r  m e a l s  soon  a f t e r  e s t r o g e n  w i th d ra w a l  (G ale  and  S c la fa n i ,  1977b; 

K en ny  an d  M ook, 1974) and  con tinue  to  do so  even  a f t e r  t h e i r  e le v a te d
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food in ta k e s  r e t u r n  to  p r e o v a r i e c to m y  l e v e l s  (B la u s te in  and  W ade,

1976). An i n c r e a s e  in  m e a l  s iz e  fo llo w in g  c h ro n ic  e s t r o g e n  w i th ­

d r a w a l  i s  a ls o  c h a r a c t e r i s t i c  o f th e  fe e d in g  p a t t e r n  of in ta c t  r a t s  

d u r in g  th e  d i e s t r u s  s ta g e  of th e  o v a r ia n  c y c le  (D re w e tt ,  1974) w hen 

t h e r e  i s  only  a  t r a n s i e n t  r e d u c t io n  in  the  p la s m a  c o n c e n tra t io n  of 

e s t r o g e n .

E ST R O G E N  AND BODY W EIGHT S E T P O IN T

S e v e ra l  in v e s t i g a to r s  h a v e  s u g g e s te d  th a t  e s t r o g e n  a l t e r s  a  

l e v e l  o r  se tp o in t  a t  w hich  a n im a l s  r e g u la te  th e i r  body  w eigh t r a t h e r  

th an  d i r e c t l y  a f fe c t in g  fee d in g  p e r  se  (M ook e ta ].;,  1972; R ed ick  e t a l , . ,  

1973; W ade, 1972; Z u c k e r ,  1972). A c c o rd in g  to  th i s  h y p o th e s is  e n ­

dog enou s  e s t r o g e n  n o r m a l ly  r e s t r a i n s  the  body  w eigh t of f e m a le  r a t s  

b y  lo w e r in g  th e  se tp o in t ,  an d  o v a r i e c to m y  r a i s e s  th is  se tp o in t  b y  

a b o l ish in g  the  in h ib i t io n .  O v a r ie c to m y  h y p e rp h a g ia  i s ,  t h e r e f o r e ,  

s e e n  a s  an  in d i r e c t  c o n se q u e n c e  of th e  a n im a l 's  a t t e m p t  to  r e g u la te  

i t s  bo dy  w eigh t a t  a  le v e l  h ig h e r  th a n  n o r m a l .  C o n v e rs e ly ,  e s t r o g e r i -  

in d u c e d  h y p op hag ia  in  o b e se  o v a r i e c to m iz e d  r a t s  i s  v iew ed  as  an  

i n d i r e c t  c o n se q u e n c e  of th e  a n i m a l ' s  e f f o r t s  to  b r in g  i t s  body  w e igh t 

down to w a rd s  p r e o v a r i e c to m y  l e v e l s .  T h e s e  feed ing  ch an g e s  f o l ­

low ing  e s t r o g e n  w i th d ra w a l  o r  r e p l a c e m e n t  a r e  c o n s id e r e d  s e c o n d a r y  

to  a d ju s tm e n t s  in  body  w e ig h t a n d  th u s  th e y  p e r s i s t  on ly  u n t i l  a  new  

bo dy  w e igh t p la te a u  i s  a c h ie v e d .

C o n s is te n t  w ith  th e  s e tp o in t  i n t e r p r e t a t i o n  of e s t r o g e n - in d u c e d  

c h a n g e s  in  bod y  w eigh t r e g u la t io n  a r e  th e  f ind ings  w hich in d ic a te  th a t



o b e se  o v a r i e c to m iz e d  r a t s  r e d u c e  t h e i r  e a t in g  a n d  lo s e  w eigh t fo l lo w ­

ing  e s t ro g e n  r e p l a c e m e n t  bu t on ly  u n t i l  t h e y  r e a c h  th e  l e v e l  of e n d o ­

c r in e  in tac t  r a t s  (M ook e t  a l . , 1972; se e  W ade, 1976). A d d it io n a l  

su p p o r t  fo r  th e  s e tp o in t  i n t e r p r e t a t i o n  a r e  th e  f in d in g s  w hich  r e v e a l  

th a t  the e s t r o g e n ic  s u p p r e s s io n  of feed in g  is  b lo c k e d  in  o v a r ie c to m iz e d  

a n im a ls  w hose  o b e s i ty  h a s  b e e n  p r e v e n te d .  F o r  e x a m p le ,  R e d ic k  e t  

a l . , (1972) h av e  show n th a t  o v a r i e c to m iz e d - a d r e n a le c to m iz e d  r a t s  

f a i l  to  o v e re a t  a n d  g a in  w eigh t on a  s t a n d a r d  chow  d ie t  and  when th e s e  

r a t s  a r e  s u b s e q u e n t ly  in je c te d  w ith  e s t r o g e n  th e y  a r e  u n r e s p o n s iv e  to 

th e  h o r m o n e 's  f e e d in g  s u p p r e s s iv e  e f f e c t s .  On the  o th e r  h and , when 

th e y  a r e  o f fe re d  a  h ig h  fa t  d ie t  w h ich  e n c o u ra g e d  t h e i r  o v e re a t in g  and  

w eigh t ga in , s u b s e q u e n t  e s t r o g e n  in je c t io n s  e f fe c t iv e ly  s u p p r e s s e d  th e i r  

food  in take  and  c o m p le te ly  r e v e r s e d  th e  h ig h - f a t - in d u c e d  o b e s i ty .  

T h e r e a f t e r ,  c o n t in u e d  e s t r o g e n  in je c t io n s  f a i l e d  to  f u r t h e r  r e d u c e  

feed ing  o r  lo w e r  th e  b o d y  w e igh t of th e  o v a r i e c t o m iz e d - a d r e n a l e c t o -  

m iz e d  a n im a ls .  S i m i l a r  f in d in g s  w ith  h y p o p h y se c to m iz e d  r a t s  h ave  

a l s o  been  r e p o r t e d  b y  Z u c k e r  (1972). He o b s e r v e d  th a t  le a n  o v a r i e c ­

to m iz e d -h y p o p h y s e c to m iz e d  r a t s  m a in ta in e d  s ta b le  food  in tak e  and  

body  w eight l e v e l s  w hen  in je c te d  w ith  e s t r o g e n  a t  d o s e s  th a t  s u p ­

p r e s s e d  the  fe e d in g  a n d  w e ig h t g a in  of o v e rw e ig h t  a n im a ls  g iven  on ly  

p r i o r  o v a r ie c to m y .

The ab o v e  f in d in g s  s u g g e s t ,  t h e r e f o r e ,  th a t  w hen p o s t o v a r i ­

e c to m y  h y p e rp h a g ia  a n d  o b e s i ty  a r e  b lo c k e d  b y  s u r g i c a l  in te rv e n t io n ,  

e s t r o g e n 's  n o r m a l l y  a n o re x ig e n ic  e f fe c ts  a r e  g r e a t ly  a t te n u a te d  o r  

ev en  e l im in a te d .  S u r g i c a l  in te r v e n t io n  to  l im i t  w e igh t g a in  does  n o t ,  

h o w e v e r ,  a p p e a r  to  b e  th e  c r i t i c a l  v a r i a b le  in  t h e s e  s tu d ie s  s in c e  i t



h a s  b e e n  o b s e r v e d  th a t  e s t r o g e n  a d m in i s t r a t io n  a l s o  f a i l s  to  r e d u c e  

the  feed in g  o r  body w e igh t l e v e l  of le a n  o v a r i e c to m iz e d  r a t s  p r e ­

v e n te d  f r o m  b e co m in g  o b e se  by  food  r e s t r i c t i o n .  F u r t h e r ,  e s t r o g e n  

d o e s  d e c r e a s e  th e s e  m e a s u r e s  in  o v a r i e c to m iz e d  r a t s  a llo w ed  to  

b e c o m e  o b e se  when th e y  a r e  g iven  ad  l ib i tu m  a c c e s s  to  the  s a m e  

d ie t  (L andau  an d  Z u c k e r ,  1976). It  h a s  a ls o  b e e n  r e p o r t e d  (Z u c k e r ,  

1972), th a t  in  m a tu r e  r a t s  of d i f fe r in g  body  w e ig h ts  r e s u l t in g  f r o m  

th e  p r i o r  m a n ip u la t io n  of l i t t e r  s i z e ,  e s t r o g e n  i s  s ig n i f ic a n t ly  m o r e  

e ffe c t iv e  in  s u p p r e s s in g  fe e d in g  an d  lo w e r in g  the  body  w eigh t of 

h e a v y  r a t h e r  than  l e a n  in ta c t  a n im a l s .  F in a l ly ,  a l s o  c o n s is te n t  

w ith  th e  se tp o in t  i n t e r p r e t a t i o n  th a t  e s t r o g e n  a l t e r s  food  in tak e  a s  

a m e a n s  of r e g u la t in g  bo dy  w eigh t is  the  f ind ing  th a t  o b ese  o v a r i ­

e c to m iz e d  a n im a ls  w ill  u n d e r e a t  and  e v e n tu a l ly  s ta b i l i z e  t h e i r  body  

w eigh t a t  a  r e d u c e d  l e v e l  w h ich  i s  in  d i r e c t  p r o p o r t io n  to  the  d o se  of 

e s t r o g e n  u s e d  in  r e p l a c e m e n t  th e r a p y  (W ade, 1975; Z u c k e r ,  1972).

PO SS IB L E  BRAIN SITES M EDIA TING THE 
FE E D IN G  E F F E C T  O F  E ST R O G E N ________

E v id e n c e  fo r  th e  E x is te n c e  of E s t r o g e n - S e n s i t iv e
S i te s  in  th e  V e n t ro m e d ia l  H y p o th a la m u s  (VMH)*

A s e a r l y  a s  1947, B ro b e c k ,  W h ea tlan d ,  and  S t r o m in g e r  h ad  

th e o r i z e d  th a t  c e l l s  w ith in  th e  h y p o th a la m u s  m e d ia te d  th e  e ffe c ts  of e s t r o ­

gen  on food  in ta k e  and  body  w eigh t.  K e n n ed y  an d  M i t r  a  (1963) l a t e r  

s u g g e s te d  th a t  th e  v e n t r o m e d ia l  n u c le u s  w as the  p r in c ip a l  h y p o th a la m 7  

ic  s u b a r e a  w h e re  e s t r o g e n  in f lu e n c e d  fe e d in g ,  b a s e d  in  p a r t ,  on t h e i r  

find ing  th a t  r a t s  w ith  l e s io n s  in  th i s  a r e a  c o n tin u ed  to  d is p la y  n o r m a l



o v a r ia n  cy c ling  but fa i le d  to  e i t h e r  d e c r e a s e  t h e i r  fe e d in g  o r  i n c r e a s e  

t h e i r  a c t iv i ty  a t  e s t r u s .  W ade an d  Z u c k e r  (1970) w e r e  the  f i r s t  to  

s p e c i f i c a l ly  ex am in e  th is  h y p o th e s is  by  d i r e c t l y  im p la n t in g  e s t r o g e n  

in to  th e  VMH and  found th a t  th e  h o rm o n e  m a r k e d ly  r e d u c e d  th e  f e e d ­

ing  of o v a r ie c to m iz e d  r a t s .  T he  s u p p r e s s io n  of food  in ta k e  o c c u r r e d  

w ith in  12 h o u r s  of a p p lic a t io n  to  th e  b r a i n  and  th e  r e d u c t io n  w as  s i m i l a r  

in  m a g n i tu d e  to  th e  feed ing  r e d u c t io n  s e e n  fo llow ing  p e r i p h e r a l  e s t r a ­

d io l  in je c t io n s .  T h e se  in v e s t ig a to r s  a l s o  o b s e rv e d  th a t  c h o le s t e r o l  

a n d  t e s to s t e r o n e ,  two known p r e c u r s o r s  of e s t r o g e n  s y n th e s i s ,  f a i le d  

to  a f fe c t  fee d in g  w hen s i m i l a r l y  im p la n te d  in  th e  v ic in i ty  of th e  v e n t r o ­

m e d ia l  n u c le u s .

W ade and Z u c k e r  (1970) a l s o  r e p o r t e d  th a t  e s t r o g e n - in d u c e d  

fee d in g  s u p p r e s s io n  fo llow ing c e n t r a l  a p p l ic a t io n  t e r m in a t e d  once  the  

h o rm o n e  w a s  r e m o v e d  f r o m  th e  VMH and  th a t  e s t r o g e n ic  b r a i n  s t i m u ­

la t io n  f a i le d  to  r e d u c e  food in ta k e  a t  o th e r  a d ja c e n t  n e u r a l  s i t e s  i m p l i ­

c a te d  in  th e  c e n t r a l  r e g u la t io n  of fe e d in g  b e h a v io r .  F o r  e x a m p le ,  e s ­

t r o g e n  im p la n ts  in to  the  l a t e r a l  h y p o th a la m u s  (LH) o r  in to  the  a n t e r i o r  

h y p o th a la m ic  a r e a  (AHA) w e re  w ith ou t e ffe c t  on th e  e a t in g  of o v a r i e c ­

to m iz e d  r a t s .  M o re  r e c e n t  o b s e r v a t io n s  (B e a tty ,  O ’B r ia n t  an d  V i l -  

b e r g ,  1974; Jan k o w iak  and  S te r n ,  1974) h ave  g e n e r a l ly  c o n f i rm e d  th e  

f in d in g s  th a t  i n t r a c r a n i a l  e s t r o g e n  im p la n ts  in to  th e  VMH s u p p r e s s  

fe e d in g  w h e re a s  s i m i l a r  im p la n ts  in to  a d ja c e n t  b r a i n  s i t e s  f a i l  to  a l t e r  

th e  r a t ’s food  in ta k e .  The r e s u l t s  of t h e s e  h o rm o n e  c a n n u la t io n  s t u d ­

i e s ,  t h e r e f o r e ,  s t ro n g ly  s u g g e s t  th a t  e s t r o g e n  s e le c t iv e ly  a c t s  on c e l l s  

w ith in  th e  VMH to  d e c r e a s e  fe e d in g  and  th is  c o n f i r m s  th e  o r ig in a l  

s p e c u la t io n  of K ennedy  and M i t r a  (1963).



-10

S ince  lo c o m o to r  a c t iv i ty  h a s  long b e en  know n to  be  h ig h ly  d e ­

p e n d e n t  on th e  c i r c u la t in g  le v e l  of e s t r o g e n  in  th e  f e m a le  r a t  (Young 

and  F i s h ,  1945) i t  i s  no t in c o n c e iv a b le  th a t  im p la n ts  of th i s  h o rm o n e  

in to  th e  VMH m ig h t  h av e  i n c r e a s e d  the  r a t ’s ru n n in g  b e h a v io r  and  

th e r e b y  i n d i r e c t l y  a f fe c te d  i t s  food  co n su m p tio n .  A rg u in g  a g a in s t  

th is  p o s s ib i l i ty ,  h o w e v e r ,  a r e  th e  f ind ings  of C o lv in  a n d  S a w y e r  (1969) 

who o b s e r v e d  th a t  VMH e s t r o g e n  im p la n ts  w e re  t o ta l ly  in e f fe c t iv e  in 

a l t e r i n g  the  r a t ' s  lo c o m o to r  a c t iv i ty  a lthough  e s t r o g e n  im p la n ts  in to  

th e  n e a r b y  AHA w e re  c ap a b le  of in c r e a s in g  t h e i r  ru n n in g .  N e u r a l  

s p e c i f i c i ty  w ith  r e g a r d  to e a t in g  and  lo c o m o to r  a c t iv i t y  i s  a l s o  s u g ­

g e s te d  b y  th e  f in d in g  th a t  im p la n ts  of th e  c y to to x ic  a g e n t  a c t in o m y c in -D  

in to  th e  AHA in h ib i te d  sp o n ta n eo u s  a c t iv i ty  w ithou t a f f e c t in g  th e  r a t ' s  

food  c o n su m p tio n  (S te rn  and  Jan k o w iak ,  1972). A s i m i l a r  d i s s o c i a ­

t io n  a l s o  e x i s t s  b e tw e e n  b r a in  s i t e s  invo lved  in  fe e d in g  a n d  s e x u a l  

b e h a v io r ,  t h a t  i s ,  a t  n e u r a l  a r e a s  w h e re  e s t r o g e n  im p la n t s  in f lu e n c e s  

s e x u a l  b e h a v io r  food in take  m e a s u r e s  ty p ic a l ly  r e m a i n  u n a f fe c te d  ( s e e  

W ade, 1976).

C o n s i s te n t  w ith  th e  h y p o th e s is  of th e  VMH m e d ia t io n  of e s t r o ­

g e n 's  feed in g  e f f e c t s ,  N ance  and G o r s k i  (Note 1) r e p o r t e d  th a t  e l e c t r o ­

ly t ic  l e s io n s  of th i s  b r a in  a r e a  p r e v e n te d  th e  n o r m a l  r e d u c t io n  in  food  

in ta k e  fo llow ing  p e r i p h e r a l  e s t r o g e n  a d m in i s t r a t io n .  M o re  r e c e n t ly ,  

N a n ce  (1975) h a s  c o n f i rm e d  th e s e  f ind ings  u s in g  s i m i l a r  le s io n  p l a c e ­

m e n t s  and  d i f f e r e n t  d i e t a r y  c o n d it io n s .  F u r t h e r ,  h e  h a s  p ro v id e d  so m e  

a d d i t io n a l  d a ta  w h ich  s u g g e s t s  th a t  d e s t r u c t io n  of th e  V M H - a rc u a te  

n u c le u s  c o m p le x ,  r a t h e r  th a n  the  VMH i t s e l f ,  i s  m o r e  l ik e ly  to  r e s u l t  

in  a  l o s s  of s e n s i t iv i t y  to  th e  fee d in g  s u p p r e s s iv e  e f f e c t s  of e s t r o g e n .
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K a e s tn e r  (1974) a l s o  o b s e r v e d  th a t  VMH le s io n s  w ould a b o l i s h  th e  

fe e d in g  s u p p r e s s io n  n o r m a l ly  p ro d u c e d  b y  s y s te m ic  in je c t io n s  of e s t r o ­

gen . She found  th a t  soon  a f t e r  h y p o th a la m ic  s u r g e r y ,  w hen  VMH 

le s io n e d  a n im a l s  w e re  in  th e  d y n a m ic  p h a se  of t h e i r  o b e s i ty ,  e s t r o g e n  

in je c t io n s  f a i l e d  to  r e d u c e  food c o n su m p tio n  o r  lo w e r  th e  b o d y  w e igh t 

of t h e s e  b r a in  d a m a g e d  r a t s .  H o w ev e r ,  w hen p e r m i t t e d  t im e  to  r e a c h  

th e  s t a t i c  p h a s e  of t h e i r  o b e s i ty  K a e s tn e r  o b s e r v e d  th a t  o v a r i e c t o ­

m iz e d  r a t s  w ith  VMH d a m a g e  w e r e  h e a v ie r  th a n  w e re  s h a m  o v a r i ­

e c to m iz e d  a n im a l s  w ith  s i m i l a r  n e u r a l  d a m a g e .  B e a t ty ,  O ’B r i a n t  

a n d  V ilb e rg  (1975) h av e  r e p o r t e d  th a t  s t a t i c  o b e se  VMH le s io n e d  r a t s  

w e r e  l e s s  r e s p o n s iv e  th a n  w e re  n e u r a l ly  in ta c t  a n im a l s  to  th e  fe e d in g  

a n d  w e igh t s u p p r e s s iv e  e f fe c ts  of p e r i p h e r a l  e s t r o g e n  a d m i n i s t r a t i o n .  

F u r t h e r ,  th e y  o b s e r v e d  th a t  th e  s ta t i c  o b e se  VMH r a t  e x h ib i te d  l e s s  

of a  fe e d in g  e n h a n c e m e n t  th an  d id  u n le s io n e d  c o n tro l s  to  th e  c h ro n ic  

r e m o v a l  of e s t r o g e n  by  o v a r ie c to m y .  B e a t ty  e t  a l .  (1975) i n t e r p r e t e d  

t h e i r  f in d in g s  a s  su p p o r t  f o r  th e  h y p o th e s is  th a t  e s t r o g e n - s e n s i t i v e  

fe e d in g  n e u ro n s  e x is t  w ith in  th e  VMH and , p o s s ib ly  w ith in  th e  a d ja c e n t  

a r c u a t e  n u c le u s .

In c o n t r a s t  to  th e  above  l e s io n  f in d in g s ,  o th e r  a b la t io n  s tu d ie s  

h a v e  q u e s t io n e d  w h e th e r  e s t r o g e n  e x c lu s iv e ly  a c t s  on th e  VMH to  a l t e r  

fo o d  in ta k e .  F o r  e x a m p le ,  K ing  an d  Cox (1973) r e p o r t e d  th a t  e s t r o g e n  

r e m a i n s  fu l ly  e f fe c t iv e  in  s u p p r e s s in g  feed in g  in  VMH le s io n e d  r a t s ,  

a n d  R e y n o ld s  a n d  B ry s o n  (1974) h av e  o b ta in ed  s i m i l a r  r e s u l t s .  T h e s e  

f in d in g s  su g g e s t in g  th a t  VMH d a m a g e  d o e s  no t a lw a y s  p r e v e n t  th e  a n -  

o re x ig e n ic  e f f e c ts  of e s t r o g e n  in je c t io n s  in  l e s io n e d  r a t s  c o n f i r m  th e  

e a r l i e r  r e s u l t s  of M o n te m u r r o  (1971) who found th a t  s u b c u ta n e o u s



im p la n ts  of d i e t h y l s t i l b e s t r o l ,  a  sy n th e t ic  e s t r o g e n ,  w e re  cap ab le  of 

in h ib i t in g  th e  fe e d in g  of VMH le s io n e d  m ic e .  T h us  i t  a p p e a r s  l ik e ly  

th a t  e s t r o g e n  c an  a c t  on s i t e s  o u ts id e  the  VMH to  in f lu e n ce  food c o n ­

su m p tio n .  T h is  p o s s ib i l i ty  a l s o  r e c e i v e s  s u p p o r t  f r o m  th e  n u m e r o u s  

f in d in g s  w h ich  d e m o n s t r a t e  th a t  th e  w e igh t g a in s  p ro d u c e d  b y  o v a r i ­

e c to m y  a n d  th a t  p r o d u c e d  b y  VMH d a m a g e  a r e  n e a r  a d d it iv e  when 

bo th  s u r g e r i e s  a r e  c o m b in e d  in  th e  s a m e  a n im a l  (G ale  and  S c la fa n i ,  

1977a; K a e s tn e r ,  1974; K ing  and  Cox, 1973; P o w le y ,  O p sa h l ,  Van 

den  P o l ,  N o te  2).

T hus  th e  h o rm o n e  c a n n u la t io n  s tu d ie s  in d ic a te  th a t  the  VMH 

is  th e  p r in c ip le  s i t e  f o r  th e  e s t r o g e n ic  m o d u la t io n  of fe e d in g ,  w h e r e ­

a s  th e  b r a i n  a b la t io n  s tu d ie s  r e p o r t  th a t  VMH d a m a g e  e i th e r  com ­

p le t e ly  b lo c k s ,  a t t e n u a t e s ,  o r  h a s  no  s u b s ta n t ia l  e f fe c t  on e s t r o g e n ’s 

n o r m a l ly  a n o re x ig e n ic  e f f e c t s .  One c o n c e iv a b le  e x p la n a t io n  fo r  th e  

a p p a r e n t  d i f f e r e n c e s  a m o n g  th e  l e s io n  r e s u l t s  m a y  in vo lve  the  e s t r o ­

gen  d o se  e m p lo y e d  a n d  th e  d u ra t io n  of th e  in je c t io n  se q u e n c e .  F o r  

e x a m p le ,  th e  d a ta  r e p o r t e d  b y  N a n ce  (1975) in d ic a t in g  a  c o m p le te  

in h ib i t io n  of e s t r o g e n - in d u c e d  a n o r e x ia  w e r e  b a s e d  on a  s in g le  h igh  

d o se  of e s t r o g e n  w h e r e a s  th e  f in d in g s  of K ing an d  Cox (1973), th a t  

VMH d a m a g e  d id  no t b lo c k  e s t r o g e n - in d u c e d  a n o r e x ia ,  w e re  b a s e d  

on a  m o r e  p h y s io lo g ic a l  d o se  of th e  h o rm o n e  w h ich  w a s  g iven  d a i ly  

o v e r  25 t r e a t m e n t - d a y s .

A l t e r n a t iv e ly ,  th e  r e p o r t e d  d i f f e r e n c e s  in  th e  fee d in g  e f fe c ts  

of e s t r o g e n  in je c t io n s  in  VMH le s io n e d  a n im a l s  m a y  r e s u l t  f r o m  th e  

d i f f e r e n c e s  in  th e  e x te n t  a n d  lo c u s  of n e u r a l  t i s s u e  d a m a g e d  b y  the  

e l e c t r o l y t i c  l e s io n s .  T h a t  i s ,  a  c a r e f u l  r e a d in g  of th e  n e u ro a n a to m ic a l
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d e s c r ip t io n s  of the VMH le s io n  h is to lo g y  r e v e a l s  th a t  s t r u c t u r e s  o th e r  

th an  the  in te n d ed  t a r g e t  s i t e  w e r e  o f ten  d e s t r o y e d  su c h  a s  th e  a r c u a t e ,  

a n t e r io r  h y p o th a la m ic  a n d  d o r s o m e d ia l  n u c le i .  T he  s p e c i f i c i ty  of 

n e u r a l  d a m a g e  to  th i s  b r a i n  r e g io n  h a s  p r e v io u s ly  b e e n  show n to  be  

c r i t i c a l  to  s e v e r a l  a s p e c t s  of food  in ta k e  (E p s te in  and  T e i te lb a u m ,

1967; G r o s s m a n ,  1975; S c la fa n i ,  B e r n e r  an d  M aul, 1973). T h u s ,  th e  

s e e m in g ly  c o n t r a d ic to r y  r e s u l t s  c o n c e rn in g  the  e f f e c ts  of s y s te m ic  

e s t r o g e n  in je c t io n s  on th e  fe e d in g  b e h a v io r  of r a t s  w ith  VMN and  a d ­

ja c e n t  t i s s u e  d am ag e  a r e  n o t  e n t i r e l y  s u r p r i s i n g  g iv en  th e  v a r i a b i l i t y  

in  the  a c tu a l  b r a in  t i s s u e  d e s t r o y e d .  A t th e  s a m e  t im e ,  h o w e v e r ,  the  

f ind ing  th a t  m o s t  c l e a r l y  e m e r g e s  f r o m  th e  a b la t io n  s tu d ie s  i s  th a t  

s i t e s  o th e r  th an  the  VMN m u s t  a l s o  be  c a p a b le  of m e d ia t in g  e s t r o g e n 's  

feed ing  in h ib i to ry  e f f e c t s .  T h is  d o e s  n o t p r e c lu d e  th e  p o s s ib i l i ty  th a t  

th e  VMN is  the  p r i m a r y  n e u r a l  s i t e  of e s t r o g e n - in d u c e d  fe e d in g  ch an g e s  

in  th e  r a t ,  a s  s u g g e s te d  b y  the  h o rm o n e  c a n n u la t io n  s tu d ie s  (B e a t ty ,  

O 'B r ia n t  and  V i lb e rg ,  1974; J a n k o w ia k  an d  S te rn ,  1974; W ade & Z u c -  

k e r ,  1970) b u t  r a t h e r ,  th a t  o th e r  b r a i n  a r e a s  m a y  p la y  a  m o r e  p r o m -  

in an t  o r  p e rh a p s  c o m p e n s a to r y  r o l e  in  e s t r o g e n  m e d ia t io n  of fe e d in g  

fo llow ing  d e s t r u c t io n  of t h i s  b r a i n  a r e a .

O th e r  E s t r o g e n - S e n s i t iv e  S i t e s  In c lu d in g  T h o se
In th e  A n te r io r  H y p o th a la m ic  A r e a  (AHA)______

L it t le  is  know n a b o u t  w h ich  c e n t r a l  n e rv o u s  s y s t e m  s i t e s  b e ­

s id e s  the  VMH a lso  p a r t i c i p a t e  in  th e  e s t r o g e n ic  m e d ia t io n  of fe e d in g  o r  

of th e  p o te n t ia l  r e l a t i o n s h ip  of t h e s e  a s  y e t  u n s p e c i f i e d  s i t e s  to  n e u r a l  

a r e a s  p r e v io u s ly  im p l i c a te d  in  th e  c e n t r a l  r e g u la t io n  of f e e d in g .  S ince  

so m e  e v id e n ce  s u g g e s ts  t h a t  the  VMN m a y  a l t e r  food  in ta k e  b y  in h ib i t in g



l a t e r a l  h y p o th a la m ic  n e u r a l  a c t iv i ty  ( s e e  O o m u r a ,  1976) i t  i s  p o s s ib le  

th a t  e s t r o g e n - s e n s i t i v e  fee d in g  f i b e r s  p r o j e c t  l a t e r a l l y  f r o m  th e  VMN 

to w a rd s  th e  l a t e r a l  h y p o th a la m u s .  Im p la n ts  of e s t r o g e n  d i r e c t l y  in to  

th e  l a t e r a l  h y p o th a lam u s  f a i l  to  r e d u c e  th e  fe e d in g  of o v a r i e c to m iz e d  

r a t s  (W ade and Z u c k e r ,  1970) and  l e s io n s  of th i s  b r a i n  a r e a  do no t 

s u b s ta n t ia l ly  b lo ck  o v a r ie c to m y - in d u c e d  h y p e rp h a g ia  and  w e igh t g a in  

( H a r r e l l  and B a la g u r a ,  1975). F u r t h e r m o r e ,  r a t s  w ith  p a r a s a g i t t a l  

k n i f e - c u t s  be tw een  th e  l a t e r a l  h y p o th a la m u s  and  the  VMN o v e r e a t  and  

ga in  w eigh t l ik e  n e u r a l ly  in ta c t  a n im a ls  fo l lo w in g  c h ro n ic  e s t r o g e n  

w i th d ra w a l  (Gale and S c la fa n i ,  1977a). T he a v a i la b le  e v id e n c e ,  t h e r e  ­

f o r e ,  l e n d s  no s u p p o r t  to  th e  n o tio n  th a t  e s t r o g e n - s e n s i t i v e  fee d in g  

f i b e r s  p r o je c t  l a t e r a l l y  f r o m  the  VMH to w a rd s  th e  LH o r  t h a t  th e  LH  

i t s e l f  i s  s e n s i t iv e  to  th e  fee d in g  in h ib i to r y  e f f e c ts  of e s t r o g e n .

In  a sp e c i f ic  a t te m p t  to  id e n t i fy  s t e r o i d - s e n s i t i v e  fe e d in g  

s i t e s  by m e a n s  of lo c a l iz e d  a b la t io n ,  C ox an d  K ing  (1974) o b s e r v e d  

th a t  r a t s  w ith  le s io n s  of the  c o r t i c o m e d ia l  n u c l e a r  g ro u p  of th e  a m y g ­

d a lo id  c o m p lex ,  a  n e u r a l  a r e a  show n to  b e  im p l i c a te d  in  th e  c e n t r a l  

c o n tro l  o f  fe e d in t  (M o n tg o m ery  an d  S in g e r ,  1975; S c la fa n i ,  B e l lu z z i ,  

G r o s s m a n ,  1970; W hite  and F i s h e r ,  1969)* r e m a in e d  n o r m a l l y  r e s p o n ­

s iv e  to  th e  feed ing  s u p p r e s s iv e  e f fe c ts  of s y s t e m ic  e s t r o g e n  a d m i n ­

i s t r a t i o n .  F o llow ing  o v a r ie c to m y  th e s e  b r a i n  d a m a g e d  r a t s  o v e ra te  

and  g a in e d  w eigh t a s  d id  n e u r a l l y  in ta c t  a n im a l s .  O th e r  e v id e n c e  

f r o m  s e r u m  h o rm o n e  a s s a y s  in d ic a te s  th a t  l e s io n s  of th e  a m y g a d a lo id  

n u c le a r  c o m p le x  do n o t  a l t e r  e s t r a d i o l  l e v e l s  (S p ies  e t  a l . , 1976).

S e v e r a l  i n d i r e c t  l in e s  of e v id e n c e  w h ich  a r e  e a c h  d i s c u s s e d  

b e lo w  s u g g e s t  t h a t  th e  a n te r io r  h y p o th a la m ic  a r e a  (AHA) m a y  be
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in v o lv e d  in  th e  e s t r o g e n  m e d ia t io n  of fee d in g  a l th o u g h  th e  on ly  s tu d y  w hich  

d i r e c t l y  c a n n u la te d  th i s  h o rm o n e  in to  the  AHA of o v a r i e c to m iz e d  r a t s  

f a i l e d  to  r e v e a l  a  r e l i a b l e  fe e d in g  s u p p r e s s io n  (W ade a n d  Z u c k e r ,  1970).

One l in e  of s tu d y  im p l ic a t in g  the  a n t e r i o r  h y p o th a la m u s  in  

the  h o r m o n a l  m e d ia t io n  of feed in g  l in k s  ch an g e s  in  e s t r o g e n  l e v e l s  to  

b r a i n  c a te c h o la m in e s .  T he a n t e r i o r  h y p o th a la m u s  h a s  b e e n  id e n t i f ie d  ' 

(B ooth , 1967; L e ib o w itz ,  1976) a s  one of th e  m o s t  s e n s i t iv e  n e u r a l  

s i t e s  f r o m  w hich  fe e d in g  can  be  e l i c i t e d  by  m ic r o in j e c t i o n s  of n o r e ­

p in e p h r in e  (NE) a n d  o v a r i e c to m y  s e le c t iv e ly  i n c r e a s e s  N E s y n th e s i s  

and  t u r n o v e r  in  th e  a n t e r i o r  h y p o th a la m u s  (B ap n a , N eff and  C o s ta ,  1971). 

A d d i t io n a l  e v id e n c e  f r o m  o th e r  s tu d ie s  r e v e a l  th a t  th e  i n c r e a s e d  l e v e l s  

of N E  se e n  a f t e r  th e  c h ro n ic  w i th d ra w a l  of e s t r o g e n  a r e  a c c o m p a n ie d  

b y  r e c i p r o c a l  d e c r e a s e s  in  b r a in  do p am in e  (DA) l e v e l s  in  th e  a n t e r i o r  

h y p o th a la m u s  an d  b o th  of th e s e  c a te c h o la m in e  c h a n g e s  in  o v a r i e c ­

to m iz e d  r a t s  a r e  r e s t o r e d  fo llow ing  h o rm o n e  r e p l a c e m e n t  th e r a p y  

(D onoso  and  S te fan o , 1965). A s i m i l a r  p a t t e r n  of a l t e r e d  c a t e c h o la ­

m in e s  i s  a l s o  s e e n  in  in ta c t  f e m a le  r a t s  a t  d i e s t r u s ;  th a t  i s ,  N E l e v e l s  

in  th e  a n t e r i o r  h y p o th a la m u s  a r e  i n c r e a s e d ,  and  DA l e v e l s  d e c r e a s e d ,  

d u r in g  th e  p h a s e  of th e  o v a r i a n  c y c le  w hen e s t r o g e n  l e v e l s  a r e  r e d u c e d  

on ly  t r a n s i e n t l y  (S te fano  a n d  D onoso , 1967). T hus low  l e v e l s  of e s t r o ­

gen r e s u l t i n g  f r o m  s u r g e r y  o r  o c c u r r in g  n a tu r a l l y  a r e  a s s o c i a t e d  w ith  

i n c r e a s e d  N E  s y n th e s i s  in  th e  a n t e r i o r  h y p o th a la m u s  w h e re  m i c r o i n ­

j e c t io n s  of th i s  c a te c h o la m in e  in d u ce  v ig o ro u s  e a t in g .  M o r e o v e r ,  

a u to r a d io g r a p h ic  f in d in g s  (P fa ff  an d  K e in e r ,  1973; S tu m p f , 1968) i n d i ­

c a te  th a t  a  h ig h  d e n s i ty  of n e u ro n s  w ith in  th e  a n t e r i o r  h y p o th a la m u s  

c o n c e n t r a te  l a b e l l e d  e s t r a d i o l .
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B a s e d  on th e  ab ov e  system ic f lu c tu a t io n s  • in  b r a in  c a t e ­

c h o la m in e s  a s s o c i a t e d  w ith  c h a n g e s  in  e s t r o g e n  l e v e l s ,  a s  w e ll  a s  

the  d e g r e e  in  o v e r l a p  b e tw e e n  th e  d i s t r ib u t io n  on N E - e l i c i t e d  feed in g  

s i t e s  and  e s t r o g e n - s e n s i t i v e  n e u ro n s  in  the  a n t e r i o r  h y p o th a la m u s ,  

S im p s o n a n d  D iC a ra (1 9 7 3 )  h y p o th e s iz e d  th a t  th is  n e u r a l  a r e a  w as the  

p r in c ip a l  r e g io n  m e d ia t in g  e s t r o g e n 's  fe e d in g  e f f e c ts .  M o re  s p e c i f i ­

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

w ith  th e  c o n v e r s io n  of d o p a m in e  to  n o r e p in e p h r in e  b y  in h ib i t in g  th e  

a c t iv i ty  of th e  r a t e  l im i t in g  e n z y m e  d o p a m in e - b e ta - h y d r o x y la s e  (DBH). 

E v id e n c e  w h ich  th e y  i n t e r p r e t  a s  su p p o r t in g  t h e i r  h y p o th e s is  a r e  the 

f in d in g s  th a t  i n t r a c r a n i a l  DA in je c t io n s  in to  th e  a n t e r i o r  h y p o th a la m u s  

e l i c i t  e a t in g  in  in ta c t  r a t s  o n ly  d u r in g  d i e s t r u s  w hen e s t r o g e n  le v e ls  

a r e  low  a n d  t h e r e b y  c o n v e r s io n  to  N E i s  p e r m i t t e d .  On th e  o th e r  h an d , 

NE in je c t io n s  e l i c i t e d  fe e d in g  d u r in g  e i t h e r  d i e s t r u s  o r  e s t r o u s  s in c e  

N E , u n l ik e  DA, i s  bey o n d  e s t r a d i o l - i n d u c e d  e n z y m e  in h ib i t io n .  In a  

m o r e  r e c e n t  s tu d y  S im p so n ,  C u m m in s  and  D iC a r a  (1975) have  p ro v id e d  

d i r e c t  e v id e n c e  th a t  e s t r o g e n  a l t e r s  DBH a c t iv i ty .  The r e s u l t s  of th is  

l a t e r  s tu d y ,  h o w e v e r ,  a r e  in c o n s i s te n t  in  r e l a t i o n  to  t h e i r  o r ig in a l  

fee d in g  h y p o th e s i s  s in c e  e s t r u s ,  a  t im e  of e le v a te d  e s t r o g e n  le v e l s ,  

w as a s s o c i a t e d  w ith  i n c r e a s e d  r a t h e r  th a n  d e c r e a s e d  DBH a c t iv i ty .

A n  in te r a c t io n  b e tw ee n  e s t r o g e n  a n d  b r a i n  c a te c h o la m in e s  

w ith  r e g a r d  to  fe e d in g  h a s  a l s o  r e c e n t l y  b e en  a d v a n c e d  b y  F i s h m a n  

(1976). H e p o s tu la t e d  th a t  th e  e s t r o g e n  m e ta b o l i te ,  2 - h y d r o x y e s t r o n e ,  

s u p p r e s s e s  f e e d in g  by  i n d i r e c t l y  a l t e r i n g  th e  a v a i la b i l i ty  of n o r e p i n e ­

p h r in e .  I n c r e a s e s  in  2 - h y d r o x y e s t r o n e  r e s u l t i n g  f r o m  e le v a te d  e s t r o g e n  

l e v e l s ,  a c c o r d in g  to  th i s  h y p o th e s is ,  i n c r e a s e  th e  h a l f - l i f e  of n o r e p i n e ­
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p h r in e  a n d  th is  in  t u r n  w ould  d e c r e a s e  the  f o r m a t io n  of n e w ly  s y n th e ­

s iz e d  N E and  th e r e b y  le a d  to  a  d e c r e a s e  in  N E - e l i c i t e d  fe e d in g .  The 

h y p o th a la m u s ,  in c lu d in g  th e  a n t e r i o r  r e g io n  w h ich  h a s  a  h ig h  d e n s i ty  

of e s t r o g e n - c o n c e n t r a t i n g  n e u r o n s ,  i s  e s p e c i a l l y  c a p a b le  of c o n v e r t in g  

e s t r o g e n  to  th i s  a c t iv e  m e ta b o l i te  ( F i s h m a n  a n d  N o r to n ,  1975).

A se c o n d  l in e  of s tu d y  im p l ic a t in g  th e  a n t e r i o r  h y p o th a la m u s  

in  th e  e s t r o g e n ic  m e d ia t io n  of fe e d in g  r e s u l t s  f r o m  r e s e a r c h  p r i n c i ­

p a l ly  d e s ig n e d  to  e x a m in e  h y p o th a la m ic  a n d  p i tu i t a r y  in v o lv e m e n t  in  

e n d o c r in e  fu n c tio n in g . F o r  e x a m p le ,  in  a  s e r i e s  of s tu d ie s  invo lv ing  

p a r t i a l  d e a f f e re n t ia t io n  of th e  b a s o m e d ia l  h y p o th a la m u s ,  H a la s z  (1969) 

r e p o r t e d  th a t  d o m e - s h a p e d  t r a n s e c t i o n s  th ro u g h  th e  a n t e r i o r  h y p o th a ­

l a m u s  in h ib i te d  th e  c y c l ic  r e l e a s e  of g o n a d o tro p in s  a n d  a l t e r e d  c i r c u ­

la t in g  l e v e l s  of o v a r ia n  s t e r o id s .  T he  t r a n s e c t i o n s  c o m p le te ly  b lo ck e d  

o vu la tio n  and , d ep en d in g  on t h e i r  e x a c t  p o s i t io n ,  i n t e r f e r r e d  w ith  th e  

o c c u r r e n c e  of o v a r ia n  c o m p e n s a to r y  h y p e r t r o p h y  fo llo w in g  u n i l a t e r a l  

o v a r ie c to m y .  T h e s e  f in d in g s  in  g e n e r a l  s u p p o r t  th e  r e s u l t s  of bo th  l e ­

s io n  and  e l e c t r i c a l  s t im u la t io n  s tu d ie s  in d ic a t in g  th a t  c r i t i c a l  f ib e r  

p a th w ay s  r e s p o n s ib le  f o r  th e  n e u r o e n d o c r in e  r e g u la t io n  of r e p r o d u c t iv e  

b e h a v io r  an d  e s t r u s  r h y th m  c o u r s e  th ro u g h  th e  a n t e r i o r  h y p o th a la m u s  

( s e e  B a r ra c lo u g h ,  1973).

W hile  th e  sc o p e  of t h e s e  n e u r o e n d o c r in e  s tu d ie s  o ften  d id  

no t in c lu d e  an  e x a m in a t io n  of th e  a t te n d a n t  fe e d in g  a n d  b o d y  w e igh t 

ch an g e s  p ro d u c e d  by  b r a i n  d a m a g e ,  th e  r e s u l t s  of s e v e r a l  r e p o r t s  

u s in g  s i m i l a r  d o m e - s h a p e d  t r a n s e c t i o n s  w h ich  p a s s  th ro u g h  th e  b o r d e r  

of th e  VMH and  th e  AHA r e v e a l e d  th a t  su ch  d a m a g e  p r o d u c e d  m a r k e d  

o b e s i ty  a n d  p r e s u m e d  o v e re a t in g  (B lak e  e t a l . , 1972, 1973; M itc h e l l
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e t a l . , 1972; P a lk a ,  C o y e r  a n d  C r i tc h lo w ,  1969). T h e s e  f in d in g s  s u g ­

g e s t ,  t h e r e f o r e ,  th a t  a  d if fu se  s y s t e m  of h o r m o n e - s e n s i t i v e  fe e d in g  

f i b e r s  m a y  e x is t  in  the  a n t e r i o r  h y p o th a la m u s .

A l te r n a t iv e ly ,  i t  i s  p o s s ib le  t h a t  t h e s e  t r a n s e c t i o n s  c a u s e  

o v e re a t in g  an d  su b se q u e n t  w e igh t g a in  in  f e m a le  r a t s  no t b y  an  i n t e r ­

ru p t io n  of fe e d in g  f i b e r s  but r a t h e r  a s  a n  i n d i r e c t  c o n se q u e n c e  of 

g o n a d a l  f a i l u r e .  A c h ro n ic  r e d u c t io n  in  th e  c i r c u la t in g  t i t e r  of e s t r o ­

gen  i s  c o n s is te n t  w ith so m e  o b s e r v a t io n s  th a t  a n t e r i o r  t r a n s e c t i o n s  

c a u s e  h ig h ly  i r r e g u l a r  e s t r u s  r h y th m s  w h ich  a r e  o f ten  c h a r a c t e r i z e d  

by  c o n s ta n t  s t a t e s  of v a g in a l  d i e s t r o u s  (H a la s z  and  G o r s k i ,  1967). 

F u r t h e r ,  fu n c t io n a l  c a s t r a t i o n  i s  a l s o  c o n s i s t e n t  w ith  the  e v id e n c e  

in d ic a t in g  a  r e d u c t io n  in  the  o v a r i a n  a n d  u t e r i n e  w e ig h ts  of r a t s  w ith  

a n t e r i o r  h y p o th a la m ic  d a m a g e  c o m p a r e d  to  s i m i l a r  m e a s u r e s  in  n e u ­

r a l l y  in ta c t  r a t s  (H a la sz  and  G o r s k i ,  1967; H a la s z  an d  P u p p , 1965). 

H o w ev e r ,  a rg u in g  a g a in s t  th e  l ik e l ih o o d  th a t  an  e s t r o g e n  in s u f f ic ie n c y  

a lo n e  i s  r e s p o n s ib le  fo r  the  o v e re a t in g  a n d  w e ig h t  g a in  p ro d u c e d  b y  

a n t e r i o r  d o m e -s h a p e d  t r a n s e c t i o n s  a r e  o th e r  f in d in g s  w hich  show  

th a t  s i m i l a r  n e u r a l  d am ag e  i s  c a p a b le  of en h an c in g  th e  s e x u a l  r e c e p ­

t iv i ty  of in ta c t  a n d  r e c e n t ly  o v a r i e c t o m iz e d  r a t s  an d , m o r e  d i r e c t l y ,  

of e le v a t in g  s e r u m  e s t r a d io l  l e v e l s  (R o d g e rs  a n d  S c h w a r tz ,  1972; 

1976). S ince  none  of t h e s e  s tu d ie s  of h y p o th a la m ic  d e a f f e r e n t ia t io n ,  

h o w e v e r ,  w e re  d e s ig n e d  to  e x a m in e  s p e c i f i c a l ly  th e  r e l a t i o n s h ip  b e ­

tw e en  th e  a n t e r i o r  h y p o th a la m u s  a n d  foo d  in ta k e ,  i t  i s  d if f ic u lt  to  

sp e c u la te  a s  to  w h e th e r  d i r e c t  d a m a g e  to  p u ta t iv e  e s t r o g e n - s e n s i t i v e  

fe e d in g  f i b e r s  in  th e  AHA, e n d o c r in e  d y s fu n c t io n ,  o r  bo th  a r e  r e s p o n ­

s ib le  f o r  th e  o v e re a t in g  and w e ig h t  g a in  p r o d u c e d b y  th e s e  t r a n s e c t i o n s .
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A t h i r d  l in e  of s tu d y  im p l ic a t in g  the  a n t e r i o r  h y p o th a la m ic  

a r e a  in th e  e s t r o g e n ic  m e d ia t io n  of feed ing  r e s u l t s  f ro m  s tu d ie s  w h ich  

h av e  fo c u s e d  s p e c i f i c a l ly  on the  a n a to m ic a l  lo c a l iz a t io n  o f  th e  n e u r a l  

f i b e r s  w ho se  d e s t r u c t io n  i s  thought to  be r e s p o n s ib le  fo r  th e  VMH h y -  

p e r p h a g i a - o b e s i ty  s y n d r o m e .  G r o s s m a n  (1971), f o r  e x a m p le ,  r e p o r t e d  

th a t  k n i f e - c u t s  w h ich  t r a n s e c t  th e  m e d io la t e r a l  a s p e c t s  o f  th e  a n t e r i o r  

h y p o th a la m u s ,  j u s t  r o s t r a l  to th e  v e n tro m e d ia l  n u c le u s ,  p r o d u c e d  

e x c e s s iv e  food in ta k e  a n d  w eigh t ga in  in  f e m a le  r a t s .  A n im a ls  w ith  

a p p r o p r i a t e ly  p la c e d  a n t e r i o r  t r a n s e c t i o n s  d is p la y e d  a m i l d  h y p e r - 

p h a g ia  w h ich  p e r s i s t e d  f o r  a p p ro x im a te ly  fou r  to  f iv e  w e e k s  an d  b e ­

c a m e  m o d e r a t e l y  o b e s e ,  ga in in g  abou t 15 to  20% in  body w e ig h t .  T he  

d u ra t io n  of the  o v e r e a t in g  and  th e  d e g re e  of w e igh t gain fo l lo w in g  the  

a n t e r i o r  c u ts  c lo s e ly  r e s e m b l e d  the  food  in take  a n d  body w e ig h t  c h a n g e s  

s e e n  a f t e r  c h ro n ic  e s t r o g e n  w ith d ra w a l  and  th u s  i t  i s  p o s s ib le  t h a t  

th e s e  c u ts  c a u s e d  a  fu n c t io n a l  o v a r ie c to m y .  S m a l l e r  c u ts  c o n f in e d  to  

the  m o r e  m e d ia l  a s p e c t s  of the  AHA d id  no t r e s u l t  in  an y  o b v io u s  f e e d ­

ing c h a n g e s  bu t d id  p r o d u c e  a  d is ru p t io n  in e s t r o u s  c y c l in g  (S c la fa n i ,  

1971).

A lb e r t  e t  a l .  (1971), em p lo y in g  k n i f e - c u ts  s i m i l a r  to  th o s e  

of G r o s s m a n  (1971), a l s o  r e p o r t e d  a  m i ld  and  t r a n s i e n t  h y p e r p h a g ia  

in f e m a le  r a t s  a f t e r  a n t e r i o r  h y p o th a la m ic  cu ts  w h e re a s  s i m i l a r  t r a n ­

s e c t io n s  in  m a l e s  f a i l e d  to  p ro d u c e  o v e re a t in g .  T he  f a i l u r e  of a n t e r i o r  

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

P a x in o s  a n d  B in d ra  (1972) and  m o r e  r e c e n t ly  by  M a b ry  a n d  C a m p b e l l  

(1975). B a s e d  on t h e i r  o r ig in a l  f ind ing  of a  s e x  d i f f e r e n c e  fo l lo w in g  

a n t e r i o r  t r a n s e c t i o n s  A l b e r t  e t a l .  (1971) t h e o r i z e d  tha t  th e  k n i f e - c u t s
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produ ced  feed in g  and w eight fa c i l ito r y  e ffe c ts  in  fe m a le s  by m ean s of 

a ch ron ic  e s tr o g e n  in su ffic ie n c y . It is  p o s s ib le , h ow ever, that the  

fa ilu re  o f m a le  ra ts  to  o v e re a t and gain  w eight fo llow in g  an ter ior  cuts  

m ay have r e su lte d  fro m  the u se  of standard la b o ra to ry  chow sin ce  

som e in v e s t ig a to r s  have rep o rted  that hyperphagia and o b e s ity  f o l ­

low ing b ra in  dam age in m a le s  i s  m o re  l ik e ly  to occu r when high fat 

d ie ts  a r e  o ffer ed  (C ox, K ak o lew sk i, and V a len ste in , 1969; V a len -  

ste in , C ox and K ak olew sk i, 1969). T h ere fo re , the o b serv ed  d if fe r ­

en tia l feed in g  e ffe c ts  produ ced  by a n ter io r  k n ife -c u ts  in m a le  and 

fem a le  a n im a ls , r ep o rted  by A lb ert et a l . , (1971), m ay  not be the  

sim p le  r e s u lt  o f brain  d am aged -in d u ced  ca stra tio n  in  the fe m a le , 

but r a th er , m a y  be re la ted  to the in c r e a se d  lik e lih o o d  for ob serv in g  

o v erea tin g  in fe m a le s  than m a le s  when l e s s  than op tim ally  palatab le  

d iet are  p rov id ed .

T hus, in su m m ary , the stu d ies  which have exam ined: (a) 

e s tr o g e n  and b ra in  ca tech o la m in es  in te r a c t io n s , (b) the rep rod u ctive  

and en d ocrin e  co n seq u en ces  of n eu ra l d ea fferen tia tion , and (c) the  

n eu ra l c ir c u itr y  u n derly ing  the VMH h y p erp h a g ia -o b esity  syndrom e  

each  p rov id e  su g g e s t iv e  ev id en ce  that e s tro g e n  m ay  in flu en ce  feed in g  

d ir e c t ly  b y  a ctin g  on h o r m o n e -se n s it iv e  s ite s  in  the an ter io r  h yp o­

th a la m ic  a r e a . M o reo v er , that e s tr o g e n  m ay  act on s i t e s  in  the 

an ter ior  hyp oth a lam ic  a r ea  to a lte r  feed in g  is  a lso  com p atib le  w ith  

stu d ies c ite d  e a r l ie r  w hich in d ica te  that e s tr o g e n -s e n s it iv e  feed in g  

neu ron s e x is t  in  the VMH but not e x c lu s iv e ly  so . It i s  co n ce iv a b le , 

th e r e fo r e , that such n eu ron s m a y  c o m p r ise  a h o r m o n e -se n s it iv e  

pathw ay w hich d ir e c t ly  in te rc o n n ec ts  the an ter ior  hypothalam ic a rea
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with th e  VM H. Such  a  p r o p o s e d  n e u r a l  p a th w a y  i s  c o n s i s t e n t  w ith  

the  known lo c a t io n  of h y p o th a la m ic  e s t r a d i o l - c o n c e n t r a t i n g  c e l ls  

(P faff  and  K e i n e r ,  1973) and  w ith  e v id e n c e  in d ic a t in g  in t r a h y p o th a - 

l a m ic  n e u r a l  p r o j e c t io n s  b e tw e e n  th e  a n t e r i o r  h y p o th a la m ic  a r e a  

and the  VMH (C hi, 1970). It i s  a l s o  c o n c e iv a b le ,  h o w e v e r ,  th a t  the  

feed ing  c h a n g e s  fo llo w in g  d a m a g e  to  th e  a n t e r i o r  h y p o th a la m ic  a r e a  

can be  e x p la in e d  p r i n c i p a l l y  on th e  b a s i s  of fu n c t io n a l  c a s t r a t i o n  

s in ce  o v a r i a n  d i s tu r b a n c e  i s  ty p ic a l ly  o b s e r v e d  a f t e r  n e u r a l  t r a n s e c ­

t io n s  w h ich  in v ad e  th i s  b r a i n  r e g io n .  F in a l ly ,  th e  p o s s ib i l i ty  e x is ts  

th a t  k n i f e - c u t s  w h ich  t r a v e r s e  th e  a n t e r i o r  h y p o th a la m ic  a r e a  m a y  

a l t e r  food in ta k e  n e i t h e r  a s  a  r e s u l t  of d a m a g e  to  an  e s t r o g e n - s e n s i ­

tive  fee d in g  s y s te m  n o r  by  c a u s in g  fu n c t io n a l  c a s t r a t i o n .

T he  m a in  p u r p o s e  of th i s  s tu d y  w a s  to  e x a m in e  th e  ro le  of 

the  AHA in  th e  e s t r o g e n i c  m e d ia t io n  of fe e d in g  b y  m e a n s  of the  

e n c e p h a la to m e  te c h n iq u e  (S c la fan i ,  1971) w h ich  p e r m i t s  s e le c t iv e  

n e u r a l  t r a n s e c t i o n s  w ith  a  m in im u m  of t i s s u e  d a m a g e .  K n i fe -c u t s  

w e re  p la c e d  in  th e  c a u d a l  p o r t io n  of th e  AHA, j u s t  r o s t r a l  to  th e  VMH, 

s in ce  th e  h o rm o n e  c a n n u la t io n  s tu d ie s  u n i f o r m ly  in d ic a te d  th a t  e s t r o ­

gen im p la n ts  in to  th e  VMH s u p p r e s s e d  fee d in g  (B e a t ty ,  O 'B r ia n t  and  

V i lb e rg ,  1974; J a n k o w ia k  a n d  S te r n ,  1974; W ade an d  Z u c k e r ,  1970) 

and o th e r  e v id e n c e  d e m o n s t r a t e d  th a t  p a r a s a g i t t a l  k n i f e - c u t s  l a t e r a l  

to  th e  VMH d id  n o t  b lo c k  th e  o v e re a t in g  fo llo w in g  c h ro n ic  e s t r o g e n  

w i th d ra w a l  (G a le  an d  S c la fa n i ,  1977a). P e r i p h e r a l  e s t r o g e n  i n j e c ­

t io n s  w e re  s u b s e q u e n t ly  a d m i n i s t e r e d  to  k n i f e - c u t  a n d  n e u r a l l y  in ta c t  

r a t s  to  d e t e r m i n e  to  w ha t e x te n t ,  i f  a n y ,  su c h  t r a n s e c t i o n s  would 

i n t e r f e r e  w ith  e s t r o g e n 's  n o r m a l  a n o re x ig e n ic  e f f e c t s .
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G E N E R A L  P R O C E D U R E S

S U B JE C T S

O n e -h u n d re d  and  s i x t y - th r e e  f e m a le  and  tw e n ty -o n e  m a le  

C F E  r a t s  w e re  o b ta in ed  f r o m  C h a r le s  R i v e r  B re e d in g  L a b o r a t o r i e s  

(W ilim in g to n ,  M a s s . )  a t  a p p r o x im a te ly  100 d a y s  of age  a n d  in d iv id ­

u a l ly  h o u s e d  in  W ahm ann L C - 7 5 /A  w i r e  m e s h  a n im a l  c a g e s .  E x c e p t  

w h e r e  in d ic a te d ,  s u b je c ts  w e r e  h o u s e d  in  a n  a i r - c o n d i t i o n e d  co lony  

r o o m  w h ich  w as  m a in ta in e d  on a  1 2 : 1 2  h r .  l i g h t / d a r k  c y c le .

SU R G ER Y  AND HISTOLOGY

S u b je c ts  w e re  a n e s th e t i z e d  w ith  E q u i - T h e s in  ( 2 .5  m l / k g  of 

bo dy  w eigh t)  p r i o r  to  r e c e iv in g :  (I) h y p o th a la m ic  k n i f e - c u t s ,  (II) 

o v a r i e c to m y ,  o r  (III) sh a m  s u r g e r y .

(I) K n i fe -c u ts  w e re  m a d e  b y  th e  e n c e p h a la to m e  te c h n iq u e  of 

S c la fa n i  (1971) in  w hich  an in n e r  c u t t in g  w i r e  w as  e x te n d e d  a  p r e d e ­

t e r m i n e d  d i s ta n c e  th ro u g h  th e  gu ide  sh a f t  of a  k n ife  a s s e m b l y  m o u n te d  

to  a  K opf s t e r e o ta x ic  e le c t r o d e  c a r r i e r .  T h e  kn ife  a s s e m b ly  w as 

m o u n te d  w ith  a  s e t  of c o m p r e s s io n  s p r i n g s  a n d  a  t r i g g e r  d e v ic e ,  w h ic h  

w hen  r e l e a s e d ,  a u to m a t ic a l ly  e le v a te d  th e  k n ife  a s s e m b l y  a  f ix ed  h e ig h t  

(H a m il to n ,  W o rs h a m , and  C a p o b ia n c o ,  1973). K n i f e - c u t s  co u ld  a l s o  b e  

a c h ie v e d  b y  m a n u a l ly  r a i s in g  a n d  lo w e r in g  th e  k n ife  a s s e m b l y  w ith  th e  

t r i g g e r  d e v ic e  in  a  lo ck e d  p o s i t io n .  T he  g u id e  sh a f t  cou ld  b e  r o t a t e d  

w ith in  th e  kn ife  a s s e m b ly  an d  s e c u r e l y  p o s i t io n e d  so  th a t  i t  w a s  f ix e d  

e i t h e r  a t  a  90° (i. e . co ro n a l)  o r  e x a c t ly  p a r a l l e l  (i. e . p a r a s a g i t t a l )  to  

th e  m id l in e .  A l l  c o ro n a l  cu ts  w e r e  m a d e  w ith  th e  t r i g g e r - r e l e a s e
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m e th o d  so  a s  to  t r a n s e c t  th e  r e l a t i v e ly  d e n se  f i b e r  t r a c t s  in  th e  a n ­

t e r i o r  h y p o th a la m u s .  T he  p a r a s a g i t t a l  c u ts  w e re  a l l  e f f e c te d  m a n u a l ly  

w ith  th e  t r i g g e r  d e v ic e  in  th e  lo c k e d  p o s i t io n .  B u r r  h o le s  w e r e  d r i l l e d  

th ro u g h  th e  sk u l l  of a l l  k n i f e - c u t  s u b je c t s  f o r  th e  i n s e r t i o n  of th e  kn ife  

a s s e m b l y  a n d  the  m i d - s a g i t t a l  s in u s  w as e x p o se d  to  a l lo w  a  p r e c i s e  

m e d ia l  to  l a t e r a l  a l ig n m e n t  w ith  th e  a id  of a  s t e r e o t a x i c a l ly - m o u n te d  

m ic r o s c o p e  ( B e r n e r  a n d  S c la fa n i ,  1975).

(a) A n t e r i o r  c o ro n a l  k n i f e - c u t s  (ANT) w e re  m a d e  j u s t  r o s t r a l  

to  th e  v e n t r o m e d ia l  n u c le i  u s in g  s t e r e o t a x i c  c o o rd in a te s  d e te r m i n e d  

f r o m  p r e l i m i n a r y  b r a i n  s u r g e r y .  T he guide  sh a f t  w as  p o s i t io n e d  in  th e  

b r a i n  u s in g  th e  c o o rd in a te  s y s te m  of D e G ro o t  (1967) a t :  A P = 6 . 8 ,

H = -2 . 5 and  L=2. 1. A  2. 2 m m  cu tt in g  w ire  w as th e n  e x te n d e d  so  th a t  

th e  t r a n s e c t i o n  c o n tin u ed  fo r  a p p ro x im a te ly  0 . 1 m m  on th e  c o n t r a l a t e r a l  

s id e  of th e  b r a i n .  T he  t r i g g e r  d e v ic e  of th e  kn ife  a s s e m b l y  w as  th en  

a c t iv a t e d  so  th a t  a  2. 5 m m  v e r t i c a l  e x c u r s io n  of th e  cu t w a s  a c h ie v e d .  

A f te r  th e  c u tt in g  w i r e  w as  r e t r a c t e d  in s id e  th e  gu ide  s h a f t ,  th e  kn ife  

a s s e m b l y  w a s  r e m o v e d  f r o m  th e  b r a i n  and  th e  p r o c e d u r e  d u p l ic a te d  on 

th e  c o n t r a l a t e r a l  s id e  to  p ro d u c e  a  b i l a t e r a l  cu t a p p r o x im a te ly  4 . 0 m m  

in  le n g th .

(b) P a r a s a g i t t a l  k n i f e - c u ts  th ro u g h  th e  m e d ia l  h y p o th a la m u s  

(MED) w e r e  m a d e  w ith  th e  guide  sh a f t  p o s i t io n e d  in  th e  b r a i n  a t  D e ­

G ro o t  c o o rd in a te s :  A P = 8 . 0, H = -2 . 5 an d  L=0. 8 . A  3 .0 m m  c u tt in g  w ire  

w a s  th e n  e x te n d e d  in  a  p o s t e r i o r  d i r e c t io n  an d  th e  cu t e f f e c te d  m a n u a l ly  

b y  r a i s in g  th e  k n ife  a s s e m b l y  2. 5 m m . F o llo w in g  r e t r a c t i o n  of th e  c u t 7  

t in g  w i r e  th e  kn ife  a s s e m b l y  w as  r e m o v e d  f r o m  th e  b r a i n  a n d  th e  p r o c e ­

d u r e  d u p l ic a te d  on th e  c o n t r a l a t e r a l  s id e .
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(II) O v a r ie c to m y  in v o lv e d  th e  b i l a t e r a l  r e m o v a l  of th e  o v a r i e s ,  

p e r i o v a r i a l  s a c ,  an d  o v a r i a n  f a t  th ro u g h  d o r s o l a t e r a l  f lan k  in c i s io n s .  

T h e  w a l l  of th e  p e r i t o n e a l  c a v i ty  w a s  s u tu r e d  w ith  s u r g i c a l  t h r e a d  and  

th e  o u te r  in c i s io n s  c lo s e d  w ith  9 m m  s t a i n l e s s - s t e e l  wound c l ip s  w h ich  

w e r e  r e m o v e d  a p p r o x im a te ly  tw o w e ek s  fo llow ing  e n d o c r in e  s u r g e r y .

(Ill) S h a m  k n i f e - c u t s  f o r  b o th  a n t e r i o r  and  m e d ia l  h y p o th a la m ic  

t r a n s e c t i o n s  in v o lv e d  p o s i t io n in g  th e  r a t  in  th e  s t e r e o ta x ,  d r i l l i n g  th e  

s k u l l ,  a n d  ex p o s in g  th e  d u r a .  S h a m  o v a r i e c to m iz e d  a n im a ls  w e re  

t r e a t e d  e x a c t ly  a s  w e r e  r a t s  g iv en  o v a r i e c to m y  e x c e p t  th a t  no  t i s s u e  

w a s  e x c i s e d .

H ISTO LO G Y

A t th e  c o n c lu s io n  of e a c h  e x p e r im e n t  th e  k n i f e - c u t  r a t s  w e r e  

s a c r i f i c e d  b y  an  o v e rd o s e  of a n e s th e t i c  a n d  p e r f u s e d  i n t r a c a r d i a l l y  

w ith  i s o to n ic  s a l in e  fo l lo w ed  b y  a  10% f o r m o l - s a l in e  so lu t io n .  A f te r  

e a c h  b r a i n  w as  r e m o v e d  f r o m  th e  c a lv a r iu m  an d  s t o r e d  f o r  a  m in im u m  

of t h r e e  w e e k s  in  th e  f o r m o l - s a l i n e  so lu t io n ,  th e  lo c a t io n  of th e  n e u r a l  

t r a n s e c t i o n  w as  d e te r m in e d  f r o m  50 t i s s u e  s e c t io n s  s ta in e d  w ith  c r e s y l  

v io le t .

S T A T IS T IC A L  ANALYSIS:

T h e  food in ta k e  a n d  bo dy  w e igh t d a ta  f r o m  e a c h  e x p e r im e n t  

o f th e  s tu d y  w e re  a n a ly z e d  b y  e i t h e r  a  two*; o r  t h r e e - f a c t o r  a n a l y s i s  

o f  v a r i a n c e ,  w h e re  a p p r o p r i a t e ,  f o r  the  f a c t o r s  s u r g e r y  a n d  in je c t io n  

c o n d it io n  o v e r  e x p e r im e n ta l  d a y s .  F o llo w in g  s ig n i f ic a n t  F  r a t i o s  th e  

d i f f e r e n c e  b e tw e e n  a l l  p a i r s  of m e a n s  w as  e v a lu a te d  u s in g  a  N e w m a n -
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K eu ls  t e s t  (W in e r ,  1962). B ody  w e igh t c h a n g e ,  r a t h e r  th a n  th e  a b s o ­

lu te  l e v e l  of body  w e ig h t  w a s  e m p lo y e d  f o r  s t a t i s t i c a l  a n a l y s i s  s in c e  

th is  h a s  b e en  show n to  b e  a  m o r e  a c c u r a t e  m e a s u r e  of th e  e f f e c t s  of 

s e v e r a l  p h y s io lo g ic a l  m a n ip u la t io n s  on th e  s t a t e  of e n e r g y  b a la n c e  

( C o l l i e r ,  1969).



E X P E R IM E N T  1

C o r o n a l  t r a n s e c t i o n s  w hich  p a s s  th ro u g h  th e  a n t e r i o r  h y p o ­

th a la m ic  a r e a  (AHA) of a d u lt  f e m a le  r a t s  p r o d u c e  a  m o d e r a te  h y p e r ­

p h a g ia  a n d  o b e s i ty  (A lb e r t ,  S to r l ie n ,  A lb e r t ,  a n d  M ah , 1971; G r o s s m a n ,  

1971), a l th o u g h  when su ch  cu ts  a r e  r e s t r i c t e d  to  w ith in  th e  b o u n d a ry  

of th e  f o r n i c e s  th e s e  k n i f e - c u t - in d u c e d  e a t in g  a n d  w e ig h t  f a c i l i t o r y  e f ­

f e c t s  a r e  n o t  o b ta in e d  (Sc lafan i,  1971). T he d u r a t io n  of th e  o v e re a t in g  

a n d  the  d e g r e e  of o b e s i ty  p ro d u c e d  b y  e f f e c t iv e  AHA t r a n s e c t i o n s  

c lo s e ly  r e s e m b l e  the  p a t t e r n  of i n c r e a s e d  food  c o n su m p tio n  a n d  e x c e s s  

w eigh t g a in  s e e n  a f t e r  c h ro n ic  r e m o v a l  of e s t r o g e n  b y  o v a r i e c to m y  

(K a k o le w sk i,  C ox a n d  V a le n s te in ,  1969; T a r t e l l i n  a n d  G o r s k i ,  1973). 

T h is  s u g g e s t s  th a t  AHA k n i f e - c u ts  m a y  i n d i r e c t l y  p ro d u c e  h y p e rp h a g ia  

an d  o b e s i ty  b y  c a u s in g  a fu n c t io n a l  o v a r i e c to m y ,  a s  h a s  b e e n  s u g ­

g e s te d  b y  A l b e r t  e t a l .  (1971), an d  th i s  i s  c o n s i s t e n t  w ith  n e u r o e n d o ­

c r i n e  s tu d ie s  w hich  r e v e a l  th a t  AHA d a m a g e  p r o d u c e s  s e v e r e  o v a r ia n  

d i s t u r b a n c e s  (H a la s z ,  1969). A lso  in  a c c o r d  w ith  th e  h y p o th e s is  th a t  

t r a n s e c t i o n s  of the  AHA p ro d u c e  t h e i r  fe e d in g  a n d  w e ig h t  p ro m o t in g  

e f fe c ts  b y  a l t e r i n g  o v a r ia n  fu n c tion  i s  th e  f in d in g  th a t  s i m i l a r  k n i f e -  

c u ts  in  m a l e s  f a i l  to  r e l i a b l y  a l t e r  e a t in g  o r  b o d y  w e ig h t  (M a b ry  and  

C a m p b e l l ,  1975; P a x in o s  an d  B in d ra ,  1972).

I t s e e m s  p o s s ib le ,  t h e r e f o r e ,  th a t  AH A k n ife  - c u t  - in d u c e d  

h y p e rp h a g ia  a n d  o b e s i ty  r e s u l t  i n c id e n ta l ly  f r o m  fu n c t io n a l  c a s t r a t i o n  

a l th o u g h  i t  i s  a l s o  p o s s ib le  th a t  su ch  n e u r a l  t r a n s e c t i o n s  p r o d u c e  t h e i r  

e f fe c ts  b y  d i r e c t l y  d a m a g in g  e s t r o g e n - s e n s i t i v e  fe e d in g  n e u r o n s  w h ich  

m a y  e x is t  in  th e  AHA (S im pson  an d  D iC a r a ,  1973) w ith o u t n e c e s s a r i l y
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a f fe c t in g  o v a r i a n  fu n c t io n in g .  F in a l ly ,  AHA k n i f e - c u t - in d u c e d  o v e r ­

e a t in g  a n d  w eigh t g a in  m a y  r e s u l t  f r o m  the  c o m b in ed  e f f e c ts  of f u n c ­

t io n a l  c a s t r a t i o n  a n d  d a m a g e  to  e s t r o g e n - s e n s i t i v e  fe e d in g  n e u r o n s .

The p u rp o s e  of the  p r e s e n t  s tu d y  w as  to e x a m in e  th e  f i r s t  tw o  a l t e r ­

n a t iv e  h y p o th e s e s  by  d i r e c t l y  c o m p a r in g  th e  e f fe c ts  of a n t e r i o r  t r a n ­

s e c t io n s  an d  o v a r i e c to m y  on th e  fee d in g  a n d  w e igh t r e g u la t io n  of a d u lt  

f e m a le  r a t s .  S ince  the  o v a r ia n  h y p e rp h a g ia - o b e s i ty  s y n d r o m e  i s  fu l ly  

r e v e r s e d  b y  e s t r o g e n  r e p l a c e m e n t  t h e r a p y  (se e  W ade , 1976), i t  w as  

r e a s o n e d  th a t  i f  th e  fe e d in g  and  w e ig h t  f a c i l i t o r y  e f fe c ts  of k n i f e - c u t s  

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

t io n  th e n  r e p l a c e m e n t  of th i s  h o rm o n e  shou ld  a l s o  r e v e r s e  th e  e f f e c ts  

of AHA d a m a g e  on food  in ta k e  an d  b o d y  w eigh t. If, on th e  o th e r  h an d , 

e x o g en o u s  e s t r o g e n  a d m in i s t r a t io n  in  k n i fe -c u t  r a t s  f a i l s  to  s u p p r e s s  

fe e d in g  a n d  body  w e ig h t,  th en  th e  h y p o th e s is  of fu n c t io n a l  c a s t r a t i o n  

i s  n o t  su p p o r te d .

M ETH O D

S u b je c t s : F i f ty  ̂ two f e m a le  r a t s  ra n g in g  in  body  w e ig h t  f r o m  2 3 4 -  

2 7 8 g . s e r v e d  a s  s u b je c t s  and  d a ta  a r e  p r e s e n te d  fo r  45 s u b je c t s  th a t  

c o m p le te d  the  s tu d y . S even  r a t s  w e r e  d i s c a r d e d  f r o m  th e  s tu d y  a s  a  

r e s u l t  of m is p la c e d  k n i f e - c u t s ,  f a i l u r e  to s u rv iv e  e n d o c r in e  s u r g e r y ,  

o r  p o s to p e r a t iv e  i l l n e s s .

P r o c e d u r e : F o o d  in ta k e  a n d  bo dy  w eigh t m e a s u r e s  w e r e  o b ta in e d  

d a i ly  fo r  21 p r e o p e r a t i v e  and  80 p o s to p e r a t iv e  d a y s .  D a i ly  m e a s u r e s  of 

w a te r  in ta k e  w e r e  r e c o r d e d  f o r  f ive  day s  p r i o r  to  s u r g e r y  a n d  d u r in g  

p o s t s u r g i c a l  d a y s  1 - 1 0 , 2 5 -3 0 ,  and  7 5 -8 0 . S u b je c ts  w e re  d iv id e d  in to
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t h r e e  g ro u p s  e q u a te d  f o r  body  w e igh t and  r e c e i v e d  one of the  f o l ­

low ing s u r g i c a l  t r e a t m e n t s :  (a) ovariec tom y(O V X fc  (b) c o ro n a l  

k n i f e - c u ts  in  th e  a n t e r i o r  h y p o th a la m u s  (ANT); o r  (c) sh a m  o v a r i ­

e c to m y  (CON -OVX ) o r  s h a m  k n i f e - c u t s  (C O N -A N T ). S ince  the  

feed in g  e f f e c ts  of b o th  s h a m  s u r g i c a l  p r o c e d u r e s  w e r e  id e n t ic a l ,  

t h e i r  d a ta  w e r e  p o o le d  to  f o r m  one c o n tro l  g ro u p  (CON). On p o s t ­

o p e ra t iv e  D ay  31 e a c h  g ro u p  w as  su b d iv id ed  in to  tw o g ro u p s  e q u a ted  

fo r  food  in ta k e  an d  b ody  w e igh t ga in  p r i o r  to  r e c e iv in g  in je c t io n s  of 

e i th e r  e s t r a d i o l  b e n z o a te  (EB) o r  th e  s e s a m e  o i l - v e h ic l s  (OIL). 

H o rm o n e  t r e a t e d  r a t s  (O V X -E B , A N T -E B , a n d  C O N -E B ) w e re  i n ­

j e c te d  w ith  1 -ug  o f EB d a i ly  f o r  tw e n ty  day s  fo l lo w ed  by  ten  days 

of 5 -u g  EB  in je c t io n s  (D ays 5 1 -6 0 ) .  V e h ic le  t r e a t e d  r a t s  (OVX- 

O IL , A N T -O IL , a n d  C O N -O IL ) w e re  in je c te d  d a i ly  w ith  o il  fo r  the  

30 t r e a t m e n t  d a y s .  On D ays  6 1 -8 0  a l l  a n im a l s  w e r e  h an d le d  bu t 

n o t  in je c te d .

D a i ly  v a g in a l  s m e a r s  w e re  ta k e n  on th e  m o rn in g  of e a c h  of 

14 p r e o p e r a t i v e  a n d  f o r  30 p o s to p e r a t iv e  d a y s  and  w e r e  c la s s i f i e d  a s  

e s t r u s ,  i f  th e y  c o n ta in e d  p r e d o m in a n t ly  c o rn i f i e d  c e l l s ,  o r  a s  d i e s ­

t r u s  if  th e  s m e a r  c o n s i s t e d  a lm o s t  e n t i r e l y  of l e u k o c y te s .  A t th e  

t im e  of s u r g e r y  a n d  on p o s to p e r a t iv e  D ay  80 body  le n g th  m e a s u r e s  

w e re  d e te r m in e d  u n d e r  a n e s t h e s i a  b y  p la c in g  th e  s u b je c t  in  a  sup ine  

p o s i t io n  an d  m e a s u r i n g  th e  n a s o - a n a l  le n g th  to  th e  n e a r e s t  1 . 0 m m  

w ith  c a l i p e r s .  A t th e  c o n c lu s io n  of th e  e x p e r im e n t  th e  b r a in s  w e re  

p r e p a r e d  f o r  h i s to lo g y  a s  d e s c r ib e d .  The o v a r i e s  of th e  k n i fe -c u t  

an d  s h a m  o p e r a t e d  r a t s  w e re  d i s s e c t e d  f r e e  a n d  t h e i r  w e t w e igh ts  

to  the  n e a r e s t  1. Omg w e r e  d e te r m in e d .



R E SU L T S

H is to lo g y

A p h o to m ic ro g ra p h  of the  a n t e r i o r t r a n s e c t i o n s  i s  p r e s e n t e d  in  

F ig u r e  1A an d  a  s c h e m a t ic  r e p r e s e n t a t i o n  i s  p r o v id e d  in  F ig u r e  2.

T he  a n t e r i o r  k n i f e - c u t s  p ro d u c e d  a  c o n tin u o u s  c o ro n a l  t r a n s e c t i o n  

th ro u g h  the  c a u d a l  h a lf  of th e  a n t e r i o r  n u c le u s  of th e  h y p o th a la m u s  

a t  th e  le v e l  of A P = 6 . 8  to  7. 0 . T he h e ig h t  of th e  d o r s a l  a s p e c t  of the  

cu t  e x te n d e d  f r o m  j u s t  b e n e a th  the  a n t e r i o r  c o m m i s s u r e  to  . 3 to  . 5 m m  

f r o m  th e  b a s e  of th e  b r a in .  Som e c u ts  e x te n d e d  m o r e  d e e p ly  a n d  

r e a c h e d  the  v e n t r a l  s u r f a c e  of th e  b r a in ;  p r e s u m a b l y  d a m a g in g  th e  

d o r s a l  s u p ra o p t ic  c o m m i s s u r e .  T h e  c u ts  s e c t io n e d  th e  i n f e r i o r  a s ­

p e c t s  of the  p a r a v e n t r i c u l a r  n u c le i  m e d ia l ly  and  th e  a r c u a t e  n u c le i  

j u s t  b e lo w  i t .  In  a lm o s t  a l l  a n im a l s  th e  c o lu m n s  of th e  f o r n ix  w e r e  

s e v e r e d  a t  l e a s t  p a r t i a l l y  and  the  a n t e r i o r  t r a n s e c t i o n s  a l s o  i n t e r ­

r u p te d  f i b e r s  of th e  s t r i a  t e r m i n a l i s  in  t h e i r  m o r e  m e d ia l  d e s c e n t  in-; 

to  th e  VMH. In a  few  r a t s  th e  k n i f e - c u t s  w e r e  d i s p la c e d  r o s t r a l l y  an d  

d o r s a l l y  b y  the  m o r e  m a s s i v e  f i b e r s  c o m p r i s in g  th e  s t r i a  m e d u l a r i s  

w h ich  w e re  o th e rw is e  le f t  in ta c t .  L a t e r a l l y ,  th e  c u ts  e x te n d e d  to  th e  

m e d ia l  e d g es  of th e  l a t e r a l  h y p o th a la m u s  a l th o u g h  in  a  few  a n im a l s  

th i s  d a m a g e  w as  on ly  u n i l a t e r a l .

Food  In tak e  and  Body W eight

The b o d y  w eigh t f in d in g s  of th i s  e x p e r im e n t  a r e  i l l u s t r a t e d  in  

F i g u r e  4 and  T a b le  1 s u m m a r i z e s  th e  fo o d  in ta k e  r e s u l t s .  T he  a n a ly s i s  

of v a r i a n c e  fo r  bo th  of th e s e  m e a s u r e s  a r e  c o n ta in e d  in  T ab le  2. P r e -
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op e r a t i  v e ly  t h e r e  w e re  no s ig n i f ic a n t  d i f f e r e n c e s  a m o n g  a n y  of the  

s ix  g ro u p s  in  t h e i r  food  c o n su m p tio n  of bo dy  w e ig h ts .  F o llo w in g  s u r ­

g e r y  th e  k n i f e - c u t  a n d  o v a r ie c to m iz e d  r a t s  w e r e  h y p e rp h a g ic  and  

g a in e d  w eigh t r a p i d l y  d u r in g  th e  30^day p r e t r e a t m e n t  p e r io d .  By 

D ay  15, r a t s  w ith  o v a r i e c to m y  o r  k n i f e - c u ts  h a d  g a in e d  m o r e  w eigh t 

th a n  d id  th e  c o n t r o l s  (ANT=37. 9 o r  OV X =30.7 v s .  CON= 6 . 4 g . ; p (. 01 

f o r  bo th  c o m p a r is o n s )  an d  w e re  ea tin g  s ig n i f ic a n t ly  m o r e  (p^. 05) 

chow  th a n  w e re  th e  c o n t r o l s  (1 9 .4  o r  1 7 .6  v s .  1 4 .0  g / d a y ,  r e s p e c ­

t iv e ly ) .  The foo d  in ta k e  an d  w e igh t ga in  d i f f e r e n c e s  b e tw e e n  th e  A N T 

and  OVX a n im a l s  w e re  no t s t a t i s t i c a l l y  d i f f e r e n t  d u r in g  th e  f i r s t  f if^  

t e e n  p o s to p e r a t iv e  d a y s .  H o w ev e r ,  j u s t  p r i o r  to  th e  in je c t io n s  on 

D ay  30, th e  k n i f e - c u t  r a t s  w e re  s t i l l  h y p e rp h a g ic  c o m p a r e d  to  c o n t r o l s  

w h e r e a s  the  o v a r i e c to m iz e d  a n im a ls  w e re  e a t in g  a t  a  l e v e l  on ly  s l i g h t ­

ly  and  n o n - s ig n i f ic a n t ly  ab ove  th a t  of the  c o n t r o l s .  B oth  th e  A N T and  

OVX r a t s  c o n tin u ed  to  ou tw e igh  (p(. 01) th e  CON a n im a l s  a t  th e  end  of 

th e  f i r s t  t h i r t y  p o s to p e r a t iv e  days  and  by  t h i s  t im e  th e  food  in ta k e  an d  

th e  body  w e ig h t  d i f f e r e n c e s  b e tw ee n  the o v a r i e c to m iz e d  a n d  k n i f e - c u t  

r a t s  b e c a m e  s t a t i s t i c a l l y  r e l i a b l e  (both p ^ . 05).

F o llo w in g  th e  l 7 Ug EB in je c t io n s ,  th e  o v a r i e c to m iz e d  r a t s  r e ­

d u c ed  t h e i r  fe e d in g  and  r a p id ly  lo s t  w eight c o m p a r e d  to  o il-^ in jected  

o v a r i e c to m iz e d  r a t s  who c o n tin u ed  to  ga in  w e ig h t  a t  th e  s a m e  le v e l  a s  

d id  th e  o i l - i n j e c te d  c o n t r o l s .  By D ay 50 th e  O V X -E B  r a t s  h a d  g a in e d  

l e s s  w eigh t (3 7 .5  v s .  71 . 5 g . ; p ^ .0 1 )  and w e r e  c o n s u m in g  l e s s  chow  

(1 2 .7  v s .  14. 9 g / d a y ;  p ^ . 05) th an  w e re  th e  O V X -O IL  a n im a l s ,  In c o n ­

t r a s t ,  th e  s a m e  h o rm o n e  t r e a t m e n t  fa i le d  to  s u p p r e s s  th e  food  in ta k e  

o r  body  w e igh t of th e  A N T -E B  c o m p a re d  to  th a t  of th e  o i l - i n j e c te d  k n i f e -
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cut a n i m a l s .  A t th e  end  of th e  ZO^day t r e a t m e n t  p e r io d  w ith  the low  

d o se  of e s t r o g e n  th e  A N T -E B  and  A N T 7 O IL  g ro u p s  h a d  g a in ed  a p ­

p r o x i m a te l y  th e  s a m e  w e igh t f r o m  p r e o p e r a t i v e  le v e ls  (93. 3 v s .

100. 1 g; p ^ .0 5 ;  r e s p e c t iv e ly )  an d  w e r e  e a t in g  s i m i l a r  am o u n ts  of 

th e  chow  d ie t  (A N T7E B =19. 6  v s .  A N T ^ O IL f IS .  8  g /d a y ;  p>. 05).

L ik e  b o th  k n i f e - c u t  g r o u p s ,  the  c o n t r o l  r a t s  in je c te d  w ith  e i th e r  th e  

h o r m o n e  o r  o i l - v e h ic le  a l s o  g a in e d  a p p ro x im a te ly  the  s a m e  w eight 

(CON'7EB=15. 9 v s .  C 0 N 7 0 IL = 1 6 . 4 g; p>. 05) d u r in g  th is  2 0 -d ay  t r e a t ­

m e n t  p e r i o d  an d  b o th  of th e s e  s h a m  o p e r a t e d  g ro u p s  w e re  co n su m in g  

s i m i l a r  a m o u n ts  of th e  chow d ie t  on D a y s  48^50 (1 4 .4  v s .  15. 1 g /d a y ;  

p ^ . 05; r e s p e c t iv e ly ) .

C o m p a r i s o n s  b e tw ee n  th e  A N T -O IL  an d  O V X -O IL  g ro u p s  on 

D ay  50 r e v e a l e d  th a t  th e  k n i f e - c u t  r a t s  h a d  g a in e d  m o r e  w eigh t (100. 0 

v s .  71 . 6  g; p<l 05; r e s p e c t iv e ly )  a n d  w e r e  e a t in g  m o r e  chow (1 8 .8  v s .  

1 4 .9  g /d a y ;  p ^ .  05) th a n  w e re  the  o v a r i e c to m iz e d  a n im a ls ,  who, in  

t u r n ,  w e r e  h e a v i e r  (p ^ l0 5 )  th an  w e r e  th e  C O N -O IL  su b je c ts  (3 0 .6  g . ). 

The o i l - i n j e c t e d  o v a r i e c to m iz e d  a n im a l s  con tin u ed  to  c o n su m e  s i m i l a r  

a m o u n ts  of chow  on D ay s  4 8 -50  a s  d id  th e  c o n tro l  r a t s  g iven  the s a m e  

in je c t io n s  (1 4 .9  v s .  1 5 .1  g /d a y ;  p > .0 5 ;  r e s p e c t iv e ly ) .  The A N T 7 E B  

r a t s  r e m a in e d  o v e rw e ig h t  an d  h y p e rp h a g ic  c o m p a re d  to  h o rm o n e  - 

t r e a t e d  o v a r i e c to m iz e d  an d  c o n tro l  a n im a l s  b y  th e  end of th i s  2 0 -d a y  

in je c t io n  p e r io d  an d  n o  s ig n i f ic a n t  food  in ta k e  o r  body w eigh t d i f f e r ­

e n c e s  e m e r g e d  b e tw e e n  the  l a t t e r  tw o  g ro u p s  a s  a  c o n seq u e n ce  of th e  

1 -ug . E B  in je c t io n s .

F o l lo w in g  th e  5 -u g  EB in je c t io n s  w h ich  b egan  on D ay  51, th e  

O V X -E B  a n im a l s  c o n tin u ed  to  u n d e r  e a t  a n d  lo s e  w eigh t, h o w e v e r ,  by
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D ays 58 -60  th e y  w e re  a c tu a l ly  c o n s u m in g  m o r e  chow , bu t n o t  s ig n i f ­

i c a n t ly  so ,  th an  d u r in g  th e  f in a l  t h r e e  d a y s  of th e  l^ u g  EB  in je c t io n s  

(1 3 .3  v s .  12 .7  g /d a y ;  r e s p e c t iv e ly ) .  W hen in je c te d  w ith  th e  h igh  d o se  

of E B , th e  k n i fe -c u t  r a t s  f o r  th e  f i r s t  t im e  r e d u c e d  t h e i r  food  in tak e  

and  a te  l e s s  th an  did  o i l - i n j e c t e d  kn ife  -^cut a n im a l s ,  h o w e v e r ,  th i s  e f ­

fe c t  w as s h o r t - l iv e d  and  b y  D a y s  5 8 -6 0  the  A N T 7 E B  a n im a l s  w e re  

co n su m in g  on ly  s l ig h t ly  l e s s  chow  th an  w e r e  th e  A N T -O IL  r a t s  (15. 8  

v s .  16 .7  g /d a y ;  1 ^ .0 5  r e s p e c t iv e ly ) .  The c o n t r o l s  in je c te d  w ith  th e  

5 -u g  EB do se  in i t i a l ly  r e d u c e d  t h e i r  food  c o n su m p tio n ,  a s  d id  the  A N T  - 

EB r a t s ,  and  b y  the  end  of th i s  1 0 -d a y  t r e a t m e n t  p e r io d  th e y  w e re  a ls o  

e a tin g  a t  o r  n e a r  the  s a m e  l e v e l  a s  w e r e  th e  o i l - i n j e c te d  c o n tro l  r a t s  

(CON7EB=14. 9 v s .  C O N tO IL=15. 5 g /d a y ;  p ^ .0 5 ;  r e s p e c t iv e ly ) .  C o m ­

p a r i s o n s  of body  w eigh t r e v e a l e d  th a t  a l l  t h r e e  h o rm o n e  in je c te d  g ro u p s  

lo s t  s i m i l a r  a m o u n ts  of w e ig h t  a s  a  c o n se q u e n c e  of th e  h ig h -d o s e  e s t r o ­

gen in je c t io n s  (ANT E B = 6 . 7 ,  OVX E B =4. 5 a n d  CON EB =5. 2 g . ). O v e r  

th is  s a m e  1 0 -d a y  t r e a t m e n t  p e r i o d  th e  r e l a t i v e  fe e d in g  an d  body  w eigh t 

d i f f e re n c e s  be tw een  the  t h r e e  o i l - i n j e c te d  g ro u p s  w e r e  m a in ta in e d .

A f te r  th e  h o rm o n e  t r e a t m e n t  w as t e r m in a t e d ,  a l l  EB  in je c te d  

g ro u p s  d isp la y e d  an in i t i a l  h y p e rp h a g ia  w ith  th e  m o s t  p ro n o u n c e d  a n d  

p e r s i s t e n t  feed in g  e n h a n c e m e n t  s e e n  in  th e  O V X -E B  r a t s .  A t the  c o n ­

c lu s io n  of the  e x p e r im e n t  th e  A N T ^ E B  r a t s  h a d  g a in e d  l e s s  w eigh t than  

d id  th e  A N T 7 O IL  a n im a l s  (1 0 2 .6  v s .  1 1 2 .5  g; p ^ .  05; r e s p e c t iv e ly ) ,  a l ­

though  th e  A N T -E B  a n im a l s  w e r e  e a t in g  m o r e ,  but n o t  s ig n i f ic a n t ly  so , 

th an  w e re  the  A N T ^O IL  a n im a l s  on D ay s  78^80 (ANT E B = l 6 . 3 v s .  ANT 

OIL=15. 8  g /d a y ) .  Both  of th e  k n i f e - c u t  g ro u p s  a l s o  w e ig h ed  m o r e  

(p^. 05) th an  d id  the  h o r m o n e -  a n d  o i l - t r e a t e d  o v a r i e c to m iz e d  g ro u p s
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on D ay  80. T he O V X -O IL r a t s  w e r e  n o t  r e l i a b l y  h e a v i e r  th an  w e re  

th e  O V X -E B  r a t s  (8 6 .7  v s .  7 2 .8  g . ; ^ . 0 5 ;  r e s p e c t iv e ly )  on D a y  80 

bu t th e  E B - t r e a t e d  o v a r i e c to m iz e d  r a t s  w e r e  e a t in g  s ig n i f ic a n t ly  

m o r e  (p{. 05) chow than  w e r e  s a m e - s u r g e r y  o i l - i n j e c te d  r a t s  on 

D ay s  78-80  (17. 2 v s .  1 4 .0  g /d a y ;  r e s p e c t iv e ly ) .  F in a l ly ,  b o th  o v a r i ­

e c to m iz e d  g ro u p s  w eighed  s ig n i f ic a n t ly  m o r e  (p^. 0 1 ) th a n  d id  s i m i l a r  

h o r m o n e -  o r  o i l - t r e a t e d  c o n tro l  g r o u p s  on D a y  80 an d  n e i t h e r  th e  

s l ig h t  food  in ta k e  o r  body w e igh t d i f f e r e n c e s  th a t  e x is te d  b e tw e e n  th e  

C O N -E B  and  C O N 7 O IL g ro u p s  w e r e  s t a t i s t i c a l l y  d i f f e r e n t  a t  th e  c o n ­

c lu s io n  of th e  e x p e r im e n t .

W a te r  C onsu m ption  a n d  W a t e r / F o o d  In ta k e  R a tio

The w a te r  co n su m p tio n  an d  w a t e r / f o o d  in ta k e  r a t i o s  a r e  s u m ­

m a r i z e d  in  T ab le  3 an d  th e  a n a ly s i s  of v a r i a n c e  fo r  b o th  of t h e s e  m e a s ­

u r e s  i s  c o n ta in e d  in T ab le  4. P r e o p e r a t i v e l y  t h e r e  w e re  no  s ig n i f ic a n t  

d i f f e r e n c e s  am o n g  a n y  of th e  g ro u p s  on t h e s e  tw o m e a s u r e s .  F o l lo w ­

ing  s u r g e r y ,  th e  k n i fe -c u t  r a t s  e x h ib i te d  a  m o r e  th a n  t h r e e - f o l d  i n ­

c r e a s e  in  t h e i r  f lu id  c o n su m p tio n .  B y  D ay s  29 -30  th e y  w e r e  d r in k in g  

s ig n i f ic a n t ly  m o r e  (p^. 01) w a te r  (7 9 .5  v s .  2 5 .0  m l /d a y )  an d  t h e i r  

w a te r / f o o d  in ta k e  r a t i o  w as  s ig n i f ic a n t ly  g r e a t e r  (p ( .  0 1 ) th a n  th a t  of 

th e  c o n t r o l s  (3 .5 8  v s .  1 .7 1 ) .  T he o v a r i e c to m iz e d  r a t s  a l s o  i n c r e a s e d  

(p^. 05) t h e i r  w a te r  c o n su m p tio n  in i t i a l l y  (OVX=33. 0 v s .  CON=23. 5; 

m l / d a y ;  D ays 9 —10) bu t by  D ays 2 9 7 3 0  t h e y  w e r e  d r in k in g  a t  c o n tro l  

l e v e l s  (2 4 .4  v s .  2 5 .0  m l / d a y ,  r e s p e c t iv e ly ;  p>. 05), a n d  t h e i r  w a t e r /  

food  in ta k e  r a t i o  w as  not s ig n i f ic a n t ly  d i f f e r e n t  f r o m  th a t  of th e  c o n tro l  

a n im a l s  (1 .5 3  v s .  1 .7 1 ;  p^«05; r e s p e c t iv e ly ) .  C o m p a r i s o n s  b e tw e e n  the



ANT an d  OVX r a t s  f u r t h e r  r e v e a l e d  th a t  the  k n i f e - c u t - in d u c e d  h y p e r - 

d ip s ia  e x c e e d e d  (p ( .  05) th e  t r a n s i e n t  o v e rd r in k in g  p ro d u c e d  by  o v a r i ­

e c to m y  (7 5 .5  v s .  3 3 .0  m l;  D ay s  9^10).

The f in a l  w a te r  in ta k e  m e a s u r e s  o b ta in ed  on D ay s  7 9 -8 0  

in d ic a te d  th a t  th e  k n i f e - c u t  r a t s  co n tinued  to  d r in k  m o r e  th a n  d id  

e i t h e r  th e  o v a r i e c to m iz e d  o r  c o n tro l  a n im a ls  (ANT= 6 l .O  v s .  OVX=

25. 0 a n d  CON=23. 5, m l / d a y ;  p ^ . 05 fo r  bo th  c o m p a r is o n s )  a n d  t h e r e  

w e re  no  s t a t i s t i c a l  d i f f e r e n c e s  b e tw een  the  w a te r  c o n su m p tio n  of the  

l a t t e r  tw o  g ro u p s .  T he  w a te r / f o o d  in take  r a t io  of th e  k n i f e - c u t  r a t s  

r e m a in e d  above  th e  l e v e l  of th e  o v a r ie c to m iz e d  and c o n t r o l  r a t s  on 

D ays 7 9 -8 0  (A N T = 3 .78  v s ,  O V X =l. 60 and  CON=1.68 p ^ .  05 f o r  b o th  

c o m p a r is o n s ) .  T h e r e  w e r e  no  s t a t i s t i c a l l y  s ig n if ic a n t  d i f f e r e n c e s  in 

e i th e r  th e  w a te r  c o n su m p tio n  o r  w a te r / f o o d  in tak e  r a t i o  w ith in  th e  A N T 

and  CON g ro u p s  (EB o r  OIL) a s  a  r e s u l t  of p r i o r  h o rm o n e  o r  o i l  v e h ic le  

in je c t io n s  d u r in g  t r e a t m e n t  D ays 30 -60 . The OVX r a t s  g iv en  E B , h o w ­

e v e r ,  w e r e  c o n su m in g  m o r e  w a te r  (p ( .  05) than  the  O I L - in je c te d  o v a r i ­

e c to m iz e d  r a t s  on D ay s  7 9 -8 0  bu t t h e i r  w a te r / f o o d  in ta k e  r a t i o  w a s  a l ­

m o s t  id e n t ic a l  to  th a t  of th e  O V X -O IL  a n im a ls .

V ag in a l  C y to lo g y  an d  O v a r ia n  W eights

P o s t o p e r a t i v e l y  the  s h a m  o p e ra te d  a n im a ls  e x h ib i te d  a n  in i t i a l  

i n te r r u p t io n  in  e s t r o u s  rh y th m  bu t a s  e a r l y  a s  D ay 12 th e  r a t s  in  e a c h  

s h a m  o p e ra te d  g ro u p  h a d  a l l  d isp la y e d  a c o m p le te  o v a r ia n  c y c le  a n d  e x ­

cep t  fo r  one r a t ,  a l l  m a in ta in e d  a  n o r m a l  4 -  o r  5 -d ay  e s t r o u s  rh y th m  

t h e r e a f t e r .  In c o n t r a s t ,  o n ly  25% of the  k n i fe -c u t  a n im a l s  e x h ib i te d  an  

e s t r o u s  c y c le  b y  D a y  12 an d  tw o of th e s e  fou r  su b je c ts  f a i l e d  to  d i s p la y



a  se co n d  o r  t h i r d  e s t r o u s  rh y th m . Seven  of th e  r e m a in in g  tw e lve  

k n i f e - c u t  r a t s  sh ow ed  no  c y c l ic  a c t iv i ty  d u r in g  th e  3 0 -d a y  p r e t r e a t ­

m e n t  p e r io d  an d  w e r e  c o n s id e r e d  to  be a n e s t r o u s  s in c e  t h e i r  v a g in a l  

s m e a r s  w e r e  e x c lu s iv e ly  le u k o c y t ic .  T h r e e  r a t s  w ith  b r a in  d a m a g e  

show ed  a p a t t e r n  of c o n s ta n t  v a g in a l  e s t r u s  f o r  30 d a y s  and  two a d d i ­

t io n a l  k n i f e - c u t  s u b je c t s  d is p la y e d  a  p ro lo n g e d  e s t r o u s  p h a s e  ( 1 2  to  

2 1  days)  fo llo w ed  b y  one o r  tw o d a y s  of d i e s t r u s  b e fo r e  r e s u m in g  a 

p a t t e r n  of c o n tin u e d  e s t r o u s .  T h u s ,  of th e  s ix te e n  r a t s  who r e c e iv e d  

k n i f e - c u t s ,  on ly  tw o s u b je c t s  sh o w ed  no  s u b s ta n t ia l  p o s to p e ra t iv e  

m o d if ic a t io n  in  e s t r u s  c y c l in g  w h ile  of th e  r e m a in in g  f o u r te e n  b r a in  

d a m a g e d  r a t s ,  s e v e n  h a d  v a g in a l  s m e a r s  th a t  w e re  p r e d o m in a n t ly  

le u k o c y tic  an d  f iv e  h a d  s m e a r s  th a t  w e re  c l a s s i f i e d  a s  e s t r u s .  H i s t o ­

lo g ic a l  v e r i f i c a t io n  of th e  t r a n s e c t i o n s  d id  n o t in d ic a te  any  n o t ic e a b le  

d i f f e re n c e  in  th e  lo c a t io n  of th e  c u ts  b e tw een  th o s e  a n im a ls  w ith  d i f ­

f e r e n t  v a g in a l  c y to lo g ie s .

The f in a l  o v a r i a n  w et w e ig h ts  of th e  k n i f e - c u t  (A N T -E B  and  

A N T -O IL ) a n d  c o n t r o l  s u b je c t s  (C O N -E B  a n d  C O N -O IL ) a r e  s u m m a ­

r i z e d  in  T ab le  5 a n d  the  a n a ly s i s  of v a r i a n c e  i s  p r e s e n t e d  in  T ab le  6 . 

The o v a r i e s  of b o th  b r a in  d a m a g e d  g ro u p s  w e ig h ed  s ig n if ic a n t ly  l e s s  

(p{. 0 0 1 ) th a n  d id  t h e i r  r e s p e c t iv e  h o rm o n e  o r  o il  t r e a t e d  c o n tro ls  and  

no s ig n i f ic a n t  o v a r i a n  w e igh t d i f f e r e n c e s  e m e r g e d  b e tw ee n  e i th e r  the  

A N T -E B  o r  A N T -O IL  g r o u p s ,  o r  b e tw ee n  the  C O N -E B  o r  C O N -O IL  

g ro u p s .

N a s o - A n a l  M e a s u r e m e n t s  a n d  L ee  O b e s i ty  Index  V a lues

The p r e -7 a n d  p o s to p e r a t iv e  n a s o - a n a l  l e n g th s  and  L ee  O b e s i ty
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Index* v a lu e s  fo r  a l l  su b g ro u p s  a r e  s u m m a r i z e d  in  T ab le  5 an d  th e  

a n a ly s i s  of v a r i a n c e  fo r  t h e s e  m e a s u r e s  i 6  c o n ta in e d  in  T a b le  7.

P r i o r  to  s u r g e r y  t h e r e  w e r e  no s ig n i f ic a n t  d i f f e r e n c e s  a m o n g  a n y  of 

th e  s ix  su b g ro u p s  on e i th e r  of th e s e  tw o m e a s u r e s .  E ig h ty  d a y s  f o l ­

low ing s u r g e r y ,  t h e r e  w e re  no d i f f e r e n c e s  in  n a s o - a n a l  le n g th s  b e ­

tw een  k n i f e - c u t  r a t s  o r  c o n tro l  a n im a l s  g iven  s i m i l a r  h o r m o n e -  o r  

o i l - in je c t io n s  (A N T-O IL =21. 9 v s .  C O N -O IL = 22. 0 cm ; and  A N T -E B =

22. 2 v s .  C O N -E B = 21 . 8  cm ; p>. 05 f o r  bo th  c o m p a r is o n s )  a n d  no 

s ig n if ic a n t  d i f f e r e n c e s  in  l i n e a r  g ro w th  e m e r g e d  b e tw ee n  e i t h e r  of th e  

k n i f e -c u t  o r  b e tw een  e i t h e r  of th e  s h a m - o p e r a t e d  g ro u p s  a s  a  c o n s e ­

qu en ce  of th e  p r i o r  h o rm o n e  -  o r  o i l - v e h ic l e  in je c t io n s .  In c o n t r a s t  

to  th e  k n i f e - c u t  r a t s ,  th e  o v a r i e c to m iz e d  a n im a l s  s ig n i f ic a n t ly  i n ­

c r e a s e d  t h e i r  le n g th s  c o m p a r e d  to  s a m e - t r e a t m e n t  s h a m - o p e r a t e d  

c o n tro ls  (OV X -O IL=22. 7 v s .  C O N -O IL = 22. 0 cm ; an d  O V X -E B = 22 . 7 

v s .  C O N -E B = 2 1 .8  cm ; p^ . 01 fo r  b o th  c o m p a r i s o n s )  and  t h e r e  w e re  no 

s ig n if ic a n t  d i f f e r e n c e s  in  l i n e a r  g ro w th  b e tw ee n  th e  o v a r i e c to m iz e d  

g ro u p s  a t  th e  c o n c lu s io n  of th e  e x p e r im e n t .

T he  t e r m in a l  L e e  O b e s i ty  In d ex  v a lu e s  of th e  k n i f e - c u t  and  

o v a r ie c to m iz e d  r a t s  w e r e  bo th  s ig n i f ic a n t ly  e le v a te d  c o m p a r e d  to  t h e i r  

r e s p e c t iv e  h o r m o n e -  o r  o i l - in j e c te d  c o n t r o l s  (A N T-O IL=331 o r  O V X - 

OIL=313 v s .  CO N -O IL=301; p ( .  01 f o r  b o th  c o m p a r i s o n s ;  an d  A N T - E B = 

333 o r  O V X -EB =311 v s .  C O N -E B = 303; p ^ .  01 f o r  bo th  c o m p a r i s o n s ) . .  

T h e re  w e r e ,  h o w e v e r ,  no  r e l i a b l e  d i f f e r e n c e s  in  th e  f in a l  o b e s i ty  in d ex

* The L ee  Index  is  a  r e l i a b l e  e s t im a t e  of c a r c a s s  f a t  c o n te n t  b a s e d  on 
m e a s u r e s  of body  w e igh t and  n a s o - a n a l  len g th  ( B e r n a r d i s ,  1970); 
v a lu e s  th a t  e x c e e d  300 in d ic a te  o b e s i ty  in  t e r m s  of an  e x c e s s  in  body  
fa t .
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v a lu e s  b e tw ee n  e i t h e r  of th e  k n i f e - c u t  g ro u p s  o r  b e tw e e n  e i t h e r  of th e  

o v a r i e c to m iz e d  g ro u p s .  C o m p a r i s o n s  b e tw ee n  th e  tw o s u r g i c a l  g ro u p s  

in d e p e n d e n t  of p r i o r  h o rm o n e  o r  o i l  in je c t io n s  r e v e a l e d  t h a t  th e  kn ife  -  

cu t r a t s  h a d  m o r e  c a r c a s s  f a t  (p(I 05) th an  d id  the  o v a r i e c to m iz e d  

a n im a l s  b y  D ay  80.

DISCUSSION

T he  p r e s e n t  f in d in g s  in d ic a te  th a t  th e  o v a r i e c to m y  h y p e r p h a ­

g i a - o b e s i t y  s y n d ro m e  is  d i s s i m i l a r  f r o m  th e  fe e d in g  a n d  bod y  w e igh t 

d i s o r d e r  p r o d u c e d  b y  a n t e r i o r  h y p o th a la m ic  k n i f e - c u t s  in  s p i te  of an  

e a r l y  r e s e m b l e n c e  in  th e  o v e re a t in g  and  w e igh t g a in  b e tw e e n  th e  two 

s y n d r o m e s .  T h a t i s ,  d u r in g  the  f i r s t  t h i r t y  p o s to p e r a t iv e  d a y s  th e  

h y p e rp h a g ia  of th e  o v a r ie c to m iz e d  an d  k n i f e -c u t  r a t s  w as  of a  s i m i l a r  

m a g n i tu d e  an d  b o th  s u r g i c a l  g ro u p s  r a p id ly  g a in e d  w e ig h t  a t  n e a r  

p a r a l l e l  r a t e s .  T h e r e a f t e r ,  the  e le v a te d  food  in ta k e s  of th e  o v a r i e c ­

to m iz e d  r a t s  d e c l in e d  to w a rd s  c o n tro l  l e v e l s  an d  th e  b o d y  w e ig h ts  of 

th e  o v a r i e c to m iz e d  r e a c h e d  a s y m p to te .  In c o n t r a s t  to  th e  o v a r i e c t o ­

m iz e d  r a t s ,  th e  k n i f e - c u t  a n im a ls  con tin u ed  to  o v e r e a t  a n d  g a in  w eigh t 

th ro u g h o u t  th e  e n t i r e  p o s to p e ra t iv e  p e r io d  show ing  l i t t l e  o r  no s ig n  of 

body  w e igh t s t a s i s .

T he h y p e r p h a g ia - o b e s i ty  s y n d ro m e s  p ro d u c e d  b y  o v a r i e c to m y  

a n d  b y  a n t e r i o r  k n i f e - c u t s  a r e  f u r t h e r  d is t in g u is h e d  f r o m  one  a n o th e r  

b y  d i f f e r e n c e s  in  th e  fee d in g  and  w e igh t r e s p o n s e s  o b s e r v e d  fo llow ing  

e s t r o g e n  a d m in i s t r a t io n .  T h a t  i s ,  d a i ly  s u b c u ta n e o u s  e s t r o g e n  i n j e c ­

t io n s  c o m p le te ly  r e v e r s e d  o v a r ie c to m y - in d u c e d  h y p e rp h a g ia  an d  o b e s i ty  

a t  d o s e s  th a t  f a i l e d  to  in h ib i t  b r a in  d a m a g e d - in d u c e d  o v e r e a t in g  an d
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w eigh t g a in .  T he h o r m o n e  in je c te d  k n i f e - c u t  r a t s ,  h o w e v e r ,  l ik e  the  

c o n tro ls  in j e c t e d  w ith  e s t r o g e n ,  w e r e  no t i n s e n s i t i v e  to  the  a n o r e x i -  

gen ic  e f fe c ts  of e s t r o g e n  s in c e  bo th  g ro u p s  u n d e ra te  and l o s t  s i m i l a r  

a m o u n ts  of w e ig h t  w hen in je c te d  w ith  the  h ig h e r  d o se  of th e  h o r m o n e s .

A n a ly s i s  of th e  w a te r  in ta k e  d a ta  of th e  a n t e r i o r  cut r a t s  

r e v e a le d  a  p r o n o u n c e d  h y p e r  d ip s  i a  w hich  sho w ed  on ly  a  m o d e s t  d e ­

c lin e  a s  l a t e  a s  th e  e le v e n th  p o s to p e r a t iv e  w eek . It i s  u n l ik e ly  th a t  

th is  e le v a te d  w a te r  in ta k e  w as a  p r i m a r y  c o n se q u e n c e  of the  k n i f e - c u t - 

in d u ced  o v e r e a t in g  s in c e  the  w a te r  in ta k e  of th e  b r a i n d a m a g e d  g ro u p  

e x c e e d e d th e  l e v e l th a t  w ould  h av e  b e e n  a n t i c ip a te d  b a s e d  upon t h e i r  h y ­

pe rp h a g ia  a lo n e .  S ta te d  a n o th e r  w ay , th e  w a te r /fo o d  in ta k e  r a t i o  of th e  

k n ife -cu t  a n im a l s ,  b u t n o t t h e  o v a r i e c to m iz e d  r a t s ,  w as  s ig n if ic a n t ly  

e le v a te d  fo l lo w in g  s u r g e r y  and  r e m a in e d  above  p r e o p e r a t i v e  l e v e ls  d u r ­

ing  th e  f in a l  w a te r  in ta k e  p e r io d .  The h y p e r d ip s ia  and  e le v a te d  w a t e r /  

food in take  r a t i o  of th e  b r a i n  d a m a g e d  r a t s  c o n f i r m s  o b s e rv a t io n s  a f t e r  

s im i la r k n i f e - c u t s  p la c e d  in  th e  a n t e r i o r  and  p o s t e r i o r  h y p o th a lam u s  

( G r o s s m a n ,  1971; S c la fa n i  and  B e r n e r ,  1977) a s  w e ll  a s  a f te r  m id b r a in  

c o r o n a l t r a n s e c t i o n s  ( W ir t s h a f te r ,  P o c i a s k ,  K e n t ,  N ote  3). T h is  s u g ­

g e s t s  the  e x is te n c e  of a t h i r s t  in h ib i to r y  s y s te m  w hich  t r a v e l s  lo n g i tu d i ­

n a l ly  in th e  m e d ia l  a s p e c t s  of th e  d ie n c e p h a lo n  an d  is  c o n s i s te n t  with p r e  -  

v io u s  l e s io n s  f in d in g s  w hich  a l s o  in d ic a te  th a t  s u c h  a  n e u r a l  t h i r s t  s y s te m  

e x te n d s  th ro u g h  th e  l e v e l  of the  v e n t r o m e d ia l  h y p o th a la m u s  (G a le ,1974).

In c o n t r a s t  to  th e  m a r k e d  and  p e r s i s t e n t  h y p e rd ip s ia  of the  

kn ife  r.cut r a t s  in  th e  p r e s e n t  e x p e r im e n t ,  th e  o v a r i e c to m iz e d  a n im a ls  

d isp la y e d  o n ly  a  s l ig h t  i n c r e a s e  in  t h e i r  w a te r  co n su m p tio n  fo llow ing  

s u r g e r y .  T h is  r i s e  in  w a te r  in ta k e ,  u n l ik e  th e  h y p e rd ip s ia  of the
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k n i fe -c u t  r a t s ,  w as e n t i r e l y  c o in c id e n t  with th e  i n c r e a s e d  fee d in g  of 

th e  o v a r ie c to m iz e d  a n im a l s .  T h a t  i s ,  the w a te r / f o o d  in ta k e  r a t i o  of 

th e  o v a r ie c to m iz e d  r a t s  w as n e v e r  s u b s ta n t ia l ly  e le v a te d  a b o v e  p r e -  

o v a r ie c to m y  le v e l s .  The p r e s e n t  r e s u l t s  d e m o n s t r a t in g  an  in i t i a l  

r i s e  in  th e  w a te r  in ta k e  fo llow ing  o v a r i e c to m y  a r e  c o n s i s t e n t  w ith 

e a r l i e r  f in d in g s  in  s a m e  ag e  ( T a r t e l l i n  and G o r s k i ,  1971) a n d  l e s s  

m a tu r e  o v a r ie c to m iz e d  r a t s  ( L e s h n e r  and  C o l l i e r ,  1973).

D if f e r e n c e s  in l i n e a r  g ro w th  p ro d u c e d  b y  o v a r i e c to m y  and  

a n t e r io r  k n i f e - c u ts  f u r t h e r  s u g g e s t s  th a t  the  two s y n d r o m e s  a r e  i n ­

dep en d en t of o n e -a n o th e r .  T h a t  i s ,  o v a r i e c to m y  c a u s e d  an i n c r e a s e  

in  l i n e a r  g ro w th  w hile  a n t e r i o r  cu t  r a t s  had  n a s o - a n a l  le n g th s  s i m i l a r  

to  th o s e  of th e  sh a m  o p e ra te d  c o n t r o l s .  S e v e ra l  s tu d ie s  h a v e  p r e ­

v io u s ly  r e p o r t e d  th a t  d a m a g e  to  th e  VMH a u g m e n ts  l i n e a r  g ro w th  

(M itch e ll ,  e t  a l . , 1972; P a lk a  L e ib e l t  and  C r i tc h lo w ,  1971) a n d  i n ­

c r e a s e s  p l a s m a  g ro w th  h o rm o n e  l e v e l s  (M itch e ll  e t  a l .  , 1973; R ic e ,  

K ro n in g  and  C r i tc h lo w , 1976), a n d  t h i s  su g g e s ts  th a t  th e  VMH m a y  

con ta in  e le m e n ts  of a  n e u r a l  s y s te m  w hich  n o r m a l ly  in h ib i t s  g ro w th .

The p r e s e n t  f ind ing  th a t  r a t s  w ith  a n t e r i o r  k n i f e - c u t s  g r e w  a t  i d e n ­

t ic a l  r a t e s  c o m p a re d  to  a n im a ls  w ith  sh a m  c u ts  s u g g e s t s  th a t  su ch  a 

n e u r a l  s y s te m  do es  n o t e x te n d  in to  th e  a n t e r io r  h y p o th a la m ic - p  r e  optic  

a r e a  of the  b r a in .  In c o n t r a s t  to  r a t s  w ith  a n t e r i o r  c u t s ,  th e  o v a r i e c ­

to m iz e d  a n im a ls  i n c r e a s e d  t h e i r  l i n e a r  g ro w th  an d  th i s  c o n f i r m s  e a r ­

l i e r  f ind ings  (Nyda, D e m a jo ,  a n d  L e w is ,  1948). T he  f a i l u r e  of a n t e r io r  

cu ts  to  a l t e r  s o m a tic  g ro w th  a l s o  s u g g e s t s  th a t  su c h  c u ts  do no t p r o ­

duce  a fu n c t io n a l  o v a r ie c to m y .  A  f u r t h e r  d is t in c t io n  b e tw e e n  the  o v a r i ­

e c to m y  and  a n t e r io r  k n i f e - c u t - in d u c e d  h y p e r p h a g ia - o b e s i ty  s y n d ro m e s
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is  b a s e d  on th e  m a r k e d  d i f f e r e n c e s  in body fa t  p r o d u c e d  by  th e s e  two 

d i f f e re n t  s u r g i c a l  m a n ip u la t io n s  a s  e s t im a te d  by  L e e  Ind ex  v a lu e s .  

T h a t  i s ,  w h ile  r a t s  w ith e i th e r  o v a r ie c to m y  o r  a n t e r i o r  k n i f e - c u t s  

e x h ib i te d  i n c r e a s e d  a d ip o s i ty  r e l a t i v e  to  th a t  of the  s h a m  o p e r a te d  

c o n t r o l s ,  th e  a n t e r i o r  cu t r a t s  w e re  s u b s ta n t ia l ly  m o r e  o b e s e  th a n  

w e re  the  o v a r i e c to m iz e d  a n im a ls  by  the  end of th e  e x p e r im e n t .

In s u m m a r y ,  s ig n i f ic a n t  d i f f e re n c e s  in  th e  d e g re e  of h y p e r - 

p h a g ia ,  m a g n i tu d e  of w e igh t g a in ,  and  o b e s i ty  in d ex  v a lu e s  s u g g e s t s  

th a t  th e  h y p e r p h a g ia - o b e s i ty  s y n d ro m e s  p ro d u c e d  b y  o v a r i e c to m y  

a n d  b y  a n t e r i o r  k n i f e - c u ts  a r e  l ik e ly  to  r e p r e s e n t  d i f f e r e n t  fe e d in g  

a n d  body  w e ig h t  d i s o r d e r s .  F u r t h e r ,  d i f f e r e n c e s  in  th e  p a t t e r n  of 

w a te r  in ta k e  a n d  m e a s u r e s  of l i n e a r  g ro w th  le n d  a d d i t io n a l  s u p p o r t  

to  th e  v iew  th a t  th e  two s y n d r o m e s  have  d i f f e r e n t  e t io lo g ie s .  The 

f in d in g  th a t  e s t r o g e n  r e p la c e m e n t  t h e r a p y  c o m p le te ly  r e v e r s e d  o v a r ­

ia n ,  but no t  k n i f e - c u t - in d u c e d  h y p e rp h a g ia  and  o b e s i ty ,  s t r o n g ly  s u g ­

g e s t s  th a t  th e  p r i m a r y  c a u s e  of the  b r a in  d a m a g e d - in d u c e d  fe e d in g  

e f f e c ts  is  no t  a n  e s t r o g e n  in su f f ic ie n c y .  T h ese  f in d in g s ,  h o w e v e r ,  

do n o t  p r e c lu d e  th e  p o s s ib i l i ty  th a t  r e d u c e d  e s t r o g e n  s e c r e t i o n  m a y  

h a v e  a d d ed  to  th e  feed in g  and  body  w eigh t i n c r e a s e s  p r o d u c e d  b y  AHA 

kn ife  -c u t  d a m a g e  s in c e  e x a m in a t io n  of th e  v a g in a l  c y to lo g y  in d ic a te d  

th a t  a n t e r i o r  t r a n s e c t i o n s  a lm o s t  in v a r ia b le  d i s r u p te d  e s t r u s  rh y th m ,  

w ith  p ro lo n g e d  d i e s t r u s  the  m o s t  f r e q u e n t ly  o b s e r v e d  v a g in a l  i r r e ­

g u la r i ty ,  an d  th e  o v a r i e s  of th e  k n i f e - c u t  r a t s  w e re  u n d e rw e ig h t  c o m ­

p a r e d  to  th o s e  of th e  sh a m  cu t a n im a l s .



E X P E R IM E N T  2

T he  f in d in g s  of the  p r e c e d in g  e x p e r im e n t  in d ic a te  th a t  a n ­

t e r i o r  k n i f e - c u t s  and  o v a r i e c to m y  p ro d u c e  d i s s i m i l a r  fe e d in g  and 

b o d y  w e igh t d i s o r d e r s  b u t  t h e y d o n o t  c o m p le te ly  ru le  out th e  p o s s i ­

b i l i ty  th a t  g o n a d a l  f a i l u r e  m a y  h av e  c o n tr ib u te d ,  in  p a r t ,  to  th e  o v e r  7  

e a t in g  a n d  o b e s i ty  c a u s e d  by  a n t e r i o r  h y p o th a la m ic  d a m a g e .  T h a t 

i s ,  fo l lo w in g  a n t e r i o r  k n i f e - c u t s  an  o v a r ia n  im b a la n c e  w as in d ic a te d  

on the  b a s i s  o f  p ro lo n g e d  e s t r o u s  c y c le  i r r e g u l a r i t i e s  and  the  sub^  

n o r m a l  o v a r i a n  w e ig h ts  of the  b r a i n  d a m a g e d  a n im a l s .  A  s i m i l a r  

h y p o th e s is  th a t  g o n a d a l  f a i l u r e  c o n t r ib u te s  to  b r a i n  d a m a g e d - in d u c e d  

o v e re a t in g  h a s  a ls o  b e e n  a d v a n c e d  b y  so m e  to  e x p la in  th e  g r e a t e r  

w e ig h t  g a in  s e e n  in  f e m a le s  c o m p a r e d  to  m a l e s  fo llo w in g  VMH e l e c t r o ­

ly t i c  l e s io n s  in  r a t s  (Cox, K a k o le w sk i  and  V a le n s te in ,  1969; V a le n s te in ,  

C ox  a n d K a k o le w s k i ,  1969)* and  a f t e r  g o ld th io g lu c o s  ^ induced  c h e m ic a l  

l e s io n s  in  m ic e  (S a n d e rs ,  L a k e y  and  S ingh , 1973; W rig h t  and  T u r n e r ,  1973).

The m a in  p u r p o s e  of th i s  e x p e r im e n t ,  t h e r e f o r e ,  w as  to  d e ^  

t e r m i n e  th e  ^extent to  w h ich  th e  h y p e r p h a g ia 7 0 b e s i t y  s y n d ro m e  p r o ­

d u c e d  b y  a n t e r i o r  kn ife  7 c u ts  w as  in d e p e n d e n t  of th e  fe e d in g  and  body  

w e igh t c h a n g e s  c a u s e d  b y  o v a r i e c to m y .  T h is  w a s  a c h ie v e d  by  f i r s t  

o v a r i e c to m iz in g  the  s u b je c ts  and  p e r m i t t i n g  th e m  to  o v e r e a t  a n d  s t a 7  

b i l i z e  t h e i r  b o d y  w eigh t p r i o r  to  r e c e iv in g  th e  k n i f e 7 cu t s u r g e r y .  If 

a n t e r i o r  c u ts  p r o d u c e  t h e i r  fe e d in g  and  w e igh t f a c i l i t o r y  e f fe c ts  b y  m e a n s  

of a fu n c t io n a l  o v a r i e c to m y ,  th e n  r a t s  w ith  an  a l r e a d y  e x is t in g  e s t r o g e n  

in s u f f ic ie n c y  sh o u ld  d i s p la y  no  f u r t h e r  fee d in g  o r  w e igh t c h a n g e s  f o l ­

lo w in g  k n i f e - c u t  s u r g e r y .  If, on the  o th e r  h a n d , th e  o v e re a t in g  and

- 4 1 -
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o b e s i ty  p ro d u c e d  b y  a n t e r i o r  c u ts  i s  c o m p le te ly  in d e p e n d e n t  of o v a r ­

ian  in f lu e n c e  then  p r i o r  o v a r i e c to m y  sh o u ld  no t a l t e r  th e  e x p r e s s io n  of 

th e  k n i f e - c u t - in d u c e d  h y p e r p h a g ia - o b e s i ty  s y n d ro m e .  F u r t h e r ,  i t  w as 

r e a s o n e d  th a t  if  bo th  s y n d r o m e s  h a v e  s e p a r a t e  e t io lo g ie s  th e n  c o m ­

b in ed  s u r g i c a l  t r e a tm e n t s  in  the  s a m e  a n im a l s  sh o u ld  p ro d u c e  a d d it iv e  

fe e d in g  and  body  w eigh t e f f e c t s .

C o n s id e ra b le  e v id e n c e  in d ic a te s  th a t  th e  a n t e r i o r  h y p o th a ­

la m ic  a r e a  p la y s  an  im p o r ta n t  r o le  in  th e  r e l a t i o n s h ip  b e tw e e n  food 

c o n su m p tio n  and  body  t e m p e r a t u r e  r e g u la t io n  (H a m ilto n ,  1975). F o r  

e x a m p le ,  l e s io n s  of th e  a n t e r i o r  h y p o th a la m ic  a r e a  r a i s e  co lo n ic  t e m ­

p e r a t u r e s  a n d  re d u c e  e a t in g  in  n o r m a l  a m b ie n t  t e m p e r a t u r e s  (H am il to n  

an d  B ro b e c k ,  1964) w h e r e a s  the  a r t i f i c i a l  h e a t in g  of th i s  b r a i n  a r e a  

lo w e r s  co lon ic  t e m p e r a t u r e  a n d  i n c r e a s e s  e a t in g  in  n o r m a l  a m b ie n t  

t e m p e r a t u r e s  (H am ilto n  a n d  C ia c c ia ,  1971). T he se c o n d  p u r p o s e  of 

th is  e x p e r im e n t  w as  to  e x a m in e  th e  p o s s ib i l i t y  th a t  k n i f e - c u t s  w hich  

d a m a g e  the  a n t e r i o r  h y p o th a la m ic  a r e a  d i s r u p t  th e r m o r e g u la t io n  an d  

m a y  i n t e r f e r e  w ith  the  a n i m a l ' s  n o r m a l  t e n d e n c y  to  i n c r e a s e  i t s  f e e d ­

ing  in  co ld  a m b ie n t  t e m p e r a t u r e s  a n d  d e c r e a s e  i t  in  w a r m  e n v i ro n m e n ts .  

To t e s t  t h i s ,  r a t s  w ith  a n t e r i o r  k n i f e - c u t s  w e re  s u b je c te d  to  a  s e r i e s  

of a b ru p t  s h i f t s  in  e n v iro n m e n ta l  t e m p e r a t u r e s  f o r  b r i e f  p e r io d s .

METHOD

S u b je c t s ; T h i r t y - t h r e e  f e m a le  r a t s  r a n g in g  in b ody  w e igh t f r o m  

233 to  257 g a t  the  t im e  of th e  in i t i a l  s u r g e r y  s e r v e d  a s  s u b je c t s  an d  

d a ta  a r e  r e p o r t e d  f o r  24 a n im a l s  th a t  c o m p le te d  the  s tud y .

P r o c e d u r e :  F o o d  in ta k e  and  b o d y  w e igh t m e a s u r e s  w e r e  o b ta in ed
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d a i ly  fo r  10 p r e o p e r a t i v e  and  170 p o s to p e r a t iv e  d a y s .  T he s u b je c t s  

w e r e  in i t i a l l y  o v a r i e c to m iz e d  (OVX) o r  s h a m  o v a r i e c to m iz e d  (SHAM) 

an d  f i f ty  d a y s  l a t e r  w e r e  g iven  e i th e r  a n t e r i o r  k n i f e - c u t s  (ANT) o r  

sh a m  k n i f e - c u t s  (SHAM). On D ays 80-91 th e  r a t s  w e r e  r e m o v e d  

f r o m  th e  m a in  co lo n y  an d  h o u se d  in a  t e m p e r a t u r e  a n d  h u m id i ty  c o n ­

t r o l l e d  e n v i r o n m e n ta l  c h a m b e r  (S h e re r  0 E R 6 8 ), in  w h ich  th e  fo l lo w ­

ing  a m b ie n t  t e m p e r a t u r e s  w e re  m a in ta in e d : ( 1 )' 24°C on D ays  81 -83 ;

(2) 5°C  on D ay s  84 -8 5 ; (3) 24°C on D ays 8 6 - 8 8 ; a n d  (4) 35°C  on D ays  

8 9 -9 0 .  P r i o r  to  the  t e m p e r a t u r e  t e s t s  th e  c o re  t e m p e r a t u r e  of e a c h  

s u b je c t  w as  o b ta in ed  b y  i n s e r t in g  a  Y e l lo w s p r in g s  t h e r m i s t e r  5cm  

bey o n d  th e  a n a l  o r i f ic e .  The su b je c ts  w e r e  r e t u r n e d  to  th e  m a in  

co lo n y  r o o m  on D ays 9 1 -1 7 0 .

R E SU L T S

The body  w e igh t f in d ing s  of th i s  e x p e r im e n t  a r e  i l l u s t r a t e d  

in  F ig u r e  5 an d  th e  fe e d in g  r e s u l t s  a r e  c o n ta in e d  in  T a b le  8 . The 

a n a ly s e s  of v a r i a n c e  f o r  b o th  of th e s e  m e a s u r e s  a r e  s u m m a r i z e d  in  

T a b le  9. P r e o p e r a t i v e l y  t h e r e  w e re  no s ig n i f ic a n t  foo d  in ta k e  o r  b o d y  

w e ig h t  d i f f e r e n c e s  am o n g  the  fo u r  g ro u p s .  F o l lo w in g  s u r g e r y  th e  

o v a r i e c to m iz e d  r a t s  w e re  h y p e rp h a g ic  a n d  r a p i d l y  g a in e d  w e ig h t,  

c o m p a r e d  to  a n im a l s  g iv en  sh a m  o v a r ie c to m y .  B y  D a y s  18 -20  the  

o v a r i e c to m iz e d  r a t s  w e re  e a t in g  m o re  (p^ . 05) chow  th a n  th e  sh a m  

o p e r a t e d  a n im a l s  (OVX=18. 1 v s .  SHAM=15. 8  g /d a y )  a n d  h a d  g a in e d  

s ig n i f ic a n t ly  m o r e  (p^. 05) w eigh t than  d id  th e  s h a m  o p e r a t e d  a n im a l s  

(61. 9 v s . .  27 . 6  g ; r e s p e c t iv e ly ) .  The d i f f e r e n c e  in  b o d y  w e ig h t  g a in  

b e tw e e n  th e  o v a r i e c to m iz e d  and  sh a m  o v a r i e c t o m iz e d  r a t s  w as  f u r t h e r
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i n c r e a s e d  (p^. 01) by  D ay  50 (OVX=94. 4  v s .  SHAM=52. 3 g . ), a lthough  

bo th  o p e r a t e d  an d  sh a m  o p e ra te d  a n im a l s  w e re  c o n su m in g  s im i l a r  

a m o u n ts  of chow  on D ays 4 8 -50  (15. 9 a n d  15. 5 g /d a y ;  r e s p e c t iv e ly ) .  

F u r t h e r  a n a ly s i s  r e v e a l e d  th a t  d u r in g  D a y s  4 0 -5 0 ,  the  o v a r ie c to m iz e d  

and  s h a m  o v a r i e c to m iz e d  r a t s  w e re  i n c r e a s in g  t h e i r  w eigh t ga ins  a t  

n e a r  id e n t i c a l  r a t e s  j u s t  p r i o r  to  th e  h y p o th a la m ic  k n i fe -c u t  s u r g e r y  

(OVX=. 72 a n d  SHAM=. 74 g /d a y ) .

F o llo w in g  th e  k n i f e -c u t  o r  s h a m  b r a i n  s u r g e r y  on D ay 50, 

th e  SHAM+ANT an d  OVX+ANT g ro u p s  w e r e  h y p e rp h a g ic  and  ga ined  

w e igh t r a p id ly .  T h i r ty  d a y s  fo llow ing  th e  o p e ra t io n  the  SHAM+ANT 

r a t s  h a d  g a in e d  m o r e  w e igh t (p{. 01) th an  d id  the  SHAM+SHAM a n i ­

m a l s ,  a s  w e ll  a s  (p^. 05) th e  p r e v io u s ly  o b e se  OVX+SHAM a n im a ls  

[1 9 0 .8  v s .  5 9 .0  an d  1 1 5 .6  g ; r e s p e c t iv e ly ] .  The SHAM+ANT r a t s  

w e re  a l s o  c o n su m in g  m o r e  (p^C 05) chow  th an  w e re  e i th e r  of the  

sh a m  k n i f e - c u t  g ro u p s  on D ays 7 8 -8 0  [SHAM -ANT=35. 2 v s .  (SHAM+ 

SHAM=15. 5 o r  OVX+SHAM =l 6 . 5 g /d a y ) ] .  T he  SHAM+ANT r a t s  h o w ­

e v e r  g a in e d  l e s s  w e ig h t,  bu t no t  s ig n i f ic a n t ly  so , th an  d id  th e  OVX+ 

A N T r a t s  on D ay  80 (190. 8  v s .  207. 0 g; r e s p e c t iv e ly )  and  w hile  bo th  

of t h e s e  g ro u p s  w e re  h y p e rp h a g ic  c o m p a r e d  to  t h e i r  r e s p e c t iv e  n o n -  

cu t g r o u p s ,  th e  d i f f e r e n c e s  b e tw een  th e  k n i f e - c u t  g ro u p s  in  t h e i r  d e ­

g r e e  of o v e re a t in g  on D ays  7 8 -80  w as  n o t  s t a t i s t i c a l l y  r e l i a b l e  (SHAM+ 

A N T=34. 9 a n d  OVX+ANT=35. 2 g /d a y ) .  D u r in g  th e  t h i r t y  day s  fo l lo w ­

ing th e  b r a i n  s u r g e r y  the  k n i f e - c u t  g ro u p s  bo th  g a in ed  s i m i l a r  a m o u n ts  

of w e ig h t,  r e l a t i v e  to  t h e i r  s ta b le  b ody  w e igh t l e v e l s  ju s t  p r i o r  to  th e  

s e c o n d  o p e ra t io n  (OVX+ANT=115. 2 and  SHAM +ANT*136.0g; p> . 05).

The OVX+SHAM r a t s  h a d  ga in ed  m o r e  w e igh t  (p^l 01) th an  th e  SHAM+
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SHAM r a t s  a t  the  end of th is  t h i r t y  d a y  p e r io d  and bo th  of th e s e  

n o n -c u t  g ro u p s  c o n su m e d  s i m i l a r  a m o u n ts  of the  chow  d ie t  on Days 

7 8 -8 0  (1 6 .5  and 1 5 .5  g /d a y ) .

The m e a n  c o re  body  t e m p e r a t u r e s  o b ta in ed  in  th e  e n v i r o n ­

m e n ta l  c h a m b e r  on D ay  80 r e v e a l e d  th a t  th e  g ro u p s  w ith  b r a in  

d a m a g e  w e re  h y p e r th e r m ic  (p ( .  05) c o m p a r e d  to  t h e i r  r e s p e c t iv e  

e n d o c r in e  c o n tro ls  (OVX+ANT=37. 3 °  v s .  OVX+SHAM=36. 3°; 

SHAM+ANT=37. 6 °  v s .  SHAM+SHAM=36. 2 ° ) .  T h e r e  w e r e ,  h o w ­

e v e r ,  no  r e l i a b l e  d i f f e r e n c e s  in  the  co lo n ic  t e m p e r a t u r e s  b e tw een  

th e  two g ro u p s  g iven  k n i f e - c u t s  o r  b e tw e e n  th o se  g iv en  s h a m  

b r a in  s u r g e r y .  The fee d in g  r e s u l t s  of th e  t e m p e r a t u r e  t e s t s  a r e  

i l l u s t r a t e d  in  F ig u r e  6 . D u r in g  th e  in i t i a l  t h e r m o n e u t r a l  (24°C) 

p e r io d ,  th e  k n i f e - c u t  g ro u p s  c o n tin u ed  e a t in g  m o r e  ( p ^ . 0 1 ) th an  did 

t h e i r  r e s p e c t iv e  n o n -c u t  c o n t r o l s ,  and  n e i th e r  th e  food  in ta k e  d i f ­

f e r e n c e  b e tw een  the  c u t ,  o r  b e tw e e n  the  n o n - c u t  g ro u p s  w a s  s i g ­

n i f ic a n t .  L o w erin g  th e  a m b ie n t  t e m p e r a t u r e  to  5°C  r e s u l t e d  in 

a  s ig n if ic a n t  i n c r e a s e  (p^ . 05) in  th e  fe e d in g  of th e  n o n -c u t  g ro u p s  

w h ile  th is  b r i e f  co ld  s t r e s s  f a i l e d  to  e n h a n c e ,  and  in  f a c t  s l ig h t ly  

d e c r e a s e d ,  but no t s ig n i f ic a n t ly  so ,  th e  food c o n su m p tio n  of the  

c u t  g ro u p .

W hen the  n e u t r a l  a m b ie n t  t e m p e r a t u r e  w as r e s t o r e d  f o l ­

low ing  the  5°C  t e s t ,  the  n o n - c u t  g ro u p s  s ig n i f ic a n t ly  (p^ . 05) r e d u c e d  

t h e i r  e a t in g  to  th e  p r e t e s t  b a s e l i n e  l e v e l .  T he  k n i f e - c u t  g ro u p s ,  

w hen r e t u r n e d  to  the  t h e r m o n e u t r a l  c o n d it io n , d id  n o t  r e l i a b l y  a l t e r  

t h e i r  feed in g  and  c o n tin u ed  to  e a t  a t  th e  le v e l  s e e n  d u r in g  th e  j u s t  

p r i o r  co ld  s t r e s s .  R a i s in g t h e  a m b ie n t  t e m p e r a t u r e  to  35°C  r e s u l t e d
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in  a s ig n if ic a n t  (p^l 0 1 ) feed ing  r e d u c t io n  in  a l l  fo u r  g ro u p  r e l a t i v e  to  

th a t  s e e n  p r e v io u s ly  d u r in g  the  se c o n d  t h e r m o n e u t r a l  t e s t  p e r io d  

(OVX+ANT=62. 1%, OVX+SHAM=60. 5% , SHAM +ANT= 6 l .  1 %, and  

SHAM+SHAM=59. 0% ), a lth o u g h  th e  k n i f e - c u t  g ro u p s  co n tin u ed  to  

c o n su m e  m o r e  (p^. 05) chow  d u r in g  th e  h e a t  s t r e s s  t e s t  th an  did 

t h e i r  r e s p e c t iv e  n o n -c u t  c o n t r o l s .

T he s u b je c ts  w e re  r e t u r n e d  to  th e  m a in  a n im a l  co lo ny  r o o m  

on D ay  91 an d  o v e r  the  n e x t  2 0 -d a y  p e r io d  a l l  fo u r  g ro u p s  r e s u m e d  a 

r a t e  of w eigh t ga in  s i m i l a r  to  th a t  o b s e r v e d  p r i o r  to  th e  t e m p e r a t u r e  

t e s t s .  D u r in g  th e  f in a l  50 days  of th e  e x p e r im e n t  th e  w e ig h t  ga in  

c u rv e s  of th e  two k n i f e -c u t  g ro u p s  s lo w ly  b e g a n  to  d iv e rg e  an d  by  

D ay  140 the  OVX+ANT had  g a in e d  m o r e  ( p ^ 0 5 )  w e igh t th an  th e  SHAM+ 

A N T a n im a l s  (3 4 1 .6  v s .  3 0 9 .3  g,; r e s p e c t iv e ly ) . '  O v e r  th e  s a m e  f in a l  

5 0 -d a y  p e r io d  the  OVX+SHAM r a t s  m a in ta in e d  a s ig n if ic a n t  ( p ^ O l )  

an d  s ta b le  w eigh t ga in  a d v an tag e  o v e r  th e  SHAM+SHAM a n im a l s .  A t 

th e  c o n c lu s io n  of th e  e x p e r im e n t ,  on D a y  170, the  OVX+ANT r a t s  had  

g a in e d  m o r e  (p^. 05) w eight th an  th e  SHAM+ANT a n im a l s  (3 9 1 .4  v s .  

3 2 5 .6  g; r e s p e c t iv e ly )  an d  bo th  cu t  g ro u p s  w e r e  c o n su m in g  s i m i l a r  

a m o u n ts  of chow (30. 1 and  28. 3 g /d a y ;  r e s p e c t iv e ly )  on D ays  168 -  

170. B oth  k n i f e -c u t  g ro u p s  g a in e d  m o r e  (p^. 001) w e igh t an d  w e re  

e a t in g  m o r e  (p^. 0 1 ) chow th an  t h e i r  r e s p e c t i v e  n o n - c u t  c o n tro l s  on 

D ays 16 8 -170 . T he OVX+SHAM r a t s ,  in  t u r n ,  h a d  g a in e d  m o r e  (p^. 05) 

w e igh t th an  d id  th e  SHAM+SHAM a n im a l s  (1 4 0 .7  v s .  89. 3 g ; r e s p e c ­

t iv e ly )  and  t h e r e  w e re  no r e l i a b l e  food in ta k e  d i f f e r e n c e s  b e tw ee n  

th e s e  two g ro u p s  on D ays 168-170  (1 5 .6  a n d  1 6 .0  g /d a y ) .  F in a l ly ,  

th e  t e r m i n a l  d i f f e r e n c e s  in  w e igh t ga in  b e tw e e n  b o th  cu t  g ro u p s  (65. 8  g)
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c lo s e ly  a p p ro x im a te d  th e  d i f f e r e n c e s  in  w eight ga in  b e tw een  th e  n o n -  

cu t g ro u p s  on D a y  170 ( 5 1 .4  g).

H is to lo g ic a l  e x a m in a t io n  of th e  k n i f e - c u ts  r e v e a le d  th a t  th e y  

w e re  b i l a t e r a l l y  s i tu a te d  in  th e  c a u d a l  p o r t io n  of the  a n t e r i o r  h y p o th a ­

l a m ic  a r e a  and  the  d a m a g e  p ro d u c e d  b y  th e s e  t r a n s e c t i o n s  w as v e r y  

s i m i l a r  to  th a t  o b s e r v e d  in  E x p e r im e n t  1. A ll  a n im a ls  s u s ta in e d  b i ­

l a t e r a l  d a m a g e  to  th e  m e d ia l  ed g es  of the  l a t e r a l  h y p o th a la m u s  an d  

th e  c u ts  e x te n d e d  s l ig h t ly  m o r e  v e n t r a l  than  th a t  d e p ic te d  in  F i g u r e  1A.

DISCUSSION

T he find ing  th a t  s t a t i c  o b e se  o v a r ie c to m iz e d  r a t s  c o n su m in g  

food a t  c o n tro l  l e v e l s  w ill  su b s e q u e n t ly  o v e re a t  and b e c o m e  m o r e  

o b e se  a f t e r  a n t e r i o r  k n i f e - c u t s  d e m o n s t r a te s  th a t  such  n e u r a l  t r a n ­

s e c t io n s  do no t c a u s e  t h e i r  p r i m a r y  feed in g  an d  w eight p ro m o t in g  e f ­

f e c t s  b y  a l t e r in g  en dog en ous  l e v e ls  of e s t r o g e n .  R a th e r ,  k n i f e - c u t  

in d u c e d  o v e re a t in g  a n d  w e igh t ga in  a p p e a r  to  r e s u l t  d i r e c t l y  f r o m  

d a m a g e  to  th e  a n t e r i o r  h y p o th a la m u s  o r  to  f i b e r s  of p a s s a g e  w h ic h  

c o u r s e  th ro u g h  th is  b r a i n  r e g io n .  T he ind epen dence  of th e  h y p e r p h a ­

g i a - o b e s i ty  s y n d ro m e s  p ro d u c e d  b y  o v a r ie c to m y  f ro m  th a t  fo llo w in g  

a n t e r i o r  k n i f e - c u t s  i s  f u r t h e r  su p p o r te d  by the  p r e s e n t  f ind in g  th a t  

th e  s u r g i c a l  m a n ip u la t io n s  p ro d u c e d  n e a r  a d d it iv e  e f fe c ts  on w e ig h t  

ga in  w hen  c o m b in e d  in  th e  s a m e  a n im a l .  T hat i s ,  the f in a l  d i f f e r e n c e  

in  th e  w e ig h t  g a in  b e tw ee n  th e  o v a r ie c to m iz e d  an d  sh a m  o v a r i e c t o ­

m iz e d  a n im a l s  (i. e . , o v a r i a n  ob es ity )  v e r y  c lo s e ly  a p p ro x im a te d  th e  

d i f f e r e n c e  in  th e  w e igh t  g a in  b e tw ee n  th e  two k n ife -c u t  g ro u p s  g iv en
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p r i o r  o v a r i e c to m y  o r  s h a m  o v a r ie c to m y .  T h is  a d d i t iv i ty  e ffec t  d id 

not a p p e a r  u n t i l  th e  f i f th  o r  s ix th  p o s to p e r a t iv e  w eek  a f t e r  the  s h a m -  

o v a r i e c to m iz e d  k n i f e - c u t  r a t s  h ad  begun  to  s ta b i l iz e  t h e i r  food in tak e  

and  body  w e ig h t.  T he  d e la y e d  e x p r e s s io n  of a d d i t iv i ty ,  h o w e v e r ,  i s  

not an  u n p r e c e d e n te d  f ind in g  when n e u r a l  an d  e n d o c r in e  s u r g e r i e s  

a r e  c o m b in e d  in  th e  s a m e  a n im a l  (G ale  and  S c la fa n i ,  1977a; K a e s t -  

n e r ,  1974; K ing  a n d  Cox, 1973) an d  m a y  r e s u l t  f r o m  an  in i t ia l  c e i l in g  

e ffec t  on e x t r e m e l y  r a p id  w eigh t g a in  s i m i l a r  to  th e  d e f e r r e d  w eigh t 

ga in  s e e n  in  l a c ta t in g  r a t s  g iven  o v a r i e c to m y  p r i o r  to  th e  t e r m in a t io n  

of n u r s in g  (Ota a n d  Y o koy am a, 1967).

T he  c o m p a r i s o n  b e tw ee n  th e  SHAM+ANT an d  OVX+SHAM 

g ro u p s  in d ic a te s  th a t  b r a i n  d a m a g e  b y  i t s e l f  p ro d u c e d  a g r e a t e r  m a g ­

n itu d e  of h y p e rp h a g ia  an d  d u ra t io n  of o v e re a t in g  th an  d id  o v a r ie c to m y  

by  i t s e l f .  F o r  e x a m p le ,  the  r a t s  g iv en  k n i f e - c u t s  a lo n e  r e m a in e d  

h y p e rp h a g ic  c o m p a r e d  to  th e  SHAM+SHAM a n im a l s  f o r  120 days f o l ­

low ing  b r a i n  s u r g e r y ,  w h e r e a s  a f t e r  on ly  50 p o s to p e r a t iv e  days  the  

r a t s  g iv en  o v a r i e c to m y  a lo n e  h a d  r e d u c e d  t h e i r  e le v a te d  in ta k e s  to  

c o n tro l  l e v e l s  an d  r e m a in e d  n o rm o p h a g ic  t h e r e a f t e r .  T h e s e  f in d ing s  

in d ic a t in g  th a t  o v a r i a n  h y p e rp h a g ia ,  u n l ik e  th e  o v e re a t in g  se e n  a f t e r  

a n t e r io r  c u ts ,  p e r s i s t s  f o r  on ly  s e v e r a l  w e e k s  fo llow ing  s u r g e r y  and  

th a t  the  w e igh t g a in  of th e  o v a r i e c to m iz e d  r a t s  r e m a in s  c h ro n ic a l ly  

e le v a te d  ab o v e  c o n t r o l  l e v e l s  bu t  b e low  th a t  of the  k n i f e - c u t  a n im a l s ,  

c o n f i rm  th e  r e s u l t s  o b ta in e d  e a r l i e r  in E x p e r im e n t  1.

The in d e p e n d e n c e  of th e  a n t e r i o r  k n i f e - c u t  an d  th e  o v a r ia n  

h y p e rp h a g ia - o b e s i ty  s y n d r o m e s  is  f u r t h e r  s u g g e s te d  b y  the  p r e s e n t  

find ing  th a t ,  w h ile  o v a r i e c to m y  d id  no t  a l t e r  th e  a n im a l ’s co lon ic



- 4 9 -

t e m p e r a t u r e ,  a n t e r i o r  k n i f e - c u t s  p ro d u c e d  a  m a r k e d  e le v a t io n  in  the  

r a t ’s c o re  body  t e m p e r a t u r e .  T he  f in d ing  of k n i f e - c u t - in d u c e d  h y p e r ­

t h e r m ia  i s  c o n s is te n t  w ith  th e  o b s e r v a t io n  of H a m il to n  an d  B ro b e c k  

(1964), th a t  r a t s  w ith  e x te n s iv e  e l e c t r o ly t i c  l e s io n s  of th e  a n t e r i o r  

h y p o th a la m ic  a r e a  h av e  e le v a te d  c o lo n ic  t e m p e r a t u r e s .  D e sp i te  th is  

s i m i l a r i t y ,  h o w e v e r ,  t h e r e  a p p e a r s  to  be  few , i f  any , c o m m o n a l i t i e s  

b e tw ee n  the  feed in g  e f f e c ts  p r o d u c e d  b y  r o s t r a l  h y p o th a la m ic  l e s io n s  

and  th o se  p ro d u c e d  by  a n t e r i o r  k n i f e - c u t s .  F o r  e x a m p le ,  w h e r e a s  

th e  k n i f e - c u t  r a t s  in  th e  p r e s e n t  s tu d y  w e r e  h y p e rp h a g ic  a t  2 4 °C , r a t s  

w ith  r o s t a l  h y p o th a la m ic  l e s io n s  a r e  r e p o r t e d  to  be  h y p o p hag ic  (H a m i l ­

ton  & B ro b e c k ,  1964). F u r t h e r ,  th e  k n i f e - c u t  r a t s  of th e  p r e s e n t  s tu d y  

d isp la y e d  a fe e d in g  r e d u c t io n  w hen  h e a t - s t r e s s e d ,  u n l ik e  r a t s  w ith  

r o s t r a l  l e s io n s ,  and  w hen c o l d - s t r e s s e d  th e  k n i f e - c u t  r a t s  d id  no t f u r ­

t h e r  i n c r e a s e  t h e i r  fe e d in g  in  c o n t r a s t  to  a n im a l s  w ith  a n t e r i o r  h y p o ­

th a la m ic  le s io n  t e s t e d  a t  a  s i m i l a r  e n v i ro n m e n ta l  t e m p e r a t u r e  (H a m i l ­

ton  & B ro b e c k ,  1964). T h e s e  d i f f e r e n c e s  b e tw ee n  th e  t e m p e r a t u r e - 

d ep en d en t  feed ing  r e s p o n s e s  of th e  k n i f e - c u t  r a t s  in  th e  p r e s e n t  s tu d y  . 

an d  th o se  p r e v io u s ly  r e p o r t e d  in  a n im a l s  w ith  a n t e r i o r  h y p o th a la m ic  

l e s io n s ,  su g g e s t  th a t  w h ile  a n t e r i o r  cu ts  and  l e s io n s  b o th  p ro d u c e  

h y p e r th e r m ia  th e y  d i f f e r e n t i a l ly  e f fe c t  a  n e u r a l  s y s te m  in v o lv e d  in  th e  

th e rm o g e n ic  c o n tro l  of fe e d in g .

W ith r e g a r d  to  c h ro n ic  e s t r o g e n  w i th d ra w a l ,  M a r r o n e ,  G e n ­

t r y  an d  W ade (1976) h a v e  r e c e n t l y  o b s e r v e d  th a t  soon  a f t e r  o v a r i e c to m y  

t h e r e  i s  a  d ro p  in co lon ic  t e m p e r a t u r e ,  bu t d a ta  c o n c e rn in g  m o r e  lo n g ­

t e r m  t e m p e r a t u r e  c h a n g e s  in  th e  r a t  fo llow ing  c a s t r a t i o n  h a v e  no t b e en  

p r e v io u s ly  r e p o r t e d .  The p r e s e n t  f in d in g s  s u g g e s t  th a t  c h ro n ic  r e m o v a l
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of e s t r o g e n ,  w h ile  i t  m a y  p ro d u c e  m o r e  i m m e d ia te  c h a n g e s  in  co lon ic  

t e m p e r a t u r e ,  d o e s  no t i n t e r f e r e  w ith  the  m a in te n a n c e  of a  s ta b le  c o re  

body  t e m p e r a t u r e  w h e r e a s  a n te r io r  h y p o th a la m ic  k n i f e - c u t s ,  in  c o n ­

t r a s t ,  p ro d u c e  h y p e r th e r m ia  a s  do l e s io n s  of th i s  a r e a ,  but th e  b r a i n  

d a m a g e d - in d u c e d  t e m p e r a t u r e  and  feed in g  e f f e c ts  m a y  r e p r e s e n t  

s e p a r a t e  d i s o r d e r s .

T he d i f f e r e n t  feed in g  r e s p o n s e s  to  a b ru p t  sh i f t s  in  t e m p e r a ­

tu r e  d is p la y e d  b y  the  k n i f e - c u t  r a t s  c o m p a r e d  to  th e  o v a r i e c to m iz e d  

a n im a ls  s u g g e s t ,  a l th o u g h  p e rh a p s  l e s s  c l e a r l y ,  t h a t  th e  o v a r i a n  and  

a n t e r i o r  k n i f e - c u t  h y p e rp h a g ia - o b e s i ty  s y n d r o m e s  a r e  d i s t in c t  f r o m  

one a n o th e r .  F o r  e x a m p le ,  o v a r ie c to m iz e d  r a t s  e a t in g  a t  c o n tro l  

l e v e ls  e n h a n c e d  t h e i r  feed in g  when p la c e d  in  the  c o ld  w h e r e a s  the  

k n i f e - c u t  g ro u p s ,  in  c o n t r a s t ,  f a i le d  to  a u g m e n t  t h e i r  e a t in g  an d  th is  

m a y  h a v e  r e s u l t e d  f r o m  d i r e c t  dam ag e  to  b r a in  a r e a s  p r e v io u s ly  i m ­

p l ic a te d  in th e  th e rm o g e n ic  c o n tro l  of fee d in g  ( s e e  H am ilton , 1975).

It i s  p o s s ib le  th a t  so m e  a d d it io n a l  f a c t o r ,  o th e r  th a n  b r a i n  

d a m a g e ,  m a y  h a v e  c o n tr ib u te d  to  th e  a p p a r e n t  fe e d in g  d e f ic i t  of th e  

k n i f e - c u t  r a t s  w hen p la c e d  in the  co ld . B o th  k n i f e - c u t  g r o u p s ,  fo r  

e x a m p le ,  w e re  m o r e  o b e se  th an  w e re  the  n o n - c u t  g ro u p s  a n d  th is  e x ­

t r a  bo dy  fa t  m a y  h av e  d e c r e a s e d  t h e i r  h e a t  l o s s  in  th e  co ld  a n d  th u s  

th e  bo dy  t e m p e r a t u r e  of th e  a n t e r io r  cu t r a t s  m a y  h a v e  no t d ro p p e d  

to  a  l e v e l  w hich  i s  n e c e s s a r y  to  m o b il iz e  a d d i t io n a l  fe e d in g .  On th e  

o th e r  h an d , c o m p a r e d  to  the  n o n -c u t  g ro u p s  the  a d d e d  in s u la t io n  of 

th e  a n t e r i o r  cut r a t s  d id  not e x a g g e ra te  t h e i r  fe e d in g  d e c r e a s e s  w hen 

h e a t  s t r e s s e d .  T h a t  i s ,  th e  p e r c e n t  re d u c t io n  in  th e  a n t e r i o r  cu t 

r a t ’s food c o n su m p tio n  r e l a t i v e  to  t h e r m o n e u t r a l  b a s e l in e  l e v e l s  w as
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s i m i l a r  to  th a t  s e e n  in  the  n o n - c u t  g ro u p s .  W hile  o th e r  l e s s  obv ious 

f a c t o r s ,  o r  b r a i n  d a m a g e  i t s e l f ,m a y b e  r e s p o n s ib le  fo r  th e  f a i l u r e  of 

th e  k n i f e - c u t  a n im a l s  to  ex h ib it  a  feed in g  i n c r e a s e  when c o ld  s t r e s s e d ,  

i t  a p p e a r s  th a t  th e y  r e s p o n d  to  h e a t  a s  do the  o v a r i e c to m iz e d  an d  sh a m  

o v a r i e c to m iz e d  r a t s  b y  c o n su m in g  l e s s  food. The p r e s e n t  f in d in g s  

s u g g e s t ,  t h e r e f o r e ,  th a t  c o m p a r e d  to  fu l ly  in ta c t  r a t s  the  m e c h a ­

n i s m ^ )  r e s p o n s ib le  f o r  in i t ia t in g  o v e re a t in g  in  th e  co ld  a n d  u n d e r - 

e a t in g  in  the  h e a t  r e m a in  u n a l t e r e d  in  o v a r ie c to m iz e d  r a t s  b u t  l e s s  

w e ll  so in  a n im a l s  g iven  a n t e r i o r  h y p o th a la m ic  k n i f e - c u ts .



E X P E R IM E N T  3

If a n t e r i o r  k n i f e - c u ts  p ro d u c e  t h e i r  feed in g  and w eigh t 

f a c i l i t o r y  e f fe c ts  n o t  in c id e n ta l ly  b y  m e a n s  of a  fu n c t io n a l  o v a r i ­

e c to m y , a s  th e  r e s u l t s  of E x p e r im e n t s  1 and  2 in d ic a te ,  but r a t h e r ,  

by d i r e c t l y  d a m a g in g  fe e d in g  in h ib i to r y  f i b e r s  th a t  c o u r s e  th ro u g h  

the  a n t e r i o r  h y p o th a la m ic  a r e a ,  th e n  s i m i l a r  cu ts  in  m a le  r a t s  

shou ld  a l s o  p ro d u c e  o v e re a t in g  and  o b e s i ty .  Such c u ts ,  h o w e v e r ,  

have  b e e n  r e p o r t e d  n o t  to  r e l i a b l y  a l t e r  th e  food  in ta k e  o r  body 

w eigh t of m a le  r a t s  (A lb e r t  e t  a l . , 1971; M a b ry  and  C a m p b e ll ,  1975; 

P a x in o s  and  B in d ra ,  1972).

It h a s  b e e n  s u g g e s te d  p r e v io u s ly  (Cox, K a k o lew sk i  and  

V a le n s te in ,  1969), th a t  th e  e f fe c ts  of VMH d a m a g e  on food in tak e  

and b o d y  w e igh t a r e  m o r e  r e a d i ly  a t t a in e d  in  f e m a le  r a t h e r  th an  

m a le  r a t s  and  th is  m a y  a l s o  a p p ly  in  r e g a r d  to  th e  fe e d in g  and  body  weight 

e f f e c t s  produced by a n te r io r  k n i f e - c u t  t r a n s a c t io n s .  One of the  d i f ­

f i c u l t i e s  in  o b s e r v in g  b r a i n  d a m a g e d - in d u c e d  o v e re a t in g  and  w eigh t 

ga in  in  m a l e s  c o m p a re d  to  f e m a le s  m a y  r e s u l t  f r o m  the  a c c e l e r a t e d  

g ro w th  r a t e  s e e n  in  n e u r a l ly  in ta c t  m a l e s  r e l a t i v e  to  f e m a le s ,  and 

m o re  r e c e n t  e v id e n c e  c o m p a r in g  b r a i n  d a m a g e d - in d u c e d  o b e s i ty  

in m a l e s  and  f e m a le s  i s  c o n s i s t e n t  w ith  th is  v iew  (Gold, 1970;

R e h o v sk y  a n d  W a m p le r ,  1972).

The p r e s e n t  s tu d y  w as  d e s ig n e d  to  in v e s t ig a te  w h e th e r  o r  

no t  a n t e r i o r  h y p o th a la m ic  k n i f e - c u t s ,  l ik e  th o s e  w hich  p ro d u c e d  h y ­

p e r p h a g ia  an d  o b e s i ty  in  f e m a le  r a t s  ( E x p e r im e n ts  1 and 2), would 

have  s i m i l a r  e f f e c ts  in  m a l e s .  S in ce  p r e v io u s  s tu d ie s  u s in g  m a le
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s u b je c ts  have  shown th a t  p a r a s a g i t t a l  k n i f e - c u t s  p la c e d  j u s t  m e d ia l  

to  the  fo rn ix  p ro d u c e  o v e r e a t in g  a n d  body  w e igh t g a in  (A lb e r t  e t  a l . , 

1971; Gold, 1970; M a b r y  a n d  C a m p b e l l ,  1975; P a x in o s  and  B in d ra ,

1972), u n like  a n t e r io r  t r a n s e c t i o n s ,  th e  e f f e c ts  of th e s e  p a r a s a g i t ­

t a l  cu ts  on food in ta k e  and  b o d y  w e igh t w e re  d i r e c t l y  c o m p a r e d  to  

th o s e  fo llow ing  a n t e r i o r  t r a n s e c t i o n s .  F in a l ly ,  to  i n c r e a s e  th e  l i k e l i ­

hood of ob ta in ing  o b e s i ty  th e  s u b je c t s  w e re  o f f e re d  a  h igh  f a t  d ie t  

(Cox, K ak o lew sk i  an d  V a le n s te in ,  1969).

M ETHOD

S u b je c t s : T w e n ty -o n e  m a le  r a t s  w e igh ing  f r o m  366 to  391 g 

s e r v e d  a s  s u b je c ts  a n d  d a ta  a r e  p r e s e n t e d  f o r  1 6  r a t s  th a t  c o m p le te d  

th e  s tudy . T h re e  r a t s  in  th e  a n t e r i o r  t r a n s e c t e d  g ro u p  w e r e  d i s ­

c a r d e d  f r o m  th e  s tu d y  a s  a  r e s u l t  of g r o s s l y  m is p la c e d  k n i f e - c u t s  

and  the  d a ta  of two a d d i t io n a l  r a t s  d i s c a r d e d  who d e v e lo p e d  c h ro n ic  

r e s p i r a t o r y  d i s e a s e .

P r o c e d u r e : F o o d  in ta k e  and  b ody  w e igh t m e a s u r e s  w e r e  o b ­

ta in e d  d a ily  f o r  10 p r e o p e r a t i v e  a n d  35 p o s to p e r a t iv e  d a y s .  M ale  

s u b je c ts  r e c e iv e d  one of th e  fo l lo w in g  s u r g i c a l  p r o c e d u r e s :  (a) a n ­

t e r i o r  c o ro n a l  k n i f e - c u ts  (A N T), (2) m e d ia l  p a r a s a g i t t a l  k n i f e - c u t s  

(M ED), o r  (3) sh a m  k n i f e - c u t s  (CON). P r i o r  to  s u r g e r y  a n d  f o r  the  

f i r s t  15 p o s to p e ra t iv e  d a y s  th e  r a t s  w e re  m a in ta in e d  on P u r i n a  Chow 

(p e l le ts ) .  D u r in g  th e  f in a l  20 d ay s  of th e  e x p e r im e n t  th e  p e l l e t  d ie t  

w as  r e m o v e d  and  r e p l a c e d  w ith  a  h ig h - f a t  d ie t  c o n s i s t in g  of 67% P u ­

r in a  M ea l (pow der) m ix e d  w i th  33% C r i s c o  v e g e ta b le  f a t  (w /w ) .

S ince  d ie ts  d i f fe r in g  in  c a l o r i c  d e n s i ty  w e re  em p lo y ed , th e  fo o d  in ta k e
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m e a s u r e s  a r e  e x p r e s s e d  in t e r m s  o f k c a l  ( p e l le t  d ie t= 4 . 25 k c a l / g  

and  h ig h - f a t  d ie t=5 . 92 k c a l /g ) .

R E SU L T S

A p h o to m ic ro g ra p h  of the  m e d ia l  k n i f e - c u t s  i s  p r e s e n t e d  in  

F ig u r e  IB  an d  a s c h e m a t ic  r e p r e s e n t a t i o n  of th e s e  t r a n s e c t i o n s  i s  

i l l u s t r a t e d  in  F ig u r e  3. H is to lo g ic a l  a n a l y s i s  r e v e a l e d  th a t  th e  m e d ia l  

c u ts  w e re  s i tu a te d  b e tw een  the  m e d ia l  an d  l a t e r a l  h y p o th a la m u s  in  the  

p a r a s a g i t t a l  p la n e  ra n g in g  f r o m  L=0. 8  to  1. 2. T he m e d ia l  cu t e x ­

te n d e d  r o s t r o c a u d a l ly  f o r  about 3 m m  f r o m  th e  p o s t e r i o r  h a l f  of 

a n t e r i o r  h y p o th a la m ic  a r e a  to  the  p r e m a m i l l a r y  r e g io n  of th e  p o s t e r i o r  

h y p o th a la m u s .  The m e d ia l  cu ts  e x te n d e d  d o r  s a l ly  f r o m  s l ig h t ly  above  

th e  b a s e  of th e  b r a in  to  a  le v e l  j u s t  b e n e a th  th e  i n f e r i o r - m o s t  a s p e c t  

of th e  p a r a v e n t r i c u l a r  n u c le u s .  T he  a n t e r i o r  k n i f e - c u t s  w e re  b i l a t e r ­

a l ly  s i tu a te d  in  the  c o ro n a l  p la n e ,  e s s e n t i a l l y  id e n t ic a l  to  th o s e  o b ­

s e r v e d  in  th e  p re c e d in g  e x p e r im e n t .

T he  body  w e igh t f ind ings  of th i s  e x p e r im e n t  a r e  i l l u s t r a t e d  in  

F ig u r e  7 a n d  the  feed in g  r e s u l t s  a r e  s u m m a r i z e d  in  T ab le  10. T he  a n a l ­

y s e s  of v a r i a n c e  f o r  body  w eight g a in  an d  c a l o r i c  c o n su m p tio n  a r e  c o n ­

t a in e d  in  T ab le  11. P r e o p e r a t iv e ly  t h e r e  w e r e  no  s ig n i f ic a n t  d i f f e r e n c e s  

in  e i t h e r  th e  food in tak e  o r  body w e ig h t m e a s u r e s  a m o n g  th e  t h r e e  g ro u p s .  

W hen o f f e re d  th e  p e l le t  d ie t  fo llow ing  b r a i n  s u r g e r y ,  b o th  of the  k n i f e -  

cu t g ro u p s  (MED and  ANT) e x h ib i te d  a c c e l e r a t e d  w e ig h t  g a in s  c o m p a r e d  

to  th e  a n im a l s  g iven  sh a m  b r a in  s u r g e r y .  B y  D ay  15 th e  MED a n d  A N T  

r a t s  had  g a in e d  6 8 ; 4 and  4 8 . 9  g* r e s p e c t iv e ly ,  w h ich  e x c e e d e d  (p^. 05) 

th e  2 4 . 8  g w e igh t ga in  d isp la y e d  b y  the  CON a n im a l s .  The d i f f e re n c e
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in  D ay  15 w e igh t g a in s  b e tw ee n  th e  two k n i f e - c u t  g ro u p s  f e l l  s h o r t  of 

s ig n i f ic a n c e .  F o o d  in ta k e  c o m p a r is o n s  r e v e a l e d  th a t  th e  MED r a t s  

w e re  c o n su m in g  m o r e  c a l o r i e s ,  but no t  s ig n i f ic a n t ly  so ,  th a n  w e re  the  

A N T a n im a l s  on D ays 13-15  (157. 1 and  1 4 4 .0  k c a l /d a y ;  r e s p e c t iv e ly )  

an d  bo th  k n i f e - c u t  g ro u p s  w e re  o v e re a t in g  (p ( .  05) th e  p e l l e t s ,  c o m ­

p a r e d  w ith  th e  in ta k e  of th e  CON r a t s  on th e  l a s t  t h r e e  day s  of th i s  

d ie t  p e r io d  ( 1 1 0 . 9  k c a l /d a y ) .

W hen sw itc h e d  to  th e  h ig h - f a t  d ie t  on D ays  1 6 -1 8 , a l l  t h r e e  

g ro u p s  i n c r e a s e d  t h e i r  c a lo r ic  c o n su m p tio n  c o m p a r e d  w ith  t h e i r  

p r e v io u s  p e l l e t  in ta k e s  on D ays 1 3 -1 5 , but t h i s  i n c r e a s e  w as  s ig n i f ­

i c a n t  ( p ^ O l )  o n ly  fo r  th e  k n i f e - c u t  g ro u p s .  T he  MED r a t s  e x h ib i te d  

a  32% i n c r e a s e  in  t h e i r  c a lo r ic  c o n su m p tio n  w hen o f f e r e d  th e  h ig h - f a t  

d ie t  an d  th is  w a s  g r e a t e r  (p^. 05) th an  th e  20% c a l o r i c  i n c r e a s e  d i s ­

p la y e d  by  th e  A N T  a n im a l s .  T he CON r a t s ,  in  c o n t r a s t ,  i n c r e a s e d  

t h e i r  c o n su m p tio n  on th e  h ig h - fa t  d ie t  b y  on ly  6 % c o m p a r e d  w ith  t h e i r  

p r i o r  in ta k e s  on the  p e l l e t  d ie t .  By D ay  35 th e  MED r a t s  h a d  g a in e d  

m o r e  (p^. 01) w eigh t th a n  d id  th e  AN T a n im a l s  (236. 2 v s .  140. 2 g. ), 

who in  t u r n ,  g a in e d  m o r e  (p ( .  05) w e igh t th an  d id  th e  CON a n im a ls  

(73. 6  g ) a t  the  end  of the  e x p e r im e n t .  The MED r a t s  w e r e  c o n ­

su m in g  s ig n i f ic a n t ly  m o r e  ( p ^ 0 5 )  of th e  h ig h - f a t  d ie t  on D ay s  3 3 -35  

th an  w e re  th e  AN T a n im a l s  (187 .7  v s .  131. 2 k c a l / d a y  r e s p e c t iv e ly )  

who, in  t u r n ,  w e r e  e a t in g  s l ig h t ly ,  bu t no t s ig n i f ic a n t ly ,  m o r e  of th e  

h ig h - f a t  d ie t  th an  w e re  the  CON a n im a l s  (124. 8  k c a l /d a y )  d u r in g  th e  

f in a l  t h r e e  d a y s  of th e  e x p e r im e n t .  A n a ly s is  of th e  b o d y  w e ig h t  c h a n g e s  

o v e r  th e  f in a l  5 -d a y  p e r io d  r e v e a le d  th a t  the  m e d ia l  c u t  a n im a l s  w e re  

g a in in g  w e igh t a t  a  m o r e  r a p id  r a t e  th an  w e re  e i t h e r  th e  a n t e r i o r  o r
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s h a m - c u t  r a t s  [M ED=9. 2 v s .  (ANT=3. 1 o r  CON=2. 8  g /d ay ) ;  p^ . 05 

f o r  b o th  c o m p a r is o n s ]  w h ile  th e  d i f f e r e n c e  be tw een  the  l a t t e r  two 

g ro u p s  w as n o t  s ig n i f ic a n t .

DISCUSSION

T he r e s u l t s  of th is  s tu d y  in d ic a t in g  i n m a l e  r a t s  th a t  p a r a s a g i t ­

t a l  k n i f e - c u t s  th ro u g h  th e  m e d ia l  h y p o th a la m u s  p ro d u c e d  h y p e rp h a g ia  

and  o b e s i ty  c o n f i r m s  th e  f in d in g s  of o th e r  s tu d ie s  w hich have  m a d e  

s i m i l a r  m e d ia l  t r a n s e c t i o n s  (A lb e r t  e t  a l . , 1971; G old , 1970; M a b ry  

and  C a m p b e l l ,  1975; P a x in o s  a n d  B in d ra ,  1972). The p r e s e n t  r e s u l t s  

f u r t h e r  in d ic a te  th a t  k n i f e - c u t s  th ro u g h  th e  a n te r io r  h y p o th a la m u s  of 

m a le  r a t s  p ro d u c e  h y p e rp h a g ia  an d  o b e s i ty ,  a s  do the  m e d ia l  c u ts ,  a l ­

th ough  th e  a n t e r i o r  k n i f e - c u t - in d u c e d  fee d in g  and  body  w eigh t e f fe c ts  

a r e  l e s s  p ro n o u n c e d  th a n  th o s e  s e e n  fo llow ing  th e  m e d ia l  c u ts .  The 

f in d ing  th a t  a n t e r i o r  k n i f e - c u t s  p ro d u c e d  o v e re a t in g  and  w eigh t g a in  in  

‘ m a le s  s t r e n g th e n s  the  a r g u m e n t  th a t  an  e s t r o g e n  in su f f ic ie n c y  a lo n e  

cou ld  n o t  a d e q u a te ly  e x p la in  th e  h y p e r p h a g ia - o b e s i ty  sy n d ro m e  in f e ­

m a le  r a t s .  A lso  c o n s i s t e n t  w ith  th is  v iew  th a t  a  re d u c t io n  in  e s t r o g e n  

s e c r e t io n  i s  no t  th e  c a u s e  of a n t e r i o r  k n i f e - c u t - in d u c e d  h y p e rp h a g ia  

an d  w e ig h t  g a in ,  i s  the  f in d in g  of E x p e r im e n t  2 th a t  p r i o r  o v a r ie c to m y  

do es  n o t  b lo c k  th e  fu ll  e x p r e s s io n  of a n t e r i o r  h y p o th a lam ic  o b e s i ty .  

A n t e r i o r  k n i f e - c u t s  in  m a l e s  m a y  h av e  d i s r u p te d  the  s e c r e t io n  of 

t e s t o s t e r o n e  bu t u n l ik e  e s t r o g e n  the  r e m o v a l  of the  m a le  sex  h o rm o n e  

r e s u l t s  in  a  m o d e s t  fe e d in g  r e d u c t io n  an d  body  w eigh t lo s s  (K ak o lew - 

sk i ,  C ox  & V a le n s te in ,  1968; L e s h n e r  & C o l l i e r ,  1973); both  of w hich  a r e  

r e v e r s e d b y  h o rm o n e  r e p l a c e m e n t  t h e r a p y  (G e n try  & W ade, 1976).
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The f a i l u r e  of o th e r  i n v e s t i g a to r s  (A lb e r t  e t  a l . , 1971;

M a b ry  and  C a m p b e l l ,  1975; P a x in o s  an d  B in d ra ,  1972), to  r e l i a b l y  

ob ta in  o v e re a t in g  an d  e x c e s s  w e igh t ga in  in  m a l e s  fo llow ing  a n t e r io r  

k n i f e - c u t s ,  in  c o n t r a s t  to  th e  p r e s e n t  f in d in g s ,  i s  no t  e n t i r e ly  c l e a r .

It  is  l ik e ly ,  h o w e v e r ,  th a t  th e  e x a c t  l a t e r a l  e x te n t  of th e  c o ro n a l  t r a n ­

se c t io n  w as an  im p o r ta n t  f a c t o r .  T h a t  i s ,  th e  p r e s e n t  a n t e r i o r  k n i f e - 

c u ts  w e re  no t con fin ed  to  th e  m o s t  m e d ia l  a s p e c t s  of th e  m e d ia l  zone 

of th e  h y p o th a la m u s ,  a s  w e r e  th e  k n i f e - c u ts  p r e v io u s ly  u s e d ,  but 

r a t h e r ,  ex te n d ed  m o r e  l a t e r a l l y  in to  th e  p e r i f o r n i c a l  r e g io n  of the  

l a t e r a l  h y p o th a la m ic  z o n e .  R e c e n t  e v id e n ce  (G r o s s m a n  and  H e n n e s sy ,  

1976; S c la fa n i  and  B e r n e r ,  1977) s u g g e s ts  th a t  th e  f i b e r s  w hose  d e ­

s t r u c t io n  is  r e s p o n s ib l e  f o r  th e  o v e re a t in g  an d  o b e s i ty  in d u ce d  by  

h y p o th a la m ic  b r a i n  d a m a g e  p r o b a b ly  t r a v e l  th ro u g h  th is  p e r i f o r n i c a l  

re g io n .  H o w ev e r ,  s in c e  th e  e x a c t  p o s i t io n  of th e  a n t e r i o r  cu ts  w as 

no t s y s te m a t i c a l ly  v a r i e d  in  th e  p r e s e n t  s tu d y  a  c o n c lu s io n  th a t  th e  

l a t e r a l  e x ten t  of th e  cu t w a s  c r i t i c a l  a w a i ts  f u r t h e r  c o n f i rm a t io n .

T hat th e  m e d ia l  a n d  a n t e r i o r  h y p o th a la m ic  k n i f e - c u ts  w e re  

e a c h  e ffe c t iv e  in  p ro d u c in g  h y p e rp h a g ia  and  o b e s i ty  in  m a le  r a t s  i s  

c o n s i s te n t  w ith  th e  v iew  th a t  b o th  n e u r a l  t r a n s e c t i o n s  m a y  h ave  d a m ­

ag ed  a  co m m o n  p a th w ay . T he  e x i s te n c e  of su c h  a  p a th w a y  w hich  m a y  

courlse th ro u g h  th e  VMH a n d  p o s s ib ly  th ro u g h  th e  c a u d a l  p o r t io n  of 

th e  a n t e r io r  h y p o th a la m ic  a r e a  h a s  r e c e n t l y  b e e n  s u g g e s te d  (S c la fan i 

and  B e r n e r ,  1977). T he  p r e s e n t  f ind in g  th a t  th e  m e d ia l  cu t r a t s ,  

when sw itc h e d  f r o m  th e  p e l l e t  to  th e  h igh  fa t  d ie t ,  e x h ib i te d  an  e x a g ­

g e r a t e d  h y p e rp h a g ia  c o n f i r m s  th e  w e ll  known o b s e r v a t io n  th a t  a n im a ls  

w ith  VMH le s io n s  o r  k n i f e - c u t  d a m a g e  a r e  f in ic k y  to  good  t a s t in g  d ie ts
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(G ra ff  an d  S t e l l a r ,  1962; M i l le r ,  B a i le y  a n d S te v e n s o n ,  1950; S c la fa n i ,  

B e r n e r  and  M au l, 1975; T e i te lb a u m ,  1955). T he a d d i t io n a l  f in d ing  

th a t  a n t e r i o r  cu t r a t s ,  l ik e  th e  m e d ia l  cu t a n im a l s ,  d is p la y e d  a  s i m ­

i l a r  o v e rc o n s u m p t io n  w hen th e  h ig h  f a t  d ie t  w as  in i t i a l l y  p r e s e n t e d  

i s  a l s o  c o n s i s te n t  w ith  the  h y p o th e s is  th a t  bo th  k n i f e - c u t s  m a y  h a v e  

d a m a g e d  a s i m i l a r  u n d e r ly in g  p a th w a y .

W hile  r e c o g n iz in g  th e  l im i t a t io n  of c o m p a r i s o n s  b e tw e e n  e x ­

p e r i m e n t s ,  th e  a n a ly s i s  of th e  w e ig h t  g a in s  d is p la y e d  b y  th e  a n t e r i o r  

cu t m a le s  in  th e  p r e s e n t  s tu d y  a n d  th o s e  e x h ib i te d  e a r l i e r  b y  th e  

f e m a le  s u b je c ts  in  E x p e r im e n ts  1 a n d  2 r e v e a l s  th a t  m a l e s  an d  f e ­

m a l e s  g a in e d  s i m i l a r  a m o u n ts  of w e ig h t  (4 8 .9  a n d  5 5 .3  g ;  r e s p e c ­

t iv e ly ) ,  w hen fed  the  s a m e  p e l l e t  d ie t  f o r  15 d a y s .  H o w e v e r ,  th e  

c h a n g e s  in  th e  w eigh t ga in  of c o n t r o l  m a l e s  and  f e m a le s  d u r in g  th e  

s a m e  1 5 -d a y  p e r io d  in d ic a te d  th a t  n e u r a l l y  in ta c t  m a l e s  g a in e d  n e a r l y  

tw ic e  a s  m u c h  w eigh t a s  d id  f e m a le s  (24. 8  an d  12. 8  g ; r e s p e c t iv e ly ) .  

T h u s ,  a lth o u g h  th e  a b so lu te  w e ig h t  g a in s  of a n t e r i o r  k n i f e - c u t  m a le s  

an d  f e m a le s  w e r e  q u ite  s i m i l a r ,  c o m p a r i s o n s  w ith  s a m e - s e x  c o n ­

t r o l s  in d ic a te d  th a t  th e  cut f e m a le s  a c tu a l ly  d is p la y e d  a  332% i n c r e a s e  

in  w e igh t  ga in  w h e r e a s  the  cu t m a l e s  e x h ib i te d  a  97% i n c r e a s e  in  

w e igh t  g a in . T h is  f ind ing  s u g g e s t in g  s i m i l a r  a b s o lu te  w e igh t g a in s  in 

m a le s  and  f e m a le s  fo llow ing  a n t e r i o r  k n i f e - c u t s  i s  in  a c c o r d  w ith  r e ­

c e n t  e v id e n c e  show ing th a t  VMH le s io n s  and  k n i f e - c u t s  p ro d u c e  c o m ­

p a r a b l e  w eigh t g a in s  in  bo th  s e x e s  (G old , 1970; R e h o v sk y  an d  W a m p ­

l e r ,  1972; S c la fa n i  and  S p e r b e r ,  1977). F u r t h e r m o r e ,  th i s  s i m i l a r i t y  

in  b r a i n  d a m a g e d - in d u c e d  bod y  w e ig h t  g a in  b e tw e e n  m a l e s  and  f e m a le s  

h a s  a ls o  b e e n  show n when o b e s i ty  i s  e v a lu a te d  n o t  a s  b ody  w e ig h t  p e r



se ,  but r a t h e r  in  t e r m s  of c a r c a s s  f a t  d e p o s i t io n  ( B e r n a r d i s  and  B e l l ­

i n g e r ,  1976). T h u s ,  th e  g r e a t e r  l ik e l ih o o d  of o b ta in in g  o b e s i ty  fo l lo w ­

ing  VMH d a m a g e  in  f e m a le s  than  in  m a le s  (Cox, K a k o le w s k i  and  V a le n ­

s te in ,  1969) m a y  be  d ue , in  a  l a r g e  p a r t ,  to  the  l e s s  r a p i d  r a t e  of 

w e igh t g a in  of in ta c t  f e m a le s  c o m p a re d  to m a le s .



E X P E R IM E N T  4

The r e s u l t s  of th e  p re v io u s  e x p e r im e n ts  d e m o n s t r a te d  th a t  

t r a n s e c t i o n s  w hich  p a s s  th ro u g h  th e  c au d a l  h a lf  of the  r o s t r a l  h y p o th a ­

l a m u s  p ro d u c e d  o v e re a t in g  and body  w eigh t ga in  in  ad u lt  r a t s  of 

e i t h e r  s e x .  S in ce  exo genou s  i n je c t io n s  of e s t r o g e n  in  f e m a le s  f a i le d  

to  a l t e r  kn ife  - c u t - in d u c e d  o b e s i ty  a t  d o s e s  th a t  c o m p le te ly  r e v e r s e d  

o v a r ia n  o b e s i ty  (E x p e r im e n t  1), i t  a p p e a r s  u n l ik e ly  th a t  th e  h y p e r ­

p h a g ia  and  o b e s i ty  sy n d ro m e  r e s u l t i n g  f r o m  a n te r io r  k n i f e - c u ts  

i s  c a u s e d  b y  a  c h ro n ic  e s t r o g e n  in su f f ic ie n c y .  A lso  a rg u in g  a g a in s t  

fu n c t io n a l  c a s t r a t i o n  a s  a  p o s s ib le  c a u s e  of a n t e r i o r  k j i i fe -c u t  o b e s ­

i ty  i s  th e  f in d in g  th a t  m a le s  g iv e n  a n t e r i o r  n e u r a l  t r a n s e c t i o n s  e x ­

h ib i t  a  bo dy  w eigh t g a in  c o m p a ra b le  to  th a t  s e e n  fo llow ing  s i m i l a r  

h y p o th a la m ic  t r a n s e c t i o n s  in  f e m a le s  (E x p e r im e n t  3). M o r e o v e r ,  i t  

a p p e a r s  t h a t  th e  o v a r ia n  and  a n t e r io r  h y p o th a la m ic  o b e s i ty  s y n d r o m e s  

a r e  a lm o s t  fu l ly  in d ep e n d en t  of one a n o th e r  s in c e  the  c o m b in ed  body  

w e ig h t  e f fe c ts  of th e  two p h y s io lo g ic a l  m a n ip u la t io n s  a r e  n e a r  a d d i ­

t iv e  w hen th e  r a t  i s  su b je c te d  to  bo th  s u r g e r i e s  ( E x p e r im e n t  2 ).

It r e m a in s  p o s s ib le  th a t  a n t e r i o r  b r a in  d a m a g e ,  w hile  n o t  

p ro d u c in g  a  fu n c t io n a l  c a s t r a t i o n ,  r e s u l t s  in  h y p e rp h a g ia  and  o b e s i ty  

b y  d i r e c t l y  d a m a g in g  e s t r o g e n - s e n s i t i v e  fee d in g  n e u ro n s  in  the  a n ­

t e r i o r  h y p o th a la m u s .  Such d a m a g e ,  in  e f fe c t ,  cou ld  r e d u c e  the  e s t r o ­

g e n ic  r e s t r a i n t  on feed in g  and body  w eigh t a t th e  le v e l  of th e  c e n t r a l  

n e r v o u s  s y s te m  w ithou t n e c e s s a r i l y  a l t e r in g  b lood  e s t r o g e n  l e v e l s .  

T h is  h y p o th e s is  of d i r e c t  n e u r a l  d a m a g e  is  no t in c o m p a t ib le  w ith  the  

f in d in g  th a t  o v a r i e c to m y  and  a n t e r i o r  cu ts  to g e th e r  p ro d u c e  n e a r
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a d d it iv e  body  w e ig h t  e f fe c ts  s in c e  th e  t r a n s e c t io n s  a r e  l ik e ly  to  d a m ­

a g e  on ly  s o m e  of th e  p u ta t iv e  e s t r o g e n - s e n s i t i v e  feed ing  n e u ro n s  in 

th e  a n t e r i o r  h y p o th a la m u s .

The f in d in g  w h ich  i s  m o s t  d i r e c t l y  c o n c e rn e d  w ith  the  h y ­

p o th e s is  th a t  e s t r o g e n - s e n s i t i v e  fe e d in g  n e u ro n s  e x is t  in  th e  r o s t r a l  

h y p o th a la m u s  in d ic a te s  th a t  a n im a l s  w ith  a n t e r i o r  cu ts  r e s p o n d  l ik e  

n e u r a l l y  in ta c t  r a t s  to  e s t r o g e n 's  fee d in g  an d  w eigh t s u p p r e s s in g  e f ­

f e c ts  (E x p e r im e n t  1). H o w e v e r ,  th e  o v a r ia n  an d  e s t r u s  rh y th m  d a ta  

f r o m  th e  s a m e  e x p e r im e n t  r e v e a l e d  th a t  p l a s m a  e s t ro g e n  l e v e l s  w e re  

p ro b a b ly  a l t e r e d  a s  a  r e s u l t  of th e  cu t and  t h e r e f o r e  the  i n t e r p r e t a ­

t ion  of n o r m a l  r e s p o n s i v i ty  to  p e r i p h e r a l  e s t r o g e n  a d m in i s t r a t io n  is  

confounded  b y  unknow n, and  p o s s ib ly  u n s y s te m a t i c ,  ch an g e s  in  th e  

le v e l  of e n d o g en o u s  o v a r ia n  h o r m o n e s .  In v iew  of th i s ,  th e  p r e s e n t  

s tu d y  w as  d e s ig n e d  to  r e e x a m in e  w h e th e r  o r  no t r a t s  w ith  a n t e r i o r  

c u ts  would r e s p o n d  l ik e  n e u r a l ly  in ta c t  a n im a ls  to  th e  fe e d in g  an d  

w e igh t s u p p r e s s iv e  e f fe c ts  of ex o g en o u s  e s t r o g e n  a d m in i s t r a t io n .  To 

a c h ie v e  th i s ,  o v a r i e c to m iz e d  r a t s  r e c e iv e d  a n t e r i o r  k n i f e - c u ts  and  

w e re  l a t e r  i n je c te d  p e r i p h e r a l ly  w ith  e s t r o g e n .  To e x p lo re  f u r t h e r  

th e  food  in ta k e  a n d  body  w eigh t s i m i l a r i t i e s  b e tw een  r a t s  w ith  a n t e r i o r  

and  m e d ia l  c u ts  w h ich  w e re  o b s e r v e d  in  E x p e r im e n t  3, a n  a d d i t io n a l  

g ro u p  of s u b je c t s  in  th e  p r e s e n t  s tu d y  r e c e iv e d  m e d ia l  h y p o th a la m ic  

t r a n s e c t i o n s  a n d , l ik e  th e  a n t e r i o r  cu t r a t s ,  w e re  s u b s e q u e n t ly  a d ­

m i n i s t e r e d  a  s e r i e s  of e s t r o g e n  in je c t io n s .

M ETHOD

S u b je c t s : F o r ty - tw o  f e m a le  r a t s  w eigh ing  f r o m  231 to  268 g
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s e rv e d  a s  s u b je c t s  an d  d a ta  a r e  p r e s e n t e d  f o r  34 r a t s  th a t  su rv iv e d  

the  c o m b in ed  s u r g i c a l  t r e a t m e n t s .

P r o c e d u r e ; F o o d  in ta k e  and  b ody  w e igh t m e a s u r e s  w e re  o b ta in ed  

d a ily  f o r  14 p r e o p e r a t i v e  an d  130 p o s to p e r a t iv e  d a y s .  A ll  su b je c ts  

w e re  o v a r i e c to m iz e d  (OVX) an d  tw o day s  l a t e r  r e c e iv e d  one of the  f o l ­

low ing s u r g i c a l  t r e a t m e n t s ;  (1) a n t e r i o r  k n i f e - c u t s  (ANT); (2) m e d ia l  

k n i f e - c u ts  (MED); o r  (3) s h a m  s u r g e r y  (CON). On d ay  31, the  su b je c ts  

in  e a c h  g ro u p  w e r e  d iv id e d  in to  s u b - g r o u p s  e q u a te d  fo r  food in tak e  and 

body w eigh t g a in  a n d  g iv en  d a i ly  in je c t io n s  of e s t r a d i o l  b e n z o a te  (EB) 

o r  the  o i l - v e h ic le  (O IL ). H o rm o n e  t r e a t e d  g ro u p s  (A N T -E B , M E D -E B , 

and  C O N -EB ) w e r e  in je c te d  d a i ly  w ith  1 -u g .  EB f o r  10 d a y s ,  fo llow ed 

by  d a ily  5 -u g .  EB in je c t io n s  fo r  50 d a y s .  V e h ic le  t r e a tm e n t  g ro u p s  

(A N T -O IL , M E D -O IL , an d  C O N -O IL) w e r e  in je c te d  e a c h  day  w ith  o il 

fo r  60 t r e a t m e n t - d a y s .  On D ays 91 -130  a l l  s ix  g ro u p s  w e re  h and led  

d a ily  bu t no t  in je c te d .

R ESU LTS

The body  w e ig h t  f in d in g s  of th is  e x p e r im e n t  a r e  shown in F i g ­

u r e  8  a n d  T ab le  1 2 s u m m a r i z e s  the  food  in ta k e  m e a s u r e s .  The a n a l ­

y s e s  of v a r i a n c e  f o r  bo dy  w e igh t ga in  a n d  food  in ta k e  a r e  c o n ta in ed  in  

T ab le  13. P r i o r  to  s u r g e r y  t h e r e  w e r e  no  s ig n i f ic a n t  d i f f e re n c e s  am ong  

an y  of th e  g ro u p s  in  t h e i r  food  in ta k e s  o r  body  w e ig h ts .  F o llow ing  knife- 

cut s u r g e r y  th e  M ED a n d  A N T  g ro u p s  w e re  h y p e rp h a g ic  and  r a p id ly  

ga in ed  w e igh t c o m p a r e d  to  th e  CON g ro u p  w h ich  r e c e iv e d  sh a m  b r a in  

s u r g e r y .  T he w e ig h t  g a in  of the  m e d ia l  cu t  r a t s  w as  s ig n if ic a n t ly  

g r e a t e r  (p/1 05) th a n  th a t  of th e  a n t e r i o r  cu t a n im a l s  by  D ay  30 (MED=
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151. 7 v s .  ANT=98. 2 g ) a n d  b o th  cu t  g ro u p s  h a d  g a in e d  m o r e  w eigh t

(CON=56, 4 g. ). The foo d  in ta k e  d a ta  on D ay s  2 8 -30  r e v e a l e d  th a t  

th e  m e d ia l  cu t r a t s  w e re  a l s o  e a t in g  m o r e  ( p £  05) chow  th a n  w e re  th e  

a n t e r i o r  cu t a n im a ls  (M ED=49. 2  v s .  AN T=44. 9 g /d a y )  and  b o th  b r a in

o p e ra te d  c o n tro l s  j u s t  p r i o r  to  th e  t r e a t m e n t  p e r io d  (CON=25.1 g /d a y ) .

D u r in g  th e  in i t i a l  te n  d a y s  of e s t r o g e n  in je c t io n s  (1 -u g  E B /  

day), w h ich  b eg an  on D ay  30, th e  h o r m o n e - t r e a t m e n t  g ro u p s  (M E D - 

E B , A N T -E B  and  C O N -E B ) e a c h  g a in e d  l e s s  (p^. 05) w e igh t th an  d id  

t h e i r  r e s p e c t iv e  o i l - t r e a t m e n t  c o n t r o l s .  By D ay  40 a l l  t h r e e  h o r m o n e - 

in je c te d  g ro u p s  h ad  lo s t  s i m i l a r  a m o u n ts  of w e igh t  r e l a t i v e  to  th e  

w eigh t ch an g e s  e x h ib i te d  b y  t h e i r  a p p r o p r i a t e  o i l  t r e a t m e n t  c o n tro l s  

[MED (OIL v s .  EB)= 25. 2]; [ANT (O IL  v s .  EB)= 27. l ] ;  an d  [CON 

(OIL v s .  EB)= 23. 6  g ]. A n a ly s i s  of the  food  in ta k e  d a ta  r e v e a le d  

th a t  e a c h  of the  h o r m o n e - t r e a t m e n t  g ro u p s  w as a l s o  e a t in g  l e s s  (p^. 05) 

chow th an  w e re  t h e i r  r e s p e c t iv e  o i l - t r e a t m e n t  c o n t ro l s  on D ays  3 8 -4 0 . 

H o w ev e r ,  bo th  of th e  h o r m o n e - i n je c t e d  k n i f e - c u t  g ro u p s  w e r e  c o n ­

su m in g  m o r e  (p ( l  05) chow  th a n  w e r e  th e  E B - in je c te d  s h a m  cu t a n im a ls  

on the  f in a l  t h r e e  day s  of th i s  t r e a t m e n t  p e r io d .  T he  m e d ia l  an d  a n ­

t e r i o r  cu t g ro u p s  t r e a t e d  w ith  o i l  f o r  th i s  1 0 -d a y  in je c t io n  p e r io d  c o n ­

t in u e d  to  g a in  w eigh t (p^l 05) c o m p a r e d  to  c o n t r o l s  in je c te d  w ith  o il, 

an d  b o th  of th e s e  b r a in  d a m a g e d  o i l^ t r e a tm e n t  g ro u p s  w e re  h y p e r p h a -  

g ic  (p^. 05) r e l a t i v e  to  th e  o i l - i n j e c t e d  g ro u p  g iv en  s h a m  b r a i n  d a m a g e .

W hen in je c te d  w ith  th e  h ig h - d o s e  of E B , th e  m e d ia l  cu t  r a t s  

d id  no t in i t i a l ly  a l t e r  t h e i r  r a t e  of w e ig h t  ch an g e  c o m p a r e d  w ith  th a t  s e e n

c o n tro l  s u b je c t s  t h i r t y  d a y s  fo llow ing  s u r g e r y

d a m a g e d  g ro u p s  w e re  h y p e rp h a g ic  ( p ( l 0 1 ) c o m p a r e d  to  th e  sh a m
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e a r l i e r  d u r in g  th e  lo w -d o se  EB  in je c t io n s  b u t b y  D ays 7 1 -8 0  t h e i r  r a t e  

of w e igh t change  h a d  d e c l in e d  to  a  l e v e l  b e lo w  (p ( .  05) th a t  o b s e r v e d  

on D ay s  31 -40  an d  the  M E D -E B  r a t s  a c tu a l ly  l o s t  w e igh t  d u r in g  the  

r e m a in in g  10.t r e a tm e n t  d a y s .  The a n t e r i o r  cu t r a t s ,  who h a d  l o s t  

w e igh t  w hen in je c te d  w ith  th e  lo w -d o s e  of EB  in i t i a l ly ,  e x h ib i te d  a 

f u r t h e r  w e ig h t r e d u c t io n  (p^. 05) w hen in je c te d  w ith  th e  h ig h - d o s e  of 

EB  by  D ay s  51 -60  and  con tinu ed  to  lo s e  w e ig h t  d u r in g  th e  r e m a in in g  

30 t r e a t m e n t  d a y s .  The sh a m  cut r a t s ,  who a l s o  l o s t  w e ig h t  d u r in g  

th e  p r i o r  lo w -d o s e  of E B , l o s t  a d d i t io n a l  w e igh t (p^l 05) w hen in je c te d  

w ith  th e  h ig h - d o s e  of EB by  D ays 4 1 -5 0 .  T h e r e a f t e r ,  th e  C O N -E B  

r a t s  sho w ed  o n ly  a  s l ig h t  a d d i t io n a l  w e ig h t  l o s s ,  d e s p i te  th e  co n tin u ed  

EB in je c t io n s .  A n a ly s is  of th e  food  in ta k e  d a ta  on D ays  8 8 -9 0  r e v e a l e d  

th a t  th e  M E D -E B  r a t s  w e re  e a t in g  l e s s  ( p ^ O l )  chow th a n  w e re  th e  

M E D -O IL  a n im a ls  and , w hile  bo th  th e  A N T -E B  and  C O N -E B  r a t s  

w e re  a l s o  c o n su m in g  l e s s  chow th a n  w e re  t h e i r  r e s p e c t iv e  o i l - t r e a t e d  

c o n t r o l s ,  n e i th e r  of th e s e  two d i f f e r e n c e s  r e a c h e d  s ig n i f ic a n c e .

A t the  c o n c lu s io n  of th e  e s t r o g e n  t r e a tm e n t  on D ay  90, th e  

body  w e ig h t c h a n g e s  of the  M E D -E B  a n d  A N T -E B  g ro u p s  w e r e  v e r y  

s i m i l a r  c o m p a re d  to  th e  w eigh t c h a n g e s  d i s p la y e d  by  t h e i r  a p p r o p r i a t e  

o i l - t r e a t e d  k n i f e -c u t  c o n tro ls  [MED (OIL v s .  EB)= -116 . l ]  and  [ANT 

(OIL v s .  EB)= -1 0 6 .0  g . ; p ^ . 05], B o th  of t h e s e  w e igh t  l o s s e s  w e re  

g r e a t e r  ( p ^ ’05) th an  th e  r e l a t iv e  w e ig h t  l o s s  e x h ib i te d  b y  th e  c o n t r o l s  

g iv en  O IL  o r  EB o v e r  the  s a m e  6 0 -d a y  t r e a t m e n t  p e r io d  [CON (OIL 

v s .  EB)= -69 . 0 g . )].

C o m p a r i s o n s  am o n g  the  o il  g ro u p s  r e v e a l e d  b y  D ay  90 

th a t  th e  m e d ia l  cu t r a t s  had  g a in e d  m o r e  ( p ^ O l )  w e ig h t th an
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had  s i m i l a r  o il  t r e a t e d  a n t e r io r  cut a n im a ls  (319 .3  v s .  1 5 9 .4  g ; 

r e s p e c t iv e ly )  a n d  w e r e  ea tin g  m o r e  (p^. 05) chow th a n  w e r e  the  o i l -  

t r e a t e d  a n t e r i o r - c u t  r a t s  on D ays 88 -90 . The A N T -O IL  r a t s ,  in  tu rn ,  

had  g a in e d  m o r e  w e ig h t  (p^l 05) th an  did the  C O N -O IL  a n im a l s  on  Day 

90 (1 5 9 .4  v s .  8 8 . 8  g ; r e s p e c t iv e ly ) ,  h o w e v e r ,  bo th  g ro u p s  w e r e  

c o n su m in g  s i m i l a r  a m o u n ts  of chow du rin g  th e  f in a l  t h r e e  o i l - t r e a t ­

m e n t  d a y s .

F o llo w in g  th e  t e r m in a t io n  of the  h o rm o n e  in je c t io n s ,  th e  

t h r e e  EB  g ro u p s  r a p id ly  i n c r e a s e d  t h e i r  feed ing  w ith in  th e  f i r s t  few  

p o s t - in je c t io n  d a y s  a n d  re n e w e d  th e i r  p r e in je c t io n  w e igh t g a in s .  By 

D ays 108-110  th e  C O N -E B  a n im a ls  w e re  co n su m in g  on ly  s l i g h t ly  

m o r e  chow th an  w e re  th e  CON^OIL r a t s  (2 3 .8  v s .  2 3 .0  g /d a y ;  r e s p e c ­

t iv e ly )  w h e r e a s  b o th  k n i f e - c u t  g ro u p s  in je c te d  w ith  E B  w e r e  h y p e r - 

p h ag ic  (p^. 01) c o m p a r e d  to  t h e i r  r e s p e c t iv e  OIL in je c te d  c o n t r o l s  

[MED (EB v s .  OIL)= 42. 1 v s .  3 6 .4  g /d a y ;  r e s p e c t iv e ly  a n d  A N T  (EB 

v s .  OIL)= 37. 3 v s .  26. 2 g /d a y ;  r e s p e c t iv e ly ] .  By th e  c o n c lu s io n  of 

the  e x p e r im e n t  on D a y  130 the  M E D -E B  r a t s  had  g a in e d  l e s s  w e ig h t 

(p ( .  05) th a n  d id  th e  M E D -O IL  a n im a ls  (3 5 6 .0  v s .  4 0 4 .4  g; r e s p e c ­

t iv e ly )  bu t th e  M E D -E B  a n im a ls  w e re  e a t in g  m o r e  (p^. 05) chow  th an  

w e re  th e  M E D -O IL  r a t s  on D ays 128-130 . Both m e d ia l  c u t  g r o u p s  

had  a l s o  g a in e d  m o r e  w eigh t (p^. 01) and w e re  e a t in g  m o r e  chow  (p ( .  05) 

th an  w e re  t h e i r  r e s p e c t i v e  h o r m o n e -  o r  o i l - t r e a t e d  a n t e r i o r  cu t 

g ro u p s  on D ay  130. T h e  A N T -E B  r a t s  g a in ed  l e s s  w e ig h t,  bu t n o t  

s ig n i f ic a n t ly  so ,  th a n  d id  th e  A N T -O IL  a n im a ls  by D ay  130 (164. 7 v s .  

190. 2 g ; r e s p e c t iv e ly ) ,  bu t th e y  w e re  ea tin g  m o r e  (p ( l0 5 )  chow  than  

w e re  the  o i l - t r e a t e d  a n t e r i o r  cu t r a t s  on D ays 128-130 . F i n a l l y ,  both
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a n t e r i o r  g r o u p s  h a d  g a in e d  m o r e  w e ig h t  (p^l 05) an d  w e re  ea t in g  m o r e  

chow  (p^l 01) th a n  w e re  t h e i r  r e s p e c t iv e  E B  - o r  O IL - in je c te d  sh a m  

cut c o n t r o l s  w h ile  n e i t h e r  th e  food in ta k e  o f  d i f f e r e n c e s  in body  w eigh t 

g a in  b e tw e e n  e i t h e r  of the  s h a m  cu t t r e a t m e n t  g ro u p s  w e re  s t a t i s t i ­

c a l ly  s ig n i f ic a n t  a t  th e  c o n c lu s io n  of the  e x p e r im e n t .

H is to lo g ic a l  e x a m in a t io n  of the  t r a n s e c t i o n s  r e v e a le d  th a t  the. 

m e d ia l  c u t s  w e r e  s i tu a te d  in  th e  p a r a s a g i t t a l  p la n e ,  j u s t  m e d ia l  o r  

l a t e r a l  to  th e  f o r n ix ,  a s  in d ic a te d  in  F ig u r e  3 an d  ex ten d ed  f r o m  th e  

a n t e r i o r  h y p o th a la m ic  a r e a  to  th e  p o s t e r i o r  h y p o th a la m u s .  T he a n ­

t e r i o r  c u ts  w e r e  v e r y  s i m i l a r  to  th o s e  of th e  p re v io u s  e x p e r im e n ts  

and  a r e  r e p r e s e n t e d  s c h e m a t i c a l ly  in  F ig u r e  2.

DISCUSSION

T h e  p r e s e n t  f in d in g  th a t  a n t e r i o r  h y p o th a la m ic  t r a n s e c t io n s  

p ro d u c e d  o v e r e a t i n g  a n d  b ody  w e ig h t  g a in  in  o v a r ie c to m iz e d  r a t s  c o n ­

f i r m s  th e  r e s u l t s  o b ta in ed  e a r l i e r  in  E x p e r im e n t  2. F u r t h e r ,  th e  

f in d ing  t h a t  a n t e r i o r  k n i f e - c u t - in d u c e d  o b e s i ty  in  o v a r ie c to m iz e d  r a t s  

e x c e e d e d  th e  l e v e l  of o b e s i ty  fo llow ing  s h a m  k n i f e - c u ts  in  o v a r ie c to :-  

m iz e d  a n im a l s  s u p p o r t s  the  h y p o th e s is  t h a t  fu n c t io n a l  c a s t r a t i o n  is  

no t  th e  p r i m a r y  c a u s e  of a n t e r i o r  h y p o th a la m ic  o b e s i ty .  The p r e s e n t  

f ind ing  t h a t  m e d ia l  h y p o th a la m ic  c u ts  a l s o  p ro d u c e d  o b e s i ty  c o n f i r m s  

th e  r e s u l t s  of n u m e r o u s  o th e r  s tu d ie s  (G old , 1970; P a x in o s  a n d  B in d -  

r a ,  1972; S c la fa n i  and  G r o s s m a n ,  1969) an d  th a t  the  o b e s i ty  p ro d u c e d  

b y  th e  m e d i a l  c u ts  w as g r e a t e r  th a n  th a t  s e e n  a f t e r  a n te r io r  c u ts  c o n ­

f i r m s  th e  f in d in g s  o b ta in ed  e a r l i e r  in  E x p e r im e n t  3 w ith m a le  r a t s .
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A n a ly s i s  of th e  h o r m o n e - in d u c e d  e f fe c ts  on food in tak e  and  

body  w eigh t m e a s u r e s  r e v e a l e d  th a t  n e i t h e r  the  a n t e r i o r  n o r  m e d ia l  

c u ts  b lo c k e d  e s t r o g e n ’s fe e d in g  and  w e ig h t  in h ib i to r y  e f fe c ts .  T h at 

i s ,  bo th  k n i f e - c u t  g ro u p s  in je c te d  w ith  th e  low  d o se  of e s t r o g e n  fo r  

1 0  days  r e d u c e d  t h e i r  e a t in g  an d  lo s t  a p p r o x im a te ly  the  s a m e  am o un t 

of w e igh t r e l a t i v e  to  t h e i r  r e s p e c t iv e  o i l - i n j e c te d  c o n t r o l s .  M o re  

im p o r ta n t ly ,  th e  r e l a t i v e  w e igh t l o s s e s  s u s ta in e d  b y  bo th  k n ife -c u t  

g ro u p s  d u r in g  th is  1 0  d a y  h o rm o n e  t r e a t m e n t  p e r i o d  w e re  n e a r l y  

id e n t ic a l  to  th e  w e ig h t  l o s s  e x h ib i te d  by  th e  e s t r o g e n - i n je c t e d  sh a m  

cu t r a t s  r e l a t i v e  to  o i l - t r e a t e d  c o n t r o l s .  T he m o r e  l o n g - t e r m  o b ­

s e r v a t io n  w ith  th e  h ig h e r  d o se  of th e  h o rm o n e  a l s o  r e v e a le d  th a t  

n e i th e r  t r a n s e c t i o n  p r e v e n te d  th e  w e igh t r e d u c in g  e f fe c ts  of e s t r o ­

gen and  b o th  k n i f e - c u t  g ro u p s  lo s t  s i m i l a r  a m o u n ts  of w eigh t o v e r  

the  60 day s  of EB  t r e a t m e n t  r e l a t i v e  to  a p p r o p r i a t e  o i l - in j e c te d  c o n ­

t r o l s .  In f a c t ,  the  r e l a t i v e  w e igh t l o s s  of the  k n i f e - c u t  g ro u p s  i n ­

j e c te d  w ith  e s t r o g e n  w as  g r e a t e r  th a n  th a t  lo s t  by  th e  sh a m  cu t r a t s  

in je c te d  w ith  EB  f o r  a  s i m i l a r  d u ra t io n .  T h u s ,  i t  i s  u n l ik e ly  th a t  

e i th e r  n e u r a l  t r a n s e c t i o n s  d a m a g e d  an  e s t r o g e n - s e n s i t i v e  feed in g  

p a th w ay  s in c e  th e  m o s t  p ro b a b ly  o u tc o m e  of su c h  d a m a g e  would have  

b e e n  to  a t t e n u a te  e s t r o g e n  a n o re x ia  n o t  to  p o te n t ia te  i t .

T he f in d in g  th a t  th e  w e igh t l o s s  in d u c e d  b y  th e  h o rm o n e  i n ­

je c t io n s  in  th e  A N T -E B  r a t s  w as  g r e a t e r  th an  th a t  s e e n  in  th e  CO N - 

EB a n im a l s ,  h o w e v e r ,  i s  no t  e n t i r e l y  c o n s i s t e n t  w ith  th e  h y p o th e s is  

th a t  a n t e r i o r  k n i f e - c u t s  an d  o v a r i e c to m y  p ro d u c e  a d d it iv e  body  

w e igh t e f fe c ts  w hen c o m b in e d  in  th e  s a m e  a n im a l .  T ha t i s ,  s in c e  a l l  

s u b je c ts  w e re  o v a r i e c to m iz e d  in  th e  p r e s e n t  s tu d y  a n d  th e  e a r l i e r
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r e  su i t s  of E x p e r im e n t  1 in d ic a te d  th a t  a n t e r i o r  t r a n s e c t i o n s  d id  n o t  

s u b s ta n t ia l ly  m o d ify  e s t r o g e n  a n o r e x ia ,  th e n  E B  t r e a t m e n t  w ould  be  

e x p e c te d  to  p ro d u c e  c o m p a r a b le  body  w e igh t r e d u c t io n s  in  b o th  g r o u p s .

A  s i m i l a r  q u e s t io n  a ls o  a r i s e s  in  i n t e r p r e t i n g  th e  p r e s e n t  f ind in g  of a 

g r e a t e r  w eigh t l o s s  in d u ce d  b y  h o rm o n e  in je c t io n s  in  M E D -E B  r a t s  

r e l a t i v e  to  C O N 7 EB a n im a l s ,  s in c e  o th e r  e v id e n c e  in d ic a te s  th a t  

m e d ia l  t r a n s e c t i o n s  and  o v a r i e c to m y  a l s o  p ro d u c e  a d d it iv e  body  

w e igh t e f fe c ts  (Gale an d  S c la fa n i ,  1977a).

The g r e a t e r  w e igh t l o s s  of th e  h o rm o n e  in je c te d  k n i f e - c u t  r a t s  

c o m p a r e d  to  the  s h a m  cu t a n im a l s  m a y  h av e  r e s u l t e d  f r o m  f a c t o r s  

o th e r  th an  n e u ro lo g ic a l  in s u l t .  F o r  e x a m p le ,  p r e v io u s  s tu d ie s  h av e  

show n th a t  e s t r o g e n 's  w e ig h t  r e d u c in g  e f fe c ts  a r e  m o r e  p ro n o u n c e d  

in  h e a v y  v e r s u s  le a n  in ta c t  r a t s  ( Z u c k e r ,  1972), and  a n im a l s  m a d e  

o v e rw e ig h t  by  d i e t a r y  m e a n s  a r e  m o r e  s u s c e p t ib le  to  e s t r o g e n  a n ­

o r e x ia  th an  a r e  a n im a ls  g iv en  o n ly  a  s t a n d a r d  chow  (R e d ic k  e t  a l . ,

1973). T hu s , th e  le v e l  of o b e s i ty  i t s e l f  m a y  be  an  i m p o r t a n t  f a c t o r  in  

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

th a t  t h e r e  i s  a  lo w e r  l im i t  b e n e a th  w h ich  ev en  h ig h  d o s e s  of e s t r o g e n  

w ill  n o t  p ro d u c e  f u r t h e r  b ody  w e ig h t  l o s s e s  (M ook e t  a l . , 1972) a n d  

s in c e  th e  C O N -E B  r a t s  w e r e  o n ly  m i ld ly  o b e se  c o m p a r e d  to  th e  h o r ^  

m o n e - t r e a t e d  k n i f e -c u t  r a t s ,  i t  i s  l ik e ly  th a t  th e y  r e a c h e d  th i s  lo w e r  

body  w e igh t l im i t  so o n e r  them d id  the  k n i f e - c u t  r a t s .  C o n tin u ed  e s t r o ­

gen  in je c t io n s ,  a c c o rd in g  to  th i s  t h e o r y ,  w ould  p ro d u c e  a d d i t io n a l  w e igh t  

l o s s e s  on ly  in the  s t i l l  o v e rw e ig h t  k n i f e - c u t  a n im a l s .  T h u s ,  d i f f e r e n c e s  

in  th e  body  w eigh t le v e l  a t  th e  s t a r t  of th e  h o rm o n e  in je c t io n  b e tw e e n  

th e  k n i f e - c u t  and  s h a m  cu t r a t s  c o m b in e d  w ith  a  lo w e r  l im i t  r e s t r i c t i n g



co n tin u ed  e s t r o g e n - in d u c e d  w eigh t lo s s  m a y  a c c o u n t  f o r  th e  p r e s e n t  

f in d ing  of a  g r e a t e r  w e igh t l o s s  in  the  E B - in j e c t e d  o v a r i e c to m iz e d  

k n ife ;-c u t  c o m p a r e d  to  o v a r ie c to m iz e d  s h a m  c u t  a n im a l s  g iven  s i m ­

i l a r  h o rm o n e  in je c t io n s .

In s u m m a r y ,  th e  p r e s e n t  k n i f e - c u t  f in d in g s  r e v e a l  th a t  n e i th e r  

a n t e r i o r  n o r  m e d ia l  h y p o th a la m ic  t r a n s e c t i o n s  b lo c k  th e  a n o re x ig e n ic  

e f fe c ts  of s y s t e m ic  e s t r a d i o l  in je c t io n s .  T he p r e s e n t  f ind ing  w ith  a n ­

t e r i o r  cu ts  in  o v a r i e c to m iz e d  a n im a ls  c o n f i r m s  th e  r e s u l t s  o b ta in ed  

e a r l i e r  in  E x p e r im e n t  1 an d  the  f u r t h e r  d i s c l o s u r e  th a t  m e d ia l  cu t,  

l ik e  a n t e r i o r  t r a n s e c t i o n s ,  a ls o  f a i l  to  b lo c k  th e  fe e d in g  a n d  th e  body  

w e igh t r e d u c in g  e f fe c ts  of e s t r o g e n  r e p l a c e m e n t  c o m p le m e n ts  o th e r  

e v id e n ce  th a t  m e d ia l  t r a n s e c t io n s  do no t p r e v e n t  th e  e x p r e s s io n  of the  

o v a r ia n  h y p e rp h a g ia - o b e s i ty  sy n d ro m e  (G ale  an d  S c la fa n i ,  1977a).

F in a l ly ,  th e  p o s t in je c t io n  f ind ing  th a t  th e  fe e d in g  and  w e igh t 

s u p p r e s s iv e  e f f e c ts  p ro d u c e d  by  e s t r o g e n  a r e  r e v e r s e d  fo llo w in g  the  

t e r m in a t io n  of h o rm o n e  in je c t io n s  in d ic a te s  th a t  th e  o b s e r v e d  fee d in g  

an d  b ody  w e ig h t  s u p p r e s s io n  e ffe c ts  a r e  h o r m o n e  d e p e n d e n t .  T h a t  i s ,  

th e  t h r e e  e s t r o g e n - t r e a t e d  g ro u p s  d is p la y e d  a n  a l m o s t  im m e d ia te  

p o s t in je c t io n  h y p e rp h a g ia  an d  w eigh t g a in  an d , b y  th e  end  of th e  e x ­

p e r im e n t ,  th e y  h a d  g a in e d  a s  m u ch  (C O N -EB ) o r  o n ly  s l ig h t ly  l e s s  

w e ig h t  (A N T -E B  a n d  M E D -E B ) th an  d id  t h e i r  r e s p e c t i v e  o i l - in j e c te d  

c o n t r o l s .  S in ce  b o th  h o r m o n e - in je c te d  k n i f e - c u t  g ro u p s  w e r e  h y -  

p e rp h a g ic  r e l a t i v e  to  t h e i r  o i l^ in je c te d  c o n t r o l s ,  i t  s e e m s  l ik e ly  th a t  

th e  h o r m o n e - t r e a t e d  k n i f e -c u t  g ro u p s  w ou ld  h a v e  r e a c h e d  th e  l e v e l s  

of t h e i r  a p p r o p r i a t e  o i l - in j e c te d  c o n tro ls  i f  a  l o n g e r  p o s to p e r a t iv e  

p e r io d  w e re  p r o v id e d .



E X P E R IM E N T  5

The r e s u l t s  of the  p r e v io u s  e x p e r im e n t  d e m o n s t r a t e d  th a t  

a n t e r i o r  h y p o th a la m ic  k n i f e - c u ts  did  n o t  b lo ck  th e  fe e d in g  and  w eigh t 

s u p p r e s s iv e  e f fe c ts  of p e r i p h e r a l  e s t r o g e n  in je c t io n s .  It  i s  w e ll  known 

th a t  e s t r o g e n  s t im u la te s  sp o n ta n eo u s  lo c o m o to r  a c t iv i ty  in  a d u l t  r a t s  

(S te rn  and  M u rp h y , 1972; Young and  F i s h ,  1945) and  d u r in g  th e  4 -d a y  

e s t r o u s  c y c le  r a t s  d i s p la y  an  a c t iv i ty  rh y th m  w hich  c o r r e l a t e s  w ith  

p la s m a  e s t r o g e n  l e v e l s  as  r e v e a l e d  by  v a g in a l  cy to lo g y  (B ro b e c k ,  

W hea tland  and S t r o m in g e r ,  1947; S lo n a k e r ,  1924; W ang, 1923).

O th e r  e v id e n ce  in d ic a te s  th a t  im p la n ts  of e s t r o g e n  d i r e c t l y  in to  the  

a n te r io r  h y p o th a la m ic  a r e a  i n c r e a s e s  w hee l  ru n n in g  a c t iv i ty  (C o l ­

v in  and  S a w y e r ,  1969; W ade and  Z u c k e r ,  1970). T h u s ,  i t  i s  p o s s ib le  

th a t  a n t e r i o r  k n i f e - c u t s ,  w hile  s p a r in g  a n  e s t r o g e n - s e n s i t i v e  f e e d ­

in g  s y s te m ,  i n t e r f e r e  w ith  e s t r o g e n ic  in f lu e n c e s  on sp o n ta n e o u s  

lo c o m o to r  a c t iv i ty .  C o n s i s te n t  w ith  th i s  h y p o th e s is  i s  th e  f in d in g  

th a t  a n t e r i o r  h y p o th a la m ic  t r a n s e c t i o n s  s ig n i f ic a n t ly  d e p r e s s  w h e e l  

ru n n ing  a c t iv i ty  and  d i s r u p t  e s t r o u s  cyc ling  S c la fa n i ,  1971).

The p u r p o s e  of the  p r e s e n t  s tu d y , t h e r e f o r e ,  w as  to  e x a m in e  

w h e th e r  o r  no t a n t e r i o r  h y p o th a la m ic  k n i f e - c u ts  w ou ld  a l t e r  th e  e f fe c ts  

of e s t r o g e n  on th e  sp o n ta n e o u s  lo c o m o to r  a c t iv i ty  of a d u l t  r a t s .  S ince  

a n t e r i o r  t r a n s e c t i o n s  m a y  d i s tu r b  o v a r ia n  c y c l in g , a s  i s  i n d ic a te d  in  

E x p e r im e n t  1, an d  th i s  m ig h t  e f fe c t  lo c o m o to r  a c t iv i ty ,  a l l  s u b je c t s  

w e re  o v a r i e c to m iz e d  p r i o r  to  b r a in  s u r g e r y  a s  in  th e  p r e c e d in g  e x ­

p e r i m e n t .  In v ie w  of th e  s i m i l a r i t y  o b s e rv e d  e a r l i e r  in  E x p e r im e n t  

3 b e tw ee n  th e  fee d in g  an d  body  w eigh t e f fe c ts  p r o d u c e d  b y  a n t e r i o r  and
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m e d ia l  k n i f e - c u t s ,  th e  p r e s e n t  s tu d y  a l s o  in v e s t ig a te d  the  lo c o m o to r  

e f f e c t s  p r o d u c e d  by  p a r a s a g i t t a l  k n i f e - c u ts  th ro u g h  th e  m e d ia l  h y p o ­

th a la m u s .

M ETHOD

S u b je c t s : T h i r t y - s i x  f e m a le  r a t s  ra n g in g  in body  w eigh t f r o m  

23 1 -255  g s e r v e d  a s  s u b je c t s  a n d  d a ta  a r e  r e p o r t e d  fo r  30 r a t s  th a t  

s u r v iv e d  b o th  th e  e n d o c r in e  an d  h y p o th a la m ic  s u r g e r i e s .

P r o c e d u r e :  S u b je c ts  w e r e  h o u s e d  on a r r i v a l  in  W ahm ann L C -  

34 a c t iv i t y  c a g e s  fo r  a  p e r io d  of t h r e e  w eek s  and g iven  ad  l ib i tu m  

a c c e s s  to  P u r i n a  Chow (p e l le ts )  a n d  w a te r .  D aily  sp o n ta n eo u s  a c t i v ­

i ty  m e a s u r e s  ( r e v o l u t i o n s / 24 h r  ) and body w eight w e re  r e c o r d e d  

d u r in g  th e  l a s t  two w eek s  of th i s  p r e o p e r a t iv e  b a s e l in e  p e r io d  and  

f o r  f i f ty - n in e  d a y s  fo llow ing  b r a i n  s u r g e r y .  A ll  su b je c ts  w e re  o v a r i ­

e c to m iz e d  an d  su b d iv id ed  in to  t h r e e  g ro u p s  eq ua ted  fo r  body  w e ig h t  

an d  a c t iv i t y  s c o r e s .  Two d a y s  l a t e r  e a c h  g ro u p  r e c e iv e d  e i t h e r :  (1) 

a n t e r i o r  c o ro n a l  k n i f e -c u t  (ANT); (2) m e d ia l  p a r a s a g i t t a l  k n i f e - c u t s  

(M ED); o r  (3) s h a m  s u r g e r y  (CON). F iv e  w eeks fo llow ing  b r a i n  s u r ­

g e r y ,  e a c h  of th e  t h r e e  g ro u p s  w a s  su b d iv id ed  into t h r e e  su b g ro u p s  

e q u a te d  f o r  body  w e igh t and  a c t iv i ty  s c o r e s  and  in je c t io n s  d a i ly  w ith  

e i t h e r  e s t r o g e n  (EB) o r  th e  o il  v e h ic le  (OIL). The h o rm o n e  t r e a t m e n t  

g ro u p s  (A N T -E B , M E D -E B  and  C O N -E B ) w e re  in je c te d  fo r  25 d a y s  

w ith  5 -u g  E B /d a y  w h e r e a s  th e  o i l  t r e a tm e n t  g ro u p s  (A N T -O IL , M E D -  

O IL , and  C O N -O IL ) w e re  in j e c t e d  d a i ly  with equal v o lu m e s  of th e  v e ­

h ic le  o v e r  th e  s a m e  25-^day p e r io d .  A t the  end  of th e  t r e a tm e n t  p e r i o d
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on D ay  59 th e  h o rm o n e  in je c te d  a n im a ls  w e r e  o v e rd o s e d  w ith  an  

a n e s th e t ic  a n d  th e  b r a i n s  of th e  k n i f e -c u t  a n im a ls  p r e p a r e d  fo r  

h is to lo g y .  D ue  to  in t r a g r o u p  v a r i a b i l i ty  in  ru n n in g  s c o r e s  fo llow ing 

b r a in  s u r g e r y ,  the  a c t iv i t y  m e a s u r e s  w e re  e x p r e s s e d  as  a  p e r c e n t ­

ag e  of the  b a s e l in e  w h e e l  ru n n in g .

RESU LTS

The p o s to p e r a t iv e  c h a n g e s  in  w h e e l  ru n n in g  a r e  d e p ic te d  in  

F ig u r e  9 and  th e  a n a ly s i s  of v a r i a n c e  fo r  th i s  m e a s u r e  i s  co n ta in ed  

in  T ab le  14. The bo dy  w e ig h t  g a in s  of th e  o v a r i e c to m iz e d  r a t s  f o l ­

low ing  k n i f e - c u ts  o r  s h a m  s u r g e r y  a r e  show n in  T a b le  15 and  the  

a n a ly s i s  of v a r i a n c e  f o r  t h e s e  d a ta  a r e  s u m m a r i z e d  in  T ab le  14. 

P r e o p e r a t iv e ly ,  th e  t h r e e  g ro u p s  w e re  w e ll  m a tc h e d  on w h ee l  r u n ­

n in g  (ANT=3182, M ED =3203, an d  CON=3239 r e v / 2 4  h r  ) and  th e r e  

w e re  no  s ig n i f ic a n t  d i f f e r e n c e s  in  th e  p r e o p e r a t iv e  body  w e ig h ts  of 

th e  t h r e e  g ro u p s  ( 2 4 1 .2 ,  242. 1, an d  2 3 8 .5  g, ; r e s p e c t iv e ly ) .  F o l lo w ­

ing  th e  c o m b in ed  e n d o c r in e  an d  b r a i n  s u r g e r y ,  a l l  g ro u p s  re d u c e d  

( p ^  01) th e i r  a c t iv i ty .  B y  D ay  7 th e  m e d ia l  r a t s  w e r e  h y p o ac tiv e  

(p.^. 05) c o m p a r e d  to  th e  a n t e r i o r  a n im a l s ;  th e  m e d ia l  r a t s  w e re  r u n ­

n in g  a t  5. 8% o f  b a s e l in e  a n d  th e  a n t e r i o r  r a t s  w e re  ru n n in g  a t  19. 9% 

of b a s e l in e .  B o th  of th e  k n i f e - c u t  g ro u p s  w e re  s ig n i f ic a n t ly  h y p o -  

a c t iv e  (p^. 05) w hen c o m p a r e d  to  th e  c o n tro l  r a t s ,  who, a f t e r  one w eek , 

w e re  ru n n in g  a t  on ly  46 . 5% of b a s e l in e .

In th e  se c o n d  p o s to p e r a t iv e  w eek  the  c o n t r o l s  show ed  a  m ild  

i n c r e a s e  (p^. 05) in  t h e i r  a c t iv i ty ,  h o w e v e r ,  d u r in g  th e  r e m a in in g  

t h r e e  n o n - in je c t io n  w e e k s  t h e i r  w h e e l  ru n n in g  g r a d u a l ly  d e c l in e d  and
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s ta b i l i z e d  a t  o r  n e a r  the  l e v e l  o b s e r v e d  a t  th e  end  of th e  f i r s t  p o s t^  

s u r g i c a l  w eek (Day 35: C O N = 4 5 .1% of b a s e l in e ) .  R a ts  w ith  a n te r io r  

and  m e d ia l  k n i f e - c u ts  e x h ib i te d  o n ly  m ild  a c t iv i ty  i n c r e a s e s  d u r in g  

th e  se c o n d  p o s to p e ra t iv e  w e e k  and  d u r in g  th e  r e m a in d e r  of th e  n o n ­

in je c t io n  p e r io d  th e  m e d ia l  cu t  r a t s  co n tin u ed  to  r u n l e s s  (p^05 )  than  

d id  th e  a n te r io r  cu t a n im a l s .  B y  D a y  35 th e  m e d ia l  cu t r a t s  w e re  

ru n n in g  a t 10. 7% of t h e i r  b a s e l in e  a c t iv i ty  l e v e l  w h ich  w as s ig n i f ­

i c a n t ly  l e s s  (p^. 05) th an  th e  26. 2% a c t iv i ty  d e c r e a s e  d is p la y e d  by  

th e  a n t e r io r  cut r a t s ,  an d  c o m p a r e d  to  c o n t r o l s ,  bo th  cu t g ro u p s  

r e m a in e d  h y p o ac tiv e  (p^. 05) f ive  w e e k s  fo llo w in g  b r a in  s u r g e r y .

O v e r  the  f i r s t  35 p o s to p e r a t iv e  d a y s  the  m e d ia l  cu t r a t s  

g a in ed  m o r e  w eigh t th an  d id  th e  a n t e r i o r  cu t  a n im a ls  (1 1 7 .7  v s .

88. 9g; r e s p e c t iv e ly )  a l th o u g h  th is  d i f f e r e n c e  f a i l e d  to  be  s ig n if ic a n t .  

B oth  k n i fe -c u t  g ro u p s ,  h o w e v e r ,  g a in e d  m o r e  (p^. 05) w e igh t th an  

d id  th e  CON a n im a ls  (53. 6 g ) .

D u rin g  the  25 h o rm o n e  t r e a t m e n t  d a y s ,  th e  A N T -E B , M E D - 

E B , and  C O N -EB  r a t s  a l l  i n c r e a s e d  (p^. 05) t h e i r  w hee l ru n n in g  

a c t iv i ty  c o m p a re d  to  t h e l e v e l s  s e e n  e a r l i e r  d u r in g  the  l a s t  w eek  of the  

n o n - in je c t io n  p e r io d .  The E B  t r e a t e d  g ro u p s  w e r e  a ls o  m o r e  (p^. 05) 

a c t iv e  th an  w e re  t h e i r  r e s p e c t iv e  O IL  in je c te d  g ro u p s  but th is  d i f f e r ­

en ce  w as s ig n if ic a n t  on ly  f o r  th e  m e d ia l  and s h a m  cu t g ro u p s .  B y  the  

f in a l  in je c t io n  d a y  th e  M E D -E B  and  C O N -E B  r a t s  w e re  ru n n in g  

s l ig h t ly  above  th e i r  p r e o p e r a t i v e  a c t iv i ty  l e v e l s  (102.4% and  107.9% of 

b a s e l in e ;  r e s p e c t iv e ly )  and  t h e r e  w e r e n o  r e l i a b l e  a c t iv i ty  d i f f e re n c e s  

b e tw e e n  th e s e  tw o g ro u p s .  B o th  th e  M E D -E B  a n d C O N ^ E B  g ro u p s  w e re  

m o r e  a c t iv e  (p^ 05) them w e r e  th e  A N T -E B  r a t s  on D ay  59 who w e re  run n in g
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a t  on ly  57. 2% of t h e i r  b a s e l in e  a c t iv i ty .  T he A N T -O IL , M E D -O IL , 

and  C O N -O IL  g ro u p s ,  on th e  o th e r  h a n d ,  d is p la y e d  no  s u b s ta n t ia l  

change  in  th e i r  w heel ru n n in g  a c t iv i ty  o v e r  th e  25 t r e a t m e n t  d a y s ,  

c o m p a r e d  to  t h e i r  a c t iv i ty  l e v e l s  d u r in g  th e  f in a l  w eek  of th e  n o n -  

in je c t io n  p e r io d .  By the  f in a l  o i l  t r e a t m e n t  day , th e  M E D -O IL  r a t s  

w e re  ru n n in g  a t  10. 1% of t h e i r  b a s e l in e  l e v e l  w h ich  w as  l e s s  (p^ . 05) 

th an  th e  27. 6% a c t iv i ty  l e v e l  of th e  A N T -O IL  r a t s  and  bo th  k n i f e - c u t  

g ro u p s  r e m a in e d  s ig n i f ic a n t ly  h y p o a c t iv e  ( p ^ 0 5 )  c o m p a r e d  to th e  

C O N -O IL  r a t s  on D ay 59 w ho w e r e  ru n n in g  a t  43. 3% of t h e i r  b a s e ­

l in e  a c t iv i ty .

The body  w eigh t f in d in g s  f o r  D ays  3 5 -5 9  r e v e a l  th a t  th e  

M E D -E B  r a t s  lo s t  s l ig h t ly ,  but n o t  s ig n i f ic a n t ly ,  m o r e  w e igh t th a n  

d id  the  A N T -E B  a n im a ls  (58. 9 v s .  41. 2 g ; r e s p e c t iv e ly ) ,  and  bo th  

k n i f e - c u t  g ro u p s  l o s t  m o r e  (p ( .  01) w e igh t  th a n  d id  th e  C O N -E B  r a t s  

(20. 1 g ). By th e  end  of th e  h o rm o n e  t r e a t m e n t  p e r io d  a n  a n a ly s i s  

of th e  b ody  w eigh t g a in s  f r o m  the  p r e o p e r a t i v e  b a s e l in e  p e r io d  r e v e a l e d  

th a t  th e  M E D -E B  and  A N T -E B  r a t s  g a in e d  o n ly  s l ig h t ly  m o r e  w e ig h t 

th an  d id  th e  C O N -E B  a n im a l s  (T ab le  15 .). D u r in g  t r e a t m e n t  day s  35-59* 

th e  body  w eigh t ga in  of the  M E D -O IL  r a t s  e x c e e d e d  (p ( .  01) th a t  of th e  

A N T -O IL  r a t s  (63. 6 and  22. 9 g ; r e s p e c t iv e ly )  and  th e  A N T -O IL  a n i ­

m a l s ,  in  t u r n ,  g a in ed  m o r e  (p^. 05) w e ig h t  th a n  d id  th e  C O N -O IL  r a t s  

(7. 2 g ). A n a ly s is  of the  D a y  59 w e ig h t  g a in  f r o m  th e  p r e o p e r a t i v e  

b a s e l in e  p e r io d  r e v e a le d  t h a t  the  M E D -O IL  r a t s  g a in e d  m o r e  w e igh t 

(p^. 01) th a n  d id  th e  A N T -O IL  a n im a l s ,  who in  t u r n ,  o u tg a in ed  (p^ . 01) 

th e  C O N -O IL  r a t s  (T ab le  15 ) .

H is to lo g ic a l  e x a m in a t io n  r e v e a l e d  th a t  th e  m e d ia l  k n i f e - c u ts
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w e re  e s s e n t i a l l y  id e n t i c a l  to  th o se  s e e n  in th e  p r e v io u s  e x p e r im e n t s .  

T he m e d ia l  t r a n s e c t i o n s  w e r e  p o s i t io n e d  j u s t  m e d ia l  o r  l a t e r a l  to  th e  

f o rn ix  and  e x te n d e d  f r o m  th e  a n t e r io r  h y p o th a la m ic  a r e a  to  th e  p o s ­

t e r i o r  h y p o th a la m u s  (F ig u r e  3). The a n t e r io r  k n i f e - c u t s  w e r e  p o s i ­

t io n e d  in  th e  c a u d a l  h a lf  of th e  a n t e r i o r  h y p o th a la m ic  j u s t  r o s t r a l  to  

th e  VMH, a s  d e s c r i b e d  in  E x p e r im e n t  1, an d  e x te n d e d  b i l a t e r a l l y  

f r o m  th e  m id l in e  to  th e  m e d ia l  edge of the  L H  (F ig u r e  2).

DISCUSSION

O v a r ie c to m y  h a s  long  b e e n  known to  r e d u c e ,  a n d  e s t r o g e n  

r e p l a c e m e n t  to  r e s t o r e ,  th e  sp o n tan eo u s  lo c o m o to r  a c t iv i t y  of a d u lt  

f e m a le  r a t s  (Young an d  F i s h ,  1945). The p r e s e n t  f in d in g  th a t  s h a m  

k n i f e -c u t  o v a r i e c to m iz e d  r a t s  fa i le d  to  r e e s t a b l i s h  lo c o m o to r  a c t iv i ty  

a t  p r e o v a r i e c to m y  l e v e l s  w ithout e s t r o g e n  r e p l a c e m e n t  c o n f i r m s  th e  

im p o r ta n c e  of th i s  h o rm o n e  in  th e  m a in te n a n c e  of sp o n ta n e o u s  a c t iv i ty .  

M o re  im p o r ta n t ly ,  th e  p r e s e n t  f ind ing  d e m o n s t r a t in g  t h a t  o v a r i e c t o ­

m iz e d  r a t s  g iv en  h y p o th a la m ic  t r a n s e c t i o n s  e x h ib i te d  a  g r e a t e r  r e d u c ­

t io n  in  w h e e l  ru n n in g  th a n  d id  a n im a ls  g iven  s h a m  c u ts  d e m o n s t r a t e s  

th a t  n e i th e r  the  a c t iv i t y  d e p r e s s in g  e ffe c ts  of a n t e r i o r  o r  m e d ia l  h y ­

p o th a la m ic  k n i f e - c u t s  a r e  d e p en d e n t  on ch an g e s  in  o v a r ia n  h o rm o n e  

l e v e l s .

A  r e d u c t io n  in  w h ee l  ru n n in g  h a s  p r e v io u s ly  b e e n  r e p o r t e d  

a f t e r  l e s io n s  in  th e  v ic in i ty  of the  v e n t r o m e d ia l  n u c le u s  of h y p o th a ­

l a m u s  (G la d fe l te r  a n d  B ro b e c k ,  1962; H e th e r in g to n  a n d  R a n s o n ,  1940; 

K e n n ed y  a n d  M i t r a ,  1963) a n d  the  p r e s e n t  f in d ing  th a t  h y p o th a la m ic  

k n i f e - c u t s  p ro d u c e  h y p o a c t iv i ty  s u g g e s ts  th a t  th e s e  c u ts  m a y  a l t e r
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lo c o m o to r  a c t iv i ty  by  t r a n s e c t i n g  so m e  of the  s a m e  n e u r a l  p a th w a y s  

d e s t r o y e d  by  VMH le s io n s .  T he p r e s e n t  f ind ing  of a  g r e a t e r  r e d u c ­

t io n  in  w h e e l  ru n n in g  a f t e r  m e d ia l  r a t h e r  th an  a n t e r i o r  t r a n s e c t i o n s  

c o n f i r m s  p r e v io u s  k n i f e - c u t  f in d in g s  (S c la fan i,  1971). T h u s ,  i t  i s  

p o s s ib le  th a t  d e s p i te  so m e  q u a n t i ta t iv e  d i f f e r e n c e s  b e tw e e n  the  w hee l 

ru n n in g  r e d u c t io n s  e x h ib i te d  b y  th e  k n i fe -c u t  g ro u p s  b o th  n e u r a l  

t r a n s e c t i o n s  d a m a g e d  a  co m m o n  a c t iv i ty  pa th w ay , su c h  a s  th a t  s u g ­

g e s t e d  b y  K e n n ed y  (1964) o r  by  C olv in  a n d  S aw y er  (1969)» w hich  

t r a v e l s  d if fu se ly  th ro u g h  the  h y p o th a la m u s .  On th e  o th e r  h a n d , the  

p r e s e n t  f ind in g  th a t  e s t r o g e n  a d m in i s t r a t io n  i n c r e a s e s  th e  a c t iv i ty  

of r a t s  w ith  m e d ia l  k n i f e - c u t s  to  p r e o v a r i e c to m y  l e v e l s  w h e r e a s ,  the  

s a m e  h o r m o n e  t r e a t m e n t  w as m u ch  l e s s  e f fe c t iv e  in  r e s t o r i n g  th e  

a c t iv i t y  of r a t s  w ith  a n t e r i o r  k n i f e - c u ts  s u g g e s ts  th a t  b o th  n e u r a l  

t r a n s e c t i o n s  m a y  h av e  d a m a g e d ,  to  so m e  d e g r e e ,  s e p a r a t e  a c t iv i ty  

s y s t e m s .

W ade a n d  Z u c k e r  (1970) h av e  t h e o r i z e d  th a t  sp o n ta n e o u s  

lo c o m o to r  a c t iv i ty  i s  in f lu e n c e d  b y  two b r a in  a r e a s ,  n a m e ly  an  e s ­

t r o g e n  s e n s i t iv e  r e g io n  in  th e  a n t e r i o r  h y p o th a la m ic - p r e o p t i c  a r e a  

(A H A -PO A ) a n d  an  e s t r o g e n  in s e n s i t iv e  re g io n  lo c a l i z e d  w ith in  th e  

v e n t r o m e d i a l - l a t e r a l  h y p o th a la m ic  a r e a  (V M H -LH A ). T he  p r o p o s e d  

in v o lv e m e n t  of th e s e  tw o b r a i n  a r e a s  in  m o d u la t in g  lo c o m o to r  a c ­

t iv i t y  w as  b a s e d ,  in  p a r t ,  on t h e i r  c an n u la t io n  f in d in g s  and  th o s e  of 

C o lv in  a n d  S a w y e r  (1969) w h ich  in d ic a te d  th a t  im p la n ts  of e s t r o g e n  

d i r e c t l y  in to  th e  A H A -P O A  in c r e a s e d ,  w h e re a s  im p la n ts  in to  the  

V M H -L H A  d id  no t  a l t e r  the  w heel ru n n in g  a c t iv i ty  of r a t s .  O th e r  

e v id e n c e  s u g g e s t in g  th a t  th e  A H A -P O A  c o n ta in s  e s t r o g e n - s e n s i t i v e
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a c t iv i ty  n e u r o n s  i s  th e  f ind in g  th a t  d a m a g e  to  th is  a r e a  by  th e  c e l l u l a r  

d i s r u p t io n  p ro d u c e d  b y  im p la n ts  of a c t in o m y c in -D  s e le c t iv e ly  b lo ck  

e s t r o g e n - in d u c e d  w h ee l  ru n n in g  (S te rn  and  Jan ko w iak , 1972). One 

e x c e p tio n  to  th e  f in d ing  th a t  th e  V M H -LH A  is  in s e n s i t iv e  to  e s t r o g e n - 

m e d ia te d  a c t iv i ty  e f fe c ts  i s  the  o b s e r v a t io n  b y  K ennedy  (1964) th a t  

l e s io n s  in  th e  v e n t r o m e d ia l  re g io n  of the  h y p o th a lam u s  a p p e a r  to  

a b o l i s h  th e  lo c o m o to r  i n c r e a s e s  p ro d u c e d  b y  s y s te m ic  in je c t io n s  of 

th i s  h o rm o n e .  H o w e v e r ,  s e v e r a l  of the  l e s io n s  th a t  b lo ck e d  e s t r o ­

g e n - in d u c e d  a c t iv i ty  ch an g e s  w e re  a l s o  lo c a te d  in  the  A H A -P O A  an d  

s in c e  th e  r o s t r a l  b o r d e r  of the  v e n t r o m e d ia l  n u c le u s  w as p ro b a b ly  d e ­

s t r o y e d  b y  th e  v e n t r o m e d ia l  a r e a  l e s io n s ,  i t  i s  not u n l ik e ly  th a t  th e  

f a i l u r e  of th e s e  b r a i n  d a m a g e d  a n im a l s  to  i n c r e a s e  t h e i r  a c t iv i ty  in 

r e s p o n s e  to  e s t r o g e n  in je c t io n s  m a y  h av e  r e s u l t e d  f r o m  o v e r la p p in g  

n e u r a l  d a m a g e  w h ich  e x te n d ed  in to  th e  re g io n  j u s t  a n t e r io r  to  th e  

v e n t r o m e d ia l  n u c le u s .  Such  an  i n te r p r e t a t i o n  is  c o n s is te n t  w ith  

K e n n e d y 's  own c o n c lu s io n  th a t  the  v e n t r o m e d ia l  n u c le u s  is  i n s e n ­

s i t iv e  to  e s t r o g e n  a n d  th a t  r a t s  w ith  l e s io n s  of th is  n u c le u s  f a i l  to  

i n c r e a s e  t h e i r  ru n n in g  in  r e s p o n s e  to  e s t r o g e n ic  s t im u la t io n  b e c a u s e  

of d i r e c t  d a m a g e  to  a c t iv i ty  n e u ro n s  s i tu a te d  m o re  r o s t a l l y  in  th e  a n ­

t e r i o r  h y p o th a la m u s .

T he  p r e s e n t  f ind ing  th a t  th e  o v a r ie c to m iz e d  m e d ia l  a n d  a n ­

t e r i o r  k n i f e - c u t  r a t s  w e re  bo th  h y p o a c t iv e  d u r in g  the  n o n - in je c t io n  

p e r io d ,  b u t  to  d i f f e r in g  d e g r e e s ,  s u g g e s ts  th e  p o s s ib i l i ty  th a t  m e d ia l  

and  a n t e r i o r  c u ts  m a y  h a v e  d a m a g e d  th e  s a m e  a c t iv i ty  s y s te m ,  su c h  

a s  th a t  in  th e  V M H -L H A  re g io n ,  w ith  the  m e d ia l  cut d a m a g e  e x c e e d in g  

th a t  p r o d u c e d  b y  th e  a n t e r i o r  c u ts .  H o w ev e r ,  the  find ing  th a t  th e
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m e d ia l  cu t r a t s ,  u n l ik e  th e  a n t e r i o r  cu t a n im a l s ,  in c r e a s e d  th e i r  

a c t iv i ty  to  b a s e l i n e  l e v e l s  in  r e s p o n s e  to  e s t r o g e n ,  a s  d id  the  sh am  

cut r a t s ,  s u p p o r t s  th e  v iew  th a t  on ly  th e  a n t e r i o r  cu ts  d am ag e  an 

e s t r o g e n - d e p e n d e n t  a c t iv i ty  s y s te m  su c h  a s  t h a t  which m a y  e x is t  in 

th e  A H A -P O A  a r e a .  T h u s ,  w h ile  an  e x a m in a t io n  of a c t iv i ty  le v e ls  

du r in g  th e  n o n - in je c t io n  p e r io d  a lo n e  do no t p ro v id e  a n y  su g g e s t iv e  

e v id en ce  t h a t  th e  d i f f e r e n t i a l  a c t iv i ty  e f fe c ts  o f the  m e d ia l  and  a n te r io r  

cu ts  a r e  o th e r  th a n  q u a n t i ta t iv e ,  a c t iv i ty  c o m p a r i s o n s  be tw een  the 

cu t g ro u p s  fo l lo w in g  e s t r o g e n  in je c t io n s  r e v e a l s  a  d is t in c t  q u a l i ta t iv e  

d i f fe re n c e  b e tw e e n  th e  c u ts .  T he p r e s e n t  f in d in g s  in d ica t in g  th a t  the  

m e d ia l  a n d  a n t e r i o r  c u ts  d a m a g e  an  a c t iv i ty  s y s te m  w hich  m a y  be 

e s t r o g e n - in d e p e n d e n t  bu t on ly  th e  a n t e r i o r  c u ts  d am ag e  an e s t r o g e n -  

d ep en den t a c t i v i t y  s y s te m  a r e  r e a d i ly  c o m p a t ib le  w ith  the  p ro p o s a l  

of W ade a n d  Z u c k e r  (1970) th a t  two n e u r a l  a r e a s  in fluen ce  lo c o m o to r  

a c t iv i ty  a n d  t h e s e  a r e a s ,  b a s e d  on d i r e c t  c a n n u la t io n  s tu d ie s ,  a r e  

e s t r o g e n  s e n s i t i v e  (AH A -PO A ) an d  in s e n s i t i v e  (VM H-LHA).

It i s  a l s o  p o s s ib l e  th a t  k n i f e - c u t - in d u c e d  h y p o a c tiv i ty  r e s u l t s  

no t f r o m  d a m a g e  to  a c t iv i ty  s y s te m s  p e r  se  b u t  in d i r e c t ly  f r o m  the  

h y p e rp h a g ia  w h ich  fo llow s the  b r a i n  in ju r y .  K ennedy  and  M i t r a  (1963), 

fo r  e x a m p le ,  h a v e  o b s e r v e d  th a t  in a c t iv i ty  fo l lo w s  s e v e r a l  m a n ip u la ­

t io n s  w h ich  c a u s e  e x c e s s iv e  food in ta k e  an d  w e igh t ga in  su ch  a s  r e -  

feed ing  a f t e r  a  f a s t .  W hile th i s  p o s s ib i l i ty  c a n n o t  be ru le d  out c o m ­

p le te ly  in  th e  p r e s e n t  s tu d y  a s  the  c a u s e  of h y p o a c t iv i ty ,  i t  a p p e a r s  

u n l ik e ly .  F o r  e x a m p le ,  bo th  k n i f e - c u t  su b g ro u p s  su b se q u e n t ly  g iven 

oil in je c t io n s  g a in e d  m o r e  w e ig h t,  a n d  p r e s u m a b l y  a te  m o r e ,  du r ing  

the  n o n - in je c t io n  p e r io d  fo llow ing  s u r g e r y  th a n  th ey  d id  d u r in g  the. l a t e r
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in je c t io n  p e r io d ,  and  th is  i s  m o s t  p ro n o u n c e d  f o r  the  a n te r io r  r a t s .

In sp i te  of t h i s ,  th e  r e d u c e d  a c t iv i ty  l e v e l s  s e e n  in  both  cut g ro u p s  

by  th e  f i r s t  p o s to p e r a t iv e  w e ek  r e m a in  v i r t u a l l y  u n c h an g e d  th r o u g h ­

out th e  e n t i r e  e x p e r im e n t .

The body  w e igh t f in d in g s  of th e  p r e s e n t  e x p e r im e n t  c o n f i rm  

th o se  o b ta in ed  e a r l i e r  w ith  a n t e r i o r  an d  m e d ia l  c u ts  in d ic a t in g  th a t  

both  t r a n s e c t io n s  p ro d u c e  e x c e s s  w e igh t g a in s  w ith  th o se  of th e  

m e d ia l  cut r a t s  e x c e e d in g  th e  g a in s  of the  a n t e r i o r  cut a n im a ls .

The w eigh t g a in s  of b o th  c u t  g ro u p s ,  h o w e v e r ,  w e r e  g e n e r a l ly  l e s s  

than  th o se  o b ta in e d  in  E x p e r im e n t  4 in  w hich  th e  s u b je c t s  w e re  

h o u se d  in c o n v en tio n a l  s t a t i o n a r y  c a g e s .  A  s i m i l a r  a t te n u a t io n  in  

body w eight ga in  h a s  b e e n  r e p o r t e d  in  m e d ia l  cut r a t s  h o u se d  in  

a c t iv i ty  c ag e s  (S c la fan i  a n d  R e n d e l ,  1977), a s  in  th e  p r e s e n t  e x p e r i 7  

m en t,  and in  n o r m a l  ( C o l l i e r ,  1970) a s  w e ll  a s  d i e t a r y  o b ese  r a t s  

(Sc lafan i and S p r in g e r ,  1976) g iv en  th e  o p p o r tu n i ty  fo r  d a i ly  e x e r ­

c ise .  The body  w e igh t f in d in g s  of the  e s t r o g e n  t r e a t e d  r a t s  in d ic a t in g  

th a t  bo th  o v a r i e c to m iz e d  k n i f e - c u t  g ro u p s  l o s t  m o r e  w eigh t th an  d id  

the  o v a r ie c to m iz e d  s h a m  cu t r a t s  a ls o  c o n f i rm s  th e  f ind ings  o b ­

ta in e d  e a r l i e r  ( s e e  D is c u s s io n ,  E x p e r im e n t  4).



E X P E R IM E N T  6

It i s  p o s s ib le  th a t  s o m e  o f the  fee d in g  f i b e r s  th a t  h av e  b e en  

im p l ic a te d  in  the  VMH h y p e r p h a g ia - o b e s i ty  s y n d ro m e  (G old, 1973; 

S c la fan i  and  B e r n e r ,  1977) m a y  h a v e  b e e n  d a m a g e d  b y  a n t e r i o r  k n i f e -  

c u ts  which p a s s  th ro u g h  th e  c a u d a l  p o r t io n ;  of th e  a n t e r i o r  h y p o th a ­

l a m ic  a r e a ,  j u s t  r o s t r a l  to  th e  VMN. T he  f in d in g s  of E x p e r im e n t s  

3, 4, and  5 in d ic a te d  th a t  th e  e x c e s s  w e igh t g a in  p ro d u c e d  b y  th e  

c o ro n a l  a n t e r io r  k n i f e - c u t s  w a s  l e s s  p ro n o u n c e d  th an  th a t  p ro d u c e d  

b y  the  p a r a s a g i t t a l  VMH k n i f e - c u t s  and  no  q u a l i ta t iv e  d i f f e r e n c e s  b e ­

tw e en  the  feed in g  a n d  bod y  w e ig h t  e f fe c ts  of th e  c u ts  e m e r g e d .  M o r e ­

o v e r ,  r a t s  w ith  e i t h e r  of th e  n e u r a l  t r a n s e c t i o n s  show ed  a  s i m i l a r  

e x a g g e ra te d  o v e rc o n s u m p t io n  w hen  in i t i a l ly  sw itc h e d  to  a  h ig h - f a t  

d ie t  f r o m  a l e s s  p a la ta b le  chow  d ie t  (E x p e r im e n t  3) a n d  i t  i s  w e ll  

known th a t  d ie t  p a la ta b i l i ty  p la y s  an  im p o r ta n t  r o le  in  th e  e x p r e s s io n  

of the  VMH h y p e r p h a g ia - o b e s i ty  s y n d r o m e  (G ra f f  a n d  S t e l l a r ,  1962; 

M i l le r ,  B a i le y  and  S te v e n s o n ,  1950; S c la fa n i ,  B e r n e r  and  M au l,  1975; 

T e i te lb a u m , 1955). B a s e d  on  t h e s e  s u g g e s t iv e  f in d in g s  th e  p r e s e n t  e x ­

p e r im e n t  e x p lo re d  f u r t h e r  th e  s i m i l a r i t i e s  b e tw e e n  c o ro n a l  k n i f e - c u ts  

th ro u g h  th e  a n t e r i o r  h y p o th a la m u s  and  p a r a s a g i t t a l  k n i f e - c u t s  w hich  

t r a n s e c t  the  m e d ia l  h y p o th a la m u s .

M ETHOD

S u b je c ts ; The o i l - i n j e c t e d  r a t s  of the  p r e c e d in g  e x p e r im e n t  

s e r v e d  a s  s u b je c t s .

- 8 0 -
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P r o c e d u r e : A n te r io r  (ANT; n=5), m e d ia l  (MED; n=5) and  s h a m  

cu t(C O N ;n= 5) o v a r ie c to m iz e d  r a t s  w e r e  g iv e n  f r e e  a c c e s s  to  P u r i n a  

M ea l(p o w d er)an d  w a te r  fo r  a  th ree -^w eek  p e r i o d  fo llow ing  t h e i r  r e ­

m o v a l  f r o m  the  a c t iv i ty  c ag e s  of E x p e r i m e n t  5. D u r in g  th i s  n ew  b a s e ­

l in e  p e r io d ,  s u b je c ts  w e re  h o u se d  in s t a n d a r d  s t a t i o n a r y  c a g e s  a n d  food  

in ta k e  and  body  w eight m e a s u r e s  w e r e  o b ta in e d  d a ily .  F o llo w in g  th is  

b a s e l in e  p e r io d  the  s u b je c t 's  d ie t  w as m ix e d  w ith  qu in ine  h y d r o c h lo r id e  

to  a c h ie v e  a  . 2% a d u l te r a t io n  and  th is  s e r v e d  a s  t h e i r  on ly  food s o u r c e  

f o r  the  n e x t  two c o n se c u t iv e  d a y s .  S u b je c ts  w e r e  th en  r e t u r n e d  to  t h e i r  

p la in  p o w d e re d  chow d ie t  fo r  tw o w e e k s  an d  t h e i r  l a te n c y  to  e a t  a  

p a la ta b le  food  (F ru i t lo o p s ,K e l lo g g s )  in  a  n o v e l  e n v iro n m e n t  w as r e ­

c o rd e d  on th e  l a s t  d a y  of th is  p e r io d .  B r ie f ly ,  th e  r a t s  w e re  r e m o v e d  

f r o m  t h e i r  h o m e  c a g e s ,  p la c e d  in  a  c i r c u l a r  a r e n a  m e a s u r in g  5 8 .4  c m  

in d i a m e t e r  w ith  w hite  w a lls  45.7 c m  in  h e ig h t .  T he la te n c y  in  s e c o n d s  w as  

th en  r e c o r d e d  u n t i l  t h e f i r s t  b i te  w as t a k e n  ( s e e  S c la fa n i ,  1972). F o l lo w in g  

the  l a t e n c y - to ^ e a t  t e s t ,  th e  p o w d e re d  chow  d ie t  w as  r e p l a c e d  f o r  tw o 

w eek s  b y  a  h ig h - f a t  d ie t  (33% C r i s c o  v e g e ta b le  f a t  and  67% p la in  P u r ^  

in a  M eal)  and body  w eight m e a s u r e s  o n ly  w e r e  r e c o r d e d  d a i ly  d u r in g  

th is  f in a l  t e s t  p e r io d .  A t the  c o n c lu s io n  of th e  b e h a v io r a l  t e s t in g  th e  

k n i f e - c u t  s u b je c ts  w e re  o v e rd o s e d  w ith  a n e s th e t i c  and t h e i r  b r a i n s  

p r e p a r e d  fo r  h is to lo g y ,  a s  d e s c r ib e d .

R E SU L T S

The a n t e r io r  cu t, m e d ia l  c u t ,  and  s h a m  cut r a t s  a l l  g a in e d  

w e ig h t  on th e  p o w d e re d  chow d ie t  fo llo w in g  t h e i r  t r a n s f e r  f r o m  a c t i v ­

i ty  to  s t a n d a r d  s t a t i o n a r y  c a g e s .  A t th e  end  of th i s  3 -w e e k  b a s e l in e



- 8 2 -

p e r i o d  th e  m e d ia l  cut r a t s  h a d  ga in ed  m o r e  (p^l 05) w e igh t th an  d id  

th e  a n t e r i o r  cu t a n im a l s  (48. 4 v s ,  34. 2 g ) and  b o th  cut g ro u p s  h a d  

o u tg a in ed  ( p ^ l o i )  the  c o n t r o l s  (2 6 .0  g ). T he m e a n  food in ta k e  

d u r in g  th e  f in a l  tw o d a y s  of th i s  b a s e l in e  p e r io d  r e v e a l e d  th a t  th e  

m e d ia l  cu t r a t s  w e re  e a t in g  m o r e  (p^l 05) food  th a n  w e re  th e  a n t e r i o r  

cu t a n im a l s  (29. 1 v s .  2 5 .0  g /d ay )  an d , c o m p a r e d  to  th e  in ta k e s  of 

th e  s h a m  cu t a n im a ls  (2 2 .8  g /d a y ) ,  b o th  k n i f e - c u t  g ro u p s  w e re  

s ig n i f ic a n t ly  h y p e rp h a g ic  (p^. 05). J u s t  p r i o r  to  th e  2 -d a y  qu in ine  

t e s t ,  th e  m e d ia l  r a t s  w e re  a l s o  h e a v ie r  (p^. 05) th a n  w e re  th e  a n ­

t e r i o r  r a t s  (430. 3 v s .  377. 8 g ) and  w h ile  th e  a n t e r i o r  r a t s  w e ig h ed  

m o r e  th a n  d id  th e  c o n tro l s  (362. 2 ĝ  ) th i s  l a t t e r  b o d y  w e igh t d i f ­

f e r e n c e  d id  n o t  r e a c h  s t a t i s t i c a l l y  s ig n i f ic a n c e .

T he  r e s u l t s  of the  qu in ine  fe e d in g  t e s t ,  w h ich  a r e  show n in  

F i g u r e  10, in d ic a te  t h a t  a l l  t h r e e  g ro u p s  r e d u c e d  t h e i r  c o n su m p tio n  

w hen  g iv en  .2 %  q u in ine  a d u l t e r a t e d  d ie t .  T he  tw o  cu t g ro u p s  a te  

s ig n i f ic a n t ly  l e s s  (p^. 01; f o r  bo th  c o m p a r i s o n s )  o f th i s  d ie t  (MED=

9. 0 and  A N T=14. 4 g. ) th an  d id  the  sh a m  c u t  g r o u p  (CON=17. 1 g ). 

W hen e x p r e s s e d  a s  a  p e r c e n ta g e  of t h e i r  p la in  p o w d e re d  chow  in ta k e s ,  

th e  c o n t r o l s  r e d u c e d  t h e i r  in ta k e  by  25% w h ich  w a s  l e s s  (p ( l  05) them 

e i t h e r  th e  43% o r  69% fee d in g  re d u c t io n  e x h ib i te d  b y  th e  a n t e r i o r  and  

m e d ia l  cu t g ro u p s  r e s p e c t iv e ly .  C o m p a r i s o n s  b e tw e e n  th e  two k n i f e -  

cu t g ro u p s  r e v e a l e d  th a t  the  m e d ia l  cu t r a t s  a te  l e s s  (p^. 05) of th e  

. 2% q u in in e  d ie t ,  and  d isp la y e d  a g r e a t e r  (p^. 05) r e l a t i v e  r e d u c t io n  

in  q u in in e  in ta k e ,  th an  d id  th e  a n t e r io r  cu t a n im a l s .

F o l lo w in g  th e  qu in ine  t e s t  a l l  s u b je c t s  w e r e  g iv en  f r e e  a c c e s s  

to  th e  p la in  p o w d e re d  chow d ie t  fo r  two w e e k s .  D u r in g  th e  l a s t  tw o
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day s  of th i s  p e r i o d  th e  m e d ia l  cut r a t s  w e re  c o n su m in g  m o r e  (p^ . 05) 

food  th a n  w e r e  th e  a n t e r io r  a n im a ls  (28. 0 v s .  24. 5 g /d a y )  who, in 

tu r n ,  w e r e  e a t in g  s l ig h t ly  bu t no t s ig n i f ic a n t ly  m o r e  p o w d e re d  chow 

th an  w e r e  th e  c o n t r o l s  (2 3 .4  g /d a y ) .  J u s t  p r i o r  to  th e  l a t e n c y - t o -  

e a t  t e s t ,  th e  m e d ia l  r a t s  a ls o  w eighed  m o r e  ( p ^ 0 5 )  th a n  d id  the  a n ­

t e r i o r  r a t s  (446. 6 v s .  390. 4 g ) who by  now  w e r e  s ig n i f ic a n t ly  

h e a v ie r  (p^ . 05) th a n  w e re  the  c o n tro ls  (363. 6 g ). The r e s u l t s  of 

th e  l a t e n c y - t o - e a t  t e s t ,  w h ich  a r e  d e p ic te d  in  th e  le f t  p a n e l  of 

F ig u r e  11, in d ic a te  th a t  the  m e d ia l  cut r a t s  a te  s o o n e r  (p^ . 001) 

th an  d id  th e  a n t e r i o r  cu t a n im a ls  (2 2 .6  v s .  97. 2 s e c  ) an d  th e  l a ­

te n c ie s  of th e  c u t  g ro u p s  w e re  of a  s h o r t e r  d u ra t io n  (p^. 01) th an  

w e re  t h o s e  of th e  s h a m  cut c o n t ro l s  (258. 6 s e c  ).

T he  t h r e e  g ro u p s  w e re  g iven  f r e e  a c c e s s  to  a  h ig h - f a t  d ie t  

d u r in g  th e  f in a l  tw o w e ek s  of the  e x p e r im e n t  an d  a f t e r  th e  f i r s t  w eek  

on th i s  d ie t ,  b o th  cu t g ro u p s  had  g a in e d  m o r e  (p^ . 05) w e igh t th an  

d id  th e  s h a m  c u t  c o n t r o l s  (MED=69. 8, A N T = 52. 6, an d  CON=18. 2) 

a lth o u g h  th e  d i f f e r e n c e  b e tw ee n  th e  m e d ia l  an d  a n t e r i o r  g ro u p s  d id  

no t r e a c h  s ig n i f ic a n c e .  By th e  end  of th e  s e c o n d  w eek  ( s e e  F ig u r e  

11, r ig h t  p a n e l ) ,  th e  m e d ia l  cu t r a t s  h a d  g a in e d  1 2 5 .0  g w h ich  w as  

m o r e  (p^. 05) th a n  th e  66. 8 g w eigh t g a in  e x h ib i te d  b y  th e  a n t e r i o r  

cu t r a t s ,  a n d  b o th  g ro u p s  h a d  f u r t h e r  o u tg a in e d  (p^ . 01) th e  c o n t r o l s  

(21. 6 g ). D u r in g  th e  f in a l  five  d a y s  on th e  h ig h - f a t  d ie t  th e  m e d ia l  

cu t r a t s '  r a t e  o f w e igh t g a in  e x c e e d e d  (p^ . 01) t h e i r  e a r l i e r  r a t e  d u r in g  

th e  l a s t  5 -d a y  p e r i o d  on the  p o w d e re d  chow  d ie t  ( 5 .7  v s .  3. 1 g /d a y ;  

r e s p e c t iv e ly )  a n d  th e  a n t e r i o r  cut r a t s  a l s o  e x h ib i te d  a  s ig n if ic a n t  

(p ^ .O l)  i n c r e a s e  in  t h e i r  r a t e  of w e igh t  g a in  w hen  s i m i l a r  h ig h - f a t
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an d  p o w d e re d  chow d ie t  c o m p a r i s o n s  a r e  m ad e  (1 .7  v s .  0. 9 g / day ; 

r e s p e c t iv e ly ) .  The s h a m  cu t r a t s ,  in  c o n t r a s t  to  th e  k n i f e - c u t  a n i ­

m a l s ,  w e r e  g a in in g  w e igh t no  f a s t e r ,  a n d  in fa c t  s l ig h t ly  s lo w e r ,  on 

th e  f in a l  f iv e  h ig h - f a t  d ie t  d a y s  th a n  th e y  had  e a r l i e r  d u r in g  th e  l a s t  

5 -d a y  p e r io d  on th e  p o w d e re d  chow  d ie t  (0 .5  v s .  0 .7  g. /d a y ;  r e s p e c ­

t iv e ly ) .  A n a ly s i s  of th e  r a t e  of bod y  w eigh t ga in  am ong  th e  t h r e e  

g ro u p s  o v e r  th e  l a s t  f iv e  d a y s  of th e  e x p e r im e n t  r e v e a le d  t h a t  the 

m e d ia l  cu t  r a t s  w e r e  g a in in g  w e ig h t  m o r e  (p^. 05) r a p id ly  th a n  w e re  

th e  a n t e r i o r  a n im a l s  (5 .7  v s .  1 .7  gc /d ay )  on the  h ig h - fa t  d i e t  and  th e  

a n t e r i o r  g r o u p 's  r a t e  of w e ig h t  g a in  e x ce ed e d  (p ( l  05) th a t  o f the  c o n ­

t r o l s  (0. 5 g /d a y )  o v e r  th e  s a m e  f in a l  5 -d ay  p e r io d .

DISCUSSION

T he r e s u l t s  of th e  q u in in e  t e s t  in d ic a t in g  th a t  b o th  k n i f e - c u t  

g ro u p s  a te  s ig n i f ic a n t ly  l e s s  of th e  a d u l t e r a t e d  chow d ie t  th a n  did th e  

s h a m  cu t c o n t r o l s  s u g g e s t s  th a t  r a t s  w ith  e i th e r  m e d ia l  o r  a n t e r i o r  

t r a n s e c t i o n s  a r e  f in ic k y  e a t e r s  w hen fed  a  p o o r  ta s t in g  d ie t .  T h is  

e x a g g e r a t e d  u n d e rc o n s u m p t io n  on th e  qu in ine  d ie t  c o n f i rm s  p r e v io u s  

f in d in g s  in  r a t s  w ith  k n i f e - c u t s  b e tw e e n  the  m e d ia l  and  l a t e r a l  h y p o ­

th a l a m u s  (S c la fa n i ,  S p r in g e r  an d  K lu g e , 1976) and  w ith  VM H le s io n s  

( T e i te lb a u m ,  1 9 5 5 ) .  T he  g r e a t e r  fee d in g  re d u c t io n  se en  in  th e  o v e r ­

w e ig h t  m e d ia i  cu t r a t s  c o m p a r e d  to  th a t  s e e n  in the  s l ig h t ly  o b ese  

a n t e r i o r  cu t  a n im a l s  s u g g e s t s  th e  p o s s ib i l i ty  th a t  the  d e g re e  of e x ­

c e s s  w e igh t  g a in  p e r  se  m a y  h a v e  in f lu e n ce d  th e  u n d e re a t in g  of th e  

q u in in e  d ie t .  T h is  v iew  is  c o n s i s t e n t  w ith  o th e r  ev id ence  w h ich
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in d ic a te s  t h a t  n o n - o b e s e  r a t s  w ith  m e d ia l  k n i f e - c u t s  o r  l e s io n s  do not 

show  an e x a g g e r a t e d  u n d e rc o n s u m p t io n  to  qu in ine  a d u l t e r a t io n  of the  

d ie t  ( F e r g u s o n  a n d  K e e s e y ,  1975; F r a n k l in  & H e r b e r g ,  1974; S c la fa n i ,  

S p r in g e r  & K lu g e ,  1976). At th e  s a m e  t im e ,  h o w e v e r ,  th e  p r e s e n t  

f in d in g s  a l s o  s u g g e s t s  t h a t  o b e s i ty  i t s e l f  i s  n o t  e s s e n t i a l  f o r  qu in ine  

f in ic k in e s s  s in c e  a n t e r i o r  cut r a t s  m a r k e d ly  u n d e rc o n s u m e d  the  

qu in ine  d ie t  an d  y e t  th ey  w e r e  n o t  s ig n i f ic a n t ly  h e a v ie r  th an  w e re  s h a m  

cu t c o n t r o l s  a t  th e  t im e  o f t e s t in g .  O th e r  e v id e n c e  a ls o  r e v e a l s  th a t  

f in ic k in e s s  to  q u in in e  a d u l t e r a t io n  of th e  d ie t  can o c c u r  in  the  a b s e n c e  

of o b e s i ty  (B e v a n ,  1973; G a le  a n d  S c la fa n i ,  1977a; G ra f f  an d  S te l l a r ,  

1962).

T he  p r e s e n t  r e s u l t s  in d ic a t in g  th a t  the  h ig h - f a t  d ie t  f u r t h e r  

p o te n t ia te d  th e  o b e s i ty  p r o d u c e d  by  b o th  k n i f e - c u t s  s u g g e s ts  th a t  r a t s  

w ith  e i th e r  m e d ia l  o r  a n t e r i o r  t r a n s e c t i o n s  a r e  a l s o  f in ic k y  e a t e r s  

w hen o f f e re d  good  ta s t in g  d ie t s .  T h a t  i s ,  th e  h igh  fa t  d ie t  m a g n if ie d  th e  

k n i f e - c u t - in d u c e d  o b e s i t i e s  and  th is  e n h a n c e d  w eight ga in  on a  h ig h ly  

p a la ta b le  d ie t  w as  p r e v io u s ly  s e e n  in  E x p e r im e n t s  3 with m e d ia l  cut 

m a l e s ,  bu t  l e s s  s o  in  m a l e s  w ith  a n t e r i o r  c u t s .  T he  f ind ing  w ith  m e ­

d ia l  cu ts  c o n f i r m s  n u m e r o u s  s tu d ie s  w h ich  h a v e  show n th a t  VMH 

k n i f e - c u ts  p r o d u c e  e x a g g e ra te d  w e ig h t  g a in s  on h ig h  fa t  d ie t s  (G ale  

and  S c la fa n i ,  1977a; S c la fa n i ,  B e r n e r  and  M au l,  1975; S c la fa n i ,  

S p r in g e r ,  K lu g e ,  1976). T h e se  f in d in g s  w ith  the h ig h - f a t  d ie t  t o ­

g e th e r  w ith  th o s e  o b s e r v e d  w ith  the  q u in in e  a d u l t e r a t e d  d ie t  s t ro n g ly  

s u g g e s t  th a t  d i e t a r y  f a c t o r s  p l a y  a  c r i t i c a l  r o l e  in th e  e x p re s s io n  of 

a n t e r i o r ,  a s  w e ll  a s  m e d ia l ,  k n i f e - c u t - i n d u c e d  o b e s i ty .

T he  r e s u l t s  of th e  l a t e n c y - t o - e a t  t e s t  in d ic a t in g  th a t  n o n -
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d e p r iv e d  r a t s  w ith  m e d ia l  k n i f e - c u t s  e a t  s o o n e r  th a n  do sh a m  cu t 

r a t s  in  a  nov e l e n v i r o n m e n t  c o n f i rm s  p r e v io u s  f in d in g s  in  r a t s  w ith 

s i m i l a r  n e u r a l  d a m a g e  (G ale  and  S c la fa n i ,  1977c.; S c la fa n i ,  1972).

The r e s u l t s  f r o m  th i s  t e s t  r e v e a l  th a t  a n t e r i o r  c u ts ,  l ik e  m e d ia l  

c u ts ,  a ls o  p ro d u c e  r e d u c e d  l a t e n c i e s  to  c o n su m e  a  h ig h ly  p a la ta b le  

food  when n o n - d e p r iv e d .  K n i f e -c u t  r a t s  do n o t  e x h ib i t  th e s e  s h o r t e r  

l a t e n c ie s  to  e a t  w hen  th e y  a r e  food  d e p r iv e d ,  o r  if  a  l e s s  p a la ta b le  

t e s t  d ie t  i s  o f fe re d  (S c la fa n i ,  1972), and  th i s  s u g g e s t s  th a t  bo th  c u ts  

m a y  h av e  i n c r e a s e d  th e  r a t ’s a p p e t i te  f o r  good t a s t i n g  foods bu t no t  

i t s  h u n g e r  d r iv e  ( s e e  S c la fa n i ,  1976). H o w e v e r ,  s in c e  som e  s tu d ie s  

h av e  r e p o r t e d  th a t  r a t s  w ith  n e u r a l  d a m a g e  th a t  d o e s  n o t  r e s u l t  in 

o v e re a t in g  a ls o  d i s p l a y  d e c r e a s e d  l a t e n c i e s  to  c o n su m e  p a la ta b le  

fo ods  (D av en p o r t  a n d  B a la g u r a ,  1971; N e i l l ,  R o s s  a n d  G r o s s m a n ,  

1974), i s  i t  p o s s ib le  th a t  b r a i n  d a m a g e  i t s e l f  m a y  be  r e s p o n s ib l e ,  

in  p a r t ,  fo r  th e  r e d u c t io n  in  th e  fe e d in g  l a t e n c i e s  o b s e r v e d  in  th e  

p r e s e n t  s tudy .

The p r e s e n t  f in d in g  th a t  a n t e r i o r  k n i f e - c u t  r a t s  a r e  f in ic k y  

to  qu in ine  a d u l t e r a t e d  and  h ig h - f a t  d ie t s  f u r t h e r  d i s t in g u is h e s  th is  

b r a in  d a m a g e d - in d u c e d  h y p e rp h a g ia  and  o b e s i ty  s y n d ro m e  f r o m  th a t  

p ro d u c e d  by  o v a r i e c to m y .  T h a t i s ,  the  o v a r i a n  h y p e rp h a g ia  and  

o b e s i ty  sy n d ro m e  i s  v i r t u a l l y  in d ep e n d en t  of d ie t  p a la ta b i l i ty  f a c to r s  

in s o f a r  a s  qu in ine  a d u l t e r a t io n  of th e  d ie t  do es  no t  b lo c k ,  n o r  do es  

th e  u s e  of a  h igh  fa t  d ie t  p o te n t ia te ,  o v a r i e c to m y - in d u c e d  body  

w e igh t ga in  (G ale  a n d  S c la fa n i ,  1977a). F u r t h e r ,  in  c o n t r a s t  to  the  

p r e s e n t  f ind ing  w ith  a n t e r i o r  cu t r a t s ,  o v a r i e c to m iz e d  a n im a ls  do 

n o t  d i s p la y  r e d u c e d  l a t e n c i e s  to  e a t  p a la ta b le  foods  w hen  n o n - d e p r iv e d
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(G ale  a n d  S c la fa n i ,  1977c.). T hus, in s u m m a r y ,  th e  q u in in e ,  la te n c y  -  

to - e a t ,  a n d  h ig h - f a t  d ie t  t e s t s  r e v e a l  th a t  r a t s  w ith  a n t e r i o r  o r  m e d ia l  

k n i f e - c u t s  e x h ib i t  a  v e r y  s i m i l a r  in g e s t iv e  p a t t e r n  w h ich  i s  c h a r a c ­

t e r i z e d  b y  a  f in ic k in e s s  to  both  good and  b a d  t a s t i n g  d ie t s  a s  w e l l  a s  

an  e n h a n c e d  r e a d i n e s s  to e a t  a  p a la ta b le  food  in  a  n o v e l  e n v iro n m e n t  

w hen n o n - d e p r iv e d .  The p r e s e n t  r e s u l t s  a l s o  s u g g e s t  th a t  o v a r ia n  

o b e s i ty  a p p e a r s  to  d if fe r  f r o m  th a t  p r o d u c e d  b y  a n t e r i o r  c u ts  in  th a t  

o v a r i e c to m iz e d  r a t s  a r e  n o t  f in ic k y  e a t e r s  n o r  do th e y  e x h ib i t  r e d u c e d  

l a t e n c i e s  to  c o n su m e  h ig h ly  p a la ta b le  fo o d s  in  a  n o v e l  e n v iro n m e n t  

when f o o d -d e p r iv e d .



G E N E R A L  DISCUSSION

The r e s u l t s  of th i s  s tu d y  d e m o n s t r a te  th a t  th e  h y p e r p h a -  

g i a - o b e s i ty  s y n d ro m e  p ro d u c e d  by  a n t e r io r  c o ro n a l  k n i f e - c u ts  

d o e s  n o t  r e s u l t  f r o m  th e  h y p o s e c re t io n  of e s t ro g e n  a s  w as in i t i a l ly  

s u g g e s te d  (A lb e r t  e t  a l . , 1971). The p r e s e n t  f ind ings  r e v e a l  a l s o  

t h a t  a n t e r i o r  n e u r a l  t r a n s e c t i o n s  do n o t i n t e r f e r e  w ith th e  e s t r o ­

g e n ic  s u p p r e s s io n  of fe e d in g  and  body  w eigh t fo llow ing p e r i p h e r a l  

h o r m o n e  in je c t io n s .  T h e s e  r e s u l t s  s u g g e s t ,  t h e r e f o r e ,  th a t  th e  

o v e re a t in g  a n d  w e ig h t ga in  p ro d u c e d  by  a n t e r io r  c o ro n a l  t r a n s e c ­

t io n s  i s  in d e p e n d e n t  of t h e h y p e r p h a g ia - o b e s i t y  sy n d ro m e  r e s u l t in g  

f r o m  th e  c h ro n ic  w i th d ra w a l  of e s t r o g e n .  The e ffe c ts  of a n t e r i o r  

t r a n s e c t i o n s  on food  in ta k e  and  body  w eigh t ob ta in ed  in  th e  p r e s e n t  

s tu d y ,  a r e  c o n s i s t e n t  w ith  o th e r  f ind ings  in d ic a t in g  th a t  su c h  cu ts  

d a m a g e  a  lo n g itu d in a l  fe e d in g  s y s te m  w hich  p r o je c t s  th ro u g h  th e  

h y p o th a la m u s  w hose  d e s t r u c t io n  i s  p r e s u m e d  to  be r e s p o n s ib le  fo r  

th e  c l a s s i c  VMH o b e s i ty  s y n d ro m e .

E v id e n c e  a g a in s t  fu n c t io n a l  c a s t r a t i o n  a s  the  c a u s e  of 

a n t e r i o r  k n i f e - c u t s - in d u c e d  o b e s i ty  i s  p ro v id e d  by  the  f ind ing  th a t  

e s t r o g e n  r e p l a c e m e n t  c o m p le te ly  r e v e r s e d  o v a r ia n  o b e s i ty  a t  d o s e s  

th a t  d id  no t a l t e r  th e  e x p r e s s io n  of th e  o b e s i ty  p ro d u c e d  b y  th e  a n ­

t e r i o r  t r a n s e c t i o n s .  W hile  i t  i s  p o s s ib le  th a t  such  cu ts  cou ld  h av e  

p r o d u c e d  a  fu n c t io n a l  c a s t r a t i o n  b y  r e n d e r in g  the  r a t s  in s e n s i t iv e
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to  s u b s e q u e n t  e s t r o g e n  t r e a t m e n t ,  th i s  w as  n o t  s u p p o r te d  by  the  

p r e s e n t  r e s u l t s .  T h a t  i s ,  h o r m o n e  in je c t io n s  a t  d o s e s  th a t  w e re  

c a p a b le  of r e d u c in g  th e  body  w e ig h t  of r a t s  w ith  in ta c t  o v a r i e s  p r o ­

d u c ed  s i m i l a r  w e igh t l o s s e s  in  a n im a l s  g iv en  a n t e r i o r  c o ro n a l  k n i f e - 

c u ts  ( E x p e r im e n t  1). E q u a l ly  a s  im p o r ta n t ,  o v a r ie c to m iz e d  a n im a ls  

g iv en  a n t e r i o r  k n i f e - c u ts  o r  s h a m  k n i f e - c u ts  in  E x p e r im e n ts  4 and 

5 l o s t  w e igh t when in je c te d  w ith  e s t r o g e n .  In fa c t ,  th e  r e s u l t s  of 

th e s e  two e x p e r im e n t s  in d ic a te d  th a t  o b e se  o v a r ie c to m iz e d  k n i f e - 

cut r a t s  w e r e  m o r e  s u s c e p t ib le  to  e s t r o g e n ’s w e igh t r e d u c in g  e f ­

f e c t s  th an  w e r e  th e  o v a r i e c to m iz e d  s h a m  cut a n im a l s .  T h is  f ind ing  

is  c o n s i s t e n t  w ith  th e  r e s u l t s  of e a r l i e r  s tu d ie s  in d ic a t in g  th a t  

e s t r o g e n  s u p p r e s s e s  body  w e ig h t  m o r e  in  h e a v y  th an  le a n  r a t s  

(R e d ic k ,  N u s s b a u m ,  an d  M ook, 1973; Z u c k e r ,  1972).

T he r e s u l t s  of th e  p r e s e n t  s tu d y  r e v e a l  a ls o  th a t  m e d ia l  

p a r a s a g i t t a l  k n i f e - c u t s ,  l ik e  th e  a n t e r i o r  t r a n s e c t i o n s ,  d id  no t i m ­

p a i r  th e  e s t r o g e n i c  s u p p r e s s io n  of fe e d in g  and  body  w eigh t (E x ­

p e r i m e n t s  4  an d  5). T h is  f in d in g  i s  c o n s i s t e n t  w ith p re v io u s  e v i ­

d e n c e  th a t  s i m i l a r  m e d ia l  p a r a s a g i t t a l  k n i f e - c u ts  do no t b lo ck  the  

e x p r e s s io n  o f th e  o v a r ia n  h y p e r p h a g ia - o b e s i ty  sy n d ro m e  (G ale  and 

S c la fa n i ,  1977a). R a ts  w ith  m e d ia l  p a r a s a g i t t a l  k n i f e - c u ts  a ls o  

l o s t  s i m i l a r  a m o u n ts  of w e igh t c o m p a r e d  to  a n im a l s  w ith  a n t e r io r  

c o ro n a l  k n i f e - c u t s  w hen  in je c te d  w ith  e s t r o g e n .

F u r t h e r  e v id e n c e  th a t  e s t r o g e n  h y p o s e c r e t io n  w as no t a  

c a u s a t iv e  f a c t o r  in  a n t e r i o r - k n i f e - c u t - i n d u c e d  o b e s i ty  w as the  f in d ­

ing  t h a t  t h e s e  n e u r a l  t r a n s e c t i o n s  p ro d u c e d  e x c e s s  w e igh t ga in  in 

m a le  r a t s .  A ls o  a rg u in g  a g a in s t  e s t r o g e n ic  in v o lv e m e n t  in  a n t e r io r
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k n i f e - c u t - in d u c e d  o b e s i ty  i s  th e  p r e s e n t  f ind ing  th a t  th e s e  t r a n ­

s e c t io n s  p ro d u c e d  ad d it io n a l  w eight g a in  in p r e v io u s ly  o v a r i e c t o ­

m iz e d  r a t s  in  the  s ta t i c  p h a se  of t h e i r  o v a r ia n  o b e s i ty .  The p r e s e n t  

o b s e rv a t io n  th a t  a n te r io r  c o ro n a l  k n i f e - c u ts  an d  o v a r i e c to m y  p r o ­

d u c ed  n e a r  a d d it iv e  body  w eigh t e f fe c ts  when c o m b in e d  in  th e  s a m e  

a n im a l  (E x p e r im e n t  2) p ro v id e s  f u r t h e r  s u p p o r ts  f o r  th e  v iew  th a t  

the  k n i f e - c u ts  d id  no t  c a u se  o v e re a t in g  and o b e s i ty  b y  re m o v in g  

e s t r o g e n ’s in h ib i to ry  e ffe c ts  on feed in g  and b o d y  w eigh t.

S e v e ra l  d i f f e re n c e s  be tw een  th e  two s y n d r o m e s  e m e r g e d  

w h ich  i n d i r e c t ly  su g g e s t  th a t  the  o b e s i ty  p ro d u c e d  b y a n t e r i o r  c o r o ­

n a l  c u ts  w as no t the  in c id e n ta l  r e s u l t  of fu n c t io n a l  c a s t r a t i o n .  F o r  

e x a m p le ,  th e  body  w eigh t g a in s  of the  a n t e r i o r  cu t r a t s  a lw ay s  e x ­

c e e d e d  th o se  s e e n  fo llow ing o v a r ie c to m y  and  e s t i m a t e s  of body  fa t  r e ­

v e a le d  th a t  a n t e r i o r  k n i f e - c u t  r a t s  a c c ru e d  m o r e  f a t  th a n  did  o v a r i ­

e c to m iz e d  a n im a l s .  A  f u r th e r  d is t in c t io n  b e tw e e n  th e  tw o s y n ­

d r o m e s  w as th a t  the  o v a r ie c to m iz e d  r a t s ,  in  c o n t r a s t  to  the  a n ­

t e r i o r  cut a n im a l s ,  ex h ib i ted  an  i n c r e a s e  in  t h e i r  l i n e a r  g ro w th . 

O v a r ie c to m iz e d  and a n te r io r  k n i fe -c u t  r a t s  a l s o  d i f f e r e d  f r o m  one 

a n o th e r  in  t h e i r  l a te n c y  to  e a t  m e a s u r e s ,  c o n su m p tio n s  of th e  q u i ­

n i n e - a d u l t e r a t e d  d ie t ,  and  w eigh t g a in s  on th e  h ig h - f a t  d ie t .  T h a t  

i s ,  th e  a n t e r i o r  k n i f e - c u t  a n im a ls  a te  th e  h ig h ly  p a la ta b le  t e s t  food 

s ig n i f ic a n t ly  s o o n e r  them did  th e  o v a r i e c to m iz e d  r a t s  and  th e y  

u n d e rc o n s u m e d  the  q u in in e - a d u l te r a te d  c o m p a r e d  to  th e  o v a r i e c ­

to m iz e d  r a t s .  W hen o f fe re d  the  h ig h - f a t  d ie t  th e  a n t e r i o r  cu t r a t s  

i n c r e a s e d  t h e i r  r a t e  of w eight g a in  in  c o n t r a s t  to  th e  o v a r i e c to m iz e d  

a n im a l s .  F in a l ly ,  th e  a n t e r io r  cut r a t s ,  u n l ik e  th e  o v a r ie c to m iz e d
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a n im a l s ,  w e r e  c h ro n ic a l ly  h y p e rd ip s ic  a s  in d ic a te d  b y  the  s u s ­

t a in e d  e le v a t io n s  in  t h e i r  w a te r / f o o d  in ta k e  r a t i o s .

T h e s e  n u m e r o u s  d is t in c t io n s  b e tw e e n  the two s y n d ro m e s  

do n o t  c o m p le te ly  ru le  out th e  p o s s ib i l i ty  th a t  the  fee d in g  and  bo dy  

w e ig h t  e f fe c ts  p ro d u c e d  by  a n t e r i o r  k n i f e - c u ts  and o v a r ie c to m y  m a y  

s h a r e  a  co m m o n  u n d e r ly in g  b a s i s .  T ha t i s ,  so m e  of t h e s e  b e h a v ­

i o r a l  e f fe c ts  cou ld  h ave  r e s u l t e d  f r o m  d a m a g e  to  s e p a r a t e  s y s te m s  

w h ich  a r e  n o t  i n v a r i a b ly  l in k e d  to  th e  feed in g  and body  w eigh t d i s ­

o r d e r s  p ro d u c e d  b y  e i t h e r  th e  a n t e r io r  k n i f e - c u ts  o r  b y  o v a r i e c ­

to m y .  A s  in d ic a te d  e a r l i e r ,  h o w e v e r ,  th e  p o s s ib i l i ty  th a t  o v a r i ­

e c to m y  and  a n t e r i o r  k n i f e - c u ts  p ro d u c e  s i m i l a r  h y p e r p h a g ia -o b e s i ty  

s y n d r o m e s  a p p e a r s  u n l ik e ly  s in c e  e s t r o g e n  r e p la c e m e n t  c o m p le te ly  

r e v e r s e d  o v a r ia n  o b e s i ty  bu t n o t  th a t  p ro d u c e d  by  a n t e r io r  c o ro n a l  

t r a n s e c t i o n s .  The in d ep e n d en c e  of the  two o b e s i ty  s y n d r o m e s ,  

m o r e o v e r ,  i s  in d ic a te d  b y  th e  f in d ing  of n e a r  a d d it iv i ty  in  th e  bo dy  

w e ig h t  e f fe c ts  p ro d u c e d  by  bo th  p h y s io lo g ic a l  m a n ip u la t io n s  in  th e  

s a m e  a n im a l .

The p r e s e n t  r e s u l t s  d e m o n s t r a te  th a t  a n te r io r  c o ro n a l  t r a n ­

s e c t io n s  do n o t  i n t e r f e r e  w ith  th e  e s t r o g e n ic  m e d ia t io n  of feed ing .

A t  th e  s a m e  t im e ,  the  a c t iv i ty  f in d in g s  o b ta in e d  in  E x p e r im e n t  5 

r e v e a l  th a t  t h e s e  t r a n s e c t i o n s ,  u n l ik e  the  m e d ia l  p a r a s a g i t t a l  k n i f e - 

c u ts ,  d a m a g e  an  e s t r o g e n - d e p e n d e n t  a c t iv i ty  s y s te m  s in c e  r e p l a c e ­

m e n t  t h e r a p y  w ith  e s t r o g e n  f a i l e d  to  r e s t o r e  th e  w heel ru n n in g  

a c t iv i t y  of th e  a n t e r io r  cu t r a t s  to  th e  l e v e l  s e e n  in  n e u r a l l y  in ta c t  

a n im a l  w hile  s i m i l a r  h o rm o n e  in je c t io n s  fu l ly  r e s t o r e d  th e  a c t iv i ty  

o f the  m e d ia l  cu t a n im a l s .  T he  p r e s e n t  r e s u l t s  a lso  in d ic a te  th a t
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bo th  cu ts  m a y  h a v e  d a m a g e d  an  e s t r o g e n - in d e p e n d e n t  a c t iv i ty  

s y s te m  but to  d i f f e r in g  d e g r e e s .  T h e s e  o b s e r v a t io n s  a r e  c o m ­

p a tib le  w ith  th e  v iew  th a t  tw o s e p a r a t e  n e u r a l  a r e a s  in f luen ce  

lo c o m o to r  a c t iv i ty  and  t h e s e  a r e a s  d i f fe r  f r o m  one a n o th e r  w ith  

r e s p e c t  to  t h e i r  s e n s i t iv i t y  to  the  e s t r o g e n ic  s t im u la t io n  of s p o n ­

ta n e o u s  a c t iv i ty  ( s e e  D is c u s s io n ,  E x p e r im e n t  5).

B a s e d  p r i m a r i l y  on th e  h o rm o n e  c a n n u la t io n  s tu d ie s  

(B ea tty ,  O ’B r i a n t  an d  V i lb e rg ,  1974; Ja n k o w ia k  and  S te r n ,  1974; 

W ade and Z u c k e r ,  1970) i t  h a s  been  s u g g e s te d  th a t  e s t r o g e n  i n ­

f lu e n c e s  fe e d in g  b y  a c t in g  on th e  VMH. O f th e s e  s tu d ie s ,  h o w ­

e v e r ,  only th a t  of W ade an d  Z u c k e r  (1970) e m p lo y e d  two of the  c o n ­

t r o l s  r e q u i s i t e  fo r  a  v a l id  i n t e r p r e t a t i o n  of th e  e f fe c ts  of e s t r o g e n  

e x c lu s iv e ly  on th i s  b r a i n  t i s s u e ,  n a m e ly ,  a  c o n tro l  p r o c e d u r e  fo r  

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

and a  c o n tro l  p r o c e d u r e  f o r  th e  id e n t i f ic a t io n  of a  d is t in c t  n e u r a l  

a r e a  as  the  s i t e  of a c t io n  b y  d e l iv e r in g  th e  h o rm o n e  u n d e r  s tudy  

to  a d ja c e n t  n e u r a l  l o c i  ( s e e  M y e r s ,  1974).

D e sp i te  th e  u s e  of t h e s e  c o n tro l  p r o c e d u r e s , c o n s id e r a b l e  

cau tio n  sho u ld  s t i l l  be e x e r c i s e d  b e fo re  th e  VMH o r  o th e r  n e u r a l  

a r e a s  a r e  a c c e p te d  a s  th e  s i t e  of a c t io n  f o r  e s t r o g e n  in  th e  b r a in .  

F o r  e x a m p le ,  W ade an d  Z u c k e r  (1970) s u g g e s te d  th a t  e s t r o g e n  

p ro b a b ly  d o e s  no t e n t e r  th e  g e n e r a l  b lood  su p p ly  fo llow ing  c a n n u ­

la t io n  in to  th e  VMH s in c e  o v a r i e c to m iz e d  r a t s  d i s p la y e d  c o n c u r r e n t  

a n e s t r o u s  v a g in a l  s m e a r s .  It h a d  p r e v io u s ly  b e e n  r e p o r t e d  th a t  the  

m in im u m  e f fe c t iv e  d o se  of e s t r o g e n  r e q u i r e d  to  a c t iv a te  se x u a l  b e ­

h a v io r  w as h ig h e r  th a n  th a t  n e e d e d  to  p ro d u c e  c o rn i f ic a t io n  of the
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v a g in a l  e p i th e l iu m  (D av idson  e t  a l . , 1968) so  th a t  l e a k a g e  of th e  

h o rm o n e  in to  th e  s y s te m ic  c i r c u la t io n  w as l ik e ly  to  b e  to o  low  to  

a f fe c t  th e  r a t ' s  s e x u a l  b e h a v io r .  H ow ev er ,  D re w e t t  (1973) h as  

m o r e  r e c e n t l y  show n th a t  feed ing  is  s ig n i f ic a n t ly  s u p p r e s s e d  by  

b lood  l e v e l s  o f e s t r o g e n  w hich do no t a l t e r  v a g in a l  c y c to lo g y  and , 

f u r t h e r ,  th a t  th e  fe e d in g  s u p p re s s iv e  e ffe c ts  in d u c e d  b y  e s t r o g e n  

p r e c e d e  th o s e  ch an g e s  in  se x u a l  b e h a v io r  f a c i l i t a t e d  by  e s t r o g e n .  

T h u s , i t  i s  e n t i r e l y  co n ce iv a b le  th a t  e s t r o g e n  cou ld  h a v e  e n te r e d  

the  g e n e r a l  b lo o d  su p p ly  fo llow ing can n u la t io n  in to  th e  VM H and  

a l t e r e d  fe e d in g  a t  s i t e s  r e m o te  f r o m  th e  VMH w ith o u t t h e r e  b e in g  

a n y  o b s e rv a b le  ch an g e s  in  v ag in a l  cy to logy  o r  in  s e x u a l  b e h a v io r .

It a p p e a r s  n e c e s s a r y ,  t h e r e f o r e ,  th a t  d i r e c t  m e a s u r e m e n t  of e s ­

t r o g e n  f r o m  th e  b lood  b e  o b ta ined  in  o r d e r  to  e x c lu d e  th e  p o s s i ­

b i l i ty  th a t  th e  fe e d in g  e f fe c ts  of e s t r o g e n  c a n n u la te d  in to  th e  VMH 

a r e  no t  b e in g  e x e r t e d  e l s e w h e r e .

E v id e n c e  f r o m  so m e  VMH a b la t io n  s tu d ie s  a l s o  s u g g e s t s  

th a t  e s t r o g e n  m a y  a f fe c t  feed ing  by a c t in g  v ia  th e  VM H, h o w e v e r ,  

t h e s e  f in d in g s  a r e  n o t  e a s i l y  r e c o n c i le d  with th o s e  f r o m  o th e r  a b l a ­

t io n  s tu d ie s  in d ic a t in g  th a t  the  d e s t r u c t io n  of th e  VM H f a i l s  to  b lo ck  

th e  e s t r o g e n ic  s u p p r e s s io n  of feed ing . F o r  e x a m p le ,  B e a t ty  e t  a l .  

(1975) r e p o r t e d  an  a t te n tu a t io n  of th e  fee d in g  s u p p r e s s iv e  e f fe c ts  

of e s t r o g e n  in  V M H le s io n e d  a n im a ls ,  a lth oug h  th is  e f fe c t  w as  r a t h e r  

m ild  d e s p i te  t h e  f a c t  th a t  the  l e s io n s  p ro d u c e d  e x te n s iv e  b i l a t e r a l  

d a m a g e  to  th e  VMH. On th e  o th e r  h an d , N an ce  (1975) r e p o r t e d  th a t  

VMH d a m a g e  c o m p le te ly  b locked  the  e s t r o g e n ic  s u p p r e s s io n  of 

f e e d in g  bu t  th i s  c o n c lu s io n  was r e a c h e d  on th e  b a s i s  of a  s in g le
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h o rm o n e  in je c t io n .

In c o n t r a s t  to  th e  s tu d ie s  a b o v e ,  K ing and  Cox (1973) and 

R ey n o ld s  a n d  B r y s o n  (1974) h ave  r e p o r t e d  th a t  e s t r o g e n  con tinued  

to  s u p p r e s s  f e e d in g  in  r a t s  w ith  c o m p a ra b le  VMH le s io n  d am ag e  

fo llow ing  a  s e r i e s  of h o rm o n e  in je c t io n s .  F u r t h e r ,  e s t r o g e n  h a s  

b e e n  shown to  f u l ly  r e d u c e  th e  food  in ta k e  of m ic e  w ith  gold  th io -  

g lu c o s e - in d u c e d  l e s io n s  of th e  VMH (B la u s te in ,  G e n try ,  R oy  and  

W ade, 1976). E x te n s iv e  l e s io n  d a m a g e  w h ich  d e s t r o y s  an a r e a  

ex tend in g  r o s t r o c a u d a l l y  f r o m  th e  a n t e r io r  m o s t  a s p e c t s  of th e  

a r c u a t e  n u c le u s  to  th e  v e n t r a l  p r e m a m m i l l a r y  n u c le i  a l s o  fa i l s  to  

p r e v e n t  th e  e s t r o g e n i c  s u p p r e s s io n  of fe e d in g  (G ale  and  S c la fan i ,  

u n p u b l ish e d  o b s e r v a t io n s ) .  T h u s ,  the  VMH a b la t io n  f in d ing s  do not 

p ro v id e  c o m p e l l in g  e v id e n ce  w hich  would  im p l i c a te  th is  n e u r a l  a r e a  

a s  the  m a j o r  b r a i n  s i te  m e d ia t in g  e s t r o g e n 's  e f fe c ts  on feed ing .

S om e  d o u b ts  a ls o  e x i s t  c o n c e rn in g  th e  im p o r ta n c e  of the  

a n t e r i o r  h y p o th a la m ic  a r e a  (AHA) in th e  e s t r o g e n ic  m e d ia t io n  of 

feed in g .  F o r  e x a m p le , ,  i t  w as  in i t i a l ly  p r o p o s e d  th a t  e s t r o g e n  

a f f e c te d  fe e d in g  in  th is  b r a i n  r e g io n  b y  d im in is h in g  n o re p in e p h r in e  

(N E )- in d u c e d  f e e d in g  (S im pso n  apd  D iC a r a ,  1973). A c c o rd in g  to  

th is  h y p o th e s is  e s t r o g e n  i n t e r f e r r e d  w ith  th e  c o n v e r s io n  of d o p a ­

m in e  to  N E  b y  s p e c i f i c a l ly  a l t e r i n g  the  a c t iv i ty  of d o p a m in e - b e ta - 

h y d r o x y - l a s e  (DBH), the  e n z y m e  r e s p o n s ib le  f o r  th e  c o n v e rs io n .  

M o re  r e c e n t  r e s u l t s ,  h o w e v e r ,  a r e  in c o n s i s te n t  w ith  th e  o r ig in a l  

h y p o th e s is  s in c e  a t  e s t r o u s ,  a  t im e  of r e d u c e d  fe e d in g ,  DBH a c t i v ­

i ty  w as show n to  be  s ig n i f ic a n t ly  i n c r e a s e d ,  n o t  lo w e re d  a s  the  h y ­

p o th e s is  p r e d i c t e d  (S im p so n , C u m m in s ,  an d  D iC a r a ,  1975). A lso
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add ing  to  th e  u n lik e l ih o o d  th a t  e s t r o g e n  a l t e r s  fee d in g  by  a c t in g  on 

th e  AHA is  th e  f ind ing  th a t  c a n n u la t io n  of th i s  h o rm o n e  in to  the  

AHA f a i l s  to  s u p p r e s s  th e  fe e d in g  of o v a r i e c to m iz e d  r a t s  (W ade 

and  Z u c k e r ,  1970). F u r t h e r , i m p l a n t s  of the  cy to to x ic  ag en t 

a c t in o m y c in -D  in to  th e  AHA f a i l  to  a l t e r  food in ta k e  bu t  a r e  c ap a b le  

of s e v e r e l y  d is ru p t in g  sp o n ta n e o u s  lo c o m o to r  a c t iv i ty  (S te rn  and 

Ja n k o w iak , 1972). T h u s ,  a s  w ith  th e  VMH, th e r e  a p p e a r s  to  be 

su f f ic ie n t  ev id e n ce  to  q u e s t io n  w h e th e r  e s t r o g e n  e x e r t s  i t s  feed in g  

e ffe c ts  v ia  th e  AHA.

The p r e s e n t  k n i f e - c u t  f in d in g s  do n o t  len d  a n y  s u p p o r t  to  

th e  v iew  th a t  e s t ro g e n  s e n s i t iv e  fe e d in g  p a th w ay s  e x i s t  in  the  v e n ­

t r o m e d ia l  a r e a  of the  h y p o th a la m u s .  T h a t  i s ,  a n t e r io r  c o ro n a l  

t r a n s e c t io n s  j u s t  r o s t r a l  to  th e  VMN d id  n o t  i n t e r r u p t  th e  e s t ro g e n ic  

s u p p r e s s io n  of feed in g  a n d  th is  s u g g e s t s  th a t  an  e s t r o g e n - s e n s i t i v e  

p a th w ay  p ro b a b ly  do es  n o t  p r o j e c t  r o s t r a l l y  f r o m  the  VMN to w a rd s  

th e  AHA. The p r e s e n t  f in d ing  th a t  th e  m e d ia l  p a r a s a g i t t a l  k n i f e - 

c u ts  a l s o  d id n o t  b lo ck  e s t r o g e n ic  s u p p r e s s io n  of fe e d in g  s u g g e s t s  th a t  

su c h  a  p u ta t iv e  h o r m o n e - s e n s i t iv e  p a th w a y  d o e s  n o t  p r o j e c t  l a t e r a l l y  

f r o m  th e  VMN a s  w ell.  F in a l ly ,  th e  r e c e n t  k n i f e - c u t  f in d in g s  of 

H e n n e s s y  an d  G r o s s m a n  (1976) show  th a t  e s t r o g e n  in je c t io n s  r e ­

m a in e d  c o m p le te ly  e f fe c t iv e  in  s u p p r e s s in g  fee d in g  in  r a t s  w ith  

c o ro n a l  t r a n s e c t i o n s  p la c e d  j u s t  b e h in d  th e  VMN an d  th is  in d ic a te s  

th a t  su c h  an  e s t r o g e n - s e n s i t i v e  fe e d in g  s y s te m  a ls o  d o e s  no t p r o ­

j e c t  c a u d a l ly  to  th e  p o s t e r i o r  h y p o th a la m u s .  T ak e n  to g e th e r ,  t h e s e  

f in d in g s  s e r i o u s l y  q u e s t io n  th e  e x i s te n c e  of a  w ell  d e f in e d  h o r m o n e - 

s e n s i t iv e  feed ing  p a th w a y  in  th e  v ic in i ty  of th e  v e n t r o m e d ia l  a r e a



of th e  h y p o th a la m u s .

S in ce  th e  k n if e - c u ts  d id  n o t d i r e c t ly  d am ag e  the  v e n t r o ­

m e d ia l  n u c le u s  th e  p r e s e n t  f in d in g s  do no t ex c lu d e  th e  p o s s ib i l i ty  

th a t  th e  VMN and  i t s  s u r ro u n d in g  t i s s u e  a re  th e  lo c u s  fo r  e s t r o g e n -  

s e n s i t iv e  fe e d in g  n e u ro n s  a s  h a s  b e en  su g g e s te d  by so m e  in v e s t i ­

g a to r s  (B e a tty , O 'B r ia n t ,  an d  V ilb e ry , 1975; N an ce , 1975). H ow ­

e v e r ,  q u e s tio n s  r a i s e d  by  th e  h o rm o n e  can n u la tio n , r e g io n a l  a b la ­

tio n  an d  k n ife -c u t  s tu d ie s  c i te d  e a r l i e r  do no t s tro n g ly  s u p p o r t  su c h  

a  v iew . W ith th e s e  c o n s id e ra t io n s  in  m in d  i t  s e e m s  l ik e ly  th a t  

e s t ro g e n  m a y  n o r m a l ly  a l t e r  fe e d in g  b y  a c tin g  v ia  e x tr a  h y p o th a la ­

m ic  s i t e s  o r  by  i t s  e f fe c ts  on n o n -n e u ra l  t i s s u e s .  F o r  e x a m p le , 

e v id e n ce  s u g g e s ts  th a t  e s t r o g e n  is  c ap a b le  of a ffe c tin g  a n te r io r  

p i tu i t a r y  h o rm o n e  s e c r e t io n  (D 1 A ngelo  and F is h e r ,  1969) and  i t  is  

p o s s ib le ,  t h e r e f o r e ,  th a t  e s t ro g e n  cou ld  e x e r t  i ts  p r im a r y  fee d in g  

e f fe c ts  b y  th is  m e a n s  o r  l e s s  d i r e c t ly  so  by  a ffe c tin g  th e  s e c r e t io n  

o f  p i tu i t a r y  t a r g e t  g la n d s . H o w ev e r, an  in ta c t  p i tu i ta ry  d o e s  n o t 

a p p e a r  to  be  e s s e n t ia l  fo r  e s t r o g e n ic  s u p p re s s io n  of fee d in g  s in c e  

h y p o p h y se c to m iz e d  w e an lin g  r a t s  w ill re d u c e  th e i r  food in ta k e  

fo llo w in g  p e r ip h e r a l  in je c t io n s  of e s t ro g e n  (W ade, 1974). E s t r o ­

g e n ic  e f fe c ts  on n u t r ie n t  m e ta b o l is m , u t i l iz a tio n , an d  s to ra g e  a r e  

n u m e ro u s  and  w id e s p re a d  in c lu d in g  ch an g es  in  the  h e p a tic  c o n tro l  

of b lood  s u g a r  (M atu te  an d  K alkho ff, 1973), p la s m a  in s u lin  le v e ls  

(C o s tr in i  and  K alkhoff, 1971), g a s t r i c  em p ty in g  (C re a n , 1963), 

l ip o p ro te in  l ip a s e  a c t iv i ty  (W ilso n , F lo w e rs ,  C a r l i le ,  and  U d a ll, 

1976) and re g io n a l  a d ip o se  t i s s u e  c e l lu la r i ty  (K ro tk ie w sk i, 1976) 

and  i t  i s  p o s s ib le  th a t  e s t r o g e n  cou ld  a l t e r  feed in g  b y  a c tin g  d i r e c t l y
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o r  in d ir e c t ly  to  in f lu e n c e  so m e  of th e s e  fu n c tio n s .

The p r e s e n t  r e s u l t s  d e m o n s tr a te  th a t  a n te r io r  c o ro n a l  and  

m e d ia l p a r a s a g i t ta l  k n i f e -c u ts  th ro u g h  th e  h y p o th a la m u s  p ro d u c e  

h y p e rp h a g ia  and o b e s ity  a n d  it  i s  p o s s ib le  th a t  th e s e  n e u r a l  t r a n ­

se c tio n s  m a y  have d a m a g e d  a  co m m o n  u n d e rly in g  fe e d in g  p a th w ay . 

S u p p o rt fo r  th is  v iew  is  p ro v id e d  b y  th e  p r e s e n t  f in d in g s  w h ich  r e ­

v e a l th a t  r a t s  w ith  e i th e r  s e t  of c u ts  e x h ib ite d  s e v e r a l  q u a li ta t iv e ly  

s im i la r  feed in g  b e h a v io r s .  T h a t i s ,  r a t s  w ith  a n te r io r  c o ro n a l  

and  m e d ia l  p a r a s a g i t t a l  k n i f e - c u ts  d isp la y e d  e x a g g e ra te d  o v e rc o n ­

su m p tio n s  on th e  h ig h - fa t  d ie t  an d  su b n o rm a l in ta k e s  on th e  q u in in e -  

a d u lte ra te d  d ie t. F u r th e r ,  a n im a ls  w ith  e i th e r  s e t  of k n if e - c u ts  

e x h ib ited  d e c r e a s e d  la te n c ie s  to  e a t  a  h ig h ly  p a la ta b le  food  in  a  

no v e l e n v iro n m e n t when fo o d  d e p r iv e d . The a n te r io r  and  m e d ia l  

k n ife -c u t fin d in g s o b ta in e d  in  th is  s tu d y  a ls o  a g re e  w ith  c u r r e n t  

n e u ro a n a to m ic a l o b s e rv a t io n s  of b r a in  d a m a g e d - in d u c e d  o b e s ity  

in d ic a tin g  th a t th e  p a th w ay  s e v e r e d  b y  th e s e  t r a n s e c t io n s  i s  p a r t  

of a  lo n g itu d in a l fee d in g  s y s te m  w h ich  t r a v e l s  th ro u g h  th e  h y p o ­

th a la m u s .

The e x is te n c e  of su c h  a  p a th w ay  i s  s u p p o r te d  b y  th e  f in d ­

in g s of s e v e r a l  s tu d ie s  w h ic h  h a v e  e m p lo y ed  k n ife -c u t  s u r g e r y  and  

re g io n a l  a b la tio n  (se e  b e lo w ). C o ro n a l k n if e -c u ts  p la c e d  r o s t r a l  to  

th e  VMN have p re v io u s ly  b e e n  r e p o r te d  to  p ro d u c e  o v e re a t in g  and  

w eigh t g a in  i f  su ch  c u ts  a r e  n o t r e s t r i c t e d  in  t h e i r  l a t e r a l  e x te n t 

(A lb e r t e ta l . ,1 9 7 1 ;  G ro s s m a n , 1971; P a x in o s  a n d B in d ra ,  1972; p r e ­

se n t s tu d y ). M ore  r e c e n t  e v id e n c e  in d ic a te s  a ls o  th a t  c o ro n a l 

k n ife -c u ts  p la c e d  p o s t e r io r  to  th e  VMN in  th e  p e r i f o r n ic a l  re g io n



a ls o  p ro d u c e  h y p e rp h a g ia  and w eight g a in  (G ro s s m a n  an d  H e n n e s sy ,

1976; S c la fa n i and  B e r n e r ,  1977). T h e se  f in d in g s  in d ic a te ,  t h e r e f o r e ,  

th a t  e x c e s s  food  in ta k e  and  su b seq u e n t w e ig h t g a in s  can  be  p ro d u c e d  by  

c o ro n a l k n if e -c u ts  ra n g in g  f ro m  an  a r e a  j u s t  r  o s t r a l  o r  c au d a l to  th e  VMN.

F u r th e r  e v id e n c e  fo r  the  e x is te n c e  of a  lo n g itu d in a l fe e d in g  

pa thw ay  is  p ro v id e d  by  th e  r e s u l ts  of a s y m m e tr ic a l  k n ife -c u t  an d  l e ­

s io n  s tu d ie s  in  w hich  d am ag e  to  one s id e  of th e  b r a in  i s  co m b in ed  

c o n t r a la te r a l ly  w ith  a  u n i la te r a l  b r a in  in s u l t .  F o r  e x a m p le , J o n e s ,  

D ’A n g e lo , an d  Saw chanko (Note 4) h av e  r e c e n t ly  r e p o r te d  th a t a  m e d ia l  

p a r a s a g i t t a l  k n ife -c u t  co m b ined  c o n t r a la t e r a l ly  w ith  a  u n i la t e r a l  a n ­

t e r i o r  c o ro n a l  kn ife  - c u t ,  s im i la r  to  th e  b i l a t e r a l  c o ro n a l  kn ife  - c u ts  of 

th e  p r e s e n t  s tu d y , p ro d u c e d  o v e re a tin g  and o b e s i ty .  F e e d in g  a n d  body  

w eigh t in c r e a s e s  w e re  a ls o  p ro d u ce d  w ith  th is  c o m b in a tio n  of a s y m ­

m e t r ic a l  c u ts  b y  v a ry in g  on ly  th e  c o ro n a l k n if e -c u t  f ro m  th e  f r o n ta l  

le v e l  of th e  p a r a v e n t r ic u la r  n u c leu s  to  s i t e s  in  th e  c au d a l m id b ra in .

U sin g  a s im i l a r  a s y m m e tr ic a l  te c h n iq u e  S c la fa n ia n d  B e r n e r  (1977) 

h av e  show n th a t  a  u n i la te r a l  m e d ia l p a r a s a g i t t a l  c o m b in e d  c o n tra la t^  

e r a l ly  w ith  e i th e r  a  u n i la te r a l  c o ro n a l k n i f e - c u t  in  th e  p o s te r io r  h y p o ­

th a la m u s , o r  w ith  a  u n i la te r a l  c o ro n a l k n i f e - c u t  in  th e  m id b ra in  t e g ­

m e n tu m  a t  th e  le v e l  of th e  r e d n u c le u s ,  p ro d u c e d  o v e re a t in g  and w e ig h t 

g a in . F in a l ly ,  h y p e rp h a g ia  and o b e s ity  h a v e  b e e n  r e p o r te d  fo llow ing  

a  u n i la te r a l  m e d ia l  p a r a s a g i t t a l  kn ife  - c u t  c o m b in e d  c o n t r a la te r a l ly  

w ith  a  u n i la te r a l  e le c t ro ly t ic  le s io n  in  th e  m a m m il la r y  re g io n  of th e  

p o s te r io r  h y p o th a lam u s  (G old , Q u ack en b u sh , and  K a p a to s , 1972). T hus 

e v id e n ce  f r o m  bo th  s y m m e tr ic a l  and  a s y m m e tr ic a l  s u r g ic a l  te c h n iq u e s  

w ith  a n te r io r ,  m e d ia l ,  and  p o s te r io r  t r a n s e c t io n s  s u p p o r t  th e  v ie w  fo r
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a  lo n g itu d in a l fee d in g  s y s te m .

A dding to  the  l ik e lih o o d  th a t  th e  p r e s e n t  b i la te r a l  a n te r io r  

c o ro n a l  an d  m e d ia l  p a r a s a g i t t a l  k n i f e -c u ts  s e v e re d  th e  sa m e  lo n g itu ^  

d in a l fee d in g  p a th w ay  th ro u g h  th e  h y p o th a la m u s  is  th e  find ing  th a t  b i ­

l a t e r a l  p o s te r io r  c o ro n a l  k n ife  - c u ts  a ls o  p ro d u c e d  an  e x a g g e ra g e d  

o v e rc o n su m p tio n  on a h ig h - fa t  d ie t  an d  su b n o rm a l in ta k e s  on a q u i­

n in e - a d u l te r e d  d ie t  (S c la fan i and  B e r n e r ,  1977). A f u r th e r  s im i la r i ty  

b e tw e e n  r a t s  w ith  d if fe re n t  h y p o th a la m ic  t r a n s e c t io n s  is  th a t  b i la te r a l  

p o s t e r io r  c o ro n a l  k n ife -c u ts  an d  m e d ia l  p a r a s a g i t t a l  k n ife -c u ts  do no t 

a t te n u a te  a m p h e ta m in e  a n o re x ia  (S c la fa n i and  B e r n e r ,  1977) and  b i ­

l a t e r a l  a n te r io r  c o ro n a l  k n if e -c u ts  a ls o  do n o t d im in ish  th e  feed in g  

s u p p re s s iv e  r e s p o n s e  in d u ce d  b y  a m p h e ta m in e  a d m in is tr a t io n  

(G ale  and  S c la fa n i, u n p u b lish e d  o b s e rv a t io n s ) .  T h u s , r a t s  w ith  e i th e r  

a n te r io r  c o ro n a l k n ife -c u ts  o r  m e d ia l  p a r a s a g i t t a l  k n ife -c u ts  (p re s e n t  

study ) e x h ib it s e v e r a l  q u a li ta t iv e ly  s im i l a r  fee d in g  b e h a v io rs  c o m ­

p a r e d  to  r a t s  w ith  c o ro n a l k n if e -c u ts  th ro u g h  th e  p o s te r io r  h y p o th a ­

la m u s  (S c la fa n i an d  B e rn e r ,  1977). T his, in d ic a te s  f u r th e r  th a t  a  

lo n g itu d in a l fe e d in g  s y s te m  e i th e r  a s c e n d s  o r  d e sc e n d s  th ro u g h  

th e  h y p o th a la m u s  and i t  is  l ik e ly  th a t  th is  p a th w ay  i s  th e  n e u ra l  

s u b s t r a t e  fo r  th e  c la s s ic  v e n tro m e d ia l  h y p e rp h a g ia -o b e s i ty  sy n d ro m e .

T he d e s t ru c t io n  of th e  v e n tr a l  n o r a d r e n e r g ic  bund le  

(V N A B), w hich  a s  in i t ia l ly  d e s c r ib e d  b y  U n g e r s te d t  (1971) t r a v e ls  

n e a r  th e  v e n tro m e d ia l  a r e a  of th e  h y p o th a la m u s , a lso  p ro d u c e s  e x ­

c e s s  o v e re a t in g  an d  w eigh t g a in  (A h lsk o g , 1974; A h lsk o g  and  H o e - 

b e l ,  1973). U n lik e  th e  v e n tro m e d ia l  sy n d ro m e , h o w e v e r, VNAB 

m e d ia te d  h y p e rp h a g ia  i s  n o t a s s o c ia te d  w ith  d ie t  f in ic k in e s s  (A hlskog ,
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1976). T he tw o sy n d ro m e s  a r e  f u r th e r  d is t in g u is h e d  f ro m  one a n ­

o th e r  b e h a v io r a l ly in th a t  r a t s  w ith  v e n tro m e d ia l  l e s io n s ,  u n lik e  a n i ­

m a ls  w ith VNAB d a m a g e , do n o t d is p la y  an  a tte n u a tio n  of a m p h e ta m in e  

a n o re x ia  an d  th e y  o v e re a t  d u r in g  b o th  th e  l ig h t  and d a rk  p o r t io n  of th e  

d a y -n ig h t c y c le  (A hlskog , R a n d a ll, a n d H o e b e l, 1975). S ince  th is  p a t te r n  

o f d ie t  f in ic k in e s s ,  n o n -d im in is h e d  a m p h e ta m in e  a n o re x ia ,  an d  d a y ­

t im e  and  n ig h ttim e  o v e re a tin g  h a s  a ls o  b e e n  o b s e rv e d  in  r a t s  w ith  

p o s te r io r  c o ro n a l and  m e d ia l p a r a s a g i t t a l  k n i f e - c u ts ,  i t  a p p e a rs  u n ­

l ik e ly  th a t  e i th e r  the  kn ife  - c u t  o r  VM H le s io n  sy n d ro m e  i s  m e d ia te d  b y  

th e  VNAB a s  h a s  been  su g g e s te d  (G old , 1 9 7 3 ;K a p a to s  and  G old , 1973).

In  c o n tr a s t  to  th e  k n if e - c u t  s y n d ro m e , h o w e v e r , i t  r e m a in s  

p o s s ib le  th a t th e  e ffe c ts  of o v a r ie c to m y  on food in ta k e  and  body  w eigh t 

m a y  be m e d ia te d , in  p a r t ,  b y  th e  VNAB. F o r  e x a m p le , u n lik e  r a t s  

w ith  k n if e -c u ts ,  o v a r ie c to m iz e d  a n im a ls  (G ale  and  S c la fa n i, 1977a) and  

a n im a ls  w ith  VNAB d am ag e  (A h lsk o g , R a n d a ll, H o eb e l, 1975) a r e  n o t 

f in ic k y  e a t e r s .  F u r th e r ,  th e  e x te n t  of o b e s i ty  p ro d u c e d  by  o v a r i e c ­

to m y  and  by  VNAB d am ag e  i s  r a r e l y  a s  p ro n o u n c e d  a s  th a t  ty p ic a l ly  

s e e n  fo llow ing  h y p o th a la m ic  k n i f e - c u ts .  The v ag u s  n e rv e ,  w h ich  h a s  

b e en  im p lic a te d  in  th e  m e d ia tio n  of so m e  of th e  a u to n o m ic  d y sfu n c tio n s  

c h a r a c te r iz in g  th e  v e n tro m e d ia l  o b e s i ty  sy n d ro m e  (P o w ley , 1977; P o w -  

l e y  and O p sa h l, 1976), does n o t a p p e a r  to  b e  e s s e n t ia l  fo r  e s t ro g e n ic  

m e d ia tio n  of feed in g  s in c e  o v a r ia n  o b e s i ty ,  in  c o n tr a s t  to  VMH o b e s ity , 

i s  s p a re d  by  v ag o to m y  (P o w le y , O p s a h l, an d  V an D en P o l, N ote  3) and  

p e rh a p s  v ag o to m y  w ould a ls o  s p a r e  VNAB m e d ia te d  o b e s ity . On th e  

o th e r  h an d , so m e  c le a r  fe e d in g  d if f e r e n c e s  e x is t  b e tw ee n  o v a r ie c to ­

m iz e d  r a t s  and a n im a ls  w ith  VNAB d a m a g e . F o r  e x a m p le , o v a r ia n
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h y p e rp h a g ia  i s  a s s o c ia te d  w ith  in c r e a s e d  day  a n d  n ig h tt im e  fee d in g  

(B la u s te in  and  W ade, 1976) u n lik e  VNAB m e d ia te d  h y p e rp h a g ia  w hich  

o c c u rs  p r im a r i l y  d u r in g  th e  n ig h ttim e  (A h lskog , R a n d a ll, an d  H o eb e l, 

1975). T h u s , w h ile  th e  in v o lv e m e n t of th e  VNAB in  th e  o v a r ia n  h y p e r - 

p h a g ia -o b e s ity  sy n d ro m e  r e m a in s  s p e c u la tiv e , d i r e c t  c o m p a r is o n s  

b e tw ee n  th e  tw o s y n d ro m e s  m a y  p ro v id e  a  c lue  fo r  th e  id e n ti ty  of th e  

e s t ro g e n ic  system m ediating  feed in g .

In s u m m a ry , th e  p r e s e n t  f in d in g s  r e v e a l  th a t  th e  h y p e rp h a g ia  -  

o b e s ity  sy n d ro m e  p ro d u c e d  b y  a n te r io r  c o ro n a l k n if e -c u ts  d o e s  n o t r e ­

su lt  f ro m  th e  h y p o s e c re t io n  of e s t ro g e n  a s  w as in i t ia l ly  s u g g e s te d  

(A lb e r te t  a l . ,  1971). E s tro g e n  r e p la c e m e n t  c o m p le te ly  r e v e r s e d  

o v a r ia n  o b e s ity  bu t d id n o t  a l t e r  th e  e x p re s s io n  of a n te r io r  k n i f e - c u t-  

in d u ce d  o b e s ity . T h a t an  e s t ro g e n  in su f f ic ie n c y  i s  n o t th e  c a u se  of th e  

o b e s ity  p ro d u c e d  b y  a n te r io r  t r a n s e c t io n s  is  a ls o  su g g e s te d  b y  th e  f in d ­

ing  th a t  f e m a le  r a t s  w ith  a  p r e - e x is t in g  e s t ro g e n  in s u f f ic ie n c y , a s  w e ll 

a s  m a le  r a t s ,  b e c a m e  o b e se  fo llo w in g  a n te r io r  c u ts . E v id e n c e  in d i ­

c a tin g  th a t  th e  tw o o b e s i ty  s y n d ro m e s  h av e  s e p a r a te  e t io lo g ie s  is  a ls o  

su g g e s te d  b y  th e  fin d in g  th a t  th e  e ffe c ts  of th e  c o m b in ed  s u r g e r i e s  w as 

a d d itiv e . T he r e s u l t s  of th is  s tu d y  a ls o  d is c lo s e d  th a t  a n te r io r  c o ro n a l  

an d  m e d ia l  p a r a s a g i t t a l  t r a n s e c t io n s  do no t re d u c e  th e  a n o re t ic  p o ten c y  

of e x o g e n o u s ly  a d m in is te r e d  e s t ro g e n . T h e se  f in d in g s , ta k e n  to g e th e r ,  

in d ic a te  th a t  th e  e s t ro g e n ic  m o d u la tio n  of fe e d in g  i s  n o t m e d ia te d  b y  th e  

s a m e  f ib e r s  w hose  d e s tru c t io n  is  r e s p o n s ib le  f o r  th e  o v e re a t in g  and  e x ­

c e s s  w e ig h t g a in  r e s u l t in g  f ro m  h y p o th a la m ic  k n i f e - c u ts .  F in a l ly ,  th e  

r e  s u i ts  o b ta in e d  in  th e  p r e  se n t s tu d y  su p p o r t th e  v iew  th a t  m u lt ip le  sy s  -  

te rn s  e x is t  w hich  fu n c tio n  to  r e s t r a i n  e a tin g  and a t l e a s t t w o  of th e s e  

s y s te m s  a r e  in d e p e n d e n t of one a n o th e r .
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FO O T N O T E

* T he v e n tro m e d ia l  a r e a  of th e  h y p o th a lam u s (VMH) i s  u s e d  
th ro u g h o u t th e  te x t  to  d en o te  th e  v e n tro m e d ia l  n u c le i  (VMN) an d  
th e i r  a d ja c e n t n e u r a l  t i s s u e .  The v e n tro m e d ia l  a r e a  in c lu d e s  
th e  a r c u a te  n u c le u s  and  th e  r e g io n s  of th e  VMN w hich  b o rd e r  on 
th e  f o rn ic e s  l a t e r a l ly ,  th e  p r e  m a m m il la ry  n u c le i  p o s te r io r ly ,  
th e  in f e r io r  a s p e c ts  o f th e  d o rs o m e d ia l  n u c le u s  d o r s a l ly ,  th e  
s u r f a c e  of th e  b r a in  v e n tr a l ly ,  and  th e  a r e a  su r ro u n d in g  th e  
r o s t r a l  p o le  o f th e  VMN a n te r io r ly .  In r e f e r e n c e  to  th e  s tu d ie s  
c i te d  in  th is  te x t ,  th e  t e r m s  VMH and  VMN w e re  u s e d  on th e  
b a s i s  of th e  h is to lo g ic a l  a n a ly s is  a n d /o r  n e u ro a n a to m ic a l  d e ­
s c r ip t io n  p ro v id e d  by  th e  s tu d y . In  c a s e s  v h e r e  th e  e x a c t d i s ­
t in c t io n  b e tw ee n  th e  VMH and  VMN w as l e s s  th an  c le a r  th e  m o re  
in c lu s iv e  of th e  tw o  t e r m s  (i. e . , th e  VMH) w as a d o p te d .
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M EAN FOOD IN TA K E (g /d ay )

G roup N (3-1) (28-30) (48-50) (58-60) (78-80)

O V X -O IL 7 1 4 .1 1 5 .7 1 4 .9 1 4 .3 1 4 .0

A N T -O IL 8 1 3 .3 21. 8 18. 8 1 6 .7 1 5 .8

C O N -O IL 8 1 4 .0 1 4 .3 1 5 .1 1 5 .5 1 3 .7

O V X -EB 6 1 4 .6 16. 0 1 2 .7 1 3 .3 1 7 .2

A N T -E B 8 1 4 .3 2 2 .5 1 9 .6 1 5 .8 1 6 .3

C O N -EB 8 1 3 .7 1 4 .8 1 4 .4 1 4 .9 1 4 .3

T A B L E  1
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SOURCE df
FOOD INTAKE

df
BODY W EIG H T GAIN

MS F MS F

S u rg e ry  (A) 2 6 1 ,3 7 8 .1 2 1 .6 * * * 2 1 7 ,4 2 1 .3 61. 4***

T re a tm e n t  (B) 1 1 7 ,6 2 2 .3 11 .6 * * * 1 9 ,1 3 6 .7 22. 3*

AXB 2 1 2 ,7 7 4 . 9 7. 8** 2 1 5 ,4 6 7 .1 1 7 .4 *

E r r o r 39 4, 490. 3 39 2 ,1 3 0 .5

D ays (C) 4 1 9 ,3 5 1 .3 3 5 .1 * * * 3 5 ,9 7 2 .0 2 7 .5 * * *

AXC 8 4 1 ,2 4 1 .6 1 6 .1 * * 6 18, 6 3 3 .8 8 1 .6 * *

BXC 4 2 1 ,3 4 8 .5 7 .8 * 3 8 , 5 4 1 .9 2 3 .2 * * *

AXBXC 8 14, 4 6 2 .6 1 2 .4 * 6 1 0 ,7 5 6 .4 8. 3**

E r r o r 156 7 ,1 3 0 . 2 117 3 , 2 5 0 .7

p(. 05* 
p ^ .O l* *
p < .0 0 1 * * *

T A B L E  2



M EAN W A TER CONSUM PTION (m l/d a y ) W A T E R /FO O D  IN TA K E RATIO

P r e o p e r a t iv e  _______ P o s to p e ra t iv e ________  P r e o p e r a t iv e  P o s to p e ra tiv e

G roup N (2 - 1 ) (9 - 1 0 ) (29-30) (79-80) (2 - 1 ) (29-30) (79-80)

OVX 13 2 3 .0 3 3 .0 2 4 .4 2 5 .0 1 .6 2 1 .5 3 1 . 6 0

ANT 16 2 2 .5 75. 5 7 9 .5 6 1 .0 1 .6 3 3 .5 8 3 .7 8

CON 16 2 2 . 0 2 3 .5 2 5 .0 2 3 .5 1 .5 9 1 .71 1 . 6 8

T A B L E  3



- 1 2 0 -

SO URCE df
W A TER CON SU M PTION 

MS F
df

W A T E R /FO O D  
IN TA K E RA TIO

MS F

S u rg e ry  (A) 2 5 1 ,0 7 5 .0 33, 9*** 2 3 2 .4 5 5 . 8 ***

T re a tm e n t  (B) 1 1 , 8 2 9 . 6 1 .5 1 4 .3 1 .3

AXB 2 1 ,5 2 0 .6 0 . 8 2 2 .5 . 4

E r r o r 39 3 7 6 .9 39 .9

D ays (C) 2 1 7 ,7 7 8 .4 3 9 , 4*** 2 9 .5 39. 3***

AXC 4 1 5 ,4 8 8 .3 3 4 , 3 *** 4 8 .4 25. 7**

BXC 2 4 5 1 .7 3. 2* 2 1 2 .3 0 .9

AXBXC 4 3 1 3 .6 1 . 1 4 5 .7 1 .3

E r r o r 78 1 5 1 .7 78 3. 2

p < .0 5 *
p < . 0 1 ** 
p < . 0 0 1 ***

T A B L E  4



G roup N

O v a ria n  W eight 
 ______

N a so -A n a l (N -A ) L eng th  
__________ (cm )__________

L ee  O b e s ity  Index*

P o s to p e ra tiv e  P re o p e r a t iv e  P o s to p e ra t iv e  P r e o p e ra t iv e  P o s to p e ra tiv e

O V X -O IL  

A N T -O IL  

C O N -O IL

8

7

8

4 8 .4

7 4 .5

21. 2
2 1 .3

2 1 .4

2 2 .7

2 1 .9

22 .0

301

298

299

313

331

301

O V X -EB

A N T -E B

C O N -EB

8

6

8

45. 2 

69. 6

2 1 .4

21 .6

2 1 .3

22 .6  

22 . 2 

2 1 .9

300

298

298

311

333

303

L ee O b esity  Index = / body  w eiSht> g ;_ /bo< 

V  N -■A le n g th , cm
X (103)

T A B L E  5



-1 2 2 -

SOURCE df

p ^ .O O l*

OVARIAN W EIGH T

MS

S u rg e ry  (A) 1 5 , 1 0 8 .7  1 6 0 .3 *

T re a tm e n t  (B) 1 1 2 6 .0  1 .0

AXB 1 3 1 .7  0 .6

E r r o r  28 4 .7

T A B L E  6



-1 2 3 -

SOURCE df

NA SO-ANAL (N-A) L E N G T H  

MS F

S u r g e r y  (A) 2

pH0
0• 4 .5 9 *

T r e a tm e n t  (B) 1 .3 1 0. 27

AXB 2 1 . 26 0. 43

E r r o r 39 . 2 2

df

L E E  O BESITY  IND EX 

MS F

S u r g e r y  (A) 2 16 8 .3 32. 7**

T r e a tm e n t  (B) 1 3 4 .9 1 . 0

AXB 2 1 1 1 .5 0 . 6

E r r o r

p ^ .O l *
p < . 0 0 1 **

39 2 1 . 6

T A B L E  7



M EAN FOOD IN TA K E (g /d ay )

E n d o c r in e  S u r g e r y  B r a in  S u r g e r y

P r e o p e r a t iv e P o s to p e r a t iv e P r e o p e r a t iv e P o s to p e r a t iv e

roup N . (3-1) (18-20) (48-50) (78-80) (168-170)

OVX +ANT 5 15. 2 1 7 .8 15. 8 34. 9 3 0 .1

SHAM+ANT 5 1 6 .1 15 .7 15 .3 35. 2 2 8 .3

OVX +SHAM 6 1 5 .0 1 8 .4 1 6 . 1 1 6 .5 1 5 .6

SHAM+SHAM 8 15. 5 1 5 .9 1 5 .6 1 5 .5 1 6 .0

T A B L E  8



-1 2 5 -

FOOD INTAKE BODY W EIGH T GAIN
SOURCE d f

MS F
df

MS * F  -

n d o c r in e  
S u rg e r y  (A) 1 8 ,5 3 2 .  1 17 .3** 1 13, 273. 8 4 3 .9 * *

K n ife -c u ts  (B) 1 1 2 ,4 1 1 .5 9. 4** 1 2 0 ,4 1 7 .6 14. 8 **;

AXB 1 14, 306. 1 4. 6 * 1 8 ,2 3 7 .0 7 . 1*

E r r o r 2 0 4 ,7 7 9 .0 2 0 2 , 2 7 1 .9

D ays (C) 1 4 ,7 8 7 .  1 8 . 4** 1 5 , 862. 0 2 7 .5 * *

AXC 1 3, 8 4 1 .0 13 .6* 1 15, 2 8 9 .3 7 . 9*

BXC 1 1 2 ,4 5 5 .  1 2 .4 * 1 4 ,  4 2 3 .7 1 1 . 2 **

AXBXC 1 6 , 862. 4 2 . 8 * 1 1 2 , 0 0 2 . 1 4. 2*

E r r o r 2 0 1 ,1 6 7 .4 2 0 9 7 5 .6

p < .0 5 *
p < . 0 1 ** 
p < . 0 0 1 ***

T A B L E  9



M EAN FOOD IN TA K E [k c a l /d a y  an d  (g /d ay )]

G rou p N

P e l l e t s P e l l e t s H ig h -fa t H ig h -fa t

(3-1) (13-15) (16-18) (33-35)

ANT 5 105 .1  (24 .7 ) 1 4 4 .0  (33 .9 ) 1 7 2 .3  (29. 1) 1 3 1 .2  (22 .2 )

MED 7 1 0 3 .6  (24 .4 ) 157. 1 (37 .0 ) 2 0 6 .7  (34 .9 ) 1 8 7 .7  (31 .7 )

CON 5 1 0 4 .9  (24 .7 ) 1 1 0 .9  (26 .1 ) 1 1 7 .0  (19 .7 ) 1 2 4 .8  (21 .1 )

T A B L E  10



-1 2 7 -

SOURCE df
CALORIC IN T A K E  

MS F
df

BODY W EIGHT GAIN 

MS F

S u r g e r y  (A) 2 1 6 ,0 0 9 .7 26. 2 4 5 ,3 6 3 .0 2 0 , 6 ***

E r r o r 14 604 .1 14 2 , 2 06 .1

D ays  (B) 3 1 2 ,7 9 8 .1 55. 4*** 2 3 9 ,6 2 7 .0 9 0 .9 * * *

AXB 6 1 ,6 9 3 .8 7. 3* 4 4 , 984. 2 1 1 .4 * *

42 231. 1 28 4 63 .1

p < .0 5 *

p ^ .O l* *

p < . 0 0 1 ***

T A B L E  11



P r e o p e r a t iv e

G roup_______________N_________ (3-1)_____

A N T -O IL  5 2 0 .0

MED -O IL  7 2 1 .2

CON -O IL  5 2 1 .5

A N T -E B  6  2 0 .8

M E D -E B  5 2 1 .6

C O N -EB  6  2 0 .3

T A B L E  12
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M EAN FOOD INTAKE (g /d ay )__________________

__________________P o s to p e r a t iv e ___________________

(28-30)_______(38-40)_______(88-90) (128-130)

4 4 .3  3 7 .4  2 5 .2  2 7 .7

5 0 .5  49. 1 36. 2 3 6 .5

2 4 .9  2 5 .9  2 3 .6  2 1 .4

4 5 .5  3 4 .4  2 3 .8  3 7 .8

4 7 .8  3 5 .6  2 6 .4  4 5 .6

2 5 .3  2 0 .4  2 1 .7  22 .1



FO OD IN TA K E BODY W EIG H T GAIN
SO U RCE df df

MS F  MS F

G ro u p  (A) 2 2, 1 8 3 .4 72. 3*** 2 1 6 ,2 1 4 .4 4 6 .7 * * *

T r e a tm e n t  (B) 1 1 ,3 4 2 .  1 64. 5*** 1 5 ,3 6 0 .  2 1 0 .3 * * *

AXB 2 854. 3 1 7 .4 * 2 894. 2 8 .5 * * *

E r r o r 28 1 7 5 .7 tm  •m 28 1 5 5 .4

D ay s  (C) 4 3 ,8 3 6 .9 153. 7*** 3 4 8 ,7 6 3 .  0 10 3 .7 * * *

AXC 8 3 ,2 6 3 .0 5D| O ' P * ' V * 6 1 6 ,4 3 3 . 2 2 6 .2 * * *

BXC 4 1 ,6 7 7 .3 2 1 .5 * 3 1 ,0 8 3 .6 1 5 .4 * * *

AXBXC 8 847. 3 13. 2* 6 9 6 1 .9 2 .3 *

E r r o r 1 1 2 129. 1 84 9 8 .2

p < .0 5 *
p < . 01** 
p < . 001***

T A B L E  13



-1 3 0 -

SOURCE df
CA LO R IC IN TA K E 

MS F  •

BODY W EIGH T GAIN
df

MS F

S u r g e ry  (A) 2 8 , 640. 2 6 8 . 5*** 2 3, 661. 6 8 . 0 **

T re a tm e n t  (B) 1 1 0 , 2 9 1 .3 81»6*** 1 1 3 ,4 8 0 .0 4 0 .4 * * *

AXB 2 1 , 2 6 8 .6 1 0 . 1 *** 2 9 5 4 .6 2 .4 *

E r r o r 24 126. 2 - - 24 4 5 7 .4

D ays (C) 2 1 0 ,3 5 7 .5 1 7 3 .2 *** 1 2 ,5 4 8 .  2 1 8 .0* **

AXC 4 701. 1 1 1 .7 * * * 2 1 ,4 1 4 .8 1 2 . 9 **

BXC 2 9 , 6 0 6 . 0 1 6 0 . 6 *** 1 1 8 ,6 9 1 .3 1 3 2 .4 * * *

AXBXC 4 748. 0 12. 5*** 2 4 7 8 .0 3 .4 *

E r r o r 48 5 9 .8 « — 24

p ^ . 0 5 *

p < . 0 1 ** 

p < . 0 0 1 ***

TA B LE 14



G roup_________________ N

A N T -O IL  5

M E D -O IL  5

C O N -O IL  5

A N T -E B  5

M E D -E B  5

C O N -E B  5

T A B L E  15

-1 3 1 -

MEAN BODY W EIGHT GAIN (g) 

D ay  35__________ D ay  59

9 6 .4  11 9 .3

1 2 3 .6  1 8 7 .2

4 9 .5  5 6 .7

8 1 .3

111 .8

5 7 .6

40. 1 

52. 9 

3 7 .5



FIG U R E  C A PTIO N S

F ig u r e  1. P h o to m ic r o g r a p h  of a n t e r io r  c o ro n a l  k n i fe -c u t  
(upper) and  m e d ia l  p a r a s a g i t t a l  k n i f e -c u t  ( lo w er) .

F ig u r e  2. S c h e m a t ic  r e p r e s e n t a t i o n  f r o m  th e  D eG ro o t (1967) 
a t l a s  of a n t e r i o r  c o ro n a l  k n i f e - c u t  w ith  th e  l a t e r a l  (L) c o o rd in a te  
of e a c h  p a r a s a g i t t a l  p la n e  in d ic a te d  a t  the  r ig h t .

F ig u r e  3. S c h e m a t ic  r e p r e s e n t a t i o n  f r o m  th e  D e G ro o t  (1967) 
a t l a s  of th e  m e d ia l  p a r a s a g i t t a l  k n i f e -c u t  w ith  the  a n t e r i o r - p o s t e r i o r  
(A -P ) c o o rd in a te  of e a c h  c o ro n a l  p la n e  in d ic a te d  a t  the  l e f t .  (The 
sh a d e d  a r e a  r e p r e s e n t s  th e  r a n g e  of the  c u t . )

F ig u r e  4. M ean  p o s to p e r a t iv e  body w eigh t g a in  of f e m a le  
r a t s  g iven  a n t e r i o r  c o ro n a l  cu t  (ANT), o v a r ie c to m y  (OVX), o r  
s h a m  (CON) s u r g e r y .  (D uring  D ays 31-60  s u b je c t s  in e a c h  g roup  
w e re  in je c te d  d a i ly  w ith e i t h e r  e s t r a d io l  b e n z o a te  [EB] a t  the  d o se s  
in d ic a te d  o r  w ith  th e  o il  v e h ic le  [O IL ].)

F ig u r e  5. M ean  p o s to p e r a t iv e  body w eigh t g a in  of f e m a le  
r a t s  g iv en  o v a r i e c to m y  (OVX) o r  s h a m  o v a r ie c to m y  (SHAM). S u b ­
j e c t s  w e re  s u b s e q u e n t ly  g iven  e i t h e r  a n t e r i o r  k n i f e -c u t  (OVX+ANT 
o r  SHAM+ANT) o r  s h a m  cut (OVX+SHAM o r  SHAM+SHAM) s u r g e r y  
a t  t im e s  in d ic a te d  b y  th e  h e a v y - s e t  a r r o w s .  (D uring  D ays 81-90 
a s e r i e s  of t e m p e r a t u r e  t e s t s  w e re  a d m in i s t e r e d .  )

F ig u r e  6 . M ean  (+S. E . M . ) food  in ta k e  of r a t s  s e q u e n t ia l ly  
p la c e d  in  an  e n v i r o n m e n ta l  c h a m b e r  a t  2 4°C . (Days 8 1 -8 3 ) ,  5°C . 
(Days 8 4 -8 5 ) ,  24°C . (D ays 8 6 - 8 8 ), and  3 5 °C . (D ays 8 9 -90 ). 

(A b b re v ia t io n s  f o r  g ro u p  id e n t i f ic a t io n  a r e  p ro v id e d  in F ig .  5 .)

-1 3 2 -



-1 3 3 -

F ig u r e  7. M ean p o s to p e ra t iv e  b o d y  w eigh t g a in  of m a le  r a t s  
g iven  e i t h e r  a n te r io r  c o ro n a l  k n i f e - c u t  (AN T), m e d ia l  p a r a s a g i t t a l  
k n i f e -c u t  (MED) o r  sh a m  cut (CON) s u r g e r y .  (S u b jec ts  w e r e  m a in ta in e d  
p r e o p e r a t iv e ly  and fo r  the  f i r s t  15 p o s to p e r a t iv e  d ay s  on P u r i n a  p e l ­
l e t s  and th en  g iven  a  h ig h - f a t  d ie t  f r o m  D ay s  1 6 -3 5 . )

F ig u r e  8 . M ean p o s to p e r a t iv e  body  w e igh t g a in  of o v a r i e c to m iz e d  
r a t s  g iv en  e i t h e r  a n t e r io r  c o ro n a l  k n i f e - c u t  (ANT), m e d ia l  p a r a s a g i t ­
t a l  k n i f e -c u t  (MED) o r  s h a m  cut (CON) s u r g e r y .  (D uring  D ays 31-90  
su b je c ts  in  e a c h  g ro u p  w e re  in je c te d  d a i ly  w ith  e i t h e r  e s t r a d i o l  b e n ­
z o a te  [EB] a t  th e  d o s e s  in d ic a te d  o r  w ith  the  o i l  v e h ic le  [ O I L ] . )

F ig u r e  9. M ean p o s to p e r a t iv e  w h e e l  ru n n in g  a c t iv i ty  of o v a r i^  
e c to m iz e d  r a t s  g iven  a n t e r io r  c o ro n a l  k n i f e - c u t  (ANT), m e d ia l  p a r a ­
s a g i t t a l  k n i f e - c u t  (MED), o r  s h a m  cut (CON) s u r g e r y .  A c t iv i ty  i s  
e x p r e s s e d  a s  a  p e rc e n ta g e  of b a s e l in e  l e v e l s .  (D uring  D ays  3 5 -59  
s u b je c ts  in  e a c h  g ro u p  w e re  in je c te d  d a i ly  w ith  5 -u g  of e s t r a d i o l  b e n ­
z o a te  [EB] o r  with the  o il  v e h ic le  [O IL], )

F ig u r e  10. C o n se c u tiv e  tw o - d a y  m e a n  (+S. E .  M . ) in ta k e  of 
P u r in a  chow  (m eal)  and . 2% q u in in e - a d u l t e r a t e d  d ie t  by  o v a r i e c t o ­
m iz e d  r a t s  g iven  a n t e r io r  c o ro n a l  k n i f e - c u t  (A N T), m e d ia l  p a r a ­
s a g i t t a l  k n i f e -c u t  (MED) o r  s h a m  cut (CON) s u r g e r y .

F ig u r e  11. M ean la te n c ie s  to  e a t  a  h ig h ly  p a la ta b le  foo d  in  a  
nov e l e n v iro n m e n t  by  n o n - d e p r iv e d  k n i f e - c u t  (ANT o r  MED) o r  sh a m  
cu t (CON) o v a r ie c to m iz e d  r a t s  (It. p a n e l ) .  M ean  body  w eigh t g a in  of 
k n i f e -c u t  o r  sh a m  cut o v a r i e c to m iz e d  r a t s  g iv en  a c c e s s  to  a  h ig h -  
fa t  d ie t  fo r  a  tw o w eek  p e r io d  ( r t .  p a n e l ) .
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SHAM+SHAM

OVX +  SHAM

S H A M + A N T

O V X + A N T

S H A M + S H A M  
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SHAM +  ANT  
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