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Feeding Elicited in Sheep by Intrahypothalamic 

P r o s t a g l a n d i n  E 1 ( P G E I  i n j e c t e d  p e r i p h e r a l l y  1 o r  i n t o  
t h e  a n t e r i o r  h y p o t h a l a m u s  of  r a t s  = d e c r e a s e s  f e ed  i n t a k e  
a n d  r a i s e s  r e c t a l  t e m p e r a t u r e .  I n t r a v e n t r i c u l a r  i n j e c t i o n s  
of  P G E ~  in  ca t s ,  r a b b i t s  a n d  r a t s  c a u s e s  h y p e r t h e r m i a  a, 4. 
A n u m b e r  of  s t u d i e s  h a v e  s h o w n  t h a t  i n j e c t i o n s  of  a p -  
p r o x i m a t e l y  60 n m o l e s  of  n o r e p i n e p h r i n e  (1-NE) (an  

a g o n i s t )  i n t o  t h e  p e r i f o r n i c a l  r e g i o n  of  t h e  h y p o t h a l a m u s  
of r a t s  i n d u c e d  f e e d i n g ~ - L  S m a l l e r  d o s e s  of  1 -NE (15 -37  
n m o l e s )  i n j e c t e d  i n t o  t h e  m i d - h y p o t h a l a m i c  r e g i o n  of  
m o n k e y s  e l i c i t ed  f e e d i n g  s. I n j e c t i o n s  of  240 n m o l e s  of  
1-NE i n t o  t h e  a n t e r i o r  h y p o t h a l a m u s  of  s a t i a t e d  s h e e p  
a l so  e l i c i t ed  f e e d i n g  s. T h u s  1 -NE m a y  be  a n e u r a l  t r a n s -  
m i t t e r  i n v o l v e d  in  t h e  c o n t r o l  of  f e ed i ng .  

W h e n  P G E t  w a s  i n j e c t e d  i n t o  loci  w h e r e  1-NE b o u n d  
f e e d i n g  w a s  e l i c i t ed  f e e d i n g  d e c r e a s e d  *~ T h a t  1. P G E 1  
a n d  17; s a n t a g o n i z e  t h e  1 -NE e f f ec t  on  c e r e b e l l a r  P u r k i n j e  
ce l ls  It a n d  2. r e d u c e  1-NE r e l ea se  f r o m  s y m p a t h e t i c  
n e r v e s  ~= a r e  p o s s i b l e  e x p l a n a t i o n s  of  t h e  m e c h a n i s m  
i n v o l v e d  in  t h e  P G  e l i c i t ed  h y p o p h a g i a .  

T h i s  r e p o r t  d e s c r i b e s  o n e  of  a se r i e s  of  e x p e r i m e n t s  
d e s i g n e d  to  t e s t  t h e  e f f ec t s  of  P G E ,  a n d  of  c~ a n d  /5 
a g o n i s t s  a n d  a n t a g o n i s t s  o n  f e e d i n g  b e h a v i o r  of  s h e e p .  

S ix  c r o s s b r e d  w e t h e r s  (30 -35  kg) we re  s u r g i c a l l y  p r e -  
p a r e d  u n d e r  h a l o t h a n e  a n e s t h e s i a  w i t h  a s e t  of  3 g u i d e s  
i m p l a n t e d  1.5 m m  o n  e i t h e r  s ide  of  m i d l i n e  a n d  d i r e c t e d  
t o w a r d s  t h e  m e d i a l  h y p o t h a l a m u s  *a. T o  m e a s u r e  a b d o -  
m i n a l  t e m p e r a t u r e  a b l i n d  s i l a s t i c  t u b e  w i t h  a d a c r o n  
m e s h  co l l a r  w a s  i m p l a n t e d  in  t h e  l e f t  p a r a l u m b a r  fossa .  
A t h e r m i s t o r  w a s  i n s e r t e d  i n t o  t h e  o p e n  d i s t a l  e n d  p r o -  
t r u d i n g  o u t  of  t h e  sk in ,  to  m e a s u r e  a b d o m i n a l  t e m p e r a -  
t u r e .  

O n  i n j e c t i o n  d a y s  t h e  a d  l i b i t u m  fed  s h e e p  we re  g i v e n  
f eed  I h p r i o r  t o  a t e s t .  T h i s  e l i c i t ed  a s p o n t a n e o u s  m e a l  
a n d  h e l p e d  t o  s y n c h r o n i z e  n o r m a l  f e e d i n g  to  i n s u r e  
s a t i e t y  a t  t h e  t i m e  of  i n j e c t i o n .  I n  p r e l i m i n a r y  t e s t s ,  loci 
we re  s e l e c t e d  t h a t  s h o w e d  e i t h e r  1 -NE or  d l - i s o p r o t e r e -  
no l -HC1 (d l - I sop)  b o u n d  f eed i ng ,  f o l l o w i n g  1.0 ~zl i n j ec -  
t i o n s  c o n t a i n i n g  e i t h e r  236 n m o l e s  of  1 -NE (c~ loci) or  
8 n m o l e s  of  d l - I s o p  (/5 loci). T o  d e f i n e  a l ocus  as  r e s p o n s i v e  
a f t e r  i n j e c t i o n s  o f  1 -NE or  d l - I sop ,  t h e  d o s e s  i n j e c t e d  
e l i c i t ed  i n t a k e s  of  a t  l e a s t  100 or  70 g of  feed,  r e s p e c t i v e l y ,  
o v e r  a 30 m i n  pe r i od .  T h e  m e a n  f eed  i n t a k e s  f o l l o w i n g  
0 . 9 %  s o d i u m  c h l o r i d e  (NaC1) i n j e c t e d  i n t o  t h e s e  loci  we re  
36 a n d  38 g r e s p e c t i v e l y .  I n  t h e s e  p r e l i m i n a r y  t e s t s  o n l y  
o n e  i n j e c t i o n  w a s  g i v e n  t o  e a c h  s h e e p  on  t e s t  d a y s .  I n  t h e  
m a i n  e x p e r i m e n t ,  s h e e p  w e r e  i n j e c t e d  w i t h  t h e  t e s t  

Injections of PGE~ 

c h e m i c a l s  l i s t ed  in  t h e  T a b l e .  T e s t s  w e r e  s e p a r a t e d  b y  a t  
l e a s t  48 h a n d  a l t e r n a t e d  b e t w e e n  c~ a n d  /5 loci.  P G E ~  
(7.5 m g / m l )  w a s  d i s s o l v e d  in  0 . 9 %  NaC1 c o n t a i n i n g  1 0 %  
e t h y l  a l c o h o l  a n d  t h e  p H  w a s  a d j u s t e d  to  6 . 0 - 7 . 0  w i t h  
s o d i u m  c a r b o n a t e  ~. Al l  i n j e c t i o n s  we re  of  1.0 ~zI; t h e  f i r s t  
c h e m i c a l  p r e c e d e d  t h e  s e c o n d  b y  5 rn in  in  t h e  o r d e r  
l i s t e d  in  t h e  T a b l e .  F e e d  i n t a k e  w a s  d e t e r m i n e d  fo r  
60 m i n  p r i o r  t o  a n d  a t  15, 30, 60 m i n  a n d  24 h p o s t  
i n j e c t i o n  w h i l e  a b d o m i n a l  t e m p e r a t u r e s  we re  m e a s u r e d  
e v e r y  15 r a in  for  1 h p r i o r  to  i n j e c t i o n  a n d  a t  5, 10, 15, 30 
a n d  60 m i n  p o s t  i n j e c t i o n .  

T h e r e  w e r e  no  d i f f e r e n c e s  in  i n t a k e  b e t w e e n  P G E ~  
(21 n m o l e s )  a n d  e i t h e r  t h e  s a l i n e  o r  t h e  1 0 %  e t h a n o l  
c o n t r o l  c a r r i e r s  i n j e c t e d  a t  ~ a d r e n o c e p t o r  loci w h e r e  
236 n m o l e s  of  1 -NE e l i c i t ed  f e e d i n g  ( P  < 0.01) ( th i s  1 -NE 
t e s t  w a s  a r e p l i c a t i o n  o f  t h e  p r e l i m i n a r y  t e s t s ) .  W ' h e n  a 
s i m i l a r  dose  o f  P G E  1 w a s  i n j e c t e d  a t  /3 r e s p o n s i v e  loc i  
t h e r e  w a s  a s i g n i f i c a n t  i n c r e a s e  in  f e e d i n g  ( P  < ,0.02) 
w h e n  c o m p a r e d  to  t h e  s a l i n e  o r  1 0 %  e t h a n o l  c o n t r o i  
ca r r i e r s .  T h i s  f e e d i n g  r e s p o n s e  w a s  s i m i l a r  to  t h a t  o b t a i n -  
ed  w i t h  8 n m o l e s  of  d l - I s o p  ( th i s  d l - I s o p  t e s t  w a s  a 
r e p l i c a t i o n  of  p r e l i m i n a r y  t e s t s ) .  T h e  P G E  1 f e e d i n g  
r e s p o n s e  a t  t h e  fl loci  w a s  b l o c k e d  w h e n  21 n m o l e s  o f  
L B - 4 6  (a /5 b locke r )  we re  i n j e c t e d  5 m i n  p r i o r  t o  P G E  1 
i n j e c t i o n  b u t  n o t  w h e n  21 n m o l e s  of  p h e n t o l a m i n e  (an  0~ 
a d r e n o c e p t o r  a n t a g o n i s t )  p r e c e d e d  t h e  P G E ~  i n j e c t i o n  
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Hypothalamic injections in sheep (n = 6) 

Treatments  Loci Dose (nmoles) 

- -  5 min 0 min 

Feed intake (g :~ SEM) 

0 15 mill 0-30 min 0-60 min 

C 1 �9 + C 1 c~ --  
C1 + C1 ~ - -  
C2b + 1-NE 0c 236 
C 2 + dl-Isop ~ 8 
C 1 + PGE 1 0~ 21 
C 1 + PGE~ ~ 21 
LB-46 c + PGE1 ~ 21 + 21 
LB-46 + C~ ~ 21 
Phentolamine + PGE 1 fl 21 + 21 
Phentolamine + C 2 ~ 21 

19 =~ i0 ~ 32 --  10~, b 5 5 ~  5 ~ 
18:t: 8 ~ 41-E 8 ~'b 53nL 8 a 
8 3 •  9 ~ 1 1 2 •  7a 122~= 6 ~ 
51-t-10 b 7 7 - /  8 T M  116 2- 15 b'~ 
1 9 •  7 ~ 37=t=12 ~'~ 5 6 ! 1 4  ~ 
75 • 23 b, ~ 100 i 23c, a" 131 • 21c 
10=E 4 ~ 30-t- 9 ~,b 3 5 •  ~ 
17 + l0 s 54 -t- 18 ~'b'~ 72 ~c 25 ~'b 
91 =E 28 c 121 -t- 23 a 121 ~ 23 ~ 
12-~ 6 ~ 16 ::L 9 ~ 4 6 •  ~ 

All means within a time period which are not denoted by a common superscript are 
icant difference tests were used. ~ Saline plus 10% ethyl alcohol b Saline (0.9% 
3N HC1 and the pH was adjusted to 6.0-6.5 with sodium carbonate. 

different (P < 0.05); analysis of variance and least sigaif- 
soldum chloride), c LB-46 was dissolved with equimolar 
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(Table).  N e i t h e r  t he  ~ no r  /~ a n t a g o n i s t s  in j ec ted  b y  
t h e m s e l v e s  af fec ted  feeding w h e n  c o m p a r e d  to  t h a t  of 
t he  controls .  

A b d o m i n a l  t e m p e r a t u r e s  were no t  s ign i f i can t ly  affect-  
ed b y  a n y  of t he  t r e a t m e n t s .  Th i s  is un l ike  t he  response  
of o t h e r  species wh ich  w h e n  in jec ted  w i t h  p r o s t a g l a n d i n s  
h a v e  s h o w n  h y p e r t h e r m i a  e, 4. I n  m o s t  cases, i nc lud ing  
controls ,  t he re  a p p e a r e d  to  be  a s l igh t  e l eva t ion  in 
t e m p e r a t u r e s  d u r i n g  t he  15 ra in  p r io r  to  in jec t ion .  Th i s  
change  was  p r o b a b l y  due to  t he  h a n d l i n g  of t he  animals .  

Af te r  sacr i f ic ing t he  sheep, t i le  in j ec t ion  loci were 
loca ted  in t h e  a n t e r i o r  h y p o t h a l a m u s  a t  28, 29 and  30 m m  
a n t e r i o r  of t he  ex t e rna l  a u d i t o r y  cana l  accord ing  to  t he  
coord ina te s  of RICHARD 14. 

In the present experiment we have shown as in a 
prev ious  e x p e r i m e n t  la t h a t  a /~  agonist ,  dl-Isop,  in j ec ted  
i n t r a h y p o t h a l a m i e a l l y  will  el ici t  feeding ill sheep  w i t h  
smal le r  doses (8 nmoles)  t h a n  those  in jec ted  in to  t he  
per i forn ica l  region of t he  h y p o t h a l a m u s  of r a t s  wh ich  
h a v e  e i the r  no  effect  ~, ~ or cause h y p o p h a g i a  (15 0 nmoles)x~. 
I n j e c t i o n s  of PGE~ in to  these  loci also caused  m a r k e d  
feeding which  was b locked  b y  a specific /~ an tagon i s t .  A 
p r o s t a g l a n d i n  an tagon i s t ,  p o l y p h l o r e t i n  p h o s p h a t e ,  in- 
j e c t e d  a t  ~ and  /~ loci b y  i tself  also caused  s ign i f i can t  
feeding (BAILE a n d  MARTIN, m a n u s c r i p t  in  p repa ra t ion ) .  

The  feeding effect  p roduced  b y  PGE~ a t  the /~  loci was  
s imi la r  to  t h a t  of dl - Isop.  Th i s  could be  a f l  a d r e n o c e p t o r  
effect.  A model  of a/~ r ecep to r  for PGE1 has  been  presen t -  
ed 1~ a n d  i t  was  sugges ted  t h a t  t he  ' r ecep to r  n m d u l a t i n g  
s u b s t a n c e ' l : , l s  is e i the r  a p r o s t a g l a n d i n  or a s u b s t a n c e  
p r o m o t i n g  t he  syn thes i s  of p ro s t ag l and in .  PGE~ a n d  E~ 
a p p e a r  to  mimic  some of t h e  ac t ions  of t he  /3 agonis t ,  
i sopro te reno l :  b o t h  h a v e  been  shown  to  s t i m u l a t e  t he  
sho r t  c i rcui t  c u r r e n t  of frog s k i n ~ ;  b o t h  h a v e  a b roncho-  
d i l a t o r  e f fec t2~ b o t h  decrease  (PGE~ a n d  dl-Isop)  
f i l t e r ab i l i t y  of r ed  b lood cells of man ,  r a t  and  mouse  ~ 
whi le  t he  Ca++ in f lux  is increased.  These  effects are 
k n o w n  to be  associa ted  w i t h  a c t i v a t i o n  of a d e n y l  cycl- 
ase ~2, 2. a p r o b a b l e  l ink  in some/~ a d r e n o c e p t o r  ac t ions  ~4. 
W h e t h e r  t l ie feeding e f f e c t  in  sheep fol lowing PGE~ 
in j ec t i on  a t  fi loci is r e l a t ed  to  changes  in a d e n y l  cyclase 
level  ha s  n o t  been  shown.  

D e p e n d i n g  u p o n  cha rac te r i s t i c s  of t he  loci t es ted ,  P G  
E 1 e i the r  caused no change  in feeding or increased  feeding 
(e or/~ a d r e n o c e p t o r  loci, respect ively) ,  b u t  t he  phys io log-  
ical role in  e i t he r  con t ro l  of feed i n t a k e  or r egu la t ion  of 
energy  ba l ance  r e m a i n  to  be  shown.  

Rdsumd. Une  a u g m e n t a t i o n  de la pr ise  de n o u r r i t u r e  a 
l ieu apr~s in jec t ion  i n t r a h y p o t h a l a m i q u e  du  PGE~, en 
dose de 21 nmoles ,  chez les brebis .  La  t e m p 6 r a t u r e  de la 
cavi t6  a b d o m i n a l e  n ' e s t  pas  affect6e p a r  ces in ject ions ,  
sau l  une  16g~re a u g m e n t a t i o n  au  m o m e n t  de l ' i n j ec t i on  
e t  qui  p e u t  p roven i r  du  m a n i e m e n t  des a n i m a u x .  
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The Effect of Chelat ing Agents  on the Dis tr ibut ion of 21~ in Rats  

Since HURSH'S o b s e r v a t i o n  t h a t  2, 3 - d i m e r c a p t o p r o p a n o l  
(BAL) increases  t he  excre t ion  of ~l~ a n d  reduces  i ts  
t o x i c i t y l ,  2, 2 o the r  subs t ances  were d e m o n s t r a t e d  to  
a f fec t  t he  b e h a v i o u r  of 21~ in an ima l s :  sod ium 2,3- 
d i m e r c a p t o p r o p a n e - l - s u l f o n a t e  (DMPS)a,  4, i.e. a wa te r -  
soluble  d e r i v a t i v e  of BAL,  and  sod ium d i e thy ld i t h ioca r -  
b a m a t e  (DDC) 5. The  a i m  of th i s  screening  s t u d y  was to  
c o m p a r e  t h e  ef fec t iveness  of these  2 che la t ing  agents ,  as 
well  as of D-penic i l lamine  (PA) 6, 2 -mercap top rop iony l -  
g lycine  (MPG)7 and  t he  NaaCa-chela te  of d i e thy l ene t r i a -  
m i n e p e n t a a c e t a t e  (DTPA).  F u r t h e r m o r e ,  th i s  is t he  f i rs t  
a t t e m p t  to  inf luence  b e h a v i o u r  of ~l~ also b y  oral  
t r e a t m e n t .  

A d u l t  female  a lb ino  r a t s  (weighing 170-200 g) were 
in jec ted  i.v. w i t h  ~ 0.3 vCi of ~1~ in 0 . 1 N  I-tNO 3. In-  
j ec t ion  so lu t ions  were p r e p a r e d  for  each  group  s e p a r a t e l y  
a n d  i m m e d i a t e l y  before  a d m i n i s t r a t i o n .  Che la t ing  agen ts  
(1 mmol /kg )  were a d m i n i s t e r e d  1.5 m i n  a f t e r  21~ i.p. 
or orally.  In  t h e  l a t t e r  case r a t s  were dep r ived  of food for 
20tl  before  a d m i n i s t r a t i o n  of t h e  compounds .  The  
a n i m a l s  were sacr i f iced a f t e r  48 h b y  e x s a n g u i n a t i o n  in 
e t h e r  narcosis .  The  ~ -ac t iv i ty  of t i s sue  samples  was 
d e t e r m i n e d  b y  l iquid  sc in t i l l a t ion  c o u n t i n g  8. 

The  effect  of che la tes  in j ec ted  i.p. is s u m m a r i z e d  in  
Tab le  I. I n  general ,  t h e i r  e f fec t iveness  decreases  in  t he  
o rder :  D M P S  > DDC > M P G  > PA;  D T P A  showed 
h a r d l y  a n y  effect. The re  is a m a r k e d  d i m i n u t i o n  of 
21~ in  blood, sp leen a n d  bone  and,  less, in  
b lood  p lasma.  R e t e n t i o n  of ~l~ b y  t h e  k idneys ,  however ,  
was  r educed  b y  D D C  only, whi le  w i t h  o the r  che la tes  a 
s u b s t a n t i a l  f r ac t ion  of "l~ was t r a n s p o r t e d  in to  b u t  
no t  excre ted  f rom the  k idneys .  I t  is feas ible  t h a t  t he  
a c c u m u l a t i o n  of 21~ in t he  l iver  fol lowing a d m i n i s t r a -  
t i on  of DDC m i g h t  be  due  to  a t e m p o r a r y  s torage  of 
~l~ in the  exc re to ry  o rgan  of DDC. W h e n  t a k i n g  in to  
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