
Pharmacology Biochemistry and Behavior, Vol. 1, pp. 569-580.  ANKHO International Inc., 1973. Printed in the U.S.A. 

Action of Excess Calcium Ions in the Brain 
on Motivated Feeding in the Rat: Attenuation 

by Pharmacological Antagonists 
R. D. M Y E R S  AND S. A. B E N D E R  

Laboratory o f  Neuropsychology, Purdue University, West Lafayette, Indiana 47907 

(Received  31 Augus t  1973)  

MYERS, R. D. AND BENDER, S. A. Action of excess calcium ions in the brain on motivated feeding in the rat: 
Attenuation by pharmacological antagonists. PHARMAC. BIOCHEM. BEHAV. 1(5) 569-580,  1973. - The intraven- 
tricular infusion of 5 /~1 of a physiological solution in which the concentration of calcium ions was adjusted from 1.26 mM 
to 151.2 mM caused spontaneous feeding and drinking in the satiated rat. The ingestive response was observed both when 
pellets and water were freely available, in which case food consumption exhibited a dose-response relationship increasing 
with the millimolarity of calcium in the infusate, and when operant responses at FR 2 or FR 10 were required for food 
reward. The rate of bar pressing by an animal at these two schedules of reinforcement did not differ from that observed 
when the same animal was deprived of food and water for 23 hr. The alpha-adrenergic antagonist, phentolamine (16 ~g, 32 
~tg), did not appreciably attenuate Ca2+-induced feeding during either ad lib or motivated conditions, though these doses 
drastically reduced food intake induced by the intraventricular infusion of 10 ttg norepinephrine HCI. The pre-infusion of a 
number of additional blocking agents had variable yet consistent effects upon Ca~÷-induced feeding; hexamethonium (8 ~g, 
25 ~g), propranolol (6 tzg, 28 /~g) and methysergide (8 #g) each caused a statistically significant enhancement in the 
magnitude of the Ca 2÷ response while atropine (6 ~tg, 15 #g) significantly attenuated feeding after Ca ~÷. This suggests an 
interaction between a number of pharmacologically distinct fiber pathways that may mediate the Ca 2÷ feeding response. 
The modulation of feeding by Ca 2÷ ions supports an ionic theory for the regulation of body weight in the rat, in which 
neurons that are involved in ingestive responses and which pass through the hypothalamus and other structures along the 
ventricular lumen are selectively sensitive to the concentration of calcium in the extracellular fluid. 
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I N H E R E N T  se t -po in t  m e c h a n i s m s  wi th in  the  h y p o t h a l a m u s  
have been  p roposed  which  in tegra te  the  physiological  
signals pe r t a in ing  to  an an imal ' s  s ta te  of  energy ba lance  as 
well  as its t h e r m a l  e n v i r o m e n t  [12,  17, 3 0 ] .  In s tudies  on  
the  con t ro l  of  feeding and  b o d y  t em pe r a t u r e ,  t he  neu rona l  
act ivi ty  wh ich  media tes  each of  these in t r ins ic  regu la tory  
processes has been  m a n i p u l a t e d  exper imen ta l ly .  In 1970,  
Myers and Veale d e m o n s t r a t e d  t ha t  the  core  t e m p e r a t u r e  of  
a cat could be  e levated or  lowered  by  a sl ight a l t e ra t ion  in 
the  ra t io  of  Na + to  Ca ~÷ ions at  d iscrete  sites wi th in  the  
an imal ' s  h y p o t h a l a m u s .  Later  it was s h o w n  in similar  
expe r imen t s  t ha t  a p r ima te  would  t he r m or egu l a t e  a b o u t  
this  newly  es tabl i shed  b o d y  t e m p e r a t u r e  w h e n  exposed to 
per iphera l  hea t  or cold stress [ 3 3 ] .  This  ind ica ted  t ha t  the  
an imal ' s  in te rna l  t h e r m o s t a t  m ay  indeed  be  set at  a new 
level fo l lowing a cent ra l  p e r t u r b a t i o n  in the  ra t io  of  these 
two essential  cat ions.  

A rese t t ing  of  the  cent ra l  mechan i sms  which  con t ro l  the  
b o d y  weight  of  the  rat  was first d e m o n s t r a t e d  by  K e n n e d y  
[ 1 7 ] .  Hyperphag ia  and  a m a r k e d  increase in the  q u a n t i t y  of  
b o d y  fa t  was observed  a f te r  a les ion of  the  ven t romed ia l  
h y p o t h a l a m u s .  When the  caloric  c o n t e n t  of  the  diet  was 
a l t e r ed ,  the  an imal  never the less  c o n s u m e d  a specif ic  
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q u a n t i t y  o f  food  in order  to  m a i n t a i n  its new level of  b o d y  
weight .  In r ecen t  s tudies ,  p reopera t ive  obes i ty  or  food  
depr iva t ion  a t t e n u a t e s  subs tan t ia l ly  the  classical hyper -  
phagic or  aphagic  s y n d r o m e s [ 3 4 ] .  Thus ,  an a b n o r m a l  
feeding response  may  ac tua l ly  be an active process  by  
wh ich  an an imal  al ters and t h e n  defends  its weight  at a new 
level [ 1 3 , 1 6 ] .  

The in t r ins ic  ra t io  of  two e n d o g e n o u s  ca t ions  in the  
h y p o t h a l a m u s  has also been  impl ica ted  in ingestive behav io r  
[ 3 1 ] .  In a sa t ia ted  cat,  s t imu lus -bound  feeding was ob- 
served when  a physiological  so lu t ion  con ta in ing  an excess 
of  Ca ~+ ions was per fused  wi th in  isola ted sites of  the  
h y p o t h a l a m u s .  Similarly,  excess Ca 2. ions infused in to  the  
cerebral  ventr ic les  cause s p o n t a n e o u s  feeding in the  sa t ia ted  
rat  [26]  and  sheep [ 3 9 ] .  

The  purpose  of  the  cu r ren t  inves t iga t ion  was to examine  
f u r t h e r  the  p h e n o m e n o n  of  Ca 2 +-induced feeding in the  rat .  
The  response  was observed in a f ree-feeding (ad l i b ) s i t u -  
a t ion  and where  the  animal  had  to emi t  an ope ran t  response  
to  ob ta in  a pel let  of  food.  In an a t t e m p t  to  charac ter ize  the  
na tu re  of  the  r ecep to r  sites involved in Ca~+-induced 
feeding,  pharmaco log ica l  an tagonis t s  were also admin i s t e red  
via the  ven t r i cu la r  route .  To examine  the  possible inter-  
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ac t ion  b e t w e e n  Ca ~ ÷ feeding and the  level of  m o t i v a t i o n  of  
the  animal ,  d i f fe ren t  schedules  of  r e i n f o r c e m e n t  were 
employed .  

METHOD 

Adul t  male  rats  of  Long-Evans  s t ra in ,  each weighing 
f rom 3 0 0 - 4 0 0  g, were housed  indiv idual ly  in wire mesh  
cages. The animals  were m a i n t a i n e d  on  a 12 hr  l i g h t - d a r k  
cycle, 7 a . m . - 7  p.m.,  at  a t e m p e r a t u r e  of a b o u t  23°C,  
dur ing  which  t ime  they  had  free access to  wa te r  and  
p o w d e r e d  Wayne Lab Blox. 

Af te r  the  rat  was anes the t i zed  wi th  35 mg/kg  sod ium 
p e n t o b a r b i t a l ,  a 21 gauge stainless steel guide cannu la  was 
i m p l a n t e d  e i the r  un i la te ra l ly  or b i la tera l ly  jus t  above  the  
lateral  cerebral  vent r ic le  [27]  at s t e reo tax ic  coord ina tes  
AP, +5.4;  H, +2.5;  L, +1.7. To verify p l a c e m e n t  of  the  
guide dur ing  surgery,  a 26 gauge in j ec to r  was f i t ted  in to  a 
piece of  PE 20 tub ing  and  t hen  lowered  1.0 m m  be low the  
guide tip to  a d e p t h  at wh ich  art if icial  CSF f lowed ou t  
freely in to  the  ventr ic le .  Af te r  surgery,  a 26 gauge s ty le t  tha t  
was bevel led at the  same angle as the  guide tube  was in- 
ser ted in the  guide cannu la  to  p reven t  its occlusion.  A seven 
to ten  day recovery  per iod  elapsed pr ior  to  any  exper i -  
men ta l  infus ions .  

An in fus ion  was m a d e  af te r  a 26 gauge in jec to r  was 
lowered  in to  the  lateral  vent r ic le  of  the  rat .  A 5.0 ul vo lume  
of  the  in fus ion  fluid was delivered t h r o u g h  the  a t t a ched  
ca l ibra ted  PE 20 tub ing  e i the r  by  gravity f low or via a 100 
ul Hami l t on  syringe set in a Sage p u m p .  In b o t h  cases, the  
in fus ion  lasted f rom 1 5 - 3 0  sec, at  wh ich  po in t  the  t ub ing  
was c lamped,  the  in jec to r  gent ly  r emoved  and the  s ty le t  
replaced.  

The  pel let  and  wate r  in take  of  each rat  was r ecorded  for  
a 60 rain per iod or longer  a f te r  the  infus ion .  However ,  s ince 
mos t  feeding responses  t e r m i n a t e d  wi th in  30  min ,  in t ake  
for  the  first 40  rain was ord inar i ly  used in the  data  analysis.  
Whenever  the  in f low of  the  tes t  so lu t ion  in to  the  vent r ic le  
became  i r regular  as a resul t  of  nec ro t i c  t issue at the  guide 
tip or o t h e r  possible factors ,  t he  an imal  was d iscarded f rom 
the  s tudy.  U p o n  c o m p l e t i o n  of  a s equence  of  expe r imen t s ,  
each animal  was sacrif iced by  an overdose  of  sod ium pen to -  
barb i ta l ,  and  5 - 8  ul of  0.2% so lu t ion  of  b r o m o p h e n o l  blue 
were infused in to  the  ventr ic le .  The  pos i t ion  of  the  in jec to r  
was verif ied by  careful  d issec t ion  of  the  b ra in  and by  
e x a m i n a t i o n  of  the  s t ruc tu res  t ha t  were s ta ined by  the  dye.  

The  tes t  so lu t ions  were:  tile ch lor ide  salts of  Ca ~÷, Na ÷, 
K ÷, and  Mg 2+, n o r e p i n e p h r i n e  h y d r o c h l o r i d e  (NE) and arti-  
ficial CSF con ta in ing  5 ions [ 3 7 ] .  Infus ions  of  NE in b o t h  
f ree-feeding (ad l ib)  and  ope ran t  c o n d i t i o n s  served as in t ake  
con t ro l s  for  d e t e r m i n i n g  the  relat ive effect  of  the  adren-  
ergic b lock ing  agents  u p o n  Ca2~-induced feeding.  The  
p h a r m a c o l o g i c a l  an tagon is t s  used were p h e n t o l a m i n e  
h y d r o c h l o r i d e  (Ciba),  h e x a m e t h o n i u m  chlor ide  d ihyd ra t e  
( M a n n ) ,  p rop rano l o l  h y d r o c h l o r i d e  (Ayers t ) ,  a t rop ine  
sulfate  (Fisher)  and me thyse rg ide  ma lea te  (Sandoz) .  Bo th  
the  test  so lu t ions  and  the  b lock ing  agents  were p repared  
daily in pyrogen- f ree  art if icial  CSF, excep t  for  so lu t ions  of  
sod ium and  p h e n t o l a m i n e  wh ich  were p repared  w i th  sterile 
dist i l led water .  Pyrogen-f ree  glassware was used w h e n  
prepar ing  all so lu t ions ,  dur ing  which  t ime  the  pH of  each  
was adjus ted  to 5 . 4 - 7 . 0 .  I m m ed i a t e l y  before  each  so lu t ion  
was infused ,  it was passed t h r o u g h  a 0 .22 u Swinnex  milli- 
pore  filter. Each  an tagon i s t  was in jec ted  i n to  the  cerebral  
vent r ic le  in a 5.0 ul vo lume  30 rain pr ior  to  the  in fus ion  of  

e i the r  NE or a so lu t ion  of  excess Ca ~ ions.  

Free-Feeding 

In this  par t  of  the  inves t igat ion,  a to t a l  of  33 rats wi th  
uni la te ra l  i n t r aven t r i cu l a r  guide cannu lae  was used. The 
tes t  c h a m b e r  cons is ted  of  a clear plast ic  box  measur ing  28 
x 19 x 13 cm. An  inver ted  g radua ted  wate r  tube  wi th  a 
me ta l  d r ink ing  spou t  and  a food  well con ta in ing  45 mg 
Noyes  pellets  were fas tened  to one  wall of  the  chamber .  A 
4 cm cube of  wood  was also p resen t  in the  c h a m b e r  to 
pe rmi t  gnawing  behavior .  Before  an e x p e r i m e n t ,  the  an imal  
was placed in the  c h a m b e r  and al lowed to eat and dr ink  
freely.  A cr i te r ion  per iod  of at least  30 rain was required 
immed ia t e ly  pr ior  to  the  in fus ion  dur ing  which  the  rat  did 
no t  ingest  food  or water.  

A c o u n t e r b a l a n c e d  e x p e r i m e n t a l  design was used in 
wh ich  the  sequence  and  c o n c e n t r a t i o n  of excess Ca ~+ or 
o the r  ca t ion  and the  con t ro l  vehicle were varied. For  an 
an imal ' s  response  to be inc luded  in the  data  analysis,  a 
feeding response  a f te r  in fus ion  of  excess Ca 2+ was requi red .  
Each feeding response  evoked by  an in fus ion  of  excess 
ca t ion  was used in the  dose-response  ca l cu l a t i ons ;howeve r ,  
on ly  a rat  tha t  c o n s u m e d  at least 25 pel lets  in two succes- 
sive e x p e r i m e n t s  fo l lowing 50.4 mM Ca ~+ was used in the  
b lockade  s tudy.  The order  and c o n c e n t r a t i o n  in which  each 
b lock ing  agent  was admin i s t e red  pr ior  to  the  Ca 2+ in fus ion  
were d e t e r m i n e d  r a n d o m l y .  At least 24 hr  were al lowed 
b e t w e e n  the  in fus ion  of  a ca t ion  or  an tagonis t .  To rule ou t  
a nonspec i f ic  tox ic  or  cumula t ive  effect  of  an an tagonis t ,  
each ra t ' s  feeding response  had to be at or near  the  pr ior  
con t ro l  level of  in take  on  the  day fo l lowing the  infus ion  of  
a b lock ing  agent .  

Motivated Feeding 

Prior  to the  i m p l a n t a t i o n  of  bi la teral  i n t r aven t r i cu l a r  
cannulae ,  each  of  9 rats  was t ra ined  on  an F R  10 schedule  
of  r e i n f o r c e m e n t  to  ob ta in  food  pellets  and water .  The  
e x p e r i m e n t a l  c h a m b e r  consis ted of  a 22 x 27 x 29 cm 
Plexiglas b o x  wi th  a grid f loor .  At  one  end a lever was 
m o u n t e d  above a meta l  t ray  i n to  which  45 mg pellets  were 
del ivered f rom the  a t t a ched  Noyes  pel let  d ispenser .  A 
second  lever was m o u n t e d  similarly on  the  o t h e r  side of  the  
same wall and was above  a recessed pan in to  which  drople t s  
of  wa te r  fell f rom a ca l ibra ted  l iquid d ispenser  (Lafaye t t e  
I n s t r u m e n t ) .  So tha t  the  an imal  did no t  deve lop  a pos i t ion  
hab i t ,  the r e i n f o r c e m e n t  del ivered by  each lever was re- 
versed on  a l t e rna te  days of  t ra ining.  Pos topera t ive ly ,  each 
ra t  was tes ted  on the  FR 10 schedule  to  re ins ta te  its lever- 
pressing pe r fo rmance .  

Prior  to  an in fus ion ,  the  an imal  was b r o u g h t  to the  test  
c h a m b e r  and  al lowed to press the  levers freely for  food  and  
water .  As in the  f ree-feeding c o n d i t i o n ,  a per iod  of  at least 
30 min  was requi red  in which  n e i t h e r  lever was pressed.  
Af ter  an in fus ion ,  s imu l t aneous  cumula t ive  records  of  the  
an imal ' s  responses  for  b o t h  food and wate r  were ob t a ined  
f rom a Ge rb rands  Cumula t ive  Recorde r  and  Sodeco pr in t -  
o u t  counte r .  

A so lu t ion  o f  50.4 mM Ca ~÷ ions was used since this  
c o n c e n t r a t i o n  was found  to evoke the  mos t  cons i s ten t  
f e e d i n g  r e s p o n s e  i n  t h e  f r e e - f e e d i n g  c o n d i t i o n .  
P h e n t o l a m i n e  was admin i s t e r ed  in the  m o t i v a t e d  paradigm 
because  of  its p o t e n t  an tagon i sm of  feeding induced  by  NE 
in jec ted  in to  the  cerebral  vent r ic le  of  the  rat  [ 1 ]. As in the  
ad lib cond i t i on ,  the  rat  had  to consume  at least 25 pel lets  
to  be inc luded  in the  b lockade  s tudy.  At  least 24 hours  
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elapsed be tween  an infusion of  Ca 2÷ or the in ject ion of  an 
antagonist .  A verif icat ion of  the Ca 2÷ response was also 
per formed on the day fol lowing the adminis t ra t ion of  the 
antagonist .  

The animals were assigned to two groups of  four  and five 
rats each and tested thereaf ter  ei ther on a FR  2 or  FR  10 
schedule of  re inforcement ,  respectively.  Upon  comple t ion  
of the sequence of  exper iments  with the antagonists,  5 ul of  
50.4 mM Ca 2÷ were infused on subsequent  days in three 
rats in the FR  2 group,  during which t ime the schedules of  
re inforcement  were FR  2, FR  5 and FR  10. 

RESULTS 

The infusion of  a solut ion of  excess Ca ~÷ ions in the 
cerebral ventricle evoked marked feeding and drinking in 
the satiated rat. Initially, the animal became aroused and 
of ten explored the chamber  before  approaching e i ther  the 
food well or  the lever which it pressed to obtain  food 
pellets. The alpha-adrenergic antagonist ,  phento lamine ,  
failed to consistent ly block feeding induced by 50.4 mM 
Ca 2÷ during ei ther free-feeding (ad lib) or  operant  condi- 
t ions of  feeding. In bo th  cases, phen to lamine  significantly 
reduced food intake induced by 10 ug NE HC1 in the same 
animals. 

Free-Feeding 

As il lustrated in Fig. I ,  the magni tude  of the feeding 
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response induced by Ca ~÷ was direct ly related to the 
concent ra t ion  of  the cat ion in the infusate. The slopes of  the 
curves for the intake of  pellets and water  rose rapidly after 
Ca ~+ was elevated above its endogenous  level (1.26 mM) 
and declined only at the highest Ca ~÷ concent ra t ion  (151.2 
mM). Though at this mil l imolar i ty  it appeared that  the 
animal a t t empted  to eat, ataxia, loss of  coordinat ion  and 
even hyperexci tabi l i ty  were of ten  observed. 

The latency for pellet intake,  presented in Table 1, was 
inversely related to the amount  consumed.  At the lowest  
concent ra t ion  the la tency was 13 minutes ,  whereas for Ca 2 ÷ 
concent ra t ions  ranging from 50.4 mM to 151.2 mM, the 
latency to eat was about  4 min.  The drinking responses 
appeared to be prandial,  since the latencies for  water  intake 
were almost  always greater than those for pellets. The vari- 
abil i ty in the response to intraventr icular  Ca 2÷ ions was 
rather substantial  since excess Ca 2÷ failed to evoke a con- 
sistent feeding response in one of  every five animals tested. 
Probably the differences in the spread o f  the injected solu- 
t ion as well as in the capacity of  the cat ion to penet ra te  the 
ependymal  wall of  the ventricle are two of the factors 
which would account  for the variations in the feeding 
response. 

As shown in Table 2, the infusion of  the 5-ion vehicle or 
a solut ion in which there was an excess of  Na ÷, K ÷ or Mg 2÷ 
ions had lit t le or no effect  on ingestive behavior.  There 
were isolated instances during which an animal became 
aroused after  an infusion containing an excess of  these 
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FIG. 1. Mean pellet (e) and water intakes (o) with increasing concentration of Ca 2÷ in the infusate. Standard errors are 
indicated by the vertical bars. 
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T A B L E  1 

MEAN PELLET (45 mg) AND WATER INTAKES (ml) FOR IN- 
CREASING CONCENTRATIONS OF Ca 2+ IN THE INFUSATE. 
THE CORRESPONDING LATENCY (IN MIN) IS INDICATED IN 

THE PARENTHESES. 

Number of 
Ca 2+ Concentration Experiments Pellets Water 

1.26 mM 13 12 (13.3) 0.7 (20.8) 

12.6 mM 9 18 (8.8) 1.2 (13.0) 

25.2 mM 18 40 (6.6) 2.4 (8.2) 

50.4 mM 23 71 (4.7) 2.8 (13.0) 

100.8 mM 28 100 (4.0) 4.4 (7.2) 

151.2 mM 6 66 (3.6) 3.7 (10.6) 

T A B L E  2 

MEAN PELLET (45 rag) AND WATER INTAKES (ml) FOR 
CONTROL SOLUTIONS. THE CORRESPONDING LATENCY 

(IN MIN) IS INDICATED IN THE PARENTHESES. 

Number of 
lnfusate Experiments Pellets Water 

5-ion 

K + 

Na* 

Mg 2+ 

13 12 (13,3) 0.7 (20.8) 

12.5 mM 6 0 0 

25.0 mM 6 0 0 

153.0 mM 3 1 (11) 0.3 (16) 

187.0 mM 4 0 0.3 (2) 

221.0 mM 4 0 0 

5.0 mM 5 0 0 

20.0 mM 13 8 (17.6) 0.6 (2.7) 

40.0 mM 13 14 (3.2) 1.3 (2.9) 

cat ions .  As re f lec ted  in the  in takes  p resen ted  in Table  2, 
one  an imal  did eat  and  d r ink  in response  to a so lu t ion  of  40  
mM Mg 2÷. However ,  this  response  was no t  ob t a ined  in o t h e r  
rats. 

Pharmacological Blockade o f  Free-Feeding 

Each of  the  five an tagon is t s  used had  a s ignif icant  effect  
u p o n  Ca= +-induced feeding.  The  pr ior  in fus ion  of  15 ug of  
a t rop ine  SO4 or 16 ug or  32 ug of  p h e n t o l a m i n e  HC1 
resul ted  in an  a t t e n u a t i o n  of  the  Ca ~÷ response .  Converse ly ,  
6 ug or 28 **g of  p r op r ano l o l  HC1, 25 ug of  h e x a m e t h o n i u m  
chlor ide  or 8 ug of  m e t hys e r g i de  e n h a n c e d  the  c o n s u m p -  
t ion  of  pel lets  observed a f te r  an in fus ion  of  Ca =+. Table  3 

shows the  effects  of four  of these agents  u p o n  levels of 
Ca2+-induced feeding and dr inking.  As ind ica ted  by  the  
pe rcen t  change  in pel let  in take  at  each dose,  the  degree of  
the  b lockade  d e p e n d e d  u p o n  its c o n c e n t r a t i o n  in the  
infusate .  However ,  it c a n n o t  be conc luded  tha t  the  ob- 
served changes  in water  c o n s u m p t i o n  were due  to a direct  
ac t ion  of  the  an tagon i s t  u p o n  a cent ra l  p a t h w a y  in f luenc ing  
fluid in take  since d r ink ing  appeared  to be prandia l .  

In examin ing  the  ef fec t  of  a c o m p o u n d  tha t  inh ib i t s  
feeding p roduced  by i n t r a h y p o t h a l a m i c  or i n t r aven t r i cu l a r  
NE, it was found  t ha t  p h e n t o l a m i n e  a t t e n u a t e d  food  in take  
on ly  par t ia l ly  a f te r  an in fus ion  of  50.4 mM Ca 2 +. This is in 
con t ras t  to  the  a lmost  comple t e  r educ t i on  in the  consump-  
t ion  of  pel lets  if p h e n t o l a m i n e  was infused pr ior  to  NE. 
Figure 2 shows the  m e a n  con t ro l  pellet  in takes  for  b o t h  NE 
and Ca ~+ feeding p lo t t ed  wi th  the  in takes  recorded  a f te r  the  
pr ior  in fus ion  of  e i the r  8 ug, 16 **g or 32 , g  of  phen to l -  
amine.  Each animal  served as its own  con t ro l  for  b o t h  NE 
and Ca2*-induced feeding.  At  each dose of  p h e n t o l a m i n e  
there  was no  s ta t is t ical  d i f fe rence  b e t w e e n  the  con t ro l  
levels of  in take  a f te r  the  in fus ion  of  e i the r  agonist .  How- 
ever, the re  were s ignif icant  d i f fe rences  ( p < 0 . 0 1 )  b e t w e e n  
the  level of  Ca 2+ and NE feeding af te r  each of the  three  
doses of  the  an tagon is t  (8 ug, t = 3.42,  d f  = 17; 16 ug, t = 
3.00, d f  = 20; 32 ug, t = 3.30, d f  = 11). 

The b lockade  by p h e n t o l a m i n e  of  these two feeding 
responses  is expressed in Table  4 ( top) .  The  m e a n  pe rcen t  
a t t e n u a t i o n  of  the  pel let  in take  observed in each experi-  
men ta l  sequence  was calculated.  Af te r  8 ug of  phen to l -  
amine ,  NE- induced  feeding was reduced  by  over  75%, while 
on ly  28% of the  Ca 2+ response  was b locked .  When 32 ,zg of 
the  an tagon is t  were in jec ted ,  the  NE feeding response  was 
reduced  by 89%, whereas  Ca 2 +-induced feeding remained  at 
50% of  its con t ro l  level. At  the  two  higher  doses of  the 
b lock ing  agent ,  there  was usually a marked  r educ t i on  in 
l o c o m o t o r  act ivi ty  pr ior  to  and af te r  the  in fus ion  of  Ca 2+ or 
NE. Also p resen ted  in Table  4 ( b o t t o m )  are the  la tencies  
for  feeding induced  by NE and Ca ~+ dur ing  the  con t ro l  
expe r imen t s  and w h e n  one  of  the  three  doses of  phen to l -  
amine  was infused pr ior  to  e i the r  of  the  o t h e r  two solu- 
t ions.  The con t ro l  l a tency  af te r  Ca 2+ was s ignif icant ly  
grea ter  t han  t ha t  for  NE- induced  feeding ( p < 0 . 0 1 ,  t = 2.50,  
d f  = 34).  However ,  af ter  16 ug of  p h e n t o l a m i n e  were 
infused,  the  mean  feeding la tency  fo l lowing the  in jec t ion  of 
i n t r aven t r i cu l a r  NE increased s igni f icant ly  ( p < 0 . 0 5 ,  t = 
1.80, d f  = 28) ;  on  the  o the r  h a n d ,  the  l a tency  for Ca ~+ 
- induced  feeding did no t  show a s ignif icant  increase unt i l  
the  pr ior  in fus ion  of 32 ug of  the  an tagon i s t  ( p < 0 . 0 5 ,  t = 
2.00,  d f  = 22). 

Motivated  Feeding 

When placed in an ope ran t  s i tua t ion ,  a sa t ia ted  rat  
infused wi th  a so lu t ion  of  excess Ca 2+ ions pressed the  two  
levers s p o n t a n e o u s l y  for  b o t h  pel le ts  and wa te r  in a sus- 
ta ined fashion.  Before  the  rat  a p p r o a c h e d  e i the r  lever, the re  
was some ini t ial  act ivi ty  a b o u t  the  chamber ,  as in the  free- 
feeding cond i t ion .  Genera l ly ,  the  an imal  c o n s u m e d  the  
d rop le t  of  wa te r  or pel let  w i t h o u t  any  i n t e r r u p t i o n  in the  
ra te  of  lever pressing. Af te r  a rapid success ion  of  responses  
at one  lever, the  rat  o f t en  swi tched  to  the  ad jacen t  bar  and  
began  pressing. There  were n u m e r o u s  ins tances  dur ing  
which  the  an imal  m o m e n t a r i l y  snif fed a b o u t  the  c h a m b e r  
b e t w e e n  groups  of  responses.  

Figure 3 i l lus t ra tes  the  average n u m b e r  of  lever responses  
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TABLE 3 

MEAN PERCENT CHANGES FROM CONTROL LEVELS OF PELLET AND WATER 
CONSUMPTION FOR EACH ANTAGONIST INFUSED PRIOR TO Ca 2÷. THE DENOMINATOR OF 
THE FRACTION INDICATES THE TOTAL NUMBER OF EXPERIMENTS FOR EACH AN- 
TAGONIST FROM WHICH THE MEAN PERCENT CHANGE WAS CALCULATED. THE NUMERA- 
TOR INDICATES THE NUMBER OF EXPERIMENTS WHERE EITHER AN ENHANCEMENT OR 
ATTENUATION IN PELLET INTAKE WAS OBSERVED, AS INDICATED BY THE DIRECTION 

OF THE ARROW. 

Percent Change in Intake Number of Experiments 
Blocking Agent and Direction of Change Pellets Water 

Hexamethonium 

8 ug 2/5 "t +16.4 +20.0 

25 ug 13/17 t +29.0* +40.0 

Propranolol 

6 ug 6/7 t +18.4 t -6.0 

28 ~g 6/9 t +29.3* -8.0 

Atropine 

6 ug 2/4 ~ -1.0 +26.0 

15 #g 11/11 ~ -45.5 t -4.1 

Methysergide 

8 ug 5/9 +33.1" +120.0 

t-test: *p<0.05, tp<0.01 from mean control intakes in the same animals 

for  pel lets  ( t op )  and wa te r  ( b o t t o m )  wi th  the  co r re spond ing  
in takes  ( r ight  axis) fo l lowing an in fus ion  of  5 ~1 of  50.4 
mM Ca ~*. The  m e a n  n u m b e r  of pel lets  c o n s u m e d  at FR 2 
and  F R  10 was s igni f icant ly  d i f fe ren t  ( p < 0 . 0 5 ,  t = 2.21,  df 
= 40).  On the  F R  10 schedule  of  r e i n f o r cem en t ,  the  rat  
r e sponded  over  300  t imes  c o m p a r e d  to less t h a n  100 on  the  
FR 2 schedule .  The m e a n  in take  of  pel le ts  dur ing  e i the r  of  
the  ope ran t  schedules  was s igni f icant ly  less t h a n  induced  by  
the  same c o n c e n t r a t i o n  of Ca ~÷ in the  f ree-feeding condi-  
t ion.  No s ignif icant  d i f fe rence  was observed in the  m e a n  
quan t i t i e s  of  wate r  c o n s u m e d  be t w een  the  two  ra t io  groups  
( p > 0 . 0 5 ,  t = 0 .60,  df = 37).  The  m e a n  wate r  consumed  
dur ing  the  f ree-feeding and ope r an t  paradigms was also n o t  
s ignif icant ly  d i f fe rent .  It is in te res t ing ,  however ,  t ha t  the  
m e a n  la tencies  in fluid c o n s u m p t i o n  of 6.3 m i n  and 2.7 min  
for  F R  2 and F R  10, respect ively ,  were b o t h  s ignif icant ly  
less t han  those  observed  dur ing  the  free-feeding cond i t ion .  

Figure 4 presen ts  represen ta t ive  cumula t ive  records  
ob t a ined  f rom two  rats  of  the  lever responses  emi t t ed  for  
b o t h  pel lets  and  water .  Af te r  an in fus ion  of  50.4 mM Ca 2÷ 
at t ime  zero,  the  ra t ' s  ini t ial  ra te  of  r e spond ing  on  the  FR 2 
and  FR 10 schedules  was very similar  to  t ha t  ra te  genera ted  
w h e n  the  same an imal  was depr ived of  food  and  fluid for  
23 hr.  

A represen ta t ive  cumula t ive  record  for  an indiv idual  ra t  
tes ted  on  th ree  schedules  of  r e i n f o r c e m e n t ,  FR 2, F R  5 and 
F R  10, and  supe r imposed  on  one  axis, is p resen ted  in Fig. 
5. A di rec t  re la t ionsh ip  exists  b e t w e e n  the  ra t io  of  rein- 
f o r c e m e n t  and  the  an imal ' s  ra te  of  pressing for  pellets.  

Fo l lowing  the  in t r aven t r i cu la r  in fus ion  of  50.4 mM Ca 2÷, 
the  ra t ' s  response  was relat ively s table  on  each  schedule  of  
r e i n f o r c e m e n t  for  a p p r o x i m a t e l y  15 min  or  even longer.  

Pharmacological Blockade of Motivated Feeding 

As ind ica ted  in Table  5, the  in fus ion  of  16 , g  of  phen -  
t o l amine  in to  the  cerebral  vent r ic le  of  the  rat  30 min  pr ior  
to an in fus ion  of  NE caused a mean  a t t e n u a t i o n  of  69 .7% 
of  the  responses  on  F R  2. This is in marked  con t r a s t  to  a 
b lockade  of  on ly  40 .5% of  Ca ~÷ feeding by  the  a lpha  
b locker  u n d e r  the  same schedule  of  r e i n fo r cemen t .  Simi- 
larly, on  the  F R  10 schedule ,  the  ra t ' s  m e a n  c o n s u m p t i o n  
of pel lets  a f te r  NE was a t t e n u a t e d  77.5% by  p h e n t o l a m i n e ,  
while  feeding af te r  Ca 2÷ remained  over  40% of  its con t ro l  
level. 

A close ag reement  exis ted b e t w e e n  the  pe rcen t  b lockade  
of  the  Ca2+-induced feeding response  dur ing  the  F R  2 and  
free-feeding cond i t ions .  However ,  w h e n  the  rat  was o n  the  
F R  10 schedule ,  the  an tagon i sm of  its feeding was even 
greater.  An increase in the  eff icacy of  the  b lockade  at F R  
10 in compar i son  to the  FR 2 schedule  was also seen dur ing  
NE- induced  feeding.  The  an t agon i sm of  NE feeding in the  
ad lib c o n d i t i o n  was s o m e w h a t  d i f fe ren t  t han  t ha t  of  the  
ope ran t  cond i t ions .  Tha t  is, at t he  FR 10 schedule  of 
r e i n f o r c e m e n t  the  pe rcen t  b lockade  jus t  app roached  the  
percen t  a t t e n u a t i o n  dur ing  free-feeding.  

A compar i son  of  the  average n u m b e r  of  pellets con-  
sumed u n d e r  b o t h  schedules  of  r e i n f o r c e m e n t  fo l lowing 
a lpha-adrenergic  b lockade  is p resen ted  in Fig. 6. The levels 



574 MYERS A N D  B E N D E R  

125- 

100" 

n 
LLI 

(/) 
z 75- 
0 
~D 

(/3 
I- 
iii 
.J 
._I 

~_ 5o- 

z 
uJ 

25- 

O- 

t 
"%,. 

O ....:'..... 
".:: ....... Ca 2+ CONTROL • 

..... ,." ........... o ................................................ :....,,::":':::::= 

[ ]  "N. .... 

° ~ E D  n=l ING 

~ n  
n=9 

n'0  
~ e ~  NE FEEDING 

n=13 • 
n=4 

PHENTOLAMINE  DOSE (pg) 

FIG. 2. Mean pellet intake induced by Ca:+ (c~) or NE (e) after the 
prior infusion of three doses of phentolamine. The upper two curves 
indicate the control levels of feeding in the same animals induced by 
either Ca 2÷ or NE alone. The number of experiments is indicated by n. 

o f  in take  wi th in  each rat io g roup  were no t  s igni f icant ly  
d i f fe ren t  du r ing  Ca 2÷- or NE- induced  feeding.  However ,  
fo l lowing the in fus ion  o f  16 #g of  p h e n t o l a m i n e ,  the  
m a g n i t u d e  o f  b lockade  o f  ca t ion  and a mine  feeding was 
s igni f icant ly  d i f fe ren t  u n d e r  b o t h  of  the  schedu les  (FR  2, 
p < 0 . 0 5 ,  t = 1.72, d f =  2 2 ; F R  10, p < 0 . 0 1 ,  t = 2 .80,  d f =  
20). Again,  the  Ca 2+ b lockade  was near ly  ha l f  as great ,  and  
it shou ld  be n o t e d  tha t  a l t h o u g h  the m a g n i t u d e  o f  b lockade  
is d i f fe ren t ,  the  pa t t e rn  o f  the  b lockade  is h ighly  similar.  
F u r t h e r m o r e ,  the  re la t ionsh ip  of  a lpha-adrenergic  b lockade  

T A B L E  4 

MEAN PERCENT BLOCKADE (TOP) OF THE FREE-FEEDING 
INDUCED BY EITHER NE OR Ca 2÷ AFTER THE PRIOR 
INFUSION OF THREE DOSES OF PHENTOLAMINE. THE 
MEAN CONTROL AND FEEDING LATENCIES AFTER 
PHENTOLAMINE (BOTTOM) ARE ALSO SHOWN FOR THE 
SAME ANIMALS. THE NUMBER OF EXPERIMENTS IS 

INDICATED IN THE PARENTHESES. 

Condition Control Percent Blockade by Phentolamine 

Free-Feeding CSF 8 #g 16 #g 32 #g 

10 ~g NE HCI 77.1 (6) 84.2 (13) 89.1 (4) 

50.4 mM Ca 2÷ 27.8 (13) 36.3 (18) 50.2 (9) 

Latency to Feed (rain) 
After Phentolamine 

10 #g NE HCI 2.6 (20) 3.0 (5) 4.8 (10)* 4.6 (4)* 

50.4 mM Ca 2÷ 4.7 (16) 5.6 (13) 4.5 (16) 7.5 (8)* 

*p<0.05 from control latency 

T A B L E  5 

MEAN PERCENT PHENTOLAMINE (16 #g) BLOCKADE OF FEEDING INDUCED BY NE AND 
Ca 2÷ DURING AN FR 2 OR FR 10 SCHEDULE OF REINFORCEMENT (LEFT). THE MEAN 
CONTROL AND POST PHENTOLAMINE FEEDING LATENCIES ARE SHOWN ON THE RIGHT. 

THE NUMBER OF EXPERIMENTS IS INDICATED IN THE PARENTHESES. 

Percent Blockade Latency 
Condition by Phentolamine Control Post Phentolamine 

16 ug 16 ug 

FR 2 

10 #g NE HC1 69.7 (12) 1.9 (7) 5.4 (12)* 

50.4 mM Ca 2+ 40.5 (15) 4.5 (6) 3.8 (15) 

FR 10 

10#g NE HC1 77.5 (11) 2.9 (8) 3.2 (11) 

50.4 mM Ca 2÷ 58.9 (11) 3.6 (8) 4.3 (6) 

*p<0.05 from control latency 
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FIG. 3. Mean lever-press responses (m) for pellets (top) and water (bottom) at an FR 2 and FR l0 
schedule of reinforcement. The corresponding number of pellets or ml of water consumed is 

indicated on the right axis (u). 

during the operant conditions is very similar to the antag- 
onism of free-feeding illustrated in Fig. 2. 

Records of lever responding for pellets consumed follow- 
ing the intraventricular infusion of 50.4 mM Ca 2÷ and 10 #g 
NE are presented in Fig. 7. The representative cumulative 
records, under both FR 2 and FR 10 schedules of reinforce- 
ment, are also contrasted with those following the infusion 
of 16 ug of phentolamine. Though the slopes generated by 
the rats are different under the two schedules, the rates of 
response emitted by the rats at each ratio are very similar 
following an infusion of NE or Ca 2÷. However, 30 rain after 
the infusion of phentolamine, the slope of NE-induced 
feeding under FR 2 is much less steep than that observed 
following Ca 2÷. On FR 10 the slopes are nearly identical 
but NE-induced feeding did not continue nearly as long. 

The latencies for Ca 2÷ and NE feeding are compared to 
those after phentolamine blockade in Table 5. As in the 
free-feeding condition, the control latency for NE feeding 
at FR 2 was substantially less than that observed after an 
infusion of Ca 2+. When the rats were given 16 #g of the 
antagonist at this schedule, only the latency of NE eating 
increased significantly (p<0.01, t = 1.80, d.f= 28). On the 
FR 10 schedule, the latencies for both responses increased 
after phentolamine, but neither was significantly different. 

DISCUSSION 

The ingestive behavior following the intraventricular 
infusion of a solution of excess calcium ions seemed to 
resemble a response to natural hunger. That is, the animal 
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the hungry animal was placed into the chamber. 

related the cues associated with its internal  env i ronment  to 
a previously learned task in order  to reduce this drive state  
[22] .  As a result ,  the animal approached  a lever and 
depressed it to  obta in  pellets at a rate equal to that  ob- 
served af ter  food deprivat ion.  Thus,  the infusion of  Ca 2. 
appears  to involve a central  physiological  imbalance that  is 
alleviated by the mot iva ted  response to acquire food.  

Al though  the  mechan i sm by which excess Ca 2+ in the 
brain produces  feeding is u n k n o w n ,  Ca = ÷ may evoke a s tate  
of  behavioral  arousal similar to the effect  o f  electrical 
s t imula t ion  of  the lateral h y p o t h a l a m u s  [10] .  Allowing for 
the variation in the s t ructures  reached by the Ca 2+ solu t ion  
and for  d i f ferences  in the rat 's  internal  drive state at the 
t ime of  the infus ion,  this could account  for  the absence of  
feeding in some animals tha t  nevertheless  did exhibi t  o the r  
behavior.  However,  the cons is tency  and magni tude  of  
feeding in many  animals indicate  that  the react ion is far 
more  specific. 

An alternative exp lana t ion  is tha t  the  cat ion causes an 
a l tera t ion in permeabi l i ty  of  the neuronal  m e m b r a n e  result- 
ing in the depolar iza t ion  of  neurons  that  are involved in the 
ini t iat ion of ingestive activity [42 ] .  However,  this would 
not  account  for the fact that  a so lu t ion  of  Na +, Mg 2. or 
part icularly K +, which in the concen t ra t ions  used are also 
able to alter the exci tabi l i ty  of  the cell, did no t  s t imulate  

feeding. Fu r the rmore ,  Ca 2 + has been  found  to have a stabi- 
lizing effect  upon  the neuronal  m e m b r a n e  when infused 
into the ventricle of  a cat [45] .  Several investigators have 
shown tha t  the effect  of  Ca ~÷ upon  t ransmi t te r  release is 
due to a direct  act ion upon  the synapt ic  vesicles ra ther  than 
on fiber conduc t ion  [4 ,15] .  

Al though the s t ruc ture  upon  which Ca 2+ acts is un- 
known ,  its possible effect  on the ven t romedia l  nucleus of 
the h y p o t h a l a m u s  should be cons idered  since this s t ruc ture  
lies in close p rox imi ty  to the third ventricle.  For  example ,  
if Ca ~+ released norep inephr ine  f rom the vent romedia l  
nucleus or p roduced  a t empora ry  func t iona l  lesion of  that  
s t ructure ,  the net  effect  of  the cat ion would be direct ly 
upon  cells t hough t  to play an inh ib i tory  role in feeding 
behavior ,  ra ther  than upon  first order  neurons  responsible  
for  the ini t iat ion of  an ingestive response.  Our behavioral  
observat ions  do no t  suppor t  this no t ion ,  however ,  since 
ne i ther  a decrease in r andom activity [44] ,  nor  the  lack of  
mot iva ted  activity for food that  is character is t ic  of  an 
animal wi th  a vent romedia l  lesion [23,44] occurred after  
the infusion of  Ca 2+. In fact ,  l o c o m o t o r  activity clearly 
increased fol lowing the Ca =* infus ion a l though this admit-  
tedly was a t ransient  change. Fur ther ,  the rat 's  lever press- 
ing for  pellets during a th i r ty  minu te  per iod af ter  an 
infusion of  Ca 2+ equalled 25% of  the total  responses  for 12 
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hr observed by Teitelbaum [44] in dynamic and obese 
hyperphagic animals that were on the same schedule of 
reinforcement. The apparently high level of motivation for 
food after an elevation in brain Ca 2. is not consistent with 
behavior following the elimination of ventromedial func- 
tion. 

An appealing explanation of the Ca 2+-induced feeding is 
that the cation affects the presynaptic membrane of a 
noradrenergic fiber system subserving feeding behavior. 
Peripherally, Ca :+ acts at the terminal bouton to mobilize 
stored norepinephrine [2],  as well as in the hypothalamus 
to release this catecholamine from the vesicles [35]. From 
our observations, this alone does not seem to be the sole 
mechanism responsible for the rat's intense feeding after an 
intraventricular infusion of Ca 2 +. 

Whereas  the alpha-adrenergic antagonist drastically 
reduced the ingestive response observed after the intra- 
ventricular injection of norepinephrine during both the 
free- and operant-feeding conditions, the amount consumed 
after the Ca 2+ infusion remained at 65%, 60%, and 40% of 
the ad lib, FR 2 and FR 10 control levels, respectively 
(Tables 4 & 5). These striking differences in the magnitude 
of alpha receptor blockade suggest that the effect of Ca 2÷ is 
mediated through an additional pathway in the dienceph- 
alon that is distinct but as yet unknown neuropharma- 
cologically. 

The near parallelism of the NE and Ca ~+ blockade curves 
in Fig. 2 and the longer latency of the Ca 2÷ response could 
reflect a common mechanism of action. If this were so, 
corresponding increases in both the Ca 2÷ and NE feeding 
l a t e n c i e s  should  arise after phentolamine blockade. 
However, after 16 ug of the antagonist were infused during 
the free-feeding and FR 2 conditions, or ly  the latency for 

no rep inephr ine - induced  feeding showed a significant 
increase (Table 5). Perhaps phentolamine did not occupy a 
sufficient number of the same type of receptor sites onto 
which NE is released; however, Kleinrok and Zebrowska- 
Lupina [ t8]  showed that 10 tag of phentolamine infused 
intraventricularly blocked significantly the stimulating 
effect of systemic amphetamine upon locomotor  activity. 
Since the excitatory effect of amphetamine is presumably 
mediated by the release of NE in the brain [9] the alpha- 
antagonist in this comparatively low dose does ostensibly 
occupy a sufficient number of receptors onto which 
NE is liberated. 

The possibility that a noradrenergic mechanism is not 
entirely responsible for feeding has already been raised 
[ 19]. Neurons located in the lateral hypothalamus contain 
a chemoceptive profile through which a number of agents 
may stimulate feeding. Thus, the role of NE as either an 
excitatory or inhibitory transmitter in ingestive behavior 
has been questioned. For example, a rat ate spontaneously 
after the intrahypothalamic injection of cyclic AMP [3],  
the nucleotide through which the action of catecholamines 
are thought to be mediated both peripherally [43] and 
centrally [14]. However, these ingestive responses de- 
pended upon taste preferences that had been paired 
previously with the injections of cyclic AMP. Thus, the 
effect of NE upon the feeding system in the rat's dienceph- 
alon may be secondary to its alteration of local cellular 
metabolism. 

Nevertheless, the partial reduction of feeding by phen- 
tolamine along with the enhancement of the Ca 2+ response 
by propranolol certainly indicate some alpha-adrenergic 
receptor component in the response. This agrees with the 
finding that norepinephrine induces feeding after the prior 
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phentolamine levels of feeding induced by NE and Ca 2., 

in fus ion  of  p rop ran o l o l  [1] as well as wi th  the  idea t ha t  
alpha-  and  be ta -adrenerg ic  recep tors  could  be  involved in 
pa thways  subserving h u n g e r  and  sa t ie ty  [ 2 0 ] .  

The  reliable a t t e n u a t i o n  of  Ca ~÷ feeding by  intra-  
ven t r i cu la r  a t rop ine  po in t s  to  a possible  chol inerg ic  l ink in 
the  feeding circuit .  On the  one  hand ,  ca rbacho l  appl ied to 
the  h y p o t h a l a m u s  can evoke feeding in the  rat  [6,  8, 46 ]  
and  r a b b i t  [ 4 0 ] ,  whereas  the  sys temic  or  in t rac ran ia l  
a d m i n i s t r a t i o n  of  a t r o p i n e  m ay  par t ia l ly  inh ib i t  b o t h  
induced  feeding and  na tu ra l  h u n g e r  [ 11,21 ].  I n a s m u c h  as 
Ca ~ + does release ace ty l cho l ine  in the  b ra in  [ 3 6 ] ,  its p o t e n t  
ef fec t  u p o n  feeding may  in par t  be d e p e n d e n t  u p o n  a 
chol inerg ic  p a t h w a y  [25 ,28  ].  

Even t h o u g h  the  ca t ion  may  affect  chol inergic  synapses  
in the  bra in ,  the re  is some ques t ion  pe r ta in ing  to  the  
specif ic i ty  of  a t rop ine  in causing a r e d u c t i o n  in feeding.  An 
in t r aven t r i cu l a r  in j ec t ion  of  a t rop ine  in the  cat resul ted  in 
an EEG of  h igh  voltage slow waves and  a general  depress ion  
of  m o t o r  ac t iv i ty  [5 ] .  Rinaldi  and  Himwich  [38]  p roposed  
t h a t  the  tha lamic  sys tem for  behav iora l  arousal  d e p e n d e d  
u p o n  the  in tegr i ty  of  the  chol inerg ic  pa thways .  Conse-  
quen t ly ,  the s ignif icant  i n h i b i t i o n  of  food  in take  a f te r  
a t rop ine  is admin i s t e r ed  sys temica l ly  m ay  be due  to its 

a t t e n u a t i o n  of  a requi red  s ta te  of  vigilance [41 ]. Fo r  these 
reasons,  the  e n h a n c e m e n t  of  Ca 2*-induced feeding observed 
a f te r  a p r io r  in fus ion  of  h e x a m e t h o n i u m  was u n e x p e c t e d  
cons ider ing  t ha t  a t rop ine  also b locks  the  ef fec t  of  acetyl-  
chol ine  on a u t o n o m i c  ganglia. However ,  if the  p roposed  
i n h i b i t o r y  synapses  f rom the  v e n t r o m e d i a l  to  la teral  
h y p o t h a l a m i c  area are n ico t in ic  r a the r  t h a n  muscar in ic  in 
charac te r ,  h e x a m e t h o n i u m  would be able to  b lock  this  
in f luence  and release the  faci l i ta t ing effects  of  Ca ~÷. 

A l t h o u g h  the  in t r aven t r i cu la r  in j ec t ion  of  s e ro ton in  has 
on ly  a m i n o r  effect  u p o n  feeding [ 3 2 ] ,  me thyse rg ide  may  
al ter  the  ra t ' s  level of  arousal .  A sys temic  in jec t ion  of  5-HT 
reduces  daily food  in take  of  a rat  by  as m u c h  as 20% [41 ] ,  
and  me thyse rg ide ,  by  its k n o w n  ac t ion  in small  a m o u n t s  
[ 7 ] ,  may  have b locked  the  i n h i b i t o r y  in f luences  of  some 
t ryp t amine rg i c  sys tem.  Thus,  when  the  s e r o t o n i n  an tagon is t  
was admin i s t e red  pr ior  to  Ca ~+, the  a m o u n t  of  feeding t ha t  
fo l lowed was enhanced .  

Whe the r  or no t  the  n e u r o n s  t ha t  are involved in the  Ca 2 + 
ea t ing p h e n o m e n o n  have a func t iona l  role dur ing  na tura l  
h u n g e r  is unc lear  at present .  Fu r the r ,  it remains  to  be deter-  
mined  w h e t h e r  neu rons  wi th in  the  l imbic  fo rebra in  - 
l imbic  midb ra in  feeding circuit  descr ibed  by  Morgane [24]  
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are selectively sensitive to  the concen t ra t ions  of  Ca 2÷ in the 
extracellular  fluid. If so, this may be similar to the intrinsic 
activity of  Na ÷ and Ca ~+ ions in the  pos ter ior  hypo tha l amus  
which is thought  to  establish the se t -point  for  b o d y  temper-  
ature in the  cat and m o n k e y  [30 ,33] .  Recent ly ,  Myers and 
Tytell  [29] observed that  the  endogenous  levels of  these 
two  cat ions shif ted in a reciprocal  fashion wi thin  the 

cerebrospinal  fluid during the deve lopment  of  a fever. If the 
same sort  o f  a l terat ion in the aff ini ty of  hypo tha l amic  cells 
for  endogenous  Ca 2÷ could be demons t r a t ed  in cases of  
chronic  obes i ty ,  more  substant ive evidence for the presence  
of an ionic mechanism under ly ing the se t -point  for body  
weight  would be provided.  
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