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The Interaction of Hypothalamic Self-Stimulation 

Reward  p roduced  by  in t racrania l  s t imula t ion  (ICS) 
in terac ts  wi th  dr ives  such as hunger  I, t h i r s t  2, and  sex 3, 
indicat ing t h a t  cent ra l  reward  m a y  be similar  to the  
induct ion  of a specific dr ive and  its reduct ion.  Also, ICS 
is preferred to food by  some ra ts  given a choice of ICS 
or food dur ing  1-h dai ly tests,  and these  animals  self- 
s ta rve  4. The t e m p e r a t u r e  regulat ion sys tem also fits a 
d r ive- in te rac t ion  pa rad igm in t h a t  ra t s  become hyper -  
the rmic  dur ing  self-st imulat ion,  and ra te  of ob ta in ing  
ICS is inversely re la ted to a m b i e n t  t e m p e r a t u r e  5,6. The 
presen t  s tudy  examined  whe the r  ra t s  in a cold environ-  
m e n t  would self-freeze if given a choice be tween  hea t  
and ICS. 

Method.  Adul t  male albino ra ts  were t ra ined  to work  
for r ad i an t  hea t  in an a m b i e n t  t e m p e r a t u r e  of - -  5 ~: 2 ~ 
in a 29 • 21 • 23 cm cage. A Plexiglas  lever m o u n t e d  at  
one end of the  cage ac t iva ted  a pai r  of infrared hea t  
l amps  for a dura t ion  of 3 sec a t  a power  diss ipat ion of 
150 w per  lamp.  The lamps  were m o u n t e d  6 cm outs ide  
the  cage and focused so t h a t  hea t  covered the  la teral  
surface of the  subjec t  f rom each side. The animals  were 
shaved for all tes ts  including those  wi th  ICS. W h e n  
s table  and reliable ra tes  of responding  for hea t  were 
obta ined,  4 monopola r  stainlessLsteel electrodes insula ted  
excep t  for 0.5 m m  of beveled t ip  were implan ted .  These 
were d i rec ted  to various pa r t s  of the  preopt ic  area, a n d  
anter ior  and  poster ior  h y p o t h a l a m u s L  The reference 
electrode was a s tainless-steel  screw aff ixed to  the  
cranium. Biphas ic  rec tangular  pulse pairs  of 0.2 msec 
dura t ion  separa ted  by  0.2 msec were p r o g r a m m e d  at  a 
f requency  of 200pps.  for a gate  dura t ion  of 0.3 sec 
con t ingen t  upon  a lever  response.  Base to peak  cur ren t  
was de te rmined  by  measur ing  the  vol tage drop across a 
series resis tor  w i th  a CRO and  appropr ia te  s t imulus-  
isolat ion t ransformers .  E leven  electrode sites in 8 ra t s  
p rov ided  s table  ra tes  of responding  ( >  20 responses  per  
rain), and these  were selected for fu r the r  s tudy.  2 levers 
were m o u n t e d  at  opposi te  ends of the  t e s t  cage for choice 
tes t s ;  hea t  re in forcement  was p r o g r a m m e d  on one lever 
and ICS on  the  other.  A tes t  was t e r m i n a t e d  af ter  60 min  
if the  an imal  had  received an average of more  t h a n  1 hea t  
re in forcement  per  min,  b u t  was otherwise  cont inued  unt i l  
e i ther  cont inuous  responding  for hea t  or a t ax ia  was noted.  

and Temperature Regulation 

Recta l  t e m p e r a t u r e  (Tre) was measured  before and af ter  
a tes t  wi th  a t he rmi s to r  p robe  inser ted 5 cm. 

Resul ts  and  discussion.  Baseline ra tes  of hea t  reinforce- 
merit  were ob ta ined  f rom the  average of th ree  4-h tes ts  
wi th  a 5 day  in te r t es t  interval ,  while basel ine ICS was 
ob ta ined  f rom the  average of five 30-rain tes t s  on con- 
secut ive days.  These da t a  are given in the  Table wi th  the  
except ion  of p re te s t  Tre's,  which were 37.5 i 0.5~ for 
all tests .  I - Iyperthermia (Tre > 39~ dur ing  ICS tes t s  
was no ted  for 4 of the  6 subjects  wi th  ros t ra l  hypott~alamic 
electrodes,  bu t  not  for subjec ts  w i th  pos ter ior  electrodes.  

The da t a  for the  init ial  choice tes ts  are p resen ted  in 
the  Table,  and show t h a t  ra ts  wi th  poster ior  electrodes 
prefer  ICS to  hea t  such t h a t  an 84-99% reduc t ion  in 
ra te  of obta in ing  hea t  occurred.  The animals  typica l ly  
pressed the  ICS lever con t inuous ly  a l though  ra te  of 
responding  decreased as t ime  progressed and the  subjec ts  
became hypo the rmic .  Occasional  responses  on the  hea t  
lever occurred, bu t  these  were sporadic.  Rigid m o v e m e n t s  
and a tax ia  were obvious as the  ra te  of ICS a p p r o a c h e d  
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A) Cumulative record showing rate of response for intracranial stimulation (ICS) and the occurrence of heat reinforcements for a 
rat with a posterior hypothalamic electrode. The subject obtained 2, 768 ICS and 25 heat reinforcements in 64 rain. B) Rate of response 
for ICS during alternating 15 min on-off intervals and the occurrence of heat reinforcements when ICS was not available. 
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Rates of responding for heat and/or intracranial stimulation (ICS), and post-test rectal temperature 
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Non-choice baseline Choice 
Subject- Current 
electrode (txA) Heat Tre ICS per Tre Rate/min I~i-5 ~ Tre Test 

reinforc, per (~ min I~i 25 ~ (~ Heat ICS (~ duration 
min I~i-5 ~ (min) 

A) Posterior hypothalamic electrodes 

1-5 225 5.1 38.4 108 38.9 0.04 51 21.4 110 
3-3 624 4.3 38.5 87 38.0 0.12 37 24.4 52 
3-5 624 - - 65 38.8 0.62 35 25.6 58 

13-2 386 6.0 38.0 78 38.6 0.99 27 22.0 412 
17-5 295 4.0 38.4 72 38.1 0.38 43 24.3 64 
Group mean 4.85 38.32 82 38.36 0.43 38.6 23.54 79 

B) Rostral hypothalamic electrodes 

2-4 545 4.9 37.5 57 39.2 1.8 17 34.2 60 
3-2 995 4.3 38.5 24 39.4 3.3 21 38.2 60 
4-1 995 4.3 38.2 23 39.1 3.0 21 38.2 60 

15-5 545 5.4 38.0 67 39.3 1.9 16 36.8 60 
18-2 545 5.9 38.4 103 38.2 2.9 61 37.2 60 
18-4 545 - - 63 38.4 4.2 26 37.6 60 
Group mean 4.96 38.12 56.8 39.0 2.85 27.0 37.0 60 

zero, and feeble a t t e m p t s  to press t he  hea t  lever or escape 
f rom the  cage followed. Average pos t t e s t  Tre was 23.5 ~ 
a value t h a t  is qui te  close to t he  cri t ical  t e m p e r a t u r e  for 
se l f -s t imulat ion of 22-23 ~ ". Figure A shows the  cumu-  
la t ive  record of an ICS-pers i s ten t  rat .  All animals  w i th  
ros t ra l  h y p o t h a l a m i c  electrodes a l t e rna ted  be tween  the  
hea t  and  ICS levers;  the  reduc t ion  in ra te  of ob ta in ing  
hea t  var ied  be tween  29-65%.  The lowest  Tre for an 
an imal  in th is  group was 34.2~ while the  mean  was 
37.O ~ 

Subsequen t  t es t ing  showed these  results  were repli- 
cable, and  could no t  be accounted  for by  a for tu i tous  
cu r ren t  selection or s imple persevera t ive  responding  on 
the  ICS lever. Animals  wi th  ros t ra l  electrodes a l t e rna ted  
be tween  the  hea t  and  ICS levers when  cur ren t  was  
increased,  while subjec ts  w i th  pos ter ior  e lectrodes worked  
for ICS unt i l  cur ren t  values  near  th reshold  were a t t a ined  
and  t h e n  swi tched  to cont inuous  respond ing  for heat .  
A compuls ive  response  a u t o m a t i s m  on the  ICS lever by  
subj ects wi th  pos ter ior  electrodes was ruled out  by  mak ing  
ICS avai lable only 50% of the  t ime ;  the  on-off  in tervals  
were  10, 15, or 20 rain. The ou tpu t  of the  s t imula to r  
was  d i sconnec ted  at  the  end of an ICS . in te rva l ,  while 
2 free s t imula t ions  were given to  signal the  avai labi l i ty  
of ICS at  the  end of a t ime-ou t  period.  H e a t  was avai lable 
a t  all t imes.  The subjects  worked  for ICS when  i t  was 
available,  b u t  p r o m p t l y  began  to  press for hea t  when  i t  
was  not.  Figure  t3 shows an example  of a l te rna t ion  
ob ta ined  in th is  manner .  

BRIESE et  al. 5, ~ have  suggested an over lap of t empera -  
tu re  and  reward  sys tems  based  on a dua l -cen te r  model  

of the  t he rmoregu la to ry  sys t em proposed  by  BENZIN- 
GEE 1~ Pers i s t en t  r e spond ing  for poster ior  ICS in t he  
cold is cons is ten t  wi th  th is  view, bu t  h y p e r t h e r m i a  wi th  
ros t ra l  ICS is not .  The difficult ies involved in a cons is ten t  
appl ica t ion  of the  BENZINGER model  to ICS da t a  could 
mean  e i ther  t h a t  the  model  is i nadequa te  or t h a t  t he  
dr ive- in te rac t ion  pa rad igm itself  is i nadequa te  11. 

Rdsumd, Plac6s dans  un  en v i ro n n emen t  froid, les ra t s  
qui ava ien t  des 61ectrodes implant6s  darts l ' h y p o t h a l a m u s  
post6rieur,  pr6f6raient  la s t imula t ion  in t r ac rann ienne  5~ 
un r6chauf fement  de l ' en v i ro n n emen t ;  de ce fair, ils 
devena ien t  hypo the rmiques .  Les ra ts  qui ava ien t  des 
61ectrodes implant6s  dans  l ' h y p o t h a l a m u s  ant6r ieur  
ac t ionna ien t  a l t e r n a t i v e m e n t  les leviers de chauffage et  
ceux du couran t  61ectrique; ils 6vi ta ient  ainsi  de devenir  
hypo the rmiques .  
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Vagus Pneumonia as Membrane Phospholipase Activation 

LlSS~_K et al. 1 po in ted  to  a s y m p a t h e t i c  p r edominance  
af ter  vago tomy.  We  t r ied  to approach  the  direct  site of 
s y m p a t h e t i c  neural  control  in t he  lipid me tabo l i sm of 
cy tosomal  fraction,  ob ta ined  f rom the  r abb i t  lungs af ter  
vago tomy.  

We conduc ted  the  exper imen t s  on r abb i t s  weighing 
f rom 1.6-2.4 kg. To avoid the  aspi ra t ion  the  r abb i t s  were 

t r acheo tomized  af ter  the  bi la teral  cervical vago tomy.  A 
similar  procedure  was carried out  on sham opera ted  rab-  
b i t s  w i t h o u t  vago tomy.  5 h af ter  v a g o t o m y  rabb i t s  were 
exsangu ina ted  and  the  lungs r emoved  immedia te ly .  
Cytosome f rac t ion of l u n g  was ob ta ined  by  means  of 
centr i fuging wi th  20,000 g, according to procedure  of 
REISS ~ af ter  p repar ing  homogena tes  in 0 . 3 M  sucrose 


