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Evoked Release of 5 -HT and NEFA from the Hypothalamus of the Conscious Monkey During Ther-  
moregulat ion ~ 

The  a n t e r i o r  h y p o t h a l a m u s  con ta ins  a mu l t i p l e  neuro-  
chemica l  s y s t e m  w h i c h  m e d i a t e s  t h e  r e g u l a t i o n  a g a i n s t  
h e a t  a n d  cold s t ress  ~. T h e  ev idence  for t h i s  s y s t e m  was  
p rov ided  b y  e x p e r i m e n t s  in  wh ich  pe r fu sa t e  col lected 
f rom t h e  a n t e r i o r  h y p o t h a l a m u s  of a cold donor  m o n k e y  
caused  fever  in  a second m o n k e y  w h e n  t h e  pe r fusa t e  was  
t r a n s f u s e d  d i rec t ly  to  a co r r e spond ing  site. However ,  
pe r fu sa t e  f rom the  a n t e r i o r  h y p o t h a l a m u s  of  a w a r m  
donor  m o n k e y  lowered t h e  r ec ip ien t  m o n k e y ' s  t e m p e r a -  
t u r e  w h e n  a s imi la r  h y p o t h a l a m i c  t r a n s f u s i o n  was car r ied  
out .  The  p r e s e n t  i n v e s t i g a t i o n  was  u n d e r t a k e n  in  order  
to  i den t i fy  t h e  p o t e n t  chemica l  f ac to r s  re leased f rom t h e  
a n t e r i o r  h y p o t h a l a m u s  in  response  to  t h e r m a l  stress. 

Mater ia ls  and  method. E a c h  of 9 ma le  rhesus  m o n k e y s  
was acc l ima ted  to  a p r i m a t e  r e s t r a i n i ng  chair .  A mul t ip l e  
' push -pu l l '  c a n n u l a  a a r r a y  was t h e n  i m p l a n t e d  in  t h e  
a n i m a l ' s  h y p o t h a l a m u s  us ing  asept ic  p r ecau t i ons  a n d  
m e t h o d s  descr ibed  p rev ious ly  4. To m o n i t o r  b o d y  te rn ,  
pe ra tu re ,  a t h e r m i s t o r  b e a d  was pos i t ioned  aga i n s t  t h e  
wal l  of t h e  pos te r io r  p o r t i o n  of t h e  fa lx  cerebri .  Pos t -  
opera t ive ly ,  a 7-10  d a y  i n t e r v a l  e lapsed  before  ~;he f i r s t  
expe r imen t .  

Before  a pe r fus ion  was begun ,  t h e  m o n k e y  was fed i ts  
m o r n i n g  mea l  of b a n a n a  pel le ts  u n t i l  ful ly sa t i a ted .  Af te r  
a base- l ine  t e m p e r a t u r e  of a t  leas t  1 h was recorded,  t h e  
' p u s h '  c a n n u l a  was  lowered to  a d e p t h  of 1-2  m m  below 
t h e  t ip  of t h e  o u t e r  'pu l l '  cannu la .  Then ,  e i t he r  Locke  
solut ion,  a t  a p H  of 7.0, or 0 .9% saline,  a t  a p H  of 6.0, 
was  pe r fused  a t  t h e  t ip  of t h e  ' p u s h '  c a n n u l a  a t  a r a t e  
of 25-100 [xl/min over  a n  i n t e r v a l  of 30-40  min .  To cool 
t he  monkey ,  d ry  ice in  wire  m e s h  con ta ine r s  was  p laced  
in t h e  cha i r  c h a m b e r ,  wh ich  s u r r o u n d e d  t h e  a n i m a l  be-  
tween  t h e  neck  a n d  pelvis.  D u r i n g  cooling,  t h e  t e m p e r a -  
t u r e  of t h e  a i r  in  t h e  a rea  a r o u n d  t h e  a n i m a l ' s  t r u n k  fell 
to  0 ~ to  - -10 ~ To h e a t  t h e  m onkey ,  a s t r e a m  of w a r m  
a i r  was  b l o w n  in to  t h e  sealed c h a m b e r ,  a n d  t he  t em-  
p e r a t u r e  of t h e  air  s u r r o u n d i n g  t h e  t r u n k  was e l eva ted  
to  b e t w e e n  50~ a n d  55~ Ordinar i ly ,  1 - 2 h  e lapsed 
b e t w e e n  a con t ro l  pe r fus ion  a n d  a pe r fus ion  car r ied  o u t  
d u r i n g  t h e r m a l  stress.  

I n  t h e  p r e s e n t  expe r imen t s ,  t he  c o n t e n t  of 5 -HT in  
t he  ' push-pu l I '  p e r fu sa t e  was  e s t i m a t e d  b y  a s say ing  t h e  
e f f luen t  on  t h e  i so la ted  r a t  s t o m a c h  f u n d u s  s t r ip  accord ing  
to  t h e  m e t h o d  of VAI~E 5. T he  i den t i f i c a t i on  of 5- I IT was 
ver i f ied  b y  b lock ing  t h e  muscle  con t r ac t i ons  w i t h  B r o m -  
L S D  (BOL) or  me thyse rg ide ,  e i t he r  of wh ich  was added  
to t h e  b a t h  for  10 min .  A N E F A - l i k e  s u b s t a n c e  was  
d i scovered  in  t h e  pe r fu sa t e  a f t e r  t he  e f f luen t  was  e x t r a c t e d  
fol lowing t h e  ch lo ro fo rm m e t h o d  of ITAYA a n d  UI% 
E s t i m a t e s  of N E F A  c o n t e n t  in  t he  pe r fu sa t e  were m a d e  
accord ing  to  t he  s p e c t r o p h o t o m e t r i c  ana lys i s  of D u ~ -  
C O M B E  7 .  

Results  and discussion. W h e n  t h e  an te r ior ,  p re -op t i c  
region of t h e  h y p o t h a l a m u s  a t  t he  coronal  p l ane  A P  17.0 
was perfused,  t h e  release of b o t h  5 -HT a n d  N E F A  a l te red  
s ign i f i can t ly  d u r i n g  t h e r m a l  stress.  T he  re s t ing  o u t p u t  
of 5 -HT f rom th i s  a rea  va r i ed  f rom a n i m a l  to  a n i m a l  in a 
r a n g e  of f r o m  0.1-1.1 n g  pe r  30 rain.  W h e n  t h e  m o n k e y  
was exposed  to  t h e  severe  cooling for  a pe r iod  of 20-40 min ,  
t he  release of 5 -HT w i t h i n  t he  a n t e r i o r  h y p o t h a l a m u s  
increased  f rom 4- to  24-f01d. On t h e  o the r  h a n d ,  h e a t i n g  
usua l ly  fai led to  af fec t  t h e  r e s t ing  level  of 5-HT, a n d  in 
some cases a c t u a l l y  suppressed  t h e  n o r m a l  o u t p u t  b y  
as m u c h  as 50 -100%.  T he  F igure  i l lu s t r a t e s  t h e  changes  
in t h e  r a t e  of 5 -HT release f rom t he  h y p o t h a l a m u s  of 
2 r e p r e s e n t a t i v e  m o n k e y s  d u r i n g  t h e  cond i t ions  of cooling 

and  hea t ing .  The  c o n t e n t  of 5 -HT in t h e  pe r fu sa t e  was  
h ighes t  du r ing  cooling w h e n  t h e  c a n n u l a  t ip  r e s t ed  d i rec t ly  
in  t h e  a n t e r i o r  region of t h e  h y p o t h a l a m u s .  I n  con t ro l  
' push -pu l l '  per fus ions  of o t h e r  h y p o t h a l a m i c  areas  inc lud-  
ing t he  pos te r io r  h y p o t h a l a m u s  t h e r e  was v i r t u a l l y  no  
effect  on  t h e  r a t e  of 5 -HT release in a h e a t e d  or cooled 
monkey .  
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The output of 5-HT in rig/30 min from 2 sites in the anterior, pre- 
optic region of the hypothalamus of 2 unanaesthetized rhesus mon- 
keys. For site A; the bars represent the following 'push-pull' per- 
fusions: 1, control; 2, during cooling; 3, post-cooling control; 
4, during heating; and, 5, post-control. For site B; 1, control; 
2, during cooling; 3, control; and 4, during heating, ac, anterior 
commissure; oc, optic chiasm; a, anterior hypothalamie area; p, pre- 
optic region; AP 17.0, coronal level at 17.0 mm rostral to stereo- 
tame zero. 

Levels of NEFA-like substance in brain perfusate of the monkey 
estimated by spectrophotometry 

Perfusate (~moles/30 rain) (mean 4- S.D.) 

Control (n = 16) 0.419 • 0.176 
During heating (n = 12) 0.784 -4- 0.339 a 
Post-heating control (n = 4) 0.882 4- 0.236 a 
During cooling (n = 14) 0.594 4- 0.140 
Post-cooling control (n = 6) 0.443 4- 0.135 

Significant beyond 0.01 level. 
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The  re s t ing  level  of t he  N E F A - l i k e  s u b s t a n c e  in per-  
fusa te  o b t a i n e d  f rom t he  an t e r i o r  or pos te r io r  h y p o t h a l a -  
mus  was  0.42:k 0.18 tzmol/30 min,  and  t h i s  level  fai led to 
change  s ign i f ican t ly  in  t he  cooled m onkey .  However ,  t he  
a m o u n t  of N E F A  c o n t a i n e d  in t he  an t e r i o r  h y p o t h a l a m i c  
p e r i u s a t e  o b t a i n e d  f rom t he  h e a t e d  m o n k e y  increased  
s ign i f i can t ly  ( t - - 3 . 6 6 ;  d / =  7; p < 0 . 0 1 )  to  0 . 7 8 •  
~zmol/30 min,  a n d  r e m a i n e d  e leva ted  for  1-2  h a f te r  
h e a t i n g  h a d  been  t e r m i n a t e d .  The  Tab le  p re sen t s  va lues  
of t he  N E F A - l i k e  s u b s t a n c e  in t h e  pe r fusa t e  o b t a i n e d  
f rom m o n k e y s  du r ing  hea t ing ,  cooling, and  con t ro l  
periods.  The  changes  in b lood  levels of N E F A  were no t  
s ign i f ican t ly  cor re la ted  w i t h  t he  changes  in t h e  c o n t e n t  
of N E F A  in h y p o t h a l a m i c  per fusa te .  

F r o m  these  expe r imen t s ,  i t  is ev i den t  t h a t  a t  l eas t  2 
subs t ances  are re leased rec iproca l ly  w i t h i n  t he  h y p o t h a l a -  
mus  of t h e  w a r m  or cold monkey .  W h e n  t he  a n i m a l  is 
cooled, t he  release of 5 -HT f rom t he  neu rons  in t he  
an t e r io r  region increases.  This  a p p a r e n t l y  a c t i v a t e s  t he  
h e a t  p r o d u c t i o n  p a t h w a y  because  t h e  m o n k e y  sh ivers  
and  m a i n t a i n s  i ts  n o r m a l  t e m p e r a t u r e  in  t he  cold env i ron-  
men t .  D u r i n g  hea t ing ,  t he  release of 5 -HT does n o t  
change  since h e a t  p r o d u c t i o n  is no t  required.  T he  increase  
in  t h e  N E F A - l i k e  s u b s t a n c e  in t h e  e f f luen t  col lected 
f rom t h e  an t e r i o r  h y p o t h a l a m u s  of t he  h e a t e d  m o n k e y  
m a y  reflect  all increase  in n o r a d r e n a l i n e  release w i t h i n  
t he  an ter ior ,  p re -op t ic  region.  This  m o n o a m i n e  could act,  
in  f u n c t i o n a l  oppos i t ion  to 5-HT, as a t r a n s m i t t e r  which  
b locks  t h e  h e a t  p r o d u c t i o n  sys t em and  a c t i v a t e s  t he  h e a t  
loss pa thway3 ,  t T h u s  far, we h a v e  failed to de t ec t  a n  
apprec iab le  a m o u n t  of n o r a d r e n a l i n e  in t he  h y p o t h a l a m i c  
pe r fusa tes  p r o b a b i y  because  of t he  r ap id  r e - u p t a k e  a n d  
s u b s e q u e n t  i n a c t i v a t i o n  fol lowing n o r a d r e n a l i n e ' s  release 
a t  t h e  synapse .  

T a k e n  t o g e t h e r  w i t h  t he  fac t  t h a t  h y p e r t h e r m i a  is 
caused b y  5 -HT mic ro - in jec ted  d i rec t ly  in to  t h e  an t e r i o r  
h y p o t h a l a m u s  of t h e  conscious  m o n k e y  ~, ~0, these  resui t s  
i nd i ca t e  t h a t  th i s  indole  a m i n e  could well  be  t h e  synap t i c  

t r a n s m i t t e r  de lega ted  to  the  reflex r egu la t ion  of h e a t  
p roduc t ion .  Fo r  5-HT, 3 of the  cr i te r ia  ou t l ined  b y  
McLENNAX 1~ for a s u b s t a n c e  to be cons idered  as a 
chemica l  t r a n s m i t t e r  in  t h e  cen t r a l  ne rvous  sys t em are 
now fulfi l led: (1) t he  n a t u r a l  occurrence  of 5 -HT in t he  
a n t e r i o r  h y p o t h a l a m u s  as re f lec ted  b y  its res t ing  o u t p u t  
in  t he  ' push-pu l l '  pe r fusa t e ;  (2) t he  pharmaco log ica l ly  
s t i m u l a t i n g  p roper t i e s  of 5 -HT in evok ing  h y p e r t h e r m J a  
w h e n  local ly appl ied  to t he  an t e r i o r  h y p o t h a l a m u s ;  a n d  
(3) t he  evoked  e leva t ion  in t he  r a t e  of release of 5 -HT 
in response  to cold e n v i r o n m e n t a l  s t imula t ion .  

Zusammen[assung. U n t e r k i i h l u n g s e x p e r i m e n t e  m i t  At-  
fen zeigen e inen  Ans t i eg  des 5 -HT-Geha l t e s  in der  Durch -  
s t r6mungsf l t i s s igke i t  des v o r d e r e n  H y p o t h a l a m u s .  Er -  
w~trlnung der  Tiere  e rgab  2 -4 Iachen  Ans t i eg  eines N E F A -  
~ihnlichen Stoffes. 
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T h e  Ef fec t s  of I n t r a c e r e b r a l l y  I n j e c t e d  O x y t h i a m i n e  on  Free  T h i a m i n e  a n d  T h i a m i n e  P h o s p h a t e s  

C o n t e n t  of Rat  B r a i n  

O x y t h i a m i n e  (OTh), w h e n  ora l ly  or p a r e n t e r a l l y  ad-  
min i s t e red  to  ra ts ,  does no t  mod i fy  t he  b r a i n  t o t a l  t h i a -  
m ine  (Th) c o n t e n t  :-3, no r  does i t  call  f o r t h  t he  neuro-  
m u s c u l a r  signs of T h  def ic iency :, 5 or af fec t  t he  a c t i v i t y  
of t h i a m i n e  d i p h o s p h a t e  ( T h D P ) - d e p e n d e n t  cerebra l  
enzymes  6-3. On t h e  o the r  h a n d ,  O T h  is a weak  com pe t i t i ve  
i n h i b i t o r  of ce rebra l  t h i a m i n e k i n a s e ,  b y  which  also i t  
seems to  be  p h o s p h o r y l a t e d  ~ I t  is well k n o w n  t h a t  O T h  
d i p h o s p h a t e  is, in  vi t ro ,  a powerfu l  i n h i b i t o r  of T h D P -  
d e p e n d e n t  enzymesS,  :0. Since O T h  c a n n o t  p e n e t r a t e  t he  
b lood -b ra in  ba r r i e r  11,12, i ts  fa i lure  to  af fec t  t he  b r a i n  
in  v ivo  is l ike ly  to  be  due to i ts  i nab i l i t y  to  en te r  th i s  
o rgan  and  to  be  t he re  p h o s p h o r y l a t e d ,  p roduc ing  t he  
changes  t h a t  one could expec t  f rom O T h  d i p h o s p h a t e  
a c t i v i t y  in  vitroS, :~ Therefore ,  we dec ided  to in t roduce  
O T h  d i rec t ly  in to  t h e  b r a i n  of ra ts ,  in  o rder  to  i nves t i ga t e  
i ts  effects in v ivo  on  free and  p h o s p h o r y l a t e d  T h  ce rebra l  
con ten t .  A br ief  a c c o u n t  of t h e  resu l t s  we o b t a i n e d  is 
here  repor ted .  

Material and method. 0.15 or 0.6 ~zmoles of O T h  (Sigma, 
St. Louis,  Mo., USA),  a p p r o x i m a t e l y  co r r e spond ing  to  
10 and  40 t i m e s  t h e  t o t a l  T h  c o n t e n t  of t he  b ra in ,  dis- 
so lved in 10 ~zl of sal ine (0.9% NaC1), were  in jected,  w i t h  
a n  Agla  m i c r o m e t e r  syr inge  (Bur roughs  Wel l come  a n d  

Co., London) ,  in to  t h e  b r a i n  of female  a lb ino  r a t s  (Wis ta r  
s t ra in ,  130-140 g b o d y  wt.) ,  fol lowing t he  t e c h n i q u e  of 
VALZELL: 13 s l igh t ly  modif ied.  Con temporaneous ly ,  10 ~l 
of sal ine were s imi la r ly  in j ec ted  in to  t h e  b r a i n  of con t ro l  
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