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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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rats .  Af te r  t he  in ject ion,  t he  an ima l s  were s ingu la r ly  
housed  a n d  fed a Th-de f i c i en t  d ie t  11. They,  were kil led 
b y  d e c a p i t a t i o n  a t  d i f fe ren t  t i m e  in t e rva l s  f rom the  
in jec t ion ,  t o g e t h e r  w i t h  t he i r  controls .  T he  b r a i n  was 
r ap id ly  r emoved ,  weighed  in cold 5% t r i ch lo roace t i c  
acid a n d  homogen ized .  Af te r  c en t r i f uga t i on  a t  16,000 g 
in a re f r ige ra ted  centr i fuge,  t h e  s e p a r a t i o n  of free T h  
f rom T h  p h o s p h a t e s  was  m a d e  accord ing  to  SHAI~A and  
Q~IASTEL 1~, w i t h  m i n o r  modi f ica t ions .  T h  was d e t e r m i n e d  
f luo romet r i ca l ly  as t h i o c r o m e  ~5 (when necessary,  a f t e r  
e n z y m a t i c  d e p h o s p h o r y l a t i o n  of i ts  phospha tes ) ,  us ing  
a B e c k m a n  s p e c t r o p h o t o m e t e r  rood. DU.  In  some pre-  
l i m i n a r y  e x p e r i m e n t s  where  O T h  was added  to t he  h o m o -  
genized r a t  b ra in ,  no  in te r fe rence  w i t h  T h  d e t e r m i n a t i o n  
could be  d e m o n s t r a t e d .  

Results and discussion. The  b e h a v i o u r  of con t ro l  r a t s  
was  neve r  a f fec ted  b y  sal ine in j ec t ion  in to  t he  b ra in ,  also 
w h e n  a h y p e r t o n i c  so lu t ion  (1.6% NaC1) was in jec ted .  
On t h e  o the r  h a n d ,  i m m e d i a t e l y  a f te r  O T h  i n t r a c e r e b r a l  
in jec t ion ,  some t imes  t he  r a t s  b e c a m e  l igh t ly  spast ic ,  and  
c o n s t a n t l y  t h e y  were u n a b l e  to  pe r fo rm coord ina te  move-  

r a t h e r  d i f fe ren t  f rom those  Of a t h i a m i n i c  po lyneur i t i s .  
On t he  whole,  t he  effects of O T h  on T h  p h o s p h a t e s  b r a i n  
c o n t e n t  were n o t  on ly  modes t ,  b u t  also r a t h e r  slow to 
begin.  W e  c a n n o t  comple t e ly  rule  ou t  a close r e l a t ionsh ip  
be tween  t he  smal l  T h  p h o s p h a t e s  decrease  in b r a i n  a n d  
t he  i r r i t ab i l i t y  of r a t s  rece iv ing  t he  h ighe r  dose of OTh,  
b u t  i t  is l ikely t h a t  O T h  could o therwise  af fec t  t he  
n e u r o n a l  me tabo l i sm.  I t  m a y  be  t h a t  OTh,  i n t r o d u c e d  
in to  t he  b ra in ,  could be  t he re  p h o s p h o r y l a t e d ,  as JOHNSON 
and  GUBLER 9 showed in v i t ro ,  p r o b a b l y  to  d iphospha t e .  
This,  in  tu rn ,  could i n h i b i t  ce rebra l  T h D P - d e p e n d e n t  
enzymes ,  w i t h o u t  g rea t ly  a f fec t ing  T h  p h o s p h a t e s  con-  
t en t ,  s ince these  l a t t e r  are p roduced  b y  t h i a m i n e k i n a s e ,  
wh ich  is v e r y  poor ly  i n h i b i t e d  on ly  b y  O T h  9. Thus ,  t he  
obse rved  s y m p t o m s  could der ive  no t  so m u c h  f rom the  
m o d e s t  decrease  of T h  p h o s p h a t e s  as f rom the  i n h i b i t i o n  
of T h D P - d e p e n d e n t  enzymes  (specially t ransketolase)16,  
so i m p o r t a n t  in  b r a i n  me tabo l i sm.  I n  th i s  connec t ion  i t  
is n o t e w o r t h y  t h a t  O T h  is able  to  lower, in  a n  u n k n o w n  
way,  b o t h  t h e  ace ty lcho l ine  c o n t e n t  of r a t  b r a i n  and  i ts  
in  v i t ro  ace ty l cho l ine - syn the t i z ing  power  7. 
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Fig. 1. Free thialnine and thiamine phosphates content of rat brain 
after intraeerebral injection of 0.15 [xlnoles of oxythiamine. Each 
value is the mean of at least 6 animals. Th, thiamine; *, statistically 
significant at p < 0.05. 
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Fig. 2. Free thiamine and thiamine phosphates content of rat brain 
after intracerebral injection of 0.6 ~moles of oxythiamine. Each 
value is the mean of at least 6 animals. Th, thiamine; *, statistically 
significant at p < 0.05. 

m e n t s  for  8-15 rain.  Successively,  m o s t  of t he  r a t s  t r e a t e d  
w i t h  0.6 [xmoles of O T h  r e m a i n e d  rest less  a n d  i r r i t ab le  
so t h a t  acous t ic  or t ac t i l e  s t imul i  could elicit  v io l en t  fits. 
A few of t h e m  died d u r i n g  t he  f i ts  and  were n o t  used 
for  T h  d e t e r m i n a t i o n .  All t he  r a t s  rece iv ing  0.15 amoles  
of O T h  were a p p a r e n t l y  no rma l .  

As can  be  seen in  F igures  1 and  2, b o t h  doses of OTh  
p roduced  on ly  smal l  a n d  i r regu la r  changes  of free T h  
con ten t .  However ,  0.15 ~xmoles of O T h  caused  a m o d e r a t e  
( abou t  10%),  b u t  s t a t i s t i ca l ly  s ign i f ican t  (p < 0.05) de-  
crease of ce rebra l  T h  p h o s p h a t e s  on ly  a t  f o u r t h  and  
s e v e n t h  d a y  a f t e r  in jec t ion .  Conversely,  a l r eady  24 h 
a f t e r  t he  i n t r a c e r e b r a l  in ject ion,  0.6 ~xmoles of OTh  
induced  a s t a t i s t i ca l ly  s ign i f i can t  ( p < 0 . 0 0 1 )  h ighe r  
decrease  ( abou t  20%)  of T h  phospha te s ,  wh ich  las ted  for 
t h e  fol lowing days.  However ,  t he  T h  p h o s p h a t e s  levels 
so r eached  in b r a i n  were far  a b o v e  those  caus ing  t he  
onse t  of ber i -ber ic  n e u r o m u s c u l a r  signs in  r a t s  3. Actua l ly ,  
d u r i n g  al l  t h e  expe r imen t s ,  t he  an i m a l s  showed  s y m p t o m s  

Riassunto. L' in iez ione  i n t r ace reb ra l e  di 0,6 ~xmoli di 
O T h  nel  r a t t o  causa  d u r a t u r i  s i n t o m i  di ipereccitabil i tS,  
e, dope  24 ore, u n a  m o d e s t a  d iminuz ione  del c o n t e n u t o  
cerebra le  di T h  fosfori lata .  L ' in iez ione  di 0,15 ~moli  causa  
so l t an to  u n a  mo l to  l ieve d i m i n u z i o n e  del c o n t e n u t o  che 
compa re  al q u a r t o  g iorno dal l ' in iezione.  
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