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i m a t e l y  0.5~ Th i s  decrease  was r ead i ly  revers ib le  u p o n  
re -exposure  of the  ra~ to 100% O v 

S imi la r  effects  of h y p o x i a  were obse rved  w h e n  t he  
c h a m b e r  t e m p e r a t u r e  h a d  b e e n  lowered to  12~ U n d e r  
cond i t ions  of 100% O2 a n d  30 m i n  of cooling t he  chamber ,  
t h e r e  occur red  an  ave rage  r ise in  t e m p e r a t u r e  of t he  B A T  
of 0.7 • 0.15 ~ a n d  of t he  core, 0.3 ~ 0.24~ These  cold- 
i nduced  t h e r m o g e n i c  responses  were abo l i shed  w h e n  t he  
a t m o s p h e r e  was changed  f rom 100% to 12% O~. I n  such  
a n , e n v i r o n m e n t ,  t h e  t e m p e r a t u r e  of b o t h  t he  b r o w n  fa t  
and  core fell p r ec ip i tous ly  (af ter  1 h, B A T  t e m p e r a t u r e  
was down  3.0~ a n d  core, 2.3~ F u r t h e r m o r e ,  a f t e r  15 
ra in  of exposure  to  hypox ia ,  t he  t e m p e r a t u r e  of t he  B A T  
no longer  exceeded t h a t  of t h e  core. R e t u r n  to  a 100% O~ 
a t m o s p h e r e  (still a t  12 ~ resu l ted  in a r ap id  increase  in 
b o t h  t he  B A T  a n d  core t e m p e r a t u r e s  a n d  a f t e r  5 rain,  t he  
t e m p e r a t u r e  of the  B A T  aga in  exceeded t h a t  of t he  core 
in al l  ra ts .  A t  t h e  end  of t h e  expe r imen t ,  4 of t he  6 r a t s  
were r e t u r n e d  to  w a r m  cond i t ions  (while b r e a t h i n g  100% 
O~) a n d  w i t h i n  15 ra in  t he  t e m p e r a t u r e  of t h e  b r o w n  fa t  
h a d  decreased  to  a p p r o x i m a t e l y  t h a t  of t h e  core. 

These  r ap id  a n d  revers ib le  hypox i c - i nduced  changes  in 
t he  t e m p e r a t u r e s  of t he  b r o w n  fa t  a n d  core are s imi la r  to  
those  p rev ious ly  r epo r t ed  for r a t s  u n d e r  anesthesiaS.  Ad-  
d i t iona l ly ,  in  t he  p r e sen t  s tudy ,  exposure  to  h y p o x i a  de- 
pressed  or abo l i shed  t he  response  of b r o w n  fa t  to  in j ec ted  
N E  (Table).  T h a t  is, a l t h o u g h  a pos i t ive  response  to N E  
was obse rved  in all 6 an i m a l s  b r e a t h i n g  100% O~ a t  
26 ~ on ly  3 of these  r a t s  e x h i b i t e d  such  a response  w h e n  
b r e a t h i n g  12% O~ a t  26~ a n d  none  w h e n  exposed  to 
12% 02 a t  12~ 

These  d a t a  t h u s  i nd i ca t e  t h a t  t he  h y p o x i c - i n d u c e d  de- 
p ress ion  of b r o w n  f a t  t h e r m o g e n e s i s  does n o t  ref lect  lack  
of s y m p a t h e t i c  a c t i v a t i o n  a t  t he  level  of t he  t issue.  R a t h e r  
t he  absence  of a t h e r m o g e n i c  effect  of in j ec ted  N E  on t he  
b r o w n  fa t  of cold exposed  r a t s  b r e a t h i n g  low O, suppor t s  

t he  v iew t h a t  the  m e t a b o l i s m  of t h e  t i s sue  is af fected di- 
r ec t ly  b y  t he  h y p o x i c  e n v i r o n m e n t .  T h a t  th i s  effect  m a y  
be  m e d i a t e d  v ia  o x y g e n - l i m i t a t i o n  of cel lular  r e sp i r a t i on  
is a conclus ion  s imi la r  to  t h a t  r eached  b y  HEIM and  HULL a 
for t he i r  o b s e r v a t i o n s  in t he  n e w b o r n  r abb i t .  Accordingly ,  
t he  h y p o x i c  i n a c t i v a t i o n  of co ld - induced  b r o w n  fa t  the r -  
mogenes is  is m o s t  l ike ly  a d i r ec t  re f lec t ion  of t he  concomi-  
t a n t l y  lowered a r t e r i a l  pO2, a l t h o u g h  o t h e r  i nd i r ec t  effects  
of low oxygen  b r e a t h i n g  (e.g. a l t e red  pCO2) are  no t  ex- 
c luded  b y  t h e  d a t a  p resen ted .  Decreased  reg iona l  b lood  
f low to  B A T  would  f u r t h e r  l imi t  oxygen  de l ive ry  to t he  
t issue.  Such  an  effect  for  8% 02 i n h a l a t i o n  ha s  been  ob- 
se rved  in t h e  u n a n e s t h e t i z e d  e u t h e r m i c  w o o d c h u c k  4 b u t  
n o t  in  t i le a n e s t h e t i z e d  r a t  5. 

Rdsumd. Chez des r a t s  a d a p % s  au  froid, n o n  anesth6si6s ,  
plac6s b r i ~ v e m e n t  dans  une  a t m o s p h e r e  de 12% d 'oxy-  
g6ne, on  obse rve  u n  ar r~t  i m m 6 d i a t  de la t he rmog6n~se  de 
la graisse b rune .  Cet effet  semble  s ' exp l i que r  pa r  le m a n -  
que  d 'oxyg~ne  au n i v e a u  cel lulaire  p l u t 6 t  que  p a r  l ' ab -  
sence d ' a c t i v a t i o n  p a r  le sys t~me s y m p a t h i q u e .  L ' a b s e n e e  
d ' u n e  r6ac t ion  de the rmog6ngse  en  r @ o n s e  ~ une  in j ec t ion  
de n o r a d r 6 n a l i n e  chez  des r a t s  soum~s au  froid et  darts des 
cond i t ions  h y p o x i q u e s  p la ide  en  f aveu r  de ce t t e  expl ica-  
t ion.  
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The Presence  of Octopamine  in the Brain  of Helix aspersa and its Act ion on Specific Snail  N e u r o n e s  

Octopamine ,  p - h y d r o x y - f i - h y d r o x y p h e n y l e t h y l a m i n e ,  
was  f i rs t  iden t i f i ed  in t he  sa l iva ry  g lands  of Octopus 
vulgaris 1. The  d i s t r i b u t i o n  of o c t o p a m i n e  in t he  oc topus  
ne rvous  s y s t e m  has  r ecen t l y  been  de te rmined~.  Oc topa-  
mine  has  been  found  to  be  a n o r m a l  c o n s t i t u e n t  of r a t  
s y m p a t h e t i c  ne rvous  s y s t e m  3 and  b r M n  4 a n d  to be  pre-  
sen t  in  a wide  range  of species 4. O c t o p a m i n e  would  a p p e a r  
to  be  la rgely  conf ined  to  ne r vous  t i ssue  since fol lowing 
d e n e r v a t i o n  t he  o c t o p a m i n e  c o n t e n t  of a n  o rgan  falls 
d ra s t i ca l ly  4. B o t h  d o p a m i n e  a n d  n o r a d r e n a l i n e  h a v e  been  
shown  to  be  p r e sen t  in  t he  Helix ne r vous  s y s t e m  5, 6, b u t  
the  p r e sen t  of o c t o p a m i n e  ha s  no t  been  repor ted .  

Materials and methods. All e x p e r i m e n t s  in  t h i s  s t u d y  
were m a d e  on  t he  g a r d e n  snail ,  Helix aspersa. A sens i t ive  
e n z y m a t i c  assay  for oc topamine ,  deve loped  b y  MOLINOFF, 
LANDSBERG and  AXELROD 7, w a s  used in t he  p r e sen t  
s tudy .  The  levels of n o r a d r e n a l i n e  were a s sayed  us ing  t he  
m e t h o d  of SAELENS, SCHOEN a n d  K o v A c s l c s  s. The  
isola ted sna i l  b r a i n  was p r e p a r e d  for e lec t rophys io logica l  
r ecord ing  b y  a m e t h o d  p rev ious ly  descr ibed  9. I n t r a -  
cel lular  record ings  were m a d e  f rom iden t i f i ab le  neu rones  
us ing  glass microe lec t rodes  filled w i t h  mo la r  p o t a s s i u m  
ace ta te .  Bio-electr ic  p o t e n t i a l s  were ampl i f i ed  and  dis- 
p l a y e d  on  a T e k t r o n i x  502A oscilloscope. P e r m a n e n t  
t r aces  were m a d e  on  an  A E I  pen  osci l lograph.  Drugs  were 
dissolved in snai l  R i n g e r  a n d  added  close to  t he  p r epa ra -  
t i on  in a v o l u m e  of 0.2 ml.  T he  i so la ted  sna i l  b r a i n  was 
b a t h e d  in 10 m l  Ringer .  T he  R i n g e r  was changed  fol lowing 

each  app l i c a t i on  of drug.  The  compos i t i on  of t he  snai l  
R inge r  has  p rev ious ly  been  descr ibed  9. 

Results and discussion. The  levels of n o r a d r e n a l i n e  and  
o c t o p a m i n e  were d e t e r m i n e d  for b r a i n  and  hea r t .  The  
levels of n o r a d r e n a l i n e  in t he  b r a i n  were 0.82 ~= 0.18 tzg/g 
p ro t e in  and  for h e a r t  were 2.04 • 0.35 ~zg/g pro te in .  The  
resul t s  are t he  m e a n  of 12 de t e rmina t i ons .  The  levels of 
o c t o p a m i n e  in t he  b r a i n  were 0.75 • 0.15 ~zg/g p ro t e in  
a n d  for h e a r t  were 1.32 =k 0.45 tzg/g pro te in .  The  resul t s  
are t he  m e a n  of 6 d e t e r m i n a t i o n s .  The  s t a n d a r d  d e v i a t i o n  
is i nd i ca t ed  in each  case. 

Oc topamine ,  w i t h  a t h r e s h o l d  of 50 pmol ,  was  found  to  
mimic  t he  ac t ion  of d o p a m i n e  and  n o r a d r e n a l i n e  on  
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ce r t a in  dopamine - sens i t i ve  ceils, Figure.  The  a c t i v i t y  of 
these  ceils was  i n h i b i t e d  b y  all 3 c o m p o u n d s  a n d  t he  
m e m b r a n e  p o t e n t i a l  hyperpo la r ized .  The  p o t e n c y  of 
o c t o p a m i n e  c o m p a r e d  w i t h  d o p a m i n e  var ied  f rom equi- 
p o t e n t  to  100 t i m e s  less po ten t .  Cells desens i t ized  to  
r epea t ed  app l i ca t ions  of o c t o p a m i n e  whi le  st i l l  r e spond ing  
to a s t a n d a r d  dose of dopamine .  Cells wh ich  r e sponded  to  
o c t o p a m i n e  also r e sponded  to  t y r a m i n e  b u t  were a b o u t  
1000 t i m e s  less sens i t ive  to  t y r a m i n e .  Low doses of 
e rgome t r ine  wh ich  b locked  d o p a m i n e  a n d  n o r a d r e n a l i n e  
fai led to  b lock  o c t o p a m i n e  b u t  h igher  doses of e rgome t r ine  
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The effects of octopamine, dopamine and noradrenaline on the 
spontaneous activity of a neurone from the brain of Helix aspersa. 
A) 14 mV hyperpolarization following the application of 50 pmo! 
octopamine; B) 14 mV hyperpolarization following the application 
of 50 pmol dopamine; C) 5 mV hyperpolarization following the appli- 
cation of 300 pmol noradrenaline. The time scale is in intervals of 
1 sec and the voltage scale represents 50 inV. 

did  b lock  oc topamine .  D ibeny l ine  b locked  dopamine ,  
n o r a d r e n a l i n e  a n d  o c t o p a m i n e  b u t  p rop rano lo l  fai led to  
an t agon ize  t he  3 compounds .  All  t he  ceils wh ich  r e sponded  
to  o c t o p a m i n e  h a d  a d o p a m i n e  s y n a p t i c  inpu t .  D o p a m i n e -  
sens i t ive  cells w i t h o u t  a d o p a m i n e  i n p u t  were unaf fec ted  
b y  doses of o c t o p a m i n e  up  t o  500 mnol .  Cocaine a t  a 
c o n c e n t r a t i o n  of 10 ~zg/ml d id  b lock  t h e  ac t ion  of 50 pmol  
o c t o p a m i n e  h u t  fa i led to b lock  doses of o c t o p a m i n e  in t he  
r ange  of 5-50 nmol .  

I n  t he  m a m m a l  o c t o p a m i n e  is cons ide rab ly  less p o t e n t  
t h a n  n o r a d r e n a l i n e  10, i~. I n  con t ras t ,  in  Helix i t  is some-  
t imes  e q u i p o t e n t  w i t h  d o p a m i n e  a n d  a t  l eas t  10 t imes  
more  p o t e n t  t h a n  no rad rena l ine .  I n  t h e  m a m m a l  octo- 
p a m i n e  m a y  exe r t  a dua l  act ion,  ac t ing  in p a r t  d i r ec t ly  on 
c a t e e h o l a m i n e  receptors  a n d  p a r t l y  to  release endogenous  
n o r a d r e n a l i n e  f rom p r e s y n a p t i c  n e r v e  terminals11,  ~2. I t  
seems un l ike ly  t h a t  o c t o p a m i n e  is ac t ing  d i rec t ly  on  
d o p a m i n e  receptors  of Helix neurones  s ince in a n  ear l ier  
s t u d y  ~3, o c t o p a m i n e  was i nac t i ve  on  ce r t a i n  d o p a m i n e -  
sens i t ive  neurones .  These  cells do no t  h a v e  a d o p a m i n e  
s y n a p t i c  inpu t .  This  f ind ing  t o g e t h e r  w i t h  t he  o b s e r v a t i o n  
t h a t  cocaine will  b lock  t h e  ac t ion  of low doses of octo- 
p a m i n e  p rov ides  ev idence  for a n  ind i r ec t  ac t ion  of t he  
compound .  Studies  are in progress  to  d e t e r m i n e  w h e t h e r  
t h i s  ac t ion  of o c t o p a m i n e  is a d i r ec t  one on  t h e  pos t -  
s y n a p t i c  m e m b r a n e ,  a n  ind i rec t  one to release endogenous  
c a t e c h o l a m i n e  or a c o m b i n a t i o n  of t he  two  mechan i sms .  

Rdsumd. L ' o c t o p a m i n e  est  p r6sen te  d a n s  le t i s sue  ner-  
veus  de l 'escargot ,  Helix aspersa. Elle  a u n  effet  f o r t e m e n t  
i nh ib i to i r e  sur  ce r t a ins  neurones .  Ces neu rones  son t  auss i  
sensibles  k la d o p a m i n e  et  ~ la noradr6na l ine .  Le m6ca-  
n i sme  poss ible  de Fac t ion  de l ' o c t o p a m i n e  es t  discut6.  
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D61imitation des voies ascendantes responsables  

Les po in tes  ponto-g6nicu lo-occ ip i ta le  (PGO) appara i s -  
s en t  de fa~on s y n c h r o n e  au  n i v e a u  des n o y a u x  g6nicul6s 
l a t 6 r a u x  (NGL) au  cours  du  sommei l  p a r a d o x a l  1-3 ou 
apr6s  in j ec t ion  de R6serp ine  ~-v (PGOR). Nos exp6riences,  
r6alis6es sur  40 cha t s  immobi l i s6s  au F laxed i l  art if icielle-  
m e n t  ven t i l6s  et  a y a n t  re~u une  in jec t ion  de 0,5 m g / k g  de 
R6serpine ,  on t  pe rmis  de pr6ciser  la t o p o g r a p h i e  du  g4- 
n 6 r a t e u r  des P G O  R, leurs  votes a s c e n d a n t e s  e t  d ' exp l i que r  
leur  s y n c h r o n i s m e  bi la t6ra l .  

Rdsultats. 1. Suppress ion  du  s y n c h r o n i s m e  h i l a t6 ra l  
des PGO~. 90 min .  apr6s  in j ec t ion  de R6serpine ,  des 
po ten t i e l s  phas iques  d ' u n e  dur6e de 130-140 msec, d ' u n e  
a m p l i t u d e  de 100-300 t~V e t  5~ deux  c o m p o s a n t e s  s6par6es 
p a r  80 msec  son t  enregis t r6s  au  n i v e a u  des NGL.  I ls  se 
p r o d u i s e n t  de fa~on s y n c h r o n e  au  n i v e a u  de ces deux  
s t ruc tu re s  (Figure  1, A). C e p e n d a n t  le t rac6  p e u t  p r6sen te r  
des po t en t i e l s  phas iques  ~ une  c o m p o s a n t e  soit  isol6s, soi t  

de l'activit6 ponto-g6niculo-occipitale  chez le chat 

dans  u n  a r r a n g e m e n t  r6p6t i t i f  complexe.  Une  sec t ion  
sag i t t a le  m6d iane  de 10 m m  au n i v e a u  du  t e g m e n t u m  
p o n t i q u e  e t  une  sec t ion  au n iveau  de la d6cussa t ion  supra-  
op t i que  son t  n6cessaires e t  suf f i santes  p o u r  o b t e n i r  u n  
a s y n c h r o n i s m e  des P G O  R qui  son t  alors  cons t i tu6es  p a r  
une  seule c o m p o s a n t e  (Figure 1, D). 
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