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H y p o x i c  Inac t iva t ion  of C o l d - I n d u c e d  B r o w n  Fat  

Brief exposure  of anes the t ized  ra ts  to hypox ia  (12% 
oxygen) has been shown to effect  an immed ia t e  reduct ion  
in the  cold- induced the rmoregu la to ry  response  of b rown 
adipose t issue 2. Moreover,  th is  inhib i t ion  is readi ly  re- 
versible. The hypoxic  inac t iva t ion  of cold- induced b rown 
fat  thermogenes is  m a y  ref lect  a) t issue oxygen l imi ta t ion  
of metabol ic  ra te ;  and /or  b) lack of max ima l  s y m p a t h e t i c  
s t imula t ion  of the  tissue. 

In  an a t t e m p t  to  d is t inguish  be tween  these  possibili t ies,  
the  effect  of low oxygen  inha la t ion  has been examined  in 
unanes the t ized ,  unres t ra ined  ra ts  under  condi t ions  wherein  
the  b rown fa t  was ac t iva ted  by  cold and/or  norepinephr ine .  
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Temperature changes of brown adipose tissue (BAT) and core during 
successive exposure to varying chamber environmental test condi- 
tions as detailed in text. T~ refers to the temperature within the 
chamber (warm = 26~ and cold = 12~ Each point represents 
the mean of 6 rats and selected SEM are also shown. Solid lines 
connect points which were recorded during the first 15 min of test A, 
C and G, the first 30 min of test B, D and F and the first 60 min of 
test E. Dashed lines connect points between tests and indicate BAT 
and core temperature drift that occurred during the subsequent 
15 min following NE injections. 

T h e r m o g e n e s i s  1 

Copper -cons t an tan  the rmocoup les  were imp lan t ed  chro-  
nically in t he  in te rscapular  b rown fa t  pad  (BAT) and  ad-  
j acen t  to the  carot id  a r t e ry  (core) in 12 co ld-adapted ,  
L o n g - E v a n s  ra t s  (350 4- 25 gm). The jugular  vein  was  
cannu la t ed  wi th  po lye thy lene  tub ing  (PE 50) for i.v. in- 
jec t ion  of norep inephr ine  (L-arterenol b i ta r t ra te ,  Sigma). 
4 to 6 days  following surgery,  the  the rmogen ic  responses  of 
these  ra t s  were examined.  The unres t ra ined ,  unanes the -  
t ized animals  were placed singly in lucite chambers  (6 1 
volume).  The env i ronmen ta l  t e m p e r a t u r e  of the  ch amb e r  
was control led v ia  a su r round ing  wa te r  b a t h  and  moni-  
to red  wi th  a thermocouple .  The ra ts  were exposed to e i ther  
100% oxygen  or 12% oxygen  in n i t rogen  (equivalent  to  an 
a l t i tude  of approx imate ly4 ,450  m) at  a flow ra te  of 2 1/min. 
A 12 1/min flush was used when  changing  the  gaseous 
env i ronmen t  wi th in  the  chamber .  Sodasorb granules  were 
placed in the  b o t t o m  of each ch amb e r  to p r ev en t  carbon 
dioxide accumulat ion.  Core, c h a m b e r  and b rown  fat  
t e m p e r a t u r e s  were con t inuous ly  moni to red  t h r o u g h o u t  
the  exper iment .  

In  each exper iment ,  the  t e s t  condi t ions  were var ied in 
the  following sequence:  A, 100% 02, w a r m  (26~ B, 
12% 02, w a r m ;  C, 100% 02, warm;  D, 100% 02, cold 
(12~ E, 12% 02, cold;  F, 100% 02, cold; G, 100% 
02 , warm.  The t imes  requi red  to shif t  the  ch amb e r  t em-  
pe ra tu re  and the  gaseous e n v i r o n m e n t  were less t h a n  10 
and 2 rain, respect ively .  Each  expe r imen ta l  t e s t  environ-  
m e n t  was ma in t a ined  unt i l  BAT and  core t e m p e r a t u r e s  
s tabi l ized (15-60 min). I m m e d i a t e l y  thereaf ter ,  the  ther-  
mogenic  responsiveness  of the  BAT was t e s t ed  b y  inject-  
ing 10/~g NE.  A NE-pos i t ive  response  was t aken  to  be one 
in which  the  peak  t e m p e r a t u r e  of the  BAT dur ing  the  5 
min  pos t in jec t ion  per iod was a t  least  0.3~ above the  
mean  t e m p e r a t u r e  exis t ing 5 rain pr ior  to  inject ion.  In  6 of 
the  12 surgical ly p repa red  rats,  the  t e m p e r a t u r e  of t he  BAT 
rose in response  to  N E  inject ion dur ing  condi t ions  of 
100% O~ at  26 ~ The da ta  f rom these  animals  are repor t -  
ed herein. U p o n  autopsy ,  it  was found  t h a t  t he  BAT ther-  
mocouples  in the  remain ing  6 ra t s  had  advanced  anter ior  
to t he  tissue. 

Brown  fa t  and core t e m p e r a t u r e s  r emained  qui te  cons- 
t a n t  ( •  0.1~ dur ing the  15 min exposure  to  100% O 2 at  
26~ (Figure). However ,  15-30 min  af ter  the  O3 concen-  
t r a t ion  in the  c h a m b e r  had  been  reduced  to  12%, the  
t empe ra tu r e s  of b o t h  BAT and  core had  decl ined approx-  
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Effect of varying chamber environmental test conditions on the thermogenie responsiveness of brown adipose tissue (BAT) to norepine- 
phrine (10 {zg) injection 

Sequence of test Warm Cold Warm 
conditions ~ 

100% 02 12% O 2 100% O 2 100% 02 12% 02 100% 02 100% 02 

A B C D E F " G 

Rats tested 6 6 2 6 5 2 4 
No. responding b 6 3 1 3 0 1 2 
BATd T (~ o 0.91 ~ 0.19 0.62 j_ 0.14 0.80 0.37 • 0.06 0.0 0.4 0.85 -4- 0.07 

Test conditions A, B, C, D, E, F, G were maintained for 15, 30,15, 30, 30, 30,15 min, respectively prior, to 10~g norepinephrine i.v. injections. 
b A positive response was considered to be a 0.3 ~ rise in BAT temperature within 5 min following NE injection, c Values are means :~z 
SEN of the positive responses. 
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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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