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response)  reaches  a m a x i m u m  11. T he  coinc idence  of these  
e v e n t s  m a y  be an  express ion  of t he  increased  t e n d e n c y  
t o w a r d s  s y n c h r o n i z a t i o n  a n d  r h y t h m i c i t y  in  t h e  areas  of 
t he  cortex,  t h a l a m u s ,  and  s t r i a t u m ,  t h r ee  s t ruc tu re s  whose  
f u n c t i o n a l  i n t e r - r e l a t i onsh ip  is h a r d l y  to be  doub ted .  W i t h  
inc reas ing  d u r a t i o n  of t he  slow wave  phase,  b o t h  t he  
s p o n t a n e o u s  a n d  evoked  sp indles  v i r t u a l l y  van i sh ,  a n d  
the  E E G  is d o m i n a t e d  b y  slow, h igh  a m p l i t u d e  po ten t i a l s .  

As is shown  in t h e  Figure ,  t he  second increase  in t h e  
d u r a t i o n  of evoked  c a u d a t e  sp indles  beg ins  some 30-60 sec 
before  t he  onse t  of t he  t yp i ca l  PS.  Th i s  is also t he  p o i n t  a t  
w h i c h  t h e  a rousa l  t h r e s h o l d  reaches  a m a x i m u m ,  and  a t  
wh ich  t he  pon to-gen icu lo -occ ip i t a l  p o t e n t i a l s  a p p e a r  12. 
Af te r  a f u r t h e r  10-30 sec t he  h i p p o c a m p a l  p o t e n t i a l s  
show a n  increased  f r equency  w i t h  a c learer  r h y t h m i c i t y ,  
a n d  a t  t he  same  t i m e  long, spon taneous ,  h i g h  a m p l i t u d e  
sp ind les  a p p e a r  in all  of t he  c a u d a t e  a n d  cor t ica l  t races .  
A t  th i s  po in t  t he  d u r a t i o n  of t he  evoked  sp indles  reaches  a 
m a x i m u m .  I n  t h i s  p h a s e  t h e r e  is a g rea te r  t e n d e n c y  to  
r h y t h m i c i t y  a n d  t he  evoked  sp indles  f r e q u e n t l y  a p p e a r  as 
a n  amp l i f i c a t i on  of t he  b a c k g r o u n d  ac t iv i ty .  

On  t h e  o the r  h a n d ,  d u r i n g  per iods  of arousal ,  as repre-  
sen ted  in t he  E E G ,  sp indles  c a n n o t  be  elici ted.  The  
e x p l a n a t i o n  for these  d i f fe ren t  responses  to  s t i m u l a t i o n  
m a y  lie in  t he  func t i on  of t he  a scend ing  re t i cu la r  fo rma-  
t ion.  D u r i n g  P S  th i s  s y s t e m  is s t rong ly  inh ib i t ed ,  as is 
shown  b y  t he  ra ised  E E G - a r o u s a l  t h r e s h o l d  12-16, whereas  
d u r i n g  a rousa l  itself,  t h e  a scend ing  re t i cu la r  s y s t e m  exer t s  
a n  i n h i b i t o r y  effect  on  t he  c a u d a t e  nucleus ,  r e su l t ing  in 
abo l i t i on  of t he  evoked  spindlesZ~. 
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Norepinephrine-Induced Thermogenesis :  Effect of Interscapular Brown Fat 1 

T h e  f u n c t i o n  of b r o w n  adipose  t i ssue  (BAT) as a t h e r m o -  
genic ef fector  d u r i n g  cold s t ress  has  been  well  d o c u m e n t -  
ed2-4; however ,  i ts  role d u r i n g  e x t e n d e d  per iods  of cold 
exposure  ha s  n o t  ye t  been  resolved.  I n  t h e  r a t ,  p ro longed  
cold exposure  is fol lowed b y  a d a p t i v e  responses  a m o n g  
w h i c h  is t he  sh i f t  f rom sh ive r ing  to n o n s h i v e r i n g  t h e r m o -  
genesis (NST) 5. A c c o m p a n y i n g  t h i s  t r a n s i t i o n  are  t r o p h i c  
changes  in B A T  resu l t i ng  in an  e l eva t ion  of t he  t h e r m o -  
genic c a p a c i t y  of t he  t i ssue  3, 3. No tab ly ,  m u c h  of th i s  h e a t  

is appl ied  local ly  to  t he  t ho racoce rv i ca l  sp ina l  cord, t he  
t h o r a c o l u m b a r  a u t o n o m i c  s t ruc tu res ,  a n d  the  h e a r t  2,e. 
The  s ignif icance of th i s  d i s t r i b u t i o n  is emphas i zed  b y  t he  
r e c e n t  d e m o n s t r a t i o n  of t e m p e r a t u r e  sensors in  t h e  
t ho racoce rv i ca l  sp ina l  cord  '-2. T h a t  is, t h e  f ind ing  t h a t  
w a r m i n g  of these  t h e r m o s e n s i t i v e  areas  is followed b y  a n  
i n h i b i t i o n  of sh ive r ing  7-9 ha s  led t o  t h e  p roposa l  t h a t  
d u r i n g  acu te  cold exposure ,  h e a t  conveyed  f rom the  B A T  
to  t he  cord m a y  be  an  i m p o r t a n t  l ink  in con t ro l l ing  t he  
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onse t  of sh iver ing .  Similar ly ,  d u r i n g  p ro longed  cold  
exposure ,  h e a t  f rom B A T  m a y  affec t  these  t h e r m o -  
sens i t ive  areas  such  t h a t  sh ive r ing  is p rogress ive ly  sup-  
pressed ;  i.e., t h e  g r adua l  d i s a p p e a r a n c e  of sh ive r ing  
assoc ia ted  w i t h  t he  d e v e l o p m e n t  of cold acc l ima t ion  m a y  
ref lec t  a t h e r m o g e n i c  inf luence  of BAT2.  

Recen t ly ,  i t  has  been  p roposed  t h a t  B A T  serves  a n  
endoc r ine  func t i on  d u r i n g  cold acc l ima t ion  1~ Th i s  sug- 
ges t ion  der ived  f rom t he  o b s e r v a t i o n  t h a t  r e n m v a l  of the  
i n t e r s c a p u l a r  b r o w n  fa t  p a d  ( IBAT)  f rom co ld-acc l imated  
(CA) r a t s  was  followed b y  a decreased  calor igenic  response  
to a d m i n i s t e r e d  ca t echo l amines  1~ 11. Since th i s  decrease  
could  no t  be  accoun ted  for b y  t he  m a g n i t u d e  of t he  oxygen  
c o n s u m p t i o n  of t he  excised t i ssue  or b y  t he  ' n o r m a l '  r a t e  
of d e a c c l i m a t i o n  to  cold, i t  was  p roposed  t h a t  B A T  
secretes  a ' co ld -acc l ima t ion  fac to r '  in to  t he  genera l  circu- 
l a t i o n  10. However ,  in  v iew of t h e  p o s t u l a t e d  i n t e r a c t i o n  
b e t w e e n  B A T  a n d  t h e r m o s e n s o r s  in  t he  sp ina l  cord, i t  
m a y  be  t h a t  t he  response  seen a f t e r  I ]3AT excision ref lects  
r e m o v a l  of a n  i m p o r t a n t  t h e r m o r e g u l a t o r y  i n p u t  to  t h e  
cen t r a l  ne rvous  sys tem.  

Our  a t t e m p t s  to  d i s t i ngu i sh  b e t w e e n  t he  ' endocr ine '  
a n d  t he  ' n eu ra l '  h y p o t h e s e s  were based  on  t he  fac t  t h a t  t h e  
v e n o u s  eff lux f rom the  f a t  p a d  p roceeds :  a) b y  w ay  of t h e  
b i l a t e r a l  t h o r a c o d o r s a l  ve ins  wh ich  e m p t y  in to  t he  pre-  
cava l s ;  as well  as b) v ia  t h e  u n p a i r e d  'Su lze r ' s '  ve in  to  t he  
deep  f o u r t h  thorac ic  vein,  a n d  t h e n c e  t h r o u g h  t h e  i nne r  
v e r t e b r a l  s inuses  in to  t he  azygous% Thus ,  l i ga t ion  of 
Su lze r ' s  ve in  should  p r e v e n t  m u c h  of t he  h e a t  p roduced  
b y  t he  I B A T  f rom be ing  t r ans fe r ed  d i r ec t ly  to  t he  t h e r m o -  
sens i t ive  areas  of t he  cord. On t he  o t h e r  hand ,  a n y  fac to r  
secre ted  b y  t he  p a d  should  st i l l  be  accessible  to  o t h e r  
t i ssues  v ia  d r a inage  t h r o u g h  t he  thoracodorsa l s .  Therefore ,  
if t h e  decreased  calor igenic  response  to  n o r e p i n e p h r i n e  
(NE) seen a f t e r  excis ion of I B A T  resu l t s  f rom r e m o v a l  of 
t h e  inf luence  of a secre ted factor ,  one m i g h t  expec t  l i t t l e  
decrease  in t he  response  of r a t s  w i t h o u t  Sulzer ' s  vein .  
A l t e rna t i ve ly ,  if t he  neu ra l  h y p o t h e s i s  is correct ,  t h e  
m a g n i t u d e  of t he  N E - i n d u c e d  t he rmogenes i s  in  r a t s  
h a v i n g  h a d  Sulzer ' s  ve in  l iga ted  should  be  s imi la r  to  t h a t  
of r a t s  w i t h o u t  t h e  f a t  pad .  

To t e s t  the  two possibi l i t ies ,  t he  N E - i n d u c e d  s t i m u l a t i o n  

of t h e  r a t e  of oxygen  c o n s u m p t i o n  (~-O2) was c o m p a r e d  in 
CA (4~176  60~o re l a t ive  h u m i d i t y ,  6 -8  weeks),  male,  
L o n g - E v a n s  r a t s  (300-350 g) h a v i n g  been  sub j ec t ed  to  one 
of t h e  fol lowing surgical  t r e a t m e n t s :  a) r e m o v a l  of t he  
I B A T  (group I) ; b) l iga t ion  a n d  seve rance  of Sulzer ' s  ve in  
(group l I )  ; and  c) s h a m  ope ra t ed  (group I I I ) .  D u r i n g  t h e  

e x p e r i m e n t ,  t he  ~'O2 of t he  r a t  was c o n t i n u o u s l y  m o n i t o r -  
ed in a closed s y s t e m  a p p a r a t u s  (Volume Meter ,  Med- 
Science Elect ronics) .  All  m e a s u r e m e n t s  were o b t a i n e d  
w i t h  u n a n e s t h e t i z e d ,  u n r e s t r a i n e d  r a t s  p laced  in c h a m b e r s  
of suf f ic ien t  size to  a l low m o v e m e n t .  T he  c h a m b e r  was 
m a i n t a i n e d  a t  23 ~ ~1 .5~  b y  con t ro l l ing  t he  t e m p e r a t u r e  
of a s u r r o u n d i n g  w a t e r  b a t h .  A l t h o u g h  t he  r a t s  were free 

to  move,  a r e l a t ive ly  s t ab le  X?O~ was r eached  a f t e r  1-2  h 
in  t h e  c h a m b e r .  A t  t h a t  t ime,  t h e  r a t  was  r e m o v e d  f rom 
the  a p p a r a t u s ,  i n j ec ted  s.c. w i t h  NE,  a n d  t h e n  replaced  in 

t h e  c h a m b e r .  Since t h e  VO 2 increased  i m m e d i a t e l y  as a 
r e su l t  of t he  hand l ing ,  a pe r iod  of 20-30 ra in  was a / lowed 
for  r e t u r n  to basel ine .  Moreover ,  as t h e  response  to  N E  
was  no t  usua l ly  m a n i f e s t e d  before  20 min ,  i t  was  possible  
to  s epa ra t e  ou t  t he  h a n d l i n g  a r t i f ac t  f rom t he  effect  of t he  
drug.  

Us ing  such  procedures ,  t h e  calor igenic  response  to  N E  
(L-ar terenol  b i t a r t r a t e ,  1.75 m g / k g  0,7~) was m e a s u r e d  in all 
r a t s  p r io r  to  a n y  surgical  m a n i p u l a t i o n .  (The N E  dose 
was  one wh ich  we h a d  p rev ious ly  f o u n d  to  s t i m u l a t e  
m a x i m a l l y  t he  ~'O~ of these  rats .)  Fo l lowing  t he  measure -  

men t ,  t he  r a t  was  r e t u r n e d  to t he  cold for a t  leas t  1 week, 
a f te r  wh ich  i t  was  surg ica l ly  a l t e red  accord ing  to one of 
t he  3 t r e a t m e n t s  i nd i ca t ed  above .  Surgery  was pe r fo rmed  
u n d e r  sod ium p e n t o b a r b i t a l  anes thes ia ,  and  t he  me tabo l i c  
response  to  N E  was s u b s e q u e n t l y  fol lowed on days  2, 5 
a n d  7-8 (postsurgical) ,  t h e  r a t s  be ing  m a i n t a i n e d  a t  23 ~ 
~-l~ 

The  p r e o p e r a t i v e  responses  (p lo t t ed  as va lues  for day  0) 
were s imi la r  in  all  3 groups  of r a t s  (Figure  1). Fo l lowing  
surgery  however ,  t he  m a g n i t u d e  of t he  N E  effect  in  groups  
I and  I I  was  cons ide r ab ly  lower t h a n  t h a t  in  t he  s h a m s  
even  t h o u g h  t he  response  to  t he  c a t e c h o l a m i n e  increased  
progress ive ly  w h e n  the  r a t s  were r e t u r n e d  to  t he  cold (day 
10-11, pos topera t ive ) .  Moreover ,  t h r o u g h o u t  th i s  en t i r e  
pe r iod  (abou t  30 days),  t h e  decrease  of t he  calor igenic  
effect  of N E  in those  r a t s  w i t h o u t  Sulzer ' s  ve in  was as 
g rea t  as t h a t  in  r a t s  h a v i n g  h a d  t h e i r  f a t  pad  r e m o v e d  
(Figure  1). 

T h a t  th i s  s imi l a r i t y  d id  no t  r e f l ec t  necrosis  of t he  fa t  
pad  in g roup  I I  an ima l s  was  a sce r t a ined  b y  his to logical  
e x a m i n a t i o n  of t he  pad.  Such  e x a m i n a t i o n  ind ica t ed  t he  
presence  ot :  a) mi ld ly  ac idophi l ic  c y t o p l a s m  and  n o r m a l  
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Fig. 1. NE-induced calorigenesis (L 02 30 min -t  kg -'~a) in CA rats be- 
fore (day 0) and after surgical treatment (see text). Values represent 
mean • standard error; each group was comprised of 4 rats. 
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c h r o m a t i n  d i spe rs ion  in t he  m u l t i l o c u l a r  f a t  cells; b) 
p a t e n t  b lood vesse l  l u m e n s  ; a n d  c) vesse l  wal ls  a p p a r e n t l y  
free of a n y  fo rm  of necrosis .  Moreover ,  no Signs of edema ,  
h e m o r r h a g e  or i n f l a m m a t o r y  r eac t ion  were seen. 

Thus ,  t h e  o b s e r v a t i o n  t h a t  t he  N E - i n d u c e d  calori-  
genes is  in r a t s  h a v i n g  h a d  Sulzer ' s  ve in  severed  was  
s imi la r  to  t h a t  in r a t s  w i t h o u t  t he i r  f a t  p a d  ind ica te s  t h a t  
t h e  decreased  effect  of N E  c a n n o t  be exp la ined  b y  t h e  
loss of a m o d i f y i n g  fac to r  secre ted  by  t he  I B A T  in to  t h e  
genera l  c i rcula t ion .  A l t e rna t i ve ly ,  t he  r e su l t s  s u p p o r t  t h e  
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Fig. 2. Effect of increasing doses of NE on the calorigenic response of 
CA rats. Following surgery, the responses of each rat to the various 
doses were compared to the preoperative values. From such a com- 
parison the relative (%) changes at each dose were calculated. These 
were reconverted to units of VO 2 (L O 3 30 rain 1 kg-.~3) by taking as 
100%, the average presurgicaI response for the given dose. The value 
within each bar represents the number of animals for which measure- 
ments were obtained. 

sugge s t i on  t h a t  I B A T  m a y  be invo lved  in' r e gu l a t i ng  t he  
t h e r m o g e n i c  r e sponse  of CA r a t s  to N E  v ia  locat w a r m i n g  
of t h e  t h e r m o s e n s i t i v e  a reas  of the  sp ina l  cord. 

W i t h  r e spec t  to  t he  n a t u r e  of th i s  in te rac t ion ,  t he  r e su l t s  
p r e s e n t e d  do n o t  d i s t i ngu i sh  be tw e e n  a decreased  sens i t iv -  
i ty  to  N E  (i.e., a lower r e sponse  to a s u b m a x i m a l  N E  
dose) a n d / o r  a decreased  c a p a c i t y  of t he  surgica l ly-  
t r e a t e d  r a t  to  r e spond  to N E  (i.e., a lower response  to  a 
m a x i m u m  N E  dose). However ,  t h a t  t he  s e ns i t i v i t y  to N E  
m a y  be decreased  fo l lowing r e m o v a l  of t he  fa t  p a d  or 
Sulzer ' s  ve in  is sugge s t e d  b y  p r e l i m i n a r y  s tud ies  w he re in  
suc h  r a t s  were cha l lenged  w i t h  doses  of N E  r a n g i n g  f r o m  
0.5 to 2.0 m g / k g  ~ ( injected t h r o u g h  a n  i m p l a n t e d  in t r a -  
pe r i tonea l  cannu la ) .  As s u m m a r i z e d  in F igure  2, t he  N E -  
i nduc e d  re sponse  of t hese  su rg i ca l l y - t r ea t ed  r a t s  differed 
f rom t h a t  of t he  s h a m s  only  a t  t he  lower doses  of NE.  Ho-  
wever ,  in v iew of t he  l imi ted  n u m b e r  of r a t s  e x a m i n e d  a n d  
t he  large va r i a b i l i t y  seen, a dd i t i ona l  d a t a  are  needed  before  
conc lud ing  t h a t  r e m o v a l  of t h e  I B A T  af fec ts  t he  sens i t iv -  
i ty  of t h e  CA r a t  to  N E  r a t h e r  t h a n  t he  po t e n t i a l  of t he  
a n i m a l s  to  respond .  Never the le s s ,  t he  o b s e r v a t i o n  t h a t  
r e sponses  of r a t s  w i t h o u t  I B A T  were s imi la r  to t h o s e  
w i t h o u t  Sulzer ' s  ve in  a ppe a r s  i n c o n s i s t e n t  wi th  t he  pre-  
v ious ly  p roposed  10 endocr ine  f u n c t i o n  of t he  t issue.  

Rdsumd. La  r6duc t ion  de l ' e f fe t  ca lor ig6nique  de la 
no rad r6na l ine  chez des r a t s  a d a p t 6 s  au  froid, don t  la ve ine  
de Sulzer  a 6t6 l iga tur6e  et  sect ionn6e,  es t  s e mb la b l e  & 
cetle o b t e n u e  chez des  r a t s  s a ns  gra isse  b r u n e  in te r -  
scapula i re .  E t a n t  donn6  l ' ab sence  de s igne de n6crose de la 
graisse  b r u n e  chez les r a t s  & ve ine  l igatur6e,  ce t te  observa-  
t i on  ne  par le  pas  en f a v e u r  d ' u n e  fonc t ion  endocr ine  de ce 
t i s su .  
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E l e c t r o n  M i c r o s c o p y  o f  t h e  L u n g  S u r f a c t a n t  

The re  is s t r o n g  ev idence  1 t h a t  the  alveol i  of t he  lung  
are l ined w i t h  a s u b s t a n c e  ( su r fac tan t )  r ich in d i -pa lmi -  
toy l  lec i th in  3, whose  func t ion  is to lower the  sur face  t en -  
sion. C i r c u m s t a n t i a l  ev idence  3 po in t s  ro t he  l ame l l a t e d  
osmiophi l ic  bodies  (LOP]3 h con t a ined  in the  t y p e  I I  cells, 
as  t he  source  of s u r f a c t a n t .  Most  e lec t ron  m i c r o g r a p h s  of 
t he  l u n g  4, however ,  show no t race  of a l ayer  of s u r f a c t a n t  
a t  t he  a lveolar  surface .  O the r s  show a s t r uc tu r e l e s s  m a -  
te r ia l  5, 7, or one sh o wing  geomet r i ca l  p a t t e r n s  w i th  spac-  
ings u p  to 20 n m .  I t  is l ikely t h a t  in m o s t  of t hese  cases  t h e  
s u r f a c t a n t  h a s  been  sh i f t ed  f rom its  pos i t ion  d u r i n g  f ixa-  
t ion,  or h a s  been  a l t e red  or r e m o v e d  by  t he  organic  li- 
qu ids  used  in e m b e d d i n g .  W e  h a v e  r e - inves t i ga t ed  t h e  
p r o b l e m  in m o u s e  lung,  u s ing  m e t h o d s  des igned  to c i r cum-  
v e n t  t hese  diff icul t ies .  

To p r ev en t ,  as fa r  as  possible,  t he  m o v e m e n t  of super -  
f ic ial ly loca ted  s u r f a c t a n t ,  we h a v e  used  e i ther  v a c u u m -  
col lapsed lung,  or l ung  whose  a lveolar  air has  been  eva-  
c u a t e d  a n d  rep laced  w i t h  boi led l inseed oil (which ha r -  
dens  d u r i n g  e m b e d d i n g ,  and  in wh ich  d i -pa lmi toy l  leci- 
t h i n  is insoluble) .  T h e  spec imens  were f ixed in g lu t a r a lde -  

h y d e  and  o s m i u m  t e t rox ide :  t h e y  were t he n  placed in a 
m i x t u r e  ~ of lead n i t r a t e  a n d  p o t a s s i u m  fer r icyanide  solu- 
t ions ,  M 240 w i th  respec t  to  Pba(FeCy6) 2, wi th  5% excess  
fe r r i cyan ide  ion to p r e v e n t  b l o t c h y  prec ip i ta t ion .  The  lead 
fe r r i cyan ide  fo rms  a ' t r i c omp le x ' 7  w i th  the  polar  g roups  
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