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Fig. 2. Effect of brain stem lesion upon the cutaneous inhibition. A and B; filled areas are part of lesion of brain stem at indicated position. 
Column I ; MSR evoked by the tibial nerve stimulation alone. Column II ; MSR after the conditioning stimulation of the ipsitateral SR nerve 
at an interval of about 50 msee. Column III ;  MSR after that of the contralaterat SR nerve at the same interval as Column II. Line C, before; 
Line D, after the lesion of lateral part of the medulla shown in A. Line E; after lesion of medial part shown in B. Upper traces were obtained 
at a slow sweep speed and lower ones at a fast sweep speed. 

l a t e r a l  p a r t  of t h e  b r a i n  s t e m  was cu t  w i t h  f ine scissors 
a f t e r  t h e  r e m o v a l  of t he  ce rebe l lum b y  suc t ion  u n d e r  
p h y s o s t i g m i n e  ef fec t ive  s ta te ,  As seen in F igure  2, the  
M S R  h a d  b e e n  depressed  to  a b o u t  50% b y  t h e  condi-  
t i on ing  s t i m u l a t i o n  of e i t h e r  ips i l a t e ra l  or c o n t r a l a t e r a l  
S R  n e r v e  a t  a c o n d i t i o n i n g - t e s t i n g  i n t e r v a l  of a b o u t  50 
msec  before  les ion in  t h i s  p r e p a r a t i o n  (C). Af t e r  lesion of 
t h e  l a t e ra l  p a r t  of t h e  m e d u l l a  (A) t h e  c u t a n e o u s  i n h i b i t i o n  
c h a n g e d  l i t t l e  (D), whi le  i t  was  c o m p l e t e l y  abo l i shed  b y  
sec t ion  of t h e  m e d i a l  p a r t  of i t  (B, E). Th i s  c lear ly  shows 
t h a t  t h e  med ia l  p a r t  of t h e  m e d u l l a  is conce rned  w i t h  t h e  
c u t a n e o u s  inh ib i t ion ,  b u t  t he  loca l iza t ion  of p h y s o s t i g m i n e  
a n d / o r  ace ty l cho l ine  sens i t ive  m e c h a n i s m  r e m a i n s  un-  
known .  

Zusammen/assung. Nachwe i s  e iner  ve r s t / i r k t en  Spina l -  
r e f l e x - H e m m u n g  bei  de r  dece reb r i e r t en  K a t z e  d u r c h  
P h y s o s t i g m i n .  De r  Ref lex  wird  fiber N. rad ia l i s  super-  
f icial is  h e r v o r g e r u f e n  und  d u r c h  A t r o p i n  v611ig aufge-  
hoben ,  w~ihrend Dihydro - f l - e ry th ro id in  ke ine  W i r k u n g  
h a t t e ,  
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E f f e c t  i n  v i v o  o f  N o r e p i n e p h r i n e  o n  t h e  M e m b r a n e  

T h e  co ld - induced  increase  in t h e r m o g e n e s i s  of b r o w n  f a t  
a p p e a r s  to  be  m e d i a t e d  b y  n o r e p i n e p h r i n e  (NE)  de r ived  
f rom s y m p a t h e t i c  n e r v e  t e r m i n a l s  L One  of  t h e  f i r s t  e v e n t s  
m e a s u r a b l e  in  t h i s  m e t a b o l i c  a c t i v a t i o n  is t h e  depola r iza -  
t i on  of t h e  m e m b r a n e  of t h e  b r o w n  fa t  cell. Th i s  c h a n g e  in  
m e m b r a n e  p o t e n t i a l  c an  be  e l ic i ted  b y  N E  app l i ed  e i t h e r  
in  s i tu  s or  in v i t ro4 ,L  S imi la r  c h a n g e s  are  also seen 
fol lowing e lect r ica l  s t i m u l a t i o n  (in v ivo)  of t h e  s y m p a -  
t h e t i c  ne rves  to  t he  b r o w n  fa t  p a d  a. T h a t  t h i s  depola r iza -  
t i on  is a t  l eas t  p a r t i a l l y  assoc ia ted  w i t h  a c t i v a t i o n  of 
a d e n y l  cyclase was sugges ted  3 fo l lowing t h e  f ind ing  t h a t :  
a) t h e  depo l a r i za t i on  induced  b y  e lect r ica l  s t i m u l a t i o n  is 
abo l i shed  a f t e r  t r e a t m e n t  of t he  a n i m a l  w i t h  t h e  adre-  
nergic  an t agon i s t ,  p rop rano lo l ;  a n d  b) t heophy l l ine ,  
a l t h o u g h  e l ic i t ing  a t h e r m o g e n i c  r e sponse  f rom t h e  b r o w n  
fa t ,  d i d  n o t  r e su l t  in  a depo l a r i z a t i on  of t h e  m e m b r a n e  s. 
R e c e n t l y ,  o b s e r v a t i o n s  o b t a i n e d  in v i t r o  h a v e  con f i rmed  
these  r e su l t s  a n d  h a v e  been  s imi l a r ly  i n t e r p r e t e d L  

As a n  e x p l a n a t i o n  of t h e  u n d e r l y i n g  bas i s  for  t h i s  
depo la r i za t ion ,  2 poss ib le  m e c h a n i s m s  m a y  be  cons idered  ; 

R e s i s t a n c e  o f  B r o w n  F a t  C e l l s  z 

namely ,  a n  increase  in  m e m b r a n e  p e r m e a b i l i t y  a n d / o r  a 
d i r ec t  c h a n g e  in t h e  a c t i v i t y  of a n  e lec t rogenic  p u m p  
(Figure  1). Hence ,  t h e  p r e sen t  s t u d y  was  u n d e r t a k e n  to  
d e t e r m i n e  w h e t h e r  t he  N E - i n d u c e d  sh i f t  in  ionic d i s t r i bu -  
t ion  was  indeed  a c c o m p a n i e d  b y  a n  increase  in t h e  p e r m e -  
ab i l i t y  of t h e  m e m b r a n e .  

To e v a l u a t e  t h i s  poss ib i l i ty ,  t h e  e f fec t  of N E  on  t h e  
m e m b r a n e  re s i s t ance  of t he  b r o w n  fa t  cells was  e x a m i n e d  
in L o n g - E v a n s ,  co ld -acc l ima ted  (4 ± 1°C, 3 -4  weeks) ra ts .  
These  r a t s  were a n e s t h e t i z e d  ( sodium p e n t o b a r b i t a l ,  

z Supported in part by research grant NASA No. NGR-05-004-035. 
R. E. SmTH and B. A. HORWlTZ, Physiol. Rev. d9, 330 (1969). 
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Acad. Sei., USA 6d, 113 (1969). 
L. GIRARDIER, J. SEVDOUX and T. CLAUSEN, J. gen. Physiol. 52, 
925 (1968). 
G, KRISHNA, J. MOSKOWITZ, P. DEMPSEV and B. B. BRODIE, Life 
Sei., 9 (Part I), 1353 (1970). 
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Fig. 1. Diagram of 2 possible mechanisms 
whereby norepinephrine may  effect the depo- 
larization of the brown fat ceU membrane.  In  
the sequence of events shown on the right, the 
release of the t ransmit ter  from nerve endings 
is followed by an increase in the permeability 
(increase in conductance) of the cell membrane.  
On the other  hand,  as depicted on the left, the 
t ransmit ter  :nay directly Mter the activity of 
an electrogenie membrane pump.  Depending 
on the nature of the pump,  this activity may  
either be increased (as illustrated above) or 
decreased. 

60 m g / k g ,  i .p . ) ,  a n d  t h e  l e f t  j u g u l a r  v e i n  c a n n u l a t e d  for  
a d m i n i s t r a t i o n  o f  N E  [1 -a r t e reno l  b i t a r t r a t e  (S igma) ]  a n d  
a l s o  s u s t a i n i n g  d o s e s  of  p e n t o b a r b i t a t .  T h e  i n t e r s c a p u l a r  
b r o w n  f a t  p a d  w a s  i s o l a t e d  a n d  s t a b i l i z e d ,  l e a v i n g  i n t a c t  
t h e  n e r v e  a n d  v a s c u l a r  s u p p l i e s  t o  t h e  t i s s u e  z. I n t r a -  
c e l l u l a r  p o t e n t i a l s  w e r e  r e c o r d e d  w i t h  g l a s s  m i c r o e l e c -  
t r o d e s  a s  p r e v i o u s l y  d e t a i l e d  ~. 

I n t r a c e l l u l a r  r e s i s t a n c e  w a s  m e a s u r e d  w i t h  a b r i d g e  
c i r c u i t  s i m i l a r  t o  t h a t  u s e d  b y  LIBET0. T h i s  c i r c u i t  in -  
v o l v e d  a p p l i c a t i o n  o f  a s q u a r e  w a v e  v o l t a g e  a c r o s s  2 
o p p o s i t e  n o d e s  o f  t h e  b r i d g e  w h i l e  t h e  p o t e n t i a l  a c r o s s  t h e  
r e m a i n i n g  2 n o d e s  w a s  a m p l i f i e d  a n d  d i s p l a y e d  o n  a n  
o sc i l l o scope .  ( I n  1 a r m  of  t h e  b r i d g e ,  a 10 ~ o h m  r e s i s t o r  
w a s  p l a c e d  i n  s e r i e s  w i t h  t h e  g l a s s  m i c r o e l e c t r o d e ) .  W h e n  
t h e  b r i d g e  w a s  b a l a n c e d ,  t h e  s i g n a l  f r o m  t h e  d i f f e r e n t i a l  
a m p l i f i e r  a p p e a r e d  a s  a l i ne  b r o k e n  o n l y  b y  t h e  s h a r p  
d e f l e c t i o n s  r e f l e c t i n g  t h e  c a p a c i t a n c e  o f  t h e  e l e c t r o d e ,  
cell ,  a n d  c a b l e s  (e.g. ,  t r a c e  1, F i g u r e  2). O n  t h e  o t h e r  h a n d ,  
w h e n  t h e  b r i d g e  w a s  u n b a l a n c e d  (as  w o u l d  o c c u r  d u r i n g  
c h a n g e s  in  m e m b r a n e  r e s i s t a n c e ) ,  t h e  s i g n a l  a p p e a r e d  o n  
t h e  o s c i l l o s c o p e  a s  a s q u a r e  w a v e  (e.g.,  t r a c e  3, F i g u r e  2). 
T h u s ,  u t i l i z i n g  t h e s e  t e c h n i q u e s ,  t h e  e f f e c t  o f  N E  o n  t h e  
r e s i s t a n c e  a s  wel l  a s  t h e  p o t e n t i a l  o f  t h e  m e m b r a n e  o t  t h e  
b r o w n  f a t  ce l ls  w a s  e x a m i n e d .  

0 B. LIl~ew, Prec. natn.  Aead. Sci., USA 60, 1304 (1968). 
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Fig. 2, Effect of NE i'~*. r i ve  on the membrane  conductance and 
potential of a brown fat celt. Following the i.v. injection of NE into 
the rat  (time = 0), the membrane of the impaled cell is seen to 
transiently depolarize [negative potentials are plotted above the 
time axis]. Changes in the permeability of the cell membrane occur 
concurrently, as seen on the right where the measure of the membrane 
conductance is shown for various t imes during the depolarization- 
repolarization cycle. 
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Fig. 3. Effect of NE, injected at time = 0, on the mem- 
brane conductance and potential of a brown fat cell. 
Differences between the response of this  adipoeyte and 
that  depicted in Figure 2 reflect the variance in record- 
ings. 
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I n j e c t i o n  of N E  (20-65 lzg/kg i.D.) was  fol lowed b y  t h e  
expec t ed  d e p o l a r i z a t i o n  of t h e  i m p a l e d  cell  (F igures  2 a n d  
3). C o n c u r r e n t  w i t h  t h i s  depo l a r i z a t i on  came  a decrease  in 
t h e  r e s i s t ance  of  t h e  cell  m e m b r a n e ,  t h e  r e s i s t ance  r each -  
ing a m i n i m u m  a t  t h e  t i m e  of m a x i m u m  depo la r i za t i on  
( t race 3, F igures  2 a n d  3). As t he  cell repolar ized ,  t he  m e m -  
b r a n e  re s i s t ance  r e t u r n e d  t o w a r d  i t s  p r e - s t imu lus  level 
( t races  4-6,  F igures  2 a n d  3). Such  changes  in m e m b r a n e  
c o n d u c t a n c e  were n o t e d  in a l l  b r o w n  fa t  cells examined .  
These  o b s e r v a t i o n s  t h u s  indica te ,  t h a t  Io l lowing N E  in- 
j e c t i on  a n  increase  in  t h e  p e r m e a b i l i t y  of t h e  m e m b r a n e s  
of t h e  cells occurs  c o n c u r r e n t l y  w i t h  t h e  depola r iza t ion .  

T h e  d e m o n s t r a t i o n  of t h i s  inc reased  p e r m e a b i l i t y  l ends  
s u p p o r t  to  t he  v iew t h a t  a c t i v a t i o n  of t h e  b r o w n  fa t  cell 
is a c c o m p a n i e d  b y  a n  inc reased  ene rgy  r equ i r emen t* ,  ~, v, s. 
T h a t  is, if t h e  m e m b r a n e  r e m a i n e d  r e l a t ive ly  impe rmeab le ,  
t h e  depo l a r i z a t i on - r epo l a r i z a t i on  sequence  m i g h t  h a v e  
i n v o l v e d  t h e  t r a n s f e r  of on ly  a few ions a n d  requ i red  l i t t l e  
a d d i t i o n a l  energy.  However ,  as a r e su l t  of t he  increased  
p e r m e a b i l i t y ,  t h e  ionic f luxes  across t h e  m e m b r a n e  m u s t  
b e  s u b s t a n t i a l l y  g r ea t e r  (i.e., t h e  m e m b r a n e  b e h a v e s  as if 
i t  were  a ' s ieve ' )  a n d  thus ,  cons i de r ab l y  more  ene rgy  m a y  
b e  r equ i r ed  to  res to re  t h e  ionic  d i s t r i b u t i o n  to  t he  pre-  
s t i m u l u s  cond i t ions .  Such  a n  inc reased  work  load  would  
be  c o n s i s t e n t  w i t h  ou r  p r ev ious  sugges t ion ,  i.e., t h a t  
m a i n t e n a n c e  of t he  e l eva t ed  ra t e s  of oxygen  c o n s u m p t i o n  

as  o b s e r v e d  w h e n  b r o w n  fa t  is a c t i v a t e d  in v i v o  m a y  be  
s u s t a i n e d  b y  a n  increased  ene rgy  t u r n o v e r  r a t h e r  t h a n  
d i s soc ia t ion  of ce l lu lar  r e sp i r a t i on  f r o m  ene rgy  conse rva -  
t ion  2, 3, 7-% 

Rdsumd. L a  d6po la r i sa t ion  de la m e m b r a n e  des  cellules 
ad ipeuses  b runes ,  p r o d u i t e  p a r  l ' a d m i n i s t r a t i o n  in v ivo  
de no rad r6na l ine ,  es t  auss i  a ccompagn6e  d ' u n e  a u g m e n t a -  
t i on  de  la pe rm6ab i l i t 6  mesur~e  p a r  une  a u g m e n t a t i o n  de 
la  r6 s i s t ance  m e m b r a n a i r e .  

J . M .  HOROWITZ, B . A .  HORWITZ, a n d  R.EM.  SMITH 

Department o[ Animal Physiology, 
Department o[ Physiological Sciences, University o/ 
Cali/ornia 
Davis (Cali]ornia 95616, USA), 16 June 197L 

v p.A.  HERD, ]3. A. HORWITZ and R. E. SMITrt, Experientia 26, 825 
~1970). 

s g.  A. HORWITZ, in Nonshivering Thermogenesis (Ed. L. JANSKY; 
Academia, Prague 1971), p. 221. 

D B. A. HORWlTZ, P. HERD and R. E. SMtTH, Can. J. Physiol. 
Pharmac. d6, 897 (1968). 

Syndroma of Forced Weaning in Nurs ing  Female 

F u n c t i o n a l  a n d  morpho log ica l  changes ,  w h i c h  a re  
o b v i o u s l y  assoc ia ted  w i t h  mi lk  p roduc t ion ,  occur  in  t h e  
o r g a n i s m  of r a t s  d u r i n g  l a c t a t i o n :  H y p e r p h a g i a  is 
a c c o m p a n i e d  b y  h y p e r p l a s i a  of t h e  m u c o s a  of t he  smal l  
i n t e s t i ne  1, changes  occur  in  t he  l iver  ~, bone  3, ad rena l s  a, 
in  s e rum l i pop ro t e in s  G, etc. I t  would,  there fore ,  n o t  be  
su rp r i s ing  if t h e  forced w e a n i n g  of t h e  of f spr ing  led to  
more  severe  d i s t u r b a n c e s  in  t he  e q u i l i b r i u m  of t h i s  
inc reased  m e t a b o l i s m .  

As ea r ly  as  in  1936, PUGSL~Y s d e m o n s t r a t e d  hype rca l c -  
u r i a  a f t e r  r e m o v a l  of t h e  young .  I n  ou r  ra t s ,  t h e  s u d d e n  
i n t e r r u p t i o n  of suck l ing  led to  h y p e r p h o s p h a t a e m i a  a n d  
t h e  d e v e l o p m e n t  of p o s t r e p r o d u c t i v e  a r t e r i o p a t h y L  
Nephroca lc inos is ,  a p p e a r i n g  acu te ly  w i t h i n  24 h a f t e r  
forced weaning ,  has  been  de t ec t ed  as a f u r t h e r  a n a t o m i c a l  
f i nd ing  in our  r a t s  s 

Recen t ly ,  we i n v e s t i g a t e d  t he  s e r u m  levels  of sodium,  
po ta s s ium,  m a g n e s i u m ,  glucose, choles te ro l  a n d  fl-lipopro- 
t e ins  a f t e r  forced weaning .  

3laterial and methods. 60 f emale  V~ristal " r a t s  aged  3 -4  
m o n t h s  were  d iv ided  in  2 equal groups  (accord ing  to  t h e  
d i e t  used).  E a c h  of t he se  r a t s  suck led  12 y o u n g  of  he r  
f i rs t  l i t t e r  a n d  forced w e a n i n g  was  ca r r ied  ou t  on  t he  
21st day  of l ac ta t ion .  On t h i s  d a y  one  ha l f  of t he  r a t  
m o t h e r s  was  killed. T he  second ha l f  of each  of t h e  two 
groups  was  ki l led on  t h e  22nd d a y  a f t e r  de l ivery ,  i.e. 
24 h a f t e r  forced weaning .  

I n  t he  b lood  s e r u m  t h e  a b o v e - m e n t i o n e d  c o m p o n e n t s  
were  e s t i m a t e d  b y  fo l lowing m e t h o d s :  g lucose  b y  m e a n s  
of t h e  co lo r ime t r i c  m e t h o d  w i t h  o - to lu id ine  9 s o d i u m  a n d  
p o t a s s i u m  b y  f l a m e  p h o t o m e t r y ,  m a g n e s i u m  w i t h  t h e  
co lo r imet r i c  m e t h o d  us ing  t h i azo l  yellow ~°, choles te ro l  
w i t h  t h e  modi f i ed  co lo r imet r i c  m e t h o d  acco rd ing  to  
PEARSON 11 a n d  f l - l ipoprote ins  b y  m e a n s  of t h e  t u r b i d i -  
m e t r i c  m e t h o d  x2. 

Die t s :  1. The  so-cal led L a r s e n  d ie t  c o n t a i n e d  1500 
ulg/100 g of ca lc ium a n d  600 mg/100  g of phos pho rus .  

Rats 

2. T h e  d ie t  D O S - I I  c o n t a i n e d  1000 rag/100 g of 
ca l c ium a n d  850 mg/100  g of p h o s p h o r u s .  T h e  de t a i l ed  
compos i t i on  of b o t h  these  d ie t s  was  g iven  in our  p rev ious  
p a p e r  18. 

Cont ro l  a n i m a l s :  I n  b o t h  g roups  t he re  were 20 v i rg in  
female  r a t s  of t he  s a m e  age, fed 6 -8  weeks before  k i l l ing  
b y  t he  a p p r o p r i a t e  diet .  

Results and discussion. No s ign i f i can t  d i f ferences  in  
food c o n s u m p t i o n  were  a s c e r t a i n e d  b e t w e e n  ana log ica l  
g roups  of d ie t  1 c o m p a r e d  w i t h  d ie t  2. 

The  resu l t s  are  g iven  in  t h e  Table .  No s ign i f i can t  
d i f ferences  were found  a f t e r  forced wean ing  in t he  levels  of 
glucose, sod ium a n d  m a g n e s i u m .  P o t a s s i u m  showed a 
mi ld  b u t  s ign i f i can t  decrease  the  d a y  a f t e r  forced wean ing  
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