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Table 2. Visual experimellt: average number of correct comparisons 
(N = 32) 

Visual half-field 
Stimuli right left t* p 

Words (max. 24) 18.4 16,7 2.65 0.01 

Figures (max. 24) 19.9 20.4 0.83 0.4 

* Student's t-test for paired data. 

Auditory experiment. Sets of 3 digi ts  were g iven  as v e r b a l  
s t imuli .  The  n o n v e r b a l  s t imul i  cons is ted  of 5 pure  tones,  
dif fer ing sequen t i a l ly  in  sound  f requency ,  wh ich  m a d e  up  
a cha rac t e r i s t i c  form. This  fo rm h a d  to be  recognized b y  
v i sua l  mul t ip le  choice. Tile d u r a t i o n  of t he  sets  of digi ts  
a n d  of tones  was 1.5 sec. I n  p a r t  1, digi ts  were p re sen ted  
to  t he  r i gh t  or lef t  ear, s i m u l t a n e o u s l y  w i t h  a t o n a l  se- 
quence  to t he  o t h e r  ear. P a r t s  2 and  3 were con t ro l  t a sks  
w i t h  on ly  digi ts  or on ly  t o n a l  sequences  to  b o t h  ears. 
Tab le  1 shows t h e  average  n u m b e r  of cor rec t  responses  
t a k e n  f rom 38 r i g h t h a n d e d  s tuden t s .  
S ign i f i can t ly  more  digi ts  are r e p o r t e d  f rom t h e  r i gh t  ear  
t h a n  f rom the  lef t  in  p a r t s  1 a n d  2. Tona l  sequences  to-  
ge the r  w i t h  d ig i ts  are  equa l ly  well r epo r t ed  f rom b o t h  
ears  in p a r t  1, whereas  t o n a l  sequences  to  b o t h  ears yield 
a s ign i f ican t  lef t  ear  super io r i ty  in  p a r t  3. 
Visual experiment. The  v e r b a l  s t imul i  were c o m m o n  four-  
l e t t e r  words  w r i t t e n  one above  t he  o ther ,  a n d  p ro jec ted  
to  one v i sua l  half-field.  T he  words  were indent ica l ,  or t h e y  
differed b y  one le t ter .  Pa i r s  of nonsense  f igures were 
s imu l t aneous ly  p r e sen t ed  to t he  o the r  v i sua l  half-field.  
The  figures were ident ical ,  or t h e y  differed to  a n  e x t e n t  
y ie lding a b o u t  75% of cor rec t  responses.  Pa i r s  of iden t ica l  
or d i f fe rent  words  were s y s t em a t i ca l l y  c o m b i n e d  w i t h  
pa i rs  of iden t ica l  or d i f fe ren t  figures.  S t imu lus  d u r a t i o n  
was 80 msec. The  sub jec t s  h a d  to decide if t he  figures, 

t h e n  t he  words  were ' s ame '  or 'd i f fe ren t ' .  The  ave rage  
n u m b e r  of cor rec t  compar i sons  b y  32 r i g h t h a n d e d  s tu-  
den t s  is s h o w n  in t a b l e  2. 
"Words are s ign i f i can t ly  b e t t e r  c o m p a r e d  in t i le r i g h t  t h a n  
in t he  lef t  v i sua l  hal f - f ie ld ,  whereas  t he  f igures are com-  
p a r e d  equa l ly  well in  b o t h  half-fields.  
Discussion. I n  a g r e e m e n t  w i t h  p rev ious  f indings,  v e r b a l  
s t imul i  are  b e t t e r  processed b y  t he  r i g h t  sensory  i n p u t  
channe l s  in aud i t i on  a n d  in v is ion as well. I t  m a k e s  l i t t le  
difference w h e t h e r  t he  v e r b a l  s t imul i  are p re sen ted  to-  
ge the r  w i t h  o the r  verba l ,  or w i t h  n o n v e r b a l  s t imul i .  T o n a l  
sequences  are  recognized di f ferent ly ,  d e p e n d i n g  on  t h e i r  
a c c o m p a n y i n g  s t imu l i :  T o g e t h e r  w i t h  a n o t h e r  t o n a l  se- 
quence,  t h e y  are b e t t e r  r epo r t ed  f rom the  left  ear ;  w h e n  
p re sen t ed  w i t h  digits,  however ,  t he  ear  a s y m n l e t r y  d isap-  
pears .  Similar ly,  t h e  left  v i sua l  half-f ield super io r i ty  in  
the  pe rcep t ion  of f igures is abol i shed  w h e n  the  c o m p a n i o n  
s t imul i  are  words  12. 
W e  conc lude  t h a t  t he  i n f o r m a t i o n  en t e r ing  t he  2 sensory  
channe l s  oI one sense m o d a l i t y  is n o t  h a n d l e d  comple t e ly  
s e p a r a t e l y  b y  t he  2 ce rebra l  hemispheres ,  b u t  t h a t  t he re  is 
an  i n t e r a c t i o n  b e t w e e n  t he  2 sides of the  b r a in lK  Tile 
eff ic iency of t he  left  c h a n n e l  seems to  be  inf luenced  b y  t he  
t ype  of i n f o r m a t i o n  in  the  oppos i te  channel .  This  in-  
f luence appea r s  to  be  smal l  for t he  r i gh t  channel .  Th i s  
f ind ing  can  be  i n t e r p r e t e d  in t e r m s  of t he  i m p o r t a n c e  of 
speech  in h u m a n  c o m m u n i c a t i o n .  Pe rcep t ion  a n d  pro-  
cessing of speech are crucia l  and,  therefore ,  t h e y  m u s t  be  
gua ran teed .  Thus  we suppose  t h a t  t he re  is a ce rebra l  
m e c h a n i s m  able to  compa re  and  classify i n p u t s  f rom the  
sensory  channels ,  and  yie lding an  o p t i m a l  p rocess ing  o f  
v e r b a l  a n d  n o n v e r b a l  s t imul i .  Add i t i ona l  expe r imen t s  are 
in  progress  to  e luc ida te  f u r t h e r  how and  where  in the  b r a i n  
th i s  compar i son  and  class i f icat ion t ake  place. 

12 E. Perret, G. Simeon and W. Hugenschmidt, Arch. suisses 
Neurol. Psychiat. 107 (1), 87 (1970). 

13 M. Studdert-Kennedy, D. Shankweiler and S. Sehnlmann, J. 
Ae. Soc. Am. 48 (2), 695 (1970). 
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Summary. Glucagon  infus ion  caused  a m a r k e d  increase  of b r o w n  fa t  venous  F F A  concen t r a t i on ,  b u t  t he  e x t e n t  of 
increase  was less in co ld-acc l imat ized  ra t s  t h a n  in wa rm-acc l ima t i zed  ones. Sys temic  venous  F F A  was no t  app rec i ab ly  
inf luenced  b y  glucagon.  P r o p a n o l o l  d id  n o t  mod i fy  t he  changes  i nduced  b y  gIucagon.  

Ample  ev idence  ha s  been  compi led  to ind ica te  a sig- 
n i f i can t  role of b r o w n  adipose  t i ssue  in cold acc l imat iza-  
t ion  of va r ious  species of m a m m a l s  and  an  e n h a n c e d  
a c t i v i t y  of b r o w n  adipose  t i ssue  p r o b a b l y  depends  u p o n  
a n  e l eva ted  mob i l i za t ion  and  u t i l i za t ion  of free f a t t y  
acids (FFA) in th i s  t i ssue  b y  n o r e p i n e p h r i n e  ~. Recent ly ,  
g lucagon  ha s  been  c la imed  to  be  a h o r m o n e  of ene rgy  
s u p p l y  in case of exercise, fas t ing,  etc. a. W e  h a v e  also 
c o n t e n d e d  t h a t  g lucagon  m a y  serve a n  ene rgy  s u b s t r a t e -  
supp ly ing  h o r m o n e  in cold acc l ima t i za t i on  t h r o u g h  i ts  
l ipolyt ic  ac t ion  ~. These  resu l t s  led us to  i nves t i ga t e  an  
in  v ivo  l ipolyt ic  ac t ion  of th i s  h o r m o n e  of t he  b r o w n  
adipose  t i ssue  of co ld-acc l imat ized  as well  as w a r m -  
acc l imat ized  ra ts .  

Materials and methods. All expe r imen t s  were pe r fo rmed  
on male  W i s t a r  r a t s  fed ad  l i b i t um u n d e r  ar t i f ic ia l  l i gh t  
f rom 700 to 1900. The  an ima l s  were d iv ided  in to  2 
g roups ;  t he  one was m a i n t a i n e d  a t  a m b i e n t  t e m p e r a t u r e  
of 25 ~ (warm-acc l ima t i zed  group) and  ti le o t h e r  a t  5 ~ 
for 2-3  weeks  in t h e  i n d i v i d u a l  cages (cold-accl imat ized 
group).  T h e  l a t t e r  r a t s  were t r an s f e r r ed  to 25~ 18 h 
pr io r  to  t he  expe r imen t .  G lucagon  (Novo Indus t r i ,  A/S,  
Copenhagen ,  D e n m a r k )  was infused in to  t he  femora l  ve in  
a t  a r a t e  of 2 ~g/0.005 m l / m i n  for 5 ra in  u n d e r  h e x o b a r b i t a l  
anes thes i a  (20 mg/100  g, in t raper i tonea l ly ) .  P r o p r a n o l o l  
h y d r o c h l o r i d e  was in jec ted  a t  dosage of 500 ~.g/100 g 
i n t r a p e r i t o n e a l l y  t0  m in  before  t h e  g lucagon infusion.  
Sys temic  v e n o u s  b lood  was o b t a i n e d  f rom t h e  e x t e r n a l  
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Effect of glueagon infusion (2 txg/0.005 ml mill for 5 min) on the blood FFA and glucose concentrations in the external jugular and Sulzer's 
veins in warm-acclimatized and cold acclimatized rats 

FFA ([xEq/1) Glucose (mg/dl) 

External jugular vein Sulzer's vein External jugular vein Sulzer's vein 

I. Glucagon infusion 
Warm-acclimatized rats 

Saline control (12) 364 ~ 25.3 397 _~ 27.7 141 i 6.6 137 =c 4.6 
Glueagon (12) 451 -c 47.8 1359 ~ 86.6 ~ 174 -~: 4.2 ~ 179 • 4.7 ~ 

Cold-acclimatized rats 
Saline control (10) 308 • 15.7 330 ~ 16.4 146 + 5.2 142 • 6.7 
Glucagon (8) 446 ~ 50.4 �9 1106 • 81.1~, 177 ~ 6.7 b 183 ~ 7.3 e 

II. Propranolol and glueagon infusion 
Warm-acclimatized rats 

Saline control (8) 346 • 40.7 375 • 50.4 146 ~ 6.3 142 • 5.0 
Glueagon (8) 450 ~ 37.2 1477 • 84.6 *, 173 ~ 5.1 ~ 182 ~ 6.1 ~ 

Cold-acclimatized rats 
Saline control (8) 313 -c 23.0 333 =~ 24.9 134 + 6.4 134 -L 5.3 
Glucagon (12) 385 ~ 24.0 �9 906 -L 75.3 ~ 175 ~ 4.2 ~ 170 • 3.7 ~ 

Mean -L S.E.M. Nmnber in parenthesis indicates the number of aifimals. P vs Saline control rats: ~p < 0.05; bp < 0.01; op < 0.001. 
Values with no marks indicate no significant difference vs Saline control rats. 

j u g u l a r  v e i n  a n d  v e n o u s  b l ood  d r a i n e d  t h r o u g h  t h e  i n t e r -  
s c a p u l a r  b r o w n  f a t  ( b r o w n  f a t  v e n o u s  b lood)  f r o m  o v e r -  
f l o w e d  b l o o d  f r o m  b o t h  c u t  e n d s  of  S u l z e r ' s  ve in .  W h o l e  
b lood  F F A  w a s  m e a s u r e d  b y  t h e  m e t h o d  of  ITAYA a n d  
UI  ~ a n d  g l u c o s e  b y  t h e  a n t h r o n e  r e a g e n t  m e t h o d  6. S t a t i s -  
t i ca l  s i g n i f i c a n c e  of t h e  r e s u l t s  w a s  t e s t e d  b y  S t u d e n t ' s  
t - t es t .  

Results  and discussion.  T h e  in i t i a l  b o d y  w e i g h t  w a s  
191 i 2.2 g in w a r m - a c c l i m a t i z e d  r a t s  a n d  199 ~k 1.4 g in 
c o l d - a c c l i m a t i z e d  ones ,  b e i n g  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
b e t w e e n  t h e  g r o u p s .  I t  w a s  264 ~ 9.2 g a n d  234 • 5.2 g 
a t  t h e  e x p e r i m e n t s ,  r e s p e c t i v e l y .  T h e  i n c r e m e n t  of  b o d y  
w e i g h t  w a s  s i g n i f i c a n t l y  s m a l l e r  in t h e  c o l d - a c c l i m a t i z e d  
r a t s ,  a s  p r e v i o u s l y  r e p o r t e d  3 

I n  w a r m - a c c l i m a t i z e d  r a t s  g l u c a g o n  i n f u s i o n  d id  n o t  
m o d i f y  t h e  F F A  c o n c e n t r a t i o n  in  s y s t e m i c  v e n o u s  b lood ,  
wh i l e  i t  c a u s e d  a m a r k e d  e l e v a t i o n  of F F A  c o n c e n t r a t i o n  
in b r o w n  f a t  v e n o u s  b l ood  ( table) .  T h e  g l u c o s e  c o n c e n -  
t r a t i o n  ro se  s i m i l a r l y  in b o t h  s y s t e m i c  a n d  b r o w n  f a t  
v e n o u s  b loods .  I n  c o l d - a c c l i m a t i z e d  r a t s  g l u c a g o n  i n f u s i o n  
r e s u l t e d  in  a s i g n i f i c a n t  b u t  s l i g h t  i n c r e a s e  in  s y s t e m i c  
v e n o u s  F F A  c o n c e n t r a t i o n .  B r o w n  f a t  v e n o u s  F F A  con -  
c e n t r a t i o n  rose  m a r k e d l y  b y  g l u c a g o n  i n f u s i o n ,  b u t  t h e  
e x t e n t  of  F F A  i n c r e m e n t  w a s  s i g n i f i c a n t l y  s m a l l e r  t h a n  
in w a r m - a c c l i m a t i z e d  r a t s  (p < 0.05). B l o o d  g l u c o s e  c o n -  
c e n t r a t i o n  w a s  s i m i l a r l y  e l e v a t e d  b y  g l u c a g o n  i n f u s i o n  
in  b o t h  v e n o u s  b l o o d s  as  in  w a r m - a c c l i m a t i z e d  r a t s .  

A s  e a r l y  as  1957, DAVIDSON e t  al. 7 p r e s e n t e d  t h e  f i r s t  
e v i d e n c e  of  c a l o r i g e n i c  a c t i o n  of  g l u c a g o n .  A p o t e n t  in  
v i t r o  l i po ly t i c  a c t i o n  of  g l u c a g o n  on  w h i t e  a d i p o s e  t i s s u e  
f r o m  r a t s  h a s  b e e n  c o n s i s t e n t l y  ve r i f i ed  3. C o n s e q u e n t l y ,  
i t  is q u i t e  p o s s i b l e  t h a t  t h e  e f f ec t  of  g l u c a g o n  on  e n e r g y  
m e t a b o l i s m  is e x e r t e d  t h r o u g h  a n  e n h a n c e d  l i po lys i s  in  
a d d i t i o n  to  s t i m u l a t e d  g l y c o g e n o l y s i s .  H o w e v e r ,  a n  in  
v i v o  e l e v a t i n g  a c t i o n  of g l u c a g o n  on  b l o o d  F F A  con -  
c e n t r a t i o n  w a s  n o t  r e p o r t e d  u n t i l  t h e  a u t h o r s  o b s e r v e d  
i t  in  t h e  b l o o d  o b t a i n e d  f r o m  t i le  t a i l  of  u n a n e s t h e t i z e d  
r a t s  a f t e r  a s ing le  i n j e c t i o n  of  g l u c a g o n  i n t r a p e r i t o n e a l l y  8. 
G l u c a g o n  h a s  b e e n  a lso  f o u n d  to  be  l i p o l y t i c  in  b r o w n  
a d i p o s e  t i s s u e  of  r a t  w h e n  t e s t e d  in  v i t r o  9-11. To  o u r  
k n o w l e d g e ,  a n  in v i v o  l i po l y t i c  a c t i o n  of  g l u c a g o n  on  
b r o w n  a d i p o s e  t i s s u e  h a s  n o t  b e e n  r e p o r t e d  p r e v i o u s l y .  
T h e  p r e s e n t  s t u d y  a p p a r e n t l y  i n d i c a t e s  a n  in  v i v o  s t r o n g  
l i p o l y t i c  a c t i o n  of  g l u c a g o n  o n  b r o w n  a d i p o s e  t i s s u e .  T h e  

r e a s o n  w h y  g l u c a g o n  fa i led  to  e l e v a t e  t h e  s y s t e m i c  b loo d  
F F A  c o n c e n t r a t i o n  r e m a i n s  to  be  e x p l a i n e d ,  a l t h o u g h  
s o m e  pos s ib i l i t i e s  h a v e  b e e n  c o n s i d e r e d :  e .g .  a h y p e r -  
g l y c e m i a  i n d u c e d  b y  g l u c a g o n  a n d / o r  i n s u l i n o g e n i c  a c t i o n  
of  g l u c a g o n  '~. A s l i g h t  i n c r e a s e  in  s y s t e m i c  b lood  F F A  
o b s e r v e d  in c o l d - a c c l i m a t i z e d  r a t s  m i g h t  r e f l ec t  a n  en -  
h a n c e d  s e n s i t i v i t y  of  p e r i p h e r a l  a d i p o s e  t i s s u e  to  l i po ly t i c  
a c t i o n  of  t h i s  h o r m o n e  in c o l d - a c c l i m a t i z a t i o n ,  a s  s u g g e s -  
t e d  p r e v i o u s l y  s. 

I t  h a s  p r e v i o u s l y  b e e n  d e m o n s t r a t e d  t h a t  g l u c a g o n  in-  
f u s i o n  p r o d u c e s  t h e  t h e r m o g e n i c  r e s p o n s e  in  t h e  b r o w n  
f a t  of  n e w b o r n  r a b b i t s  12,~ a n d  r a t s  ~a. I t  is, t h e r e f o r e ,  
c o n c e i v a b l e  t h a t  a n  e n h a n c e d  u t i l i z a t i o n  as  wel l  as  r e l e a se  
of  F F A  in t h e  b r o w n  a d i p o s e  t i s s u e  fo l l owing  g l u c a g o n  
s e r v e s  t h e  h e a t  p r o d u c t i o n  in t h i s  t i s sue .  PORTET e t  al. ~4 
h a v e  r e v e a l e d  t h a t  F F A  r e l ea se  :from t h e  b r o w n  f a t  b y  
n o r e p i n e p h r i n e  i n f u s i o n  is less  in  c o l d - a c c l i m a t i z e d  r a t s ,  
b e i n g  p o s s i b l y  d u e  to  a g r e a t e r  u t i l i z a t i o n  of  F F A  b y  t h i s  
t i s s u e  t h a n  in  w a r m - a c c l i m a t i z e d  r a t s .  M o r e o v e r ,  t h e  
b r o w n  f a t  f r o m  c o l d - a c c l i m a t i z e d  r a t s  a c c u m u l a t e s  m o r e  
F F A  in  v i t r o  in  r e s p o n s e  t o  c a t e c h o l a r n i n e s ,  A C T H  a n d  
cyc l ic  A M P  a n d  r e l e a s e s  l e s se r  a m o u n t  of  F F A  to  t h e  
m e d i u m  ~'~. T h e s e  r e s u l t s  m i g h t  e x p l a i n  w h y  t h e  e x t e n t  

1 The authors wish to thank the Novo lndustri  A/S for the gift of 
glueagon. Address of Tomie Ohno: College of School Health, 
Hokkaido University of Education, Asahikawa 070 (Japan). 

2 R. 12. SMITH and B. A. HORWlTZ, Physiol. Rev. 49, 330 (1969). 
3 p. LUFEBVRE, Biocheln. Pharmac. 2d, 1261 (1975). 

A. I(UROStUMA and K. Doi, Experientia 32, 473 (1976). 
'~ K. ITAYA and M. UI, J. Lipid Res. 6, 16 (1965). 
6 j .  E. RoE, J. biol. Chem. 212, 335 (1955). 
7 [. \~'. 12. DAVIDSON, J .  M. SALTER a n d  C. H.  BUS% N a t u r e  780, 

1124 (1957). 
8 A. I(UROSttlMA, 1{. DOI, M. KURAHASHI and T. OIINO, Jap. J. 

Physiol. 25, 275 (1975). 
9 j .  HIMMS-HAGEN, J. biol. Chem. 236, 1023 (1961). 

10 C. D. JOEL, J. biol. Chem. 241, 814 (1966). 
11 p. HAHN, Pedlar. Res. 5, 126 (1971). 
13 T. HEI.U and D. HULL, J. Physiol. 187, 271 (1966). 
13 F. COCKBURN, l). HULL and I. WALTON, Br. J. Pharmac. 31, 568 

(1968). 
14 R. PORTET, M. C. LAURY, R. BERTIN, C. SENAULT, M. T. HLUSZKO 

and L. CIIEVILLARD, Proc. Soc. exp. Biol. Med. 747, 807 (1974). 
15 p.  DORIGO, I. MARAGNO, A. 13RESSA a n d  G. FASSINA, Biochem,  
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of F F A  release is smal ler  in  t h e  b r o w n  fa t  of cold-accli-  
m a t i z e d  r a t s  in  t he  p re sen t  s tudy .  

W i t h  r ega rd  to  t he  m e c h a n i s m  in t he  l ipolyt ic  ac t ion  
of g lucagon  on  b r o w n  adipose  tissue, SKALA et  al. 16 h a v e  
descr ibed t h a t  t he  adenylcyc lase  recep tor  for g lucagon  is 
n o t  found  in t he  b r o w n  adipose  tissue. B r o w n  adipose  
t issue is r i c h l y  i n n e r v a t e d  b y  2 k inds  of s y m p a t h e t i c  
nerves ,  t h e  one to t he  vessels der ived  f rom t he  sympa-  
t h e t i c  chain ,  and  t he  o the r  to  the  p a r e n c h y m a l  t issue 
der ived  f rom the  in t r ins ic  gangl ia  iv. Thus ,  i t  is l ikely 
t h a t  t he  rise in  b r o w n  fa t  v e n o u s  F F A  c o n c e n t r a t i o n  due 
to  g lucagon  is s econda ry  to  a rise of c a t e c h o l a m i n e  level 
in  t he  b r o w n  adipose  t i ssue  as well  as t he  c i r cu la to ry  
b lood  el ici ted b y  glucagon.  However ,  i t  is unl ikely,  s ince 
t he  response  to g lucagon  was u n c h a n g e d  a f t e r  in j ec t ion  
of b e t a - r e c e p t o r  blocker ,  p ropranolo l ,  wh ich  is k n o w n  to 
suppress  l ipolyt ic  as well  as calor igenic  ac t ion  of cate-  
cho lamines  is as seen in t he  table .  N e i t h e r  calor igenesis  
nor  increase  in b lood flow b y  g lucagon is b locked  b y  pro-  
p rano lo l  1~. Consequent ly ,  i t  seems reasonab le  to  conclude  
t h a t  glucagon,  like ca techolamines ,  ac t s  d i rec t ly  on  t he  
b r o w n  adipose  t issue in i ts  l ipolyt ic  and  calor igenic  
act ions .  Tile increase  in b lood  flow t h r o u g h  t he  b r o w n  
adipose  t i ssue  b y  g lucagon  infus ion  m i g h t  be  p a r t l y  
respons ib le  for t h e  increased release of F F A  f rom th i s  
t issue,  a l t h o u g h  i t  is l ikely t h a t  t he  increase  in b lood  flow 
is s econda ry  to t he  me tabo l i c  ac t ion  of g lucagon  1~. I n  
th i s  connec t ion ,  i t  is i n t e r e s t i ng  to refer  to  t he  r ecen t  
r epo r t  sugges t ing  t h a t  cold acc l ima t i za t i on  resu l t s  in t he  
decreased  a c t i v i t y  of phosphod ie s t e r a se  in  t he  b rown  adi-  

pose t issue of ra ts ,  i nduc ing  a n  increased  lipolysis in  th i s  
t i ssue  10. Thus  i t  would  a p p e a r  w o r t h w h i l e  to  i nves t i ga t e  
w h e t h e r  g lucagon  could inf luence  phosphod ie s t e r a se  
a c t i v i t y  of b r o w n  adipose  tissue. 

I t  is now widely  accep ted  t h a t  h e a t  p r o d u c t i o n  in the  
b r o w n  adipose  t issue is gove rned  b y  t he  s y m p a t h e t i c  
n e r v o u s  s y s t e m  2. However ,  HULL 2~ ha s  obse rved  t h a t  
be ta -b locker ,  p rone tha lo l ,  b locked  t h e  no rep inephr ine -  
i nduced  calor igenesis  in n e w b o r n  rabb i t s ,  b u t  i t  d id  no t  
i n h i b i t  t he  calor igenic  response  to cold. The  p r e sen t  
resul t ,  t o g e t h e r  w i t h  t h a t  of Hul l ' sone ,  seems to sugges t  
t h a t  g lucagon m a y  ac t  synerg i s t i ca l ly  w i t h  ca techol -  
amines  in d e t e r m i n i n g  the  level  of b r o w n  adipose  t issue 
me tabo l i c  process  in cold acc l imat iza t ion .  

The  b r o w n  adipose  t i ssue  ha s  been  s h o w n  to t a k e  up  
glucose ac t ive ly  f rom the  c i rcula t ion ,  especial ly  in  cold- 
acc l imat ized  an ima l s  21. However ,  in t he  p r e sen t  s t u d y  no 
s ign i f ican t  di f ference was obse rved  in  t he  e l eva t ion  of 
b lood glucose c o n c e n t r a t i o n  be tween  t he  sys temic  venous  
and  b r o w n  fa t  venous  b loods  in b o t h  wa rm-acc l ima t i zed  
and  co ld-acc l imat ized  animals .  

16 j .  SKALA, P. I-IAHN and T. BRAUN, Life Sci. 9, 1201 (1970). 
17 D. M. DERRY, E. SCHOENBAUM and G. STEINER, Can. J. Physiol. 
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Summary. Changes  of ex t race l lu la r  c o n c e n t r a t i o n  of b r a i n  p o t a s s i u m  EK+I~ were s tud ied  in l igh t ly  ane s the t i z ed  un-  
r e s t r a ined  r a t s  w i t h  ion-select ive  K+-microe lec t rodes  i n t r o d u c e d  in to  the  ce rebra l  cor tex  w i t h  a h e a d - m o u n t e d  micro-  
dr ive  sys tem.  Nocicep t ive  s t imul i  el ici ted E E G  arousa l  l a s t ing  for 47 sec on  the  average  which  was accompan ied  b y  
an  increase  of EK+Je f rom 3.0 m M  to 3.31 • 0.04 raM. 

The  [K+]-sensi t ive  microe lec t rodes  1 m a d e  i t  possible  to  
e x a m i n e  t he  role of K+-ions in var ious  n o r m a l  and  p a t h o -  
logical b r a i n  funct ions .  T he  level  of [K+~e in t i le ce rebra l  
t i ssue  was found  to  be  equa l  to  t he  p o t a s s i u m  concen t r a -  
t ion in t he  C S F  (3 mM), u n d e r  r e s t ing  cond i t ions  2, and  
to  increase  to 60-80 mM d u r i n g  sp read ing  depress ion  or 
anoxic  depo la r i sa t ion  3-5 a n d  to a b o u t  10 m M  d u r i n g  
epi lept ic  ac t iv i ty4 ,  ~-s. Lower  IN+]e- increments  were ob-  
se rved  in t he  sp ina l  cord a n d  h igher  b r a in  cen t res  a f t e r  
e lectr ical  s t i m u l a t i o n  of pe r iphe ra l  ne rves  or a f te r  ap-  
p l i ca t ion  of a d e q u a t e  sensory  s t imul i  9-11. 
All t he  above  s tud ies  were m a d e  in deep ly  anes t he t i z ed  
(and of ten  curar ized)  animals ,  r ig id ly  f ixed in t he  h e a d  
ho lder  of t he  s t e reo tax ic  a p p a r a t u s .  Such  e x p e r i m e n t a l  
cond i t ions  p rec lude  the  use of K+-select ive e lect rodes  for 
e x a m i n a t i o n  of [K+Je-shifts a c c o m p a n y i n g  va r ious  be- 
hav io ra l  s ta tes .  The  a i m  of t he  p r e s e n t  p a p e r  was to 
modi fy  t he  K+-elec t rode  t e c h n i q u e  to  m a k e  i t  su i t ab le  
for m e a s u r e m e n t s  in u n r e s t r a i n e d  an i m a l s  b y  r educ ing  
t he  m o v e m e n t  a r t e fac t s  due  to  h igh  i m p e d a n c e  of t he  
e lec t rode  a n d  to changes  of i n p u t - g r o u n d  capac i t y  and  
e lec t ros ta t i c  induc t ion .  

K+-microe lec t rodes  were p r e p a r e d  accord ing  to t he  tech-  
n ique  descr ibed  b y  W a l k e r  1 and  modi f ied  b y  VyskoSil  
a n d  KH~ 12. Glass mic rop ipe t t e s  (1.65 m m  ex t e rna l  d i am-  
eter ,  20 m m  long, w i t h  a 5 m m  long shank)  c o n t a i n e d  a 
0.5 M KC1 so lu t ion  c o n t a c t i n g  a 200 # m  h igh  co lumn of 
t h e  l iquid ion e x c h a n g e r  (Corning Code 477317) in t he  
si l iconized t ip .  The i r  r es i s t ance  was a r o u n d  10 s D. In  
o rder  to  s impl i fy  the  e lec t rode  s y s t e m  a mic rop ipe t t e  of 
t he  same  shape  b u t  filled w i t h  0.9~o NaC1 was used for 
field p o t e n t i a l  record ing  f rom tile s a m e  region.  Ef f i c ien t  
g r o u n d i n g  of t he  a n i m a l  was  p rov ided  b y  a low res i s tance  
Ag-AgCl-e leet rode (4 m m  2) c o n t a c t i n g  t he  cor t ical  surface 
a d j a c e n t  to  t he  p o i n t  of microe lec t rode  inser t ion.  
A d u l t  hooded  r a t s  were anes the t i z ed  w i t h  u r e t h a n e  
(0,9 g/kg) and  a t r e p h i n e  open ing  5 m m  in d i a m e t e r  was 
m a d e  over  t he  occipi ta l  cor tex.  The  mic rodr ive  sys t em 
a n d  i ts  f ixa t ion  to t he  skul l  is shown in figure 1. 3 an-  
cho r ing  bol t s  p laced  a r o u n d  ti le t r e p h i n e  hole were used 
for f ixa t ion  of a 3 m m  h igh  p las t ic  r ing  (11) w i t h  i n t e rna l  
d i a m e t e r  of 4 mm,  held  b y  3 s u p p o r t i n g  rods  (12) a b o u t  
3 m m  above  t h e  exposed d u r a  (13) a n d  bone  (8). 2 s i lver  
screws (2 mm)  fixed in t he  skul l  ove r  t h e  f ron ta l  c o r t e x  


