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Is Glucagon Involved in Cold Acclimatization? 

A. KUROSt{IMA and K. DoI1 

Department o/ Physiology, Asahihawa Medical College, 3-11, Kaguraoka, Kaguracho, Asahikawa (Japan 071-01), 
27 October 7975. 

Summary. Cold acc l imat iza t ion  in ra t s  a t  5 ~ for 2 weeks caused a s ignif icant  e levat ion of p la sma  glucagon concent ra-  
t ion,  accompanied  by  increased p lasma  F F A  and  glucose levels. Acute  cold exposure  a t  5 ~ for 5 or 60 min  did no t  
affect  these  p a r a m e t e r s  in plasma.  

The recen t  d e v e l o p m e n t  of r a d i o i m m u n o a s s a y  m e t h o d  
for glucagon has  s t imu la t ed  numerous  s tudies  of physio-  
logical s ignif icance of th is  hormone .  Present ly ,  the  con- 
cept  of glucagon as a ho rmone  of energy  supply  is pro-  
posed, based  on the  observa t ions  which  show t h a t  gluca- 
gon is able to  p romo te  mobi l iza t ion  of free f a t t y  acids 
(FFA) f rom adipose t issue,  as well as glucose f rom liver, 
in response  to  need  increased endogenous  p roduc t ion  of 
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Fig. 1. Relationship between plasma glucagon and FFA concentra- 
tions in warm-acclimatized control and cold-acclimatized rats. 
�9 warm-acclimatized control rats; 0, cold-acclimatized rats at 
5 ~ for 2 weeks. 
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Fig. 2. Relationship between plasma glueagon and glucose concentra- 
tions in warm-acclimatized eontroI and cold-acclimatized rats. O, 
warm-acclimatized control rats; 0, cold-acclimatized rats at 5~ for 
2 weeks. 

energy  subs t ra tes ,  for example,  in fast ing,  muscular  
exercise, a d a p t a t i o n  of m a m m a l s  to  ex t ra -u te r ine  life, 
etcT. Cold acc l imat iza t ion  is known  to  require  increased 
supply  of fuels, ma in ly  FFA,  of which  metabol ic  use is 
med ia t ed  via norep inephr ine  release f rom s y m p a t h e t i c  
nerve  te rmina ls  a ; and  fu r the r  the  calorigenic effect  of th is  
neu rohumor  has  been  shown to  be intensif ied in cold- 
accl imat ized mammals ,  including men  a, 4. Recent ly ,  the  
au thors  observed an enhanced  sens i t iv i ty  to in vivo l ip �9  
lyric act ion of glucagon in cold-accl imat ized ra ts  s, 
suggest ing an invo lvemen t  of th is  ho rmone  in cold 
accl imat iza t ion.  However ,  the re  has  been no repor t  on the  
regula t ion of glucagon secret ion in th is  connect ion.  This  
s t u d y  provides  the  p re l imina ry  result ,  for the  f i rs t  t ime,  
indica t ing  t h a t  c irculat ing glucagon is e leva ted  in the  
course of cold accl imat izat ion.  

Male ra t s  of t he  Wis t a r  s t ra in  were used as expe r imen-  
ta l  animals.  Control  warm-acc l imat ized  ra ts  were kep t  a t  
25 ~ and cold-accl imat ized ones were p r ep a red  b y  keep- 
ing t h e m  a t  5 ~ for 2 or 4 weeks in separa te  meta l  cages. 
I t  has  been  es tabl ished t h a t  cold acc l imat iza t ion  is 
ob ta ined  in 2 to 4 weeks in rats,  a t  w h a t ev e r  t e m p e r a t u r e  
t h e  an imals  are kept% Acute  cold exposures  were also 
pe r fo rmed  a t  5 ~ for 5 rain or 60 rain in cont ro l  warm-  
accl imat ized rats.  5 ml  of t r u n k  blood was ob ta ined  by  
decap i t a t ion  in to  t e s t  tube  wi th  0.5 ml  Trasylol  solut ion 
(10,000 IU/ml)  and 6 mg EDTA.  P l a s ma  was immed ia t e ly  
separa ted  at  4 ~ and kep t  frozen at  -- 30 ~ P la sma  gluca- 
gon was de t e rmined  for dupl ica te  samples  by  the  m e t h o d  
of U~GER et a t J  w i th  minor  modif ica t ions  s by  the  use of 
an t ipork  glucagon serum K 964 (Nov�9  Research  I n s t i t u t e ,  
Copenhagen,  Denmark) .  Differences of less t h a n  10 pg /ml  
for glucagon concen t ra t ions  be tween  50 and  800 pg /ml  
could be d i sc r imina ted  wi th  95% confidence.  The ac- 
curacy  of t he  m e t h o d  for  values  be tween  0 and  800 pg /ml  
is 7.2 =k 1.1% (SEM) (duplicates on 25 r a n d o m  de te rmina -  
tions). P l a s ma  F F A  was measured  according to  the  
m e t h o d  by  ITAYA and  UI 0 and p lasma  glucose according 
to  the  m e t h o d  b y  ROE 10. 

1 We are grateful to Drs. H. OHHARA and A. I~IHARA, Sapporo 
Medical College, for help in setting up glucagon radioimmunoassay. 
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Effects of acute cold exposure and cold acclimatization on plasma glucagon, FFA and glucose concentrations 

EXPERIENTIA 32/4 

Body weight (g) Glueagon FFA Glucose 
Initial At experiment (pg/ml) (~Eq/I) (mg/dl) 

I Warm-acclimatized controls (10) 165 4- 1.9 233 4- 8.9 
Cold-acclimatized rats (5 ~ 2 weeks) (8) 157 4- 5.2 169 4- 6.4 o 
Acute cold exposure (6 min) (6) --  207 • 8.9 
Acute cold exposure (60 rain) (8) - -  215 4- 11.5 

II Warm-acclimatized controls (10) 232 • 7.9 289 -4- 5.2 
Cold-acclimatized rats (5 ~ 2 weeks) (10) 240 4- 7.9 249 4- 13.1 b 

III Warm-acclimatized controls (10) 165 4- 2.3 299 4- 3.8 
Cold-acclimatized rats (5 ~ 4 weeks) (5) 165 4- 4.1 217 • 18.0 o 

195 hi_ 12.6 484 --  52.2 141.3 • 2.29 
328 4- 20.5 c 911 -4- 97.7 ~ 153.3 4- 4.49 ~ 
176 ~ 19.3 516 4- 66.8 145.6 4- 7.12 
149 4- 15.4 b 540 4- 69.5 134.2 4- 3.52 

153 4- 11.7 500 4- 34.3 128.4 4- 1.77 
305 4- 18.3 ~ 929 4- 75.9 ~ 161.7 • 4.13 ~ 

203 4- 10.5 410 4- 33.4 122.0 4- 2.08 
181 j :  15.5 443 ~ 17.5 155.6 ~ 4.16 * 

Mean ~: SEM. Number in parenthesis indicates the number  of animals. P vs warm-acclimatized control rats:  ~p < 0.05; bp < 0.01; o p < 
0.001. Values with no marks indicate no significant difference vs warm-aecIimatized controls. 

T i le  r e s u l t s  we re  s u m m a r i z e d  in  t h e  T a b l e .  T h e  in-  
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  r a t s  
e x p o s e d  t o  co ld  for  2 o r  4 weeks ,  p o s s i b l y  d u e  t o  h i g h e r  
m e t a b o l i c  r a t e  in  t h e  cold .  P l a s m a  g l u c a g o n  c o n c e n t r a t i o n  
w a s  m a r k e d l y  e l e v a t e d  in  c o l d - a c c l i m a t i z e d  r a t s  for  2 
weeks .  T h i s  f i n d i n g  w a s  c o n f i r m e d  b y  2 d i f f e r e n t  se r i e s  of  
e x p e r i m e n t s  w i t h  y o u n g e r  a n d  o l d e r  r a t s  a s  s e e n  in  t h e  
T a b l e  (I a n d  I I ) .  H o w e v e r ,  t h e s e  e l e v a t e d  g l u c a g o n  l eve l s  
we re  r e t u r n e d  t o  t h e  c o n t r o l  v a l u e s  a f t e r  co ld  a c c l i m a -  
t i z a t i o n  for  4 weeks .  S u c h  c h a n g e s  o b s e r v e d  in  p l a s m a  
g l u c a g o n  we re  a l so  t h e  ca se  fo r  p l a s m a  F F A ;  i t  w a s  
i n c r e a s e d  in  c o l d - a c c l i m a t i z e d  r a t s  for  2 weeks ,  wh i l e  i t  w a s  
n o t  d i f f e r e n t  in  t h o s e  for  4 w e e k s  f r o m  t h a t  in  w a r m -  
a c c l i m a t i z e d  con t ro l s .  P l a s m a  g l u c o s e  l eve l  r e m a i n e d  
e l e v a t e d  in  c o l d - a c c l i m a t i z e d  r a t s  for  2 t o  4 weeks .  A c u t e  
co ld  e x p o s u r e  d id  n o t  a p p r e c i a b l y  a f f e c t  t h e  p l a s m a  con -  
c e n t r a t i o n s  of  t h e s e  t h r e e  p a r a m e t e r s .  F u r t h e r ,  t h e r e  
w e r e  h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n s  b e t w e e n  p l a s m a  g lu -  
c a g o n  a n d  p l a s m a  F F A ,  o r  g l u c o s e  c o n c e n t r a t i o n s  as  a 
w h o l e  in  w a r m - a c c l i m a t i z e d  a n d  2 w e e k s  c o l d - a c c l i m a -  
t i z e d  r a t s  ( F i g u r e s  1 a n d  2). 

T h e  p r e s e n t  r e s u l t s  w o u l d  a p p e a r  t o  i n d i c a t e  t h a t  p l a s -  
m a  g l u c a g o n  p l a y s  a ro le  in  t h e  d e v e l o p m e n t  o f  co ld  
a c c l i m a t i z a t i o n  t h r o u g h  i t s  l i p o l y t i c  a n d  g l y c o g e n o l y t i c  
a c t i o n s .  I t  is of  i n t e r e s t  to  n o t i c e  t h a t  t h e  b l o o d  co r t i co -  
s t e r o n e  r e s p o n s e  to  h i s t a m i n e  s t r e s s  i n c r e a s e d  r a p i d l y  
w i t h  t h e  t i m e  of  c o l d  e x p o s u r e ,  r e a c h i n g  a m a x i m u m  a f t e r  
14 d a y s  in  t h e  cold ,  a n d  t h e n  dec l i ned ,  r e a c h i n g  c o n t r o l  
l eve l s  a f t e r  28 d a y s  in  t h e  co ld  11. C o n s e q u e n t l y ,  t h e  c h a n -  
ges  in  t h e  p l a s m a  g l u c a g o n  in  t h e  co ld  a r e  c o m p a r a b l e  to  
t h o s e  in  t h e  a d r e n a l  f u n c t i o n  in  t h e  co ld .  H o w e v e r ,  t h e  
n o r m a l i z a t i o n  of p l a s m a  g l u c a g o n  leve l  u n d e r  c o n t i n u i n g  
co ld  e x p o s u r e  w o u l d  n o t  e l i m i n a t e  t h e  p o s s i b i l i t y  of  a role  
of  t h i s  h o r m o n e  in  co ld  a c c l i m a t i z a t i o n ,  s i n c e  co ld  
a c c l i m a t i z a t i o n  m i g h t  i n d u c e  a n  e n h a n c e m e n t  of  l ipo-  
ly r i c  a c t i o n  of  g l u c a g o n  as  d e s c r i b e d  a b o v e a .  

11 j .  A. STRAW and J. FREGLY, J. appl. Physiol. 23, 825 (1967). 

Heart Rate and L o c o m o t o r  Activity in Fish: Correlation and Circadian and Circannual  Differences 
in Cyprinus carpio L. 

P.  K N e l S  a n d  R.  SIEGMUND 
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Summary. L o n g - t e r m  m e a s u r e m e n t s  of  l o c o m o t o r  a c t i v i t y  a n d  h e a r t  r a t e  in  r e l a t i v e l y  f ree  m o v i n g  c a r p s  d e m o n s t r a t e d  
a c o r r e l a t i o n  b e t w e e n  t h e  t w o  p a r a m e t e r s  e x a m i n e d .  U n d e r  l a b o r a t o r y  c o n d i t i o n s ,  b o t h  p a r a m e t e r s  e x h i b i t  a c i r c a d i a n  
a n d  a c i r c a n n u a l  r h y t h m .  

R e c o r d i n g  of  h e a r t  r a t e  in  f i sh  is a n  u s u a l  m e t h o d  for  
i n v e s t i g a t i n g  t h e  e f f e c t  of  e x o g e n e o u s  a c o u s t i c a l ,  c h e m i -  
ca l  o r  o p t i c a l  s t i m u l i  1-8. T h e r e  is a lso  s o m e  i n f o r m a t i o n  on  
t h e  c o r r e l a t i o n  of  h e a r t  r a t e  a n d  r e s p i r a t o r y  a c t i v i t y  
u n d e r  c o n s t a n t  a n d  v a r i e d  e n v i r o n m e n t a l  c o n d i t i o n s 4 ,  5. 

H i t h e r t o ,  we  k n o w  l i t t l e  a b o u t  t h e  r e l a t i o n  of  h e a r t  
r a t e  a n d  l o c o m o t o r  a c t i v i t y  in  p o i c i l o t h e r m e s  ~,6-9, a n d  
m o s t  i n v e s t i g a t i o n s  a r e  b a s e d  o n  s h o r t  t e r m  m e a s u r e -  
m e n t s .  T h e r e f o r e  we  h a v e  p e r f o r m e d  c o n t i n u o u s  l o n g  
t e r m  m e a s u r e m e n t s  of  h e a r t  r h y t h m  a n d  l o c o m o t o r  
a c t i v i t y  w i t h  c a r p  (Cyprinus carpio L.) u n d e r  l a b o r a t o r y  
c o n d i t i o n s .  

Materials and methods. 2 s h o r t  s i l ve r  w i r e s  w e r e  i n s e r t e d  
n e a r  t h e  h e a r t  of  a n a e s t h e t i z e d  c a r p s  a g e d  one  s u m m e r .  
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