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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 

Sektion Biologic der Humboldt-Universitiit, Bereich Verhaltenswissenscha/ten, ]nvalidenstrasse 43, DDR-704  Berlin 
(German Democratic Republic, DDR), 29 July  7975. 

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 .  

i C. J. CHAPMAN and O. SANn, Comp. Biochem. Physiol. 47A, 371 
(1974). 

2 G. A. ~IALJUKINA and E. A. MARUS0V, Vop. Ikhtiol. 77, 1088 
(1971). 

a R. McCLEARY, J. comp. physiol. Psycho1. 53, 311 (1960). 
4 p. g .  CLARIDGE, I. C. POTTER and G. M. HvoHEs, J. Zool. 777, 

239 (1973). 
5 G. M. HUGHES, Am. Zool. 73, 475 (1973). 
G S. NO~VRA, T. IBARAKI, H. HIROSE and S. SHIRAHATA, Bull. 

Jap. Soc. scient. Fish. 38, 1105 (1972). 
7 I. G. PRIEDE, J. exp. Biol. 60, 305 (1974). 
s E. D. STEVENS and D. J. RANDALL, J. exp. Biol. d6, 307 and 329 

(1967). 
9 C. S. WARDLE and J. W. KANWlSHER, Mar. Behav. Physiol. 2, 

311 (1974). 
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These e lect rodes  were connec ted  to  flexible insu la ted  th in  
copper  wires. The ends  were dorsa l ly  and  ven t r a l ly  f ixa ted  
to t he  fish body.  The  2 dorsal  wires were suspended  ver-  
t ical ly  over  t he  m i d p o i n t  of t he  t e s t  aqua r ium (25 1). In  
our f i rs t  e x p e r i m e n t s  we used wires w i t h  a l eng th  of 50 cm 
in a loose suspension.  In  t h a t  w a y  the  fish could move  
freely, b u t  somet imes  were res t r ic ted  b y  tw i s t ed  wires. 
Therefore  in r ecen t  inves t iga t ions  a lever  sys t em wi th  
wires 1 m long and  0.1 m m  in d i ame te r  is used (Figure 1). 

a 

~ r 

Fig. 1. Lever system used for registration of the electrocardiogram a, 
aquarium; b, banana plugs; 1, lever; r, recording device; t, tare 
weight; th, thread suspension. 

Here  the  t r ac t ive  power  of the  wires for the  fish is near ly  
i n d e p e n d e n t  of its pos i t ion  in the  aquar ium.  Now the  
f reedom of m o v e m e n t  is be t te r .  

The ECG-impulses  were fed in to  an ECG-record ing  
device (3-NEK-116),  which  was connec ted  to  a th resho ld  
value regulator ,  an electronic  impulse  counte r  (VA-G-120), 
and  a p r in te r  (VA-G-24 A), which  p r in t ed  the  n u m b e r  of 
h e a r t  b e a t s  every  10 rain. The locomotor  ac t iv i ty  was 
recorded b y  an IR- l igh t  beam,  the  n u m b e r  of in te r rup-  
t ions  of t he  b e a m  being p r i n t ed  in in terva ls  of 1 h. The 
tes t s  were  carr ied ou t  in a soundproof  F a r a d a y  chamber .  
The animals  were exposed  to an ar t i f ical  l ightening regime 
of 8 h l ight  and  16 h darkness  (kLD 8 : 16 ; 55 : 0 lux). The 
t e m p e r a t u r e  of t he  ven t i l a t ed  t es t  aquar ia  was  held  
c o n s t a n t  a t  20 4- 1 ~ 

Di rec t ly  following the  opera t ion  the  fish were placed in 
the  t e s t  chamber .  W i t h i n  4 days  the  hea r t  r a te  reached  
its no rma l  level and  the  fish began  ea t ing  again. Then  the  
h e a r t  ra te  and  swimming  ac t iv i ty  of each animal  were 
con t inuous ly  recorded  for a t  least  6 days.  The fish were 
d i s tu rbed  for feeding and technica l  cont ro l  only. 

For  the  analysis  of t he  hea r t  ra te  r h y t h m s ,  the  differ- 
ences be tween  the  hour ly  means  (Hr) and the  mean  of 

the  8-hour- l ight  in te rva l  (Hr t') were re la ted  to  the  value 
of the  hour  w i th  the  h ighes t  value in each 24-hour-period 
(Hrmax). This  was necessary  to e l iminate  indiv idual  and  
seasonal  var ia t ions  and  to ob ta in  clearer  results.  For  t he  
same reason, the  a m o u n t  of locomotor  ac t iv i ty  per  hour  
(A) was re la ted  to  the  value of the  hour  w i th  the  g rea tes t  
degree of locomot ion  (Am~). The resul ts  are given on 
percen tage  of t he  dai ly  a m o u n t  of locomotion.  

Results.  Figure  2a p resen t s  the  s t anda rd ized  h e a r t  
ra te  and  locomotor  ac t iv i ty  ra te  of 4 d i f ferent  animals,  
examined  dur ing  the  m o n t h s  October  1973, January ,  
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Fig. 2. a) Means for 24-h changes of standardized heart rate ( o - - o )  and swimming activity ( O - - O )  of 4 carps investigated at different 
seasons. I, 4-8 January 1974 (5 days) ; IV, 2-6 April 1974 (5 days) ; VI, 12-19 June 1974 (8 days) ; X, 24 29 October 1973 (6 days). Note also 
the seasonal variation of mean heart rate in the light phase (Hr ~) lasting from 09.00 to 17.00 MET. 
b) Means for 24-h changes of standardized heart rate ( � 9  �9 ) and swimming activity ( O - - O )  of 6 carps. III, mean for 3 single carps, 6-13 
March 1975 (8 days); VI, mean for 3 single carps, 22-27 June 1975 (6 days). These fish were from another source and had a higher heart 
rate generally. 
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April ,  and  J u n e  1974. E a c h  p o i n t  of th i s  f igure r ep resen t s  
a t  leas t  30 single d a t a  for  h e a r t  r a t e  and  a t  leas t  5 single 
d a t a  for ac t iv i ty .  Corre la t ion  of h e a r t  r a t e  and  a c t i v i t y  
ra te .  A clear connec t ion  b e t w e e n  the  two p a r a m e t e r s  can  
be seen (Figure 2a). H i g h  locomotor  a c t i v i t y  is m o s t l y  
a ccompan ied  b y  a co r re spond ing  increase  in h e a r t  ra te .  
The  coeff icients  of r a n k  co r re la t ion  (Spearman)  are 0.46 
for X 1973, 0,83 for I 1974, a n d  0.77 for I V  and  VI  1974. 
These  d a t a  are s ign i f ican t  (t-test,  S tuden t )  w i t h  e < 0.1%. 
More r ecen t  s imu l t aneous  e x p e r i m e n t s  w i t h  3 single 
ind iv idua l s  gave  the  same resu l t s  (Figure  2b).  The  cor- 
r e l a t ion  coeff icients  are 0.71 for I I I ,  and  0.83 for VI  
1975 (e < 0.1%).  W e  expec t  t h a t  the  degree of cor re la t ion  
is a func t ion  of t he  s ens i t i v i t y  of t he  a c t i v i t y  m e a s u r i n g  
s y s t e m  10. 

Ci rcad ian  and  c i r cannua l  differences.  All  t es t s  c lear ly 
show the  synch ron i z ing  effect  of t he  l igh t -dark-cycle .  The  
mos t  p r o n o u n c e d  changes  of b o t h  p a r a m e t e r s  are to  be 
seen a f t e r  l igh t -on  a n d  l i g h t - o f f .  

The re  are clear  seasonal  differences  in th i s  c i rcad ian  
pe r iod ic i ty  (Figures 2, a a n d  b). Twice a year,  in w i n t e r  
(I 1974, I I I  1975) a n d  in s u m m e r  (VI 1974 and  1975), t he  
m e a n  va lues  of b o t h  s w i m m i n g  a c t i v i t y  a n d  h e a r t  r a t e  
are h igher  du r ing  l i gh t - t ime  t h a n  d u r i n g  darkness .  In  
spr ing  ( IV 1974) and  a u t u m n  (X 1974) t h i s  r e l a t ion  is 
reversed.  Thus  a seasonal  f l uc t ua t i on  of t he  da i ly  m e a n  
h e a r t  r a t e  u n d e r  c o n s t a n t  l a b o r a t o r y  cond i t ions  can  be 
seen. The  da i ly  m e a n  h e a r t  r a t e  shows a m a x i m u m  in 
s u m m e r  and  a m i n i m u m  in winter .  

A mul t ip le  phase  sh i f t  of locomotor  a c t i v i t y  is r e p o r t e d  
for some fish species (Cottus poecilopus 11, Salmo truttal~). 
Our  resul t s  give a h i n t  t h a t  th i s  p h e n o m e n o n  could occur  
also in carp.  

Regu l a r  da i ly  changes  of h e a r t  r a t e  are k n o w n  f rom 
e x p e r i m e n t s  w i t h  Lampetra /luviatilis 4 a n d  Salmo gaird- 
neri ~. CLARIDGE et  al. ~ found  a connec t ion  b e t w e e n  h e a r t  
r a t e  a n d  locomot ion  in r e l a t ive ly  r e s t r a ined  Lampetra, 
b u t  po in t ed  ou t  t h a t  t he  c o n n e c t i o n  be tween  b r e a t h i n g  
ra t e  a n d  locomotor  a c t i v i t y  is a closer one. S h o r t  t e r m  
m e a s u r e m e n t s  in Salmo gaird~ceri 7,8 d e m o n s t r a t e d  t h a t  
fish, s w i m m i n g  a t  va r i ed  velocit ies,  show large changes  of 
card iac  ou tpu t .  This  resu l t s  in a s l ight  increase  of h e a r t  
r a t e  a n d  a large increase  of s t roke  volume.  

Our  results ,  wh ich  d e m o n s t r a t e  a close r e l a t i on  b e t w e e n  
locomotor  a c t i v i t y  a n d  h e a r t  ra te ,  comple t e  these  f indings .  
So the  h e a r t  r a t e  of f ish seems to  be  a more  f avourab l e  and  
more  sens i t ive  p a r a m e t e r  in record ing  t he  i n d i v i d u a l  s t a t e  
t h a n  some vis ible  b e h a v i o u r a l  pa t t e rn s .  

10 A more sensitive method for activity measurement is in prepara- 
tion. 

11 S. ANDREASSON, Oikos 2d, 16 (1973). 
I~ K. MOLLER, Aquilo, Ser. ZooI. 8, 50 (1969). 
13 S. NOMIJRA, T. IBARAKI and S. SnlRAHATA, Jap. J. Vet. Sei. 31, 

135 (1969). 

Increased Erythrocyte Permeability to Li and Na in the Spontaneously Hypertensive Rat 

S. M. FRIEDMAN, M. NAKASHIMA, R. A. MCINDOE and  C. L. FRIEDMAN1 

Department o/ Anatomy, Faculty o/Medicine, The University o/ British Columbia, Vancouver (B.C., Canada V6T  1 W5), 
77 October 7975. 

Summary. Red  blood cells i n c u b a t e d  in a physio logica l  m e d i u m  in wh ich  Li  replaces  Na  (LiPSS)  gain  Li  in exchange  
for Na  and  K. The  r a t e  of Li  u p t a k e  is m o d e s t l y  b u t  s ign i f i can t ly  increased  in t he  s p o n t a n e o u s l y  h y p e r t e n s i v e  r a t  
(SHR)  a t  37 ~ a n d  a t  22 ~ The  slow r a t e  of Na  gain and  K loss d u r i n g  cooling a t  2 ~ was a b o u t  doub led  in unmod i f i ed  
whole  b lood samples  f rom the  SHR.  

R e c e n t  obse rva t i ons  on ion d i s t r i b u t i o n  in e x p e r i m e n t a l  
h y p e r t e n s i o n  h a v e  p rov ided  new s u p p o r t  for our  genera l  
v iew t h a t  cell N a  r egu la t ion  p lays  a cen t r a l  role b o t h  in 
acu te  v a s o c o n s t r i c t i o n  a n d  in t he  s t r u c t u r a l  redes ign  of 
b lood vessels cha rac t e r i s t i c  of sus t a ined  h y p e r t e n s i o n  ~,'~. 
W e  t h u s  cons ider  t h e  b i -d i rec t iona l  pass ive  p e r m e a b i l i t y  
of the  va scu l a r  s m o o t h  muscle  cell m e m b r a n e ,  t o g e t h e r  
w i t h  t he  t r a n s p o r t  p r o t e i n  ava i l ab le  for ac t ive ly  sus ta in -  
ing t h e  t r a n s m e m b r a n e  Na  g r a d i e n t  to  be  a t o t a l i t y  ( 'ne t  
Na  p u m p i n g  ac t iv i ty ' ) .  Our  p r e s e n t  work ing  h y p o t h e s i s  is 
t h a t  a n y  d e r a n g e m e n t  in th i s  t o t a l i t y  f avou r ing  accumula -  
t ion  of cell Na  will, if sus ta ined ,  be  i n t e r p r e t e d  b y  t he  cell 
as an  increase  in i ts  work  load and  a s t imu lus  to  increase  
i ts  Work capac i ty .  Is will r e spond  b y  m a n u f a c t u r i n g  new 
s t r u c t u r a l  a n d  t r a n s p o r t  p r o t e i n  wh ich  will in effect  t end  
to m a s k  t h e  or ig ina l  defect .  

I t  m i g h t  be  expec t ed  t h a t  in some forms  of h y p e r t e n -  
sion t he  or ig inal  defect  would  be  suf f ic ien t ly  genera l ized 
to  affect  all  or m o s t  cell m e m b r a n e s  a n d  so be  pa r t i cu l a r l y  
a p p a r e n t  in  t he  e ry th rocy te ,  wh ich  lacks the  ab i l i t y  to  
syn thes ize  new pro te in .  An  increase  in red b lood  cell Na  
in h y p e r t e n s i o n  in m a n  has  r ecen t l y  been  r epo r t ed  ~ a n d  
BEN-IsI~AV et  al. 5 h a v e  n o t e d  e n h a n c e d  N a  eff lux in 
e r y t h r o c y t e s  f rom r a t s  w i t h  one form of genet ic  h y p e r -  

tens ion .  W e  h a v e  a p p r o a c h e d  t he  p r o b l e m  b y  looking  a t  
t he  pass ive  p e r m e a b i l i t y  of t he  m e m b r a n e ,  us ing  s imple  
ind ica to r s  wh ich  could t h e n  be  app l ied  c l inical ly  if 
w a r r a n t e d .  Ana ly t i c  r a t h e r  t h a n  t r a c e r  m e t h o d s  were  
chosen  for s impl ic i ty  a n d  m o v e m e n t s  of Li  were c o m p a r e d  
w i t h  Na  since pass ive  processes  shou ld  af fec t  b o t h  ions 
a n d  t he  la rger  h y d r a t e d  size of Li would  amp l i fy  m a r g i n a l  
changes  6. 

Materials and methods. Male r a t s  w i t h  s p o n t a n e o u s  
h y p e r t e n s i o n  (SHR-Carwor th )  and  the i r  m a t c h i n g  con-  
t rols  (CFN) were used t h r o u g h o u t .  I n  each  expe r imen t ,  
t he  an ima l s  were l igh t ly  a n a e s t h e t i z e d  w i t h  e ther ,  b lood 
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