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Summary. Cold acc l ima t i s a t i on  l as t ing  2 and  4 days  lowered t h e  response  of i so la ted  femora l  a r t e r i a  to  n o r a d r e n a l i n e  
a n d  p h e n y l e p h r i n e  in ra t .  

I n  i so la ted  a t r i a  of rats ,  severa l  s t ress  condi t ions ,  such  as 
cold exposure  ~ and  phys ica l  excercise 3 as well as r epea t ed  
in jec t ions  of A C T H  3, p h e n y l e p h r i n e  ( P H E )  or i sopren-  
al ine 4~ induce  s u b s e n s i t i v i t y  to  an  a lpha -ad rene rg ic  drug,  
P H E .  So iar ,  t he re  are on ly  a few repor t s  on adrenerg ic  
subsens i t i v i t y  i n d u c e d  in o t h e r  organs.  K u z m i c h e v a  e t  a l )  
o b s e r v e d  s u b s e n s i t i v i t y  of i n t e s t i na l  s m o o t h  muscles  to  
n o r a d r e n a l i n e  (NA) caused  b y  s y m p a t h e t i c  h y p e r i n n e r v a -  
t ion.  C o n t r a d i c t o r y  resul t s  h a v e  been  found  in t he  vas-  
cu la r  System of an i m a l s  exposured  to cold;  a n  increased  
adrenerg ic  sens i t iv i ty" ,% decreased s ens i t i v i t y  8 or no  
c h a n g e  i n  ~sensitivity ~. On  t he  o t h e r  hand ,  s u b s e n s i t i v i t y  
to  chol inergic  agonis t s  was  obse rved  in the  h e a r t  a f t e r  
cold exposure  1~ a n d  a f te r  r epea t ed  t r e a t m e n t  w i t h  disul-  
fo ton  n,  a n d  also in i l e u m n ,  12 and  in iris t i ssues  is. 
However ,  t he re  are m a n y  e x a m p l e s  of s upe r s ens i t i v i t y  
i nduced  in va r ious  o rgans  a f t e r  d e n e r v a t i o n  or a f te r  d rug  
t r e a t m e n t  (e. g. reserp ine  14) or in a h y p o t h y r o i d i s m  s t a t e  15. 
Accord ing  to F l eming  e t  al. 14 t he  mos t  c o m m o n  t y p e s  of 
s ens i t i v i t y  change ,  p o s t j u n c t i o n a l  supe r sens i t i v i t y  a n d  
p o s t j u n c t i o n a l  subsens i t iv i ty ,  are p r o b a b l y  oppos i te  ex- 
p ressmns  of t he  same  p h e n o m e n o n .  

In  t he  tSresent work  isola ted femora l  a r t ie r ies  were used 
to  s t u d y  w h e t h e r  t he  adrenerg ic  s ubs ens i t i v i t y  could  be 
induced  b y  cold exposure  in the  ca rd io -vascu la r  s y s t e m  
outs ide  the  hea r t .  

Material and methods. A t o t a l  of 95 male  S p r a q u e - D a w l e y  
ra ts ,  200-300 g in weight ,  were used. Ha l f  of t h e m  were 
a r r a n g e d  in 6 g roups  a n d  exposed  to a cold e n v i r o n m e n t  
of 4~ for 1, 2, 4 or 14 days ;  2 an ima l s  in each  cage. The  
o t h e r  ha l f  se rved  as cont ro l s  a n d  were k e p t  a t  24 ~ The  
n u m b e r  of an ima l s  in each  group  is shown  in t he  graphs .  
Us ing  i so la t ed  femora l  a r te r ies  f rom b o t h  legs, t he  concen-  
t r a t i o n - r e s p o n s e  curves  for t he  per fus ion  flow responses  
to  NA a n d  P H E  were de t e r m i ned .  The  an ima l s  were 
kil led b y  decap i t a t i on ,  and  a f t e r  r emov ing  the  ne rves  a n d  
c o n n e c t i v e  t issues,  the  femora l  a r t e r i a  d issected a b o v e  
t he  knee  p r o x i m a l l y  to  t he  pelvic  b r a n c h  (abou t  1.5 cm 
long). A b l u n t  22 gauge in jec t ion  needle  was inse r t ed  a n d  
t i ed  in to  the  p r o x i m a l  end  of the  isola ted vessel  in T y r o d e ' s  
so lu t ion  a t  24 ~ B o t h  ar te r ies  were used a t  t he  same t ime.  
T y r o d e ' s  so lu t ion  a t  35 ~ gassed w i t h  95% O~-5% CO v 
was al lowed to f low t h r o u g h  t he  ar te r ies  u n d e r  p re s su re  
of 50 m m  Hg. F low ra te s  were measu red  b y  c o u n t i n g  t he  
drops  us ing  a force t r a n s d u c e r  a t t a c h e d  to  a Mingogra f  
34-recorder.  N A  a n d  P H E  were added  i l l  inc reas ing  con-  
c e n t r a t i o n  in to  per fus ion  solut ion.  To t e s t  t he  resul ts ,  a n  
a d d i t i o n a l  e x p e r i m e n t a l  series was m a d e  w i t h  a c o n s t a n t  
per fus ion  r a t e  (100 ml/h)  and  tile pressure  changes  were 
recorded  w i t h  a pressure  t r a n s d u c e r  ( S t a t h a m  P23DC) 
on  t h e  Grass  Po lyg raph .  

Results and discussion. T h  e g raphs  in f igure 1 show t h a t  
t h e  l o g  concen t r a t ion - re sponSe  c u r v e  in r a t s  k e p t  in  t he  
cold for 1 d a y  did  n o t  d i f f e r  Signif icant ly  f rom t h a t  of t h e  
con t ro l  an imals ,  b u t  a f t e r  2 days  of cold exposure  t he  
s ens i t i v i t y  of f emora l  a r te r ies  to  N A  was s t rong ly  lowered.  
The  cu rve  was sh i f t ed  to t he  r i gh t  b u t  the  ECs0-values did  

no t  differ  in  t he  con t ro l  a n d  e x p e r i m e n t a l  groups  because  
t he  cold exposure  also lowered the  m a x i m u m  response  
(at  - log  4 p < 0.005). Af te r  4 days  of exposure ,  t he  low- 
er ing  in sens i t i v i ty  was even  g rea te r  (a t  - l og  4 p < 0.001), 
a n d  th i s  subsens i t i v i t y  was also obse rved  w h e n  t he  res- 
ponse  was m e a s u r e d  f rom tile per fus ion  pressure  (figure 2). 
However ,  a f te r  p ro longed  exposure  of 14 days,  t he  sensi- 
t i v i t y  r e t u r n e d  to t he  con t ro l  level  (figure 1 D). 
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Fig. 1. Log concentration-response curves for the rate of perfnsion 
flow responses to noradrenaline (A, B, C, D) and to phenylephrine 
(E) in isolated femoral arteries from control rats (0) and from rats 
exposed to a cold environment for 1, 2, 4 and 14 days (�9 100% 
varied from 1.75-2.2 ml/mim and did not differ significantly between 
the control and experimental groups, The number of animals in each 
group is given at the end of the graphs. Both femoral arteries were 
used. Vertical bars indicate 4- SE. 



15. 7. 1977 Specialia 923 

80 
70 
8C 

E 
E 6C o 

4c 
02 ~_ 3C 

2c 
g lC 

"4 days 

0 7 6 5 4  3 

-log mol.conc. NA 

Fig. 2. Log concentration-response curves for the perfusion pres- 
sure response to noradrenaline in isolated femoral arteries from con- 
trol rats (O) and from rats exposured to cold environment for 4 days 
(O). Initial pressure is 30.7 mm Hg for the cold exposed group and 
29.7 mm Hg for the control group. Further explanation as in figure l. 

A compar i son  be tween  the  figure 1 C and E shows t h a t  
the  st~bsensitivity to  NA induced  in ra t s  by  the  cold 
e n v i r o n m e n t  w a s  exac t ly  as grea t  as response ro P H E ,  
thus  indica t ing  lowered a lpha-adrenerg ic  response in femo- 
ral arteries.  This resul t  is s imilar  to  t h a t  found in isolated 
at r ia  f rom cold-exposed rats,  where  the  t e m p o r a r y  a lpha-  
adrenergic  subsens i t iv i ty  was developed in the  cold wi th in  
4 days  ~. This  induc t ion  t ime  is also in ag reemen t  wi th  
the  resul ts  concerning  supersens i t iv i ty .  The nonspecif ic  
pos t junc t iona l  supersens i t iv i ty  to NA was shown to de- 
velop in the  dog hea r t  in 1-3 days  of t r e a t m e n t  wi th  
reserpine lS, 1.. In  r abb i t  aor t ic  str ip,  s ignif icant  super-  
sens i t iv i ty  was found  24 h af ter  a single dose of reserpine 
and  was max ima l  af ter  3 dai ly  doses XK Cont rad ic t ion  
among  the  previous  resultse-~ on vascular  sens i t iv i ty  in- 

duced  in cold are p ro b ab l y  due to t he  differences of 
acc l imat isa t ion  t ime used. This t y p e  of adap t ive  change 
seems to  be t empora ry ,  becoming  c o m p e n s a t e d  la ter  by  
o the r  factors.  
Ear l ier  ~-4 we h a d  assumed t h a t  the  enhanced  adrenergic  
ac t iv i ty  in the  ra t  could be a reason for the  subsens i t iv i ty  
in the  hear t .  The p resen t  results  indicate  t h a t  th is  in- 
duc t ive  effect  is no t  only l imited to the  hea r t  bu t  is also 
p resen t  in the  vascular  sys t em and  pe rhaps  in all adren-  
ergically i nne rva t ed  effectors.  
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Summary. I t  is sugges ted  t h a t  ouabain  p romotes  ca techolamine  release by  causing a rise in in t racel lular  Na + which,  
in tu rn ,  causes an e leva ted  s t e a d y - s t a t e  level of in t racel lular  Ca 2+. I t  is suggested t h a t  the  Na+-K+-ATPase  is no t  
d i rec t ly  involved in exocytos is  a t  e i ther  adrenergic  or cholinergic synapses .  

Ka t su rag i  and Suzuki 1 in a r ecen t  pape r  in Expe r i en t i a  
have  shown clearly t h a t  ouaba in  (the inhibi tor  of the  
Na+-K+-ATPase)  a t  a concen t r a t ion  of 10-SM is effect ive 
in releasing ex t r aneu rona l  ca techo lamine  in the  guinea-  
pig vas deferens.  This  s t u d y  complemen t s  their  earlier 
f indings 2 in which  t h e y  sugges ted  t h a t  ouabain  was also 
able to  faci l i tate  ca techo lamine  release f rom the  neuronal  
site. Ouabain  has been known to  p romo te  ca techolamine  
release since the  earl ier  s tudies  of Banks  3 on spon taneous  
release f rom bovine  adrena l  gland.  Ka tsurag i  and Suzuki 
have  sugges ted  t h a t  the  Na+-K+-ATPase  is essent ial  for 
s torage a t  b o t h  ex t r aneu rona l  1 and neuronal  sites 2, 
ca techo lamine  release tak ing  place when  the  ATPase  is 
inhib i ted  by  ouabain.  This  hypo thes i s  is similar to t h a t  
p roposed  by  Garcia and Kirpekar4,  5 who have  shown 
t h a t  ouabain  causes a dose -dependen t  release of noradren-  
aline f rom cat  spleen slices and  suggest  4 t h a t  the  Na+-K +- 
ATPase  serves to ma in t a in  the  in t eg r i ty  of the  axonal  

m e m b r a n e ;  procedures  t h a t  depress  enzyme ac t iv i ty  
(e.g. in t racel lular  accumula t ion  of Ca 2+, Garcia e t  al. s) 
would  cause t r a n s m i t t e r  release by  p roduc ing  a tem-  
po ra ry  d i s tu rbance  in the  membrane .  
Comparab le  suggest ions  concerning the  i nvo lvemen t  of 
t he  Na+-K+-ATPase  in exocytosis  have  been advanced  
for the  release of t r a n s m i t t e r s  f rom synap tosomes  6 and 
of acetylchol ine  in the  myen te r i c  p lexus  of the  longi tudinal  
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