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5-6 tzm, and 9-10 ~,m (Figures la,  b). These diameters  are 
smaller  t han  those of cutaneous nerves supplying the  
calf of frogs is. 

A graph of the  range of conduct ion velocit ies found in 
our exper iments  and those of CATTON 3 as a funct ion of the  
range of peaks in the  h is togram of axon diameters  shows 
tha t  this relat ionship is l inear (Figure 2). The conduct ion 
veloci ty  values repor ted  by  CATTO~ are s l ight ly higher  
t han  those repor ted  here, but  the  l inear re la t ionship 
holds equal ly  well  for the  conduct ion velocit ies found in 
this s tudy.  The present  s tudy  demonst ra tes  t ha t  the  dorsal  
cutaneous nerve  consists of re la t ive ly  few axons of several  
d is t inct  receptor  classes. Since uni ta ry  act ion potent ia ls  
are discernible in records f rom the  whole nerve  following 
physiological  s t imula t ion  of the  skin 9, i t  is possible to use 
this prepara t ion  in studies which analyze f ir ing propert ies  
of populat ions  of afferents.  

Zusammen/assung. Der dorsale H a u t n e r v  (rami cutanei  
dorsi mediales) des Frosches (Rana pipiens) enth~ilt nur  

eine geringe Axonenzahl .  Die Max ima  im ana tomischen  
Spek t rum s t immen  l inear  rnit den en tsprechenden  
Max ima  im elektrophysiologischen Spek t rum iiberein. 

D. C. SPRAY 19,20 a n d  I~. B. CHRONISTtgR 21 

Departments o/ Physiology and Neuroscienee, 
University o/ Florida, College o[ Medicine, Gainesville 
(Florida, USA), 72 June 1973. 

is B. H. C. MATTHEWS, J. Physiol., Lond. 67, 169 (1929). 
1~ The authors wish to thank Drs. J. J. BERNSTEIN and J. B. Mu~- 

SON for the loan of equipment and Dr. J. B. MI:NSON for the critical 
reading of the manuscript. This study was supported by an NIMH 
training grant to the Center for Neurobiological Sciences of the Uni- 
versity of Florida (No. NIH-MH-10320). 

.20 Present address: Dept. of Anatomy, Albert Einstein College of 
Medicine, Bronx, New York 10461, USA. 

2l Present address: Division of Neuroscience, University of Southern 
Alabama College of Medicine, MobiIe, Alabama 36688, USA. 

Effect of  P o t a s s i u m  and N o r e p i n e p h r i n e  on the  T o n e  
C h a n g e s  by O u a b a i n  P r e t r e a t m e n t  

The vasodi la t ing  effect of an increase in the extra-  
cellular potass ium concent ra t ion  by 1-10 m M  is well 
known from invest igat ions  on var ious vascular  beds~, ~ 
as well as on isolated arteries ~. The physiological  signif- 
icance of this po tass ium effect is indicated by  the  
f inding tha t  the  inters t i t ia l  K+ of skeletal  muscle rises 
during muscular  act ivi ty ,  and t h a t  the  t ime  course of 
the  K+ change is s imilar  to t h a t  of the  funct ional  hyper-  
emia ~, 5. Fur thermore ,  an increase in K+ in the vaso- 
di la t ing range inhibi ts  the  vasoconst r ic t ion in response 
to norepinephrine (NE) in the  perfused dog forel imb ~ 
and in the  isolated a r t e ryL  This  effect is comparable  
to the  ' funct ional  sympatholys is '  in working skeletal  
muscle s. The mechan ism of both  K+ effects is no t  ye t  
clear. I t  has been proposed tha t  the  di la t ing e f f e c t  o f  
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Fig. 1. Effect of changes in the KC1 concentration of the rinsing 
solution (normal value 2.7 raM) on the tone of a helical strip from 
the bovine facial artery. Upper curve : normal response (basal tension 
3 g). Lower curve: response after 120 min incubation with 5 • 10 -s 
g/ml ouabain (basal tension 4.2 g). 

of the  I so la ted  Ar tery  : 

K+ might  be related to changes in the  membrane  po ten t i a l  
inverse to those of the  K+ diffusion potent ia l  and media-  
ted  by ac t iva t ion  of the  sodium p u m p  9. Recen t ly  tha t  
assumpt ion was suppor ted  by the f inding tha t  ouabain  
a t tenua tes  or  prevents  the vasodi la t ing  act ion of K+ in 
the  perfused dog gracilis muscle10. Therefore  we invest i-  
gated the  influence of ouabain  on the  K + induced dila- 
t ion and on the  N E  K+ interact ion in arteries in vi tro.  

Methods. The exper iments  were per formed on helical 
strips of bovine  facial arteries. The arteries were stored 
overnight  at  4~ cut, moun ted  in a moist  chamber  at  
37~ and rinsed cont inuously  by  physiological  salt  
solution (in m M  KC1 2.68, NaC1 136.88, MgC12 0.49, 
CaC1, 1.36, NaHCOa 11.88, NaH2PO 4 0.32, glucose 8.0). 
The strips were pres t re tched (basic tension 200-300 
g/cm 2 or 3-5 g per  strip, resp.), and equi l ibra ted  for 2 h 
prior to the  exper iments .  The  tension was recorded 
isometrically.  

Results. When the  potass ium concent ra t ion  of the  
rinsing solution was increased f rom 2.7 to 10 raM, the  
wel lknown re laxat ion  of the  strips was observed.  Reduc-  
t ion in the  po tass ium concent ra t ion  to 1.3 m M  induced a 
constriction. This  response pa t t e rn  was changed after  
incubat ion  of the  arteries in ouabain  conta in ing physio-  
logical salt  solutions (threshold about  2 •  -s g /ml  
ouabain).  Ouabain  itself (5 • 10 -8 g/ml, 90 rain incubation) 
increased the  tone of the  arterial  strips by  about  100%. 
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In  the  o u a b a i n  p r e t r e a t e d  a r te ry ,  a n  increase  in t he  KC1 
c o n c e n t r a t i o n  to  10 m M  led to  a cons t r ic t ion ,  a n d  a 
decrease  to  1.3 m M  to  a re laxa t ion .  An  example  is 
shown  in F igure  1. The  effect  of va r ious  o u a b a i n  con- 
c e n t r a t i o n s  on  t h e  r eac t ion  of t h e  a r t e r i a l  s t r ips  to  a 
change  f rom 2.7 to 10 m M  KC1 is s u m m a r i z e d  in t he  
Table.  

W h e n  t he  n o r m a l  r ins ing  so lu t ion  was rep laced  for 5 
ra in  b y  a so lu t ion  c o n t a i n i n g  1-5  • 10 -7 g /ml  norep ine-  
p h r i n e  (NE), t he  s t r ips  con t r ac t ed .  Th i s  c o n t r a c t i o n  
was inh ib i t ed ,  w h e n  t he  r ins ing  so lu t ion  c o n t a i n e d  10 
i n s t e a d  of 2.7 m M  KC1 (cf. 7). 

I n c u b a t i o n  of t he  a r t e r i a l  s t r ips  in  5 •  -s g /ml  
o u a b a i n  r eve r s ib ly  e n h a n c e d  t h e  N E - i n d u c e d  const r ic-  
t ion  in 17 ou t  of 18 expe r imen t s .  This  p o t e n t i a t i o n  was 
more  p r o n o u n c e d  w i t h  10 -7 g /ml  N E  (increase b y  a b o u t  
100%) t h a n  w i t h  5 •  -7 g /ml  N E  (increase b y  a b o u t  
50%).  Af te r  increase  in t he  KC1 c o n c e n t r a t i o n  - r e su l t i ng  
in a cons t r i c t ion  of t he  o u a b a i n - p r e t r e a t e d  ar ter ies-  t he  
increase  in t ens ion  in response  to  N E  was reduced  in 14 
ou t  of 16 e x p e r i m e n t s  (Figure 2). Th i s  effect  was  also 
reversible .  

The  abso lu t e  t en s i on  of t he  s t r ips  c o n t r a c t e d  b y  N E  
was a b o u t  t he  same  in 10 a n d  in 2.7 m M  KC1, because  
the  i n h i b i t i n g  effect  of 10 m M  KC1 on t h e  N E - i n d u c e d  
cons t r i c t ion  was b a l a n c e d  b y  t he  cons t r i c t ing  effect  of 
10 m M  KCt on  t h e  o u a b a i n - p r e t r e a t e d  a r t e ry .  W h e n  
t h e  r ins ing  so lu t ion  was c h a n g e d  to i so tonic  KC1, t he  
resu l t ing  cons t r i c t ion  was m u c h  h igher  t h a n  t h a t  i nduced  
b y  5 rain N E  appI ica t ion .  There fo re  t he  i n h i b i t i o n  of t he  
N E - i n d u c e d  c o n t r a c t i o n  b y  10 m M  KC1 c a n n o t  be  
a t t r i b u t e d  to  a r e s t r i c t ed  c o n t r a c t i l i t y  of t he  ar ter ies .  

The  i n h i b i t i n g  effect  of t he  increased  K + -concen t ra -  
t ion  on  cons t r i c t i ng  agen t s  is n o t  r e s t r i c t ed  to  NE.  
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W h e n  a r te r ia l  s t r ips  (with or w i t h o u t  p r e i n c u b a t i o n  in 
5 •  - s  g /ml  ouaba in )  were c o n t r a c t e d  b y  app l i ca t ion  
of 1.5 m M  BaC12 for 1-2 min  (10 exper iments ) ;  t he  same  
effect  was  observed .  The  Ba++- induced  c o n t r a c t i o n  was 
no t  p o t e n t i a t e d  b y  ouaba in .  

Discussion. O u a b a i n  in a c o n c e n t r a t i o n  a b o v e  10 -s 
g /ml  cons t r i c t s  t he  i so la ted  a r t e r i a l  muscle,  a n d  changes  
t he  effect  of a m o d e r a t e  increase  in t he  ou te r  K + concen t ra -  
t i o n  f rom vasod i l a t i on  to vasocons t r i c t ion .  These  effects 
can  be i n t e r p r e t e d  as a n  ac t ion  on  a n  e lect rogenic  so- 
d i u m  p u m p .  I n h i b i t i o n  of a n  e lectrogenic  p u m p  b y  
o u a b a i n  or b y  r educ t ion  of t he  K+ c o n c e n t r a t i o n  in t he  
b a t h i n g  so lu t ion  would  cause  a depo la r i za t ion  a n d  a 
r e su l t i ng  vasocons t r ic t ion .  A c t i v a t i o n  of t h e  p u m p  b y  
a m o d e r a t e  increase  in t he  ou te r  K + c o n c e n t r a t i o n  
would  h a v e  the  inverse  effect  ( hype rpo ia r i za t i on  a n d  
vasodi la t ion) .  W h e n  t he  p u m p  is i n h i b i t e d  b y  p r e t r ea t -  
meri t  of t he  a r t e r y  w i t h  ouaba in ,  changes  in t h e  ou te r  
K+ c o n c e n t r a t i o n  on ly  af fec t  t he  K + di f fus ion po ten t i a l .  
Now an  increase  in t he  K+ c o n c e n t r a t i o n  leads to  a 
depo la r i za t ion  and vasocons t r i c t ion ,  

Our  resu l t s  are  s u p p o r t e d  b y  s imi la r  f ind ings  ob t a ined  
on  t h e  pe r fused  dog gracil is  musc le  b y  CHEN et  M. l~ 
a n d  w i th  r ega rd  to t he  va socons t r i c t i ng  effect  of o u a b a i n  
b y  TREAT et al. n .  

Di rec t  ev idence  for t he  p a r t i c i p a t i o n  of a n  e lect rogenic  
sod ium p u m p  in t h e  gene ra t ion  of t h e  m e m b r a n e  p o t e n t i a l  
has  b e e n  found  in  m a n y  t issues  12 inc lud ing  t he  s m o o t h  
muscle  la, l~, b u t  no  precise d a t a  a b o u t  the  changes  in 
m e m b r a n e  p o t e n t i a l  of a r t e r i a l  s m o o t h  musc le  d u r i n g  
v a r i a t i o n  of t h e  ex t race l lu la r  K+ c o n c e n t r a t i o n  in  t he  
physio logica l  r ange  are ava i l ab le  up  to  now. Therefore  
t he  f ina l  decision a b o u t  t he  va l i d i t y  of t he  t h e o r y  describ-  
ed above  should  be  p o s t p o n e d  un t i l  t h a t  gap  is closed. 

I n  our  e x p e r i m e n t s  t he  i n h i b i t i n g  effect  of a n  increase  
in KC1 f rom 2.7 to  10 m M  on t h e  va socons t r i c t i on  b y  N E  
or Ba++ pers i s ted  a f te r  i n c u b a t i o n  in  ouaba in ,  t h o u g h  
t h e  d i rec t  effect  of t he  change  in K+ on t h e  s t r ip  t ens ion  
was inve r t ed .  Th i s  f ind ing  leads to  t he  a s s u m p t i o n  t h a t  
t he  ex t race l lu la r  K c o n c e n t r a t i o n  m i g h t  inf luence  the  
a r t e r i a l  s m o o t h  muscle  a t  d i f fe rent  levels  of t he  exc i ta -  
t i o n - c o n t r a c t i o n  coupling,  a n d  t h a t  i t s  ac t ion  m i g h t  be  
too complex  to be  i n t e r p r e t e d  on ly  as a n  ac t ion  on  a n  
e lect rogenic  sod ium p u m p .  The  m e c h a n i s m  of t h e  
p o t e n t i a t i n g  effect  of o u a b a i n  on  t h e  N E - i n d u c e d  
vasocons t r i c t i on  c a n n o t  be  exp la ined  on t he  basis  of our  
results .  

KCI (mM) 2.7 [ 10 I 2.7 
Fig.  2. C o n t r a c t i o n  of a n  a r t e r i a l  s t r ip  b y  N E  in so lu t ions  c o n t a i n i n g  
2.7 or  10 r n M  KC1 a n d  5 • 10 -s  g / m l  o u a b a i n .  P r e t r e a t m e n t  w i th  
o u a b a i n  for  90 rain.  W h e n  the  KCI c o n c e n t r a t i o n  was  c h a n g e d ,  the  
r eco rde r  was  s t o p p e d  for  40 m i n  (dashed line). 

Tension change of arterial strips in response to an increase in the KC1 
concentration of the rinsing solution from 2.7 to 10 mM after 90 rain 
incubation in physiological salt solution containing various ouabain 
concentrations 

Ouabain concentration n Tension change (rag) 
(g/ml) ~ s,~ 

0 39 - -  237 
1 • 10 -~ 9 - -  331 
1 • 10 -8 4 200 
5 • 10 -8 28 + 840 
1 X i0 -T 3 +1057 

Zusammen/assung. V o r b e h a n d l u n g  von  Ar te r i ens t re i -  
fen m i t  g - S t r o p h a n t i n  ( >  10 -s g/ml) k e h r t  die mechan i -  
sche R e a k t i o n  an t  K+-~ .nderungen  i m  Bere ich  yon  1 bis  
10 m M  KC1, n i c h t  abe r  die K + - W i r k u n g  an t  die K o n t r a k -  
t i on  du rch  N o r a d r e n a l i n  oder  B a r i u m  urn. D a n a c h  k 6 n n t e  
die K + - D i l a t a t i o n  der  Ar t e r i en  auf  der  A k t i v i e r u n g  e iner  
e l ek t rogenen  N a + - P u m p e  be ruhen .  
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