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while  g rowth  h o r m o n e  (an anabol ic  ho rmone)  increases  
R E M  sleep in rats~5 a n d  catsUP. I n  sum, our  expe r imen t s  
suggest  t h a t  p ro te ins  m a y  be  i m p o r t a n t l y  re la ted  to 
sleep and  in p a r t i c u l a r  to  REM.  

Rdsumd. Des cha t s  auque ls  On a i m p l a n t 6  s te reo tax i -  
q u e m e n t  u n  sys t6me de cannules  <~push-pulb> dans  la 
f o r m a t i o n  ret icul6e m6sencepha l ique  on t  6t6 soumis  5~ des 
p6riodes de per fus ion  p e n d a n t  la veille ou p e n d a n t  la 
phase  R E M  du sommeil .  Les exp6riences  0n t  d6mon t r6  que  

la ~VV. C. STERN, J.  C. JALOWIEC, H. SHABSHALOWITZ and P.J.  
MORGANE, Hormones  Behav.,  in press, 1975. 

la phase  R E M  est  accompagn4e  d ' u n e  a u g m e n t a t i o n  t r6s  
s igni f ica t ive  (p < 0.0001) des p ro te ines  en c o m p a r a i s o n  
avec  la veille. Ces r6su l t a t s  son t  discut6s  p a r  r a p p o r t  au  
r61e possible  de la syn th6se  des pro t6 ines  p e n d a n t  la 
phase  de sommeil .  
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P o t e n t i a t i n g  Effect of f l - A d r e n e r g i c  S t i m u l a n t  on 
R e s i s t a n c e  to a - A d r e n e r g i c  S t i m u l a n t  

I t  is well k n o w n  t h a t  a s t i m u l a t i o n  of adrenerg ic  
fl-receptors causes t he  r e l a x a t i o n  ot vascu la r  s m o o t h  
muscles,  pa r t i cu l a r l y  in  the  ske le ta l  muscle  and  co rona ry  
ar te r ies  wh ich  h a v e  re la t ive ly  increased myogen ic  tone.  
On t he  o the r  h a n d ,  t he  myogen ic  tone  of t he  cu t aneous  
res i s tance  vessels is r e la t ive ly  decreased and  a s t i mu la t i on  
of t he i r  a d r e n e r g i c  fi-receptors does no t  necessar i ly  
p roduce  t he  re laxa t ion .  F u r t h e r m o r e ,  t he  c u t a n e o u s  
a r t e r y  is one of t he  ar te r ies  wh ich  h a v e  t he  mos t  sens i t ive  
response  to vasocons t r i c to r  agen ts  in t he  body.  Recent ly ,  
m a n y  inves t iga to r s  h a v e  r epo r t ed  t h a t  the  fi-receptor 
adrenerg ic  b lock ing  agen ts  h a v e  h y p o t e n s i v e  ac t ion  in 
h y p e r t e n s i v e  p a t i e n t s  l-a. I t  is, therefore ,  of i n t e r e s t  to  
e luc ida te  t he  pha rmaco log ica l  charac te r i s t i c s  of t he  
adrenerg ic  f l-receptors in t he  res i s tance  vessels. 

The  purpose  of th i s  p a p e r  is to  eva lua t e  an  ef tect  of 
f l -adrenergic s t i m u l a t i o n  on  t he  response  to ca techol-  
amines  (CA) us ing  t he  isola ted r a b b i t  ear, wh ich  consis ts  
a l m o s t  en t i re ly  of the  c u t a n e o u s  vascu la r  beds.  Male 
r a b b i t s  weighing  2.0 to  3.0 kg were anes t he t i z ed  w i t h  
sod ium i somi ta l  (1.0 m g / k g  i.v.) fol lowing h e p a r i n  injec- 
t i on  (1000 U /kg  i.v.). T he  cen t r a l  a r te r ies  of b i l a t e ra l  ears 
were c a n n u l a t e d  w i t h  f ine po l ye t hy l ene  t u b i n g  and  a b o u t  
1 cm of c a n n u l a  was inse r t ed  in to  t h e m ,  t h e n  t he  ears were 
r e m o v e d  a t  t he i r  bases.  T h e y  were s tored  a t  3 -4~  in 
n o r m a l  Krebs  b i c a r b o n a t e  so lu t ion  for 24 to 48 h. U n d e r  
these  condi t ions ,  t he  degene ra t i on  of s y m p a t h e t i c  
ne rves  h a d  occur red  and  t h e i r  func t ion  had  failed 4. The  
cen t r a l  ar ter ies  were per fused  w i t h  n o r m a l  Krebs  bi-  
c a r b o n a t e  solut ion,  equ i l ib ra t ed  w i t h  a gas m i x t u r e  of 
95% 02 + 5% CO S, a t  37~ b y  m e a n s  of a rol ler  p u m p  
de l iver ing  a c o n s t a n t  r a t e  of flow (1.25 ml /min) .  This  
so lu t ion  h a d  the  fol lowing composi t ion ,  in  m M :  Na+ 162.0, 
K + 5.9, Ca ++ 2.5, Mg ++ 1.25, CI-  150.4, HCO a- 25.0 a n d  glu- 

the  R e s p o n s e  of the  C u t a n e o u s  Vascu lar  

cose 8.3 (pH 7.4). P r io r  to  each  expe r imen t ,  per fus ion  was 
a lways  m a d e  for 2 h in order  to  o b t a i n  a c o n s t a n t  condi-  
t ion.  Changes  in t he  vascu la r  res i s tance  were recorded  on  
t he  k y m o g r a p h  as changes  in per fus ion  pressure  w i t h  a 
m e r c u r y  m a n o m e t e r .  0.1 ml  of su i t ab le  c o n c e n t r a t i o n s  of 
CA, f reshly  p r e p a r e d  in n o r m a l  Krebs  solut ion,  was 
in jec ted  i n t r a a r t e r i a l l y  t h r o u g h  a r u b b e r  t u b e  connec t ed  
close to t he  cen t r a l  a r t e r ia l  cannula .  To observe  an  effect  
of t he  drugs  on t he  response  to CA, t he  pe r fus ion  was 
pe r fo rmed  w i t h  n o r m a l  Krebs  so lu t ion  con ta in ing  t h e i r  
su i tab le  c o n c e n t r a t i o n s  for 30 min,  a n d  t h e n  t he  responses  
were c o m p a r e d  be tween  those  before  and  d u r i n g  t h e  
perfus ion.  

I n  the  p re sen t  expe r imen t ,  t he  re la t ive  potenc ies  of 
ad rena l ine  (A) (0.1 ~g), n o r a d r e n a l i n e  (NA) (0.1 ~zg), 
m e t h o x a m i n e  (MX) (0.1 ~zg) and  M X  (1.0 ~zg) were 
a p p r o x i m a t e l y  2.0: 1.0: 0.3: 0.5. In  compar i son  w i t h  N A  
(0.1 ~zg), t he  response  to A (0.1 [zg) was  s ign i f ican t ly  
g rea te r  (p < 0.01), and  t he  responses  to  0.1 ~g and  1.0 ~g 
of M X  were s ign i f ican t ly  smal le r  (p < 0.01). I n  t he  
presence  of L-isoproterenol  (IP) of 10 -1~ to  10 -6 g/ml,  
per fus ion  pressure  did  no t  change.  As shown  in F igure  1, 
I P  (2 • 10 -1~ g/ml) p o t e n t i a t e d  t he  responses  to b o t h  N A  
and  MX.  I t  was r epo r t ed  t h a t  a few min  a f te r  t he  s t imula -  
t i on  of t he  adrenerg ic  fi-receptors, cyclic adenos ine  3', 5'- 
m o n o p h o s p h a t e  (cyclic AMP) levels in  t he  vascu la r  s m o o t h  

1 B. N. C. PRICHARD and P. M. S. GILLAM, Brit. med. J. 1, 7 (1969). 
2 F. J. ZACHARIAS, I{. J .  COWEN, J.  PRESTT, J. VICKERS and B. G. 

WALL, Am. Heart J. 83, 755 (1972). 
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(1973). 
a L. B. GEEEEN and C. C. HUGHES, J. Physiol., Lond. 221, 71 (1972). 
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Fig. i. Effect of L-isoproterenol on 
the responses of peripheral vascular 
resistance to cateeholamines. Nor- 
adrenaline was repeatedly applied 
every 15 rain. 
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Fig. 2. Effect  of d i b u t y r y l  cyclic 
AMP on the responses of per iphera l  
vascular  res is tance  to eateehol-  
amines.  N o r a d r e n a l i n e  was re- 
pea ted ly  appl ied every  15 min.  
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Fig. 3. Effect  of propranolol  (A) 
and te t raca ine  (B) on the responses 
of per iphera l  vascular  res is tance to 
noradrenal ine .  Noradrena l ine  was 
r epea ted ly  applied every  15 min.  
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Fig. 4. Effects of bo th  imidazole  
and  propranolol  on the responses 
of per ipheral  vascu la r  res is tance to 
noradrenal ine.  Noradrenal ine  was 
repea ted ly  appi ied  every  15 rain. 
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muscle  cells were increased  5. Hence,  t he  effect  of d i b u t y r y l  
cyclic AMP, pe rmeab le  to  t he  muscle  cell m e m b r a n e ,  on  
t he  responses  to  CA was examined ,  a n d  i t  was obse rved  
t h a t  d i b u t y r y l  cyclic A M P  (10 -7 to  10 -s g/ml)  a u g m e n t e d  
t he  responses  to  b o t h  N A  and  M X  (Figure  2). 

P rop rano lo l  (10 -~ g/ml) i nh ib i t ed  t he  response  to  N A  
and,  in cont ras t ,  i t  was  p o t e n t i a t e d  w i t h  t e t r a c a i n e  
(10 -s g/ml) (Figure 3). Therefore ,  t he  i n h i b i t o r y  ac t ion  of 
p rop rano lo l  m a y  be caused  no t  b y  a local anes the t i c  act ion,  
b u t  b y  a /3-b locking  one. A nd  so t he re  is a poss ib i l i ty  t h a t  
t h e  i n h i b i t o r y  effect  of p rop rano lo l  is m e d i a t e d  b y  i ts  
suppress ive  ac t ion  on CA to increase  cyclic A M P  con- 
c e n t r a t i o n  in t he  s m o o t h  muscle  cells 5, s. W h e n  0.1 ~xg and  
1.0 tzg of NA were app l ied  r e p e a t e d l y  and  a l t e r n a t e l y  
eve ry  15 rain,  t h e  responses  were a u g m e n t e d  gradua l ly .  
Il l  t h e  presence  of imidazole  (2.4 • 10 -4 g/ml),  a phospho-  
d ies terase  ac t iva to r ,  t h e  response  to  N A  was e n h a n c e d  
ini t ia l ly ,  t h e n  i ts  g r adua l  increase  ceased a n d  f ina l ly  
r eached  an  a lmos t  c o n s t a n t  level. An  a p p l i c a t i o n  of 
p roprano lo l  (10 -s g/ml),  in a d d i t i o n  to  imidazole,  s t rong ly  
inh ib i t ed  the  response  (Figure  4). On the  o t h e r  h a n d ,  
caffeine, a phosphod ie s t e r a se  inh ib i to r ,  p o t e n t i a t e d  t he  
response  to NA in lower c o n c e n t r a t i o n  (2 • 10 ~7 g/ml),  
while  i ts  h igher  c o n c e n t r a t i o n  (9.7 • 10 4 g/ml)  suppressed  
t hem.  

T h e  resul t s  descr ibed above  show t h a t  adrenerg ic  fl- 
s t i m u l a n t  p o t e n t i a t e s  t h e  ac t ion  of adrenerg ic  ~ -s t imulan t ,  
s ince t he  response  to  N A  is increased  in t he  presence  of I P  
or  d i b u t y r y I  cyclic AMP.  T he  s t i m u l a t i n g  effect  of 
adrenerg ic  ~-receptor ,  therefore ,  appea r s  to  be more  
marked ,  w h e n  t he  s t i m u l a t i o n  of f l-receptor does coexist .  
Since, in  t he  cu t aneous  res i s t ance  vessels,  adrenerg ic  
recep tors  m a i n l y  cons is t  of ~-receptor ,  no t  of/~-receptor,  a 
r e l a x a t i o n  of t he  vessels b y  s t i m u l a t i o n  of f i-receptor 
h a r d l y  occurs. As m e n t i o n e d  above,  d i b u t y r y l  cyclic A M P  
a u g m e n t e d  t he  responses  to  N A  a n d  MX.  Therefore ,  i t  is 
suggested  t h a t  the  i n h i b i t o r y  ac t ion  of p roprano lo I  m a y  

be  due  to the  suppress ion  of t he  increase  in cyclic A M P  
levels. This  ins igh t  m a y  be  s u p p o r t e d  b y  t he  obse rva t i on  
t h a t  a n  increase  in t i ssue  c o n t e n t  oI cyclic A M P  po ten-  
t i a t e s  t h e  c o n t r a c t i o n  of the  r a t ' s  aor t ic  s t r ip  p roduced  b y  
N A L  The  aor t a s  of 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 s  
(SHR)  c o n t a i n e d  s ign i f ican t ly  lower in t race l lu la r  concen-  
t r a t i o n s  of cyclic A M P  then  the i r  controls ,  and  t he  response  
of adeny l  cyclase a c t i v i t y  to  I P  was reduced,  whi le  
phosphod ie s t e r a se  a c t i v i t y  was s ign i f i can t ly  e leva ted  s. 
Therefore ,  r ega rd ing  adrenerg ic  recep tors  a n d  a d e n y l  
cyclase sys tem,  i t  is specu la ted  t h a t  a s imi la r  r e l a t ionsh ip  
exis ts  be tween  t he  a o r t a  ot S H R  and  t he  c u t a n e o u s  
res i s tance  vessels of r a b b i t  ear, and  such charac te r i s t i c s  
m a y  be  assoc ia ted  w i th  an  increase  in t h e  va socons t r i c t o r  
response  to  N A  in t he  a r t e r y  of S H R  ". 

Zusammen/assung. Die W i r k u n g  yon  N o r a d r e n a l i n  auf  
den  pe r iphe ren  vasku l~ ren  W i d e r s t a n d  wurde  a m  isolier- 
t en  K a n i n c h e n o h r  u n t e r s u c h t  u n d  festgestel l t ,  dass  die 
W i r k u n g  e iner  e - ad rene rgen  S t i m u l a t i o n  d u r c h  fi-adre- 
nerge  S t i m u l a t i o n  verst/~rk• wird.  
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Resting Membrane Potential of the Stria Cells of the Guinea-Pig 

The object of this paper is to examine the effect 
of potassium ions on the resting membrane potential 
of the stria cells. A higher concentration of potassium 
ions in  t he  ex t e rna l  e n v i r o n m e n t  of muscle  cells or ne rve  
ceils has  been  k n o w n  to  depola r ize  t he  r e s t ing  m e m b r a n e  
p o t e n t i a l  1-~. The  p r e s en t  s t u d y  was u n d e r t a k e n  because  
t he  s t r ia  cells face t h e  e n d o l y m p h ,  and  t he  e n d o l y m p h  
con ta ins  a h igh  c o n c e n t r a t i o n  of p o t a s s i u m  ions (150 m E q /  
1) 4 and  t he  r e s t ing  m e m b r a n e  p o t e n t i a l s  h a v e  no t  been  
p rev ious ly  measured ,  a l t h o u g h  Bt~Ks 5-~ did  r e p o r t  tl~at 
ins ide t he  s t r ia  ceils t he  p o t e n t i a l  was nega t ive ,  b u t  gave 
no  measu remen t s .  

Method. Electrode. Fine  microglass  e lec t rode  w i t h  t ip  
d i a m e t e r  be tween  0.5 a m  to 0.8 b~m were used to  record  
t h e  endococh lea r  DC p o t e n t i a l  f rom the  scala  m e d i a  a n d  
t he  res t ing  m e m b r a n e  p o t e n t i a l  of t he  s t r ia  ceils. The  
e lect rodes  were filled w i t h  3 M KC1. T he  res i s tances  were 
checked  before  using, on ly  those  in t he  r ange  be tween  
15 M D  to  30 M D  and  w i t h  low t ip  p o t e n t i a l  (be tween 
5-8 mV) were selected for measu remen t s .  A h igh  i n p u t  
i m p e d a n c e  d i f fe rent ia l  e l ec t romete r  ampi i f ie r  Ke i th l ey  
604 or  N i h o n  K o d e n  mieroglasse lec t rode  ampl i f i e r  was  
used for recording.  

Measurements o/ resting membrane potentials in vivo. 
Coloured a n d  wh i t e  guinea-pigs  were used t h r o u g h o u t  
th i s  s tudy .  The  a n i m a l  was  deep ly  a n a e s t h e t i z e d  u n d e r  

N e m b u t a l ,  a n d  t he  head  was f i rmly  f ixed on a t leadholder .  
The  bul la  was  opened  as p rev ious ly  describedS. 

A smal l  hole (d iamete r  a b o u t  50-80 am) jus t  above  t he  
midd le  region of t he  s t r i a - l i g a m e n t u m  was m a d e  on  tile 
b o n y  cochlear  wal l  b y  means  of a f ine s tee l -needle  which  
bare  3 s h a r p e n e d  edges. Care was t a k e n  to avo id  bleeding.  

The  Ag-AgCl-microglass  e lec t rode  was ad ju s t ed  to a 
90 ~ d i rec t ion  so t h a t  i t  could  pass  in to  t he  hoIe and  t h r o u g h  
t he  cells of l i g a m e n t u m  spirale  and  t h e  3 layered  cells of 
s t r ia  vascular is .  The  inse r t ion  of t he  e lect rode w i t h  t h e  aid 
of a Lei tz  m a n i p u l a t o r  was  a d v a n c e d  gen t ly  in  order  to  
show the  clear  p o t e n t i a l  d rop  nega t i ve  p o t e n t i a l  j u s t  
before t he  r eg i s t r a t ion  of t he  endococh lea r  DC po ten t i a l .  
This  nega t i ve  po t en t i a l  p r o b a b l y  represen ted  t he  res t ing  
m e m b r a n e  p o t e n t i a l  of the  s t r ia  cells in  vivo.  
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