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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. And  so t he re  is a poss ib i l i ty  t h a t  
t he  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 an d  
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 h e  
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.  The  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 h e  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 h e  o b s e rv a 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 ,  an d  t h e  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  b e t w een  t h e  a o r t a  ot S H R  an d  t h e  c u t a n e o u s  
res i s tance  vessels of r a b b i t  ear, an d  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  v a s o co n s t r i c t o r  
response  to  N A  in t h e  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 sen 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 
inside 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. T h e  
e lect rodes  were filled w i t h  3 M KC1. The  res i s tances  were 
checked  before  using, on ly  those  in t he  r ange  be t w een  
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 h e  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 h e  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 h e  hoIe an d  t h r o u g h  
t h e  cells of l i g a m e n t u m  spirale  an d  t h e  3 layered  cells of 
s t r ia  vascular is .  The  inse r t ion  of t h e  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 t h e  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 h e  r eg i s t r a t ion  of t h e  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 h e  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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Fig. 1. Surface view of the stria 
vascnlaris cells of the guinea-pig. 
Silver-nitrate preparation. The 
scale represents 10 ~xm. 

Measurements o/vesting membrane potentials o/ the stria 
cells in vitro. After  recording  the  endocochlear  DC 
potent ia l ,  t he  cochlea was cut  in half,  and  the  p a r t  
w i thou t  the  modiolus  bu t  w i th  the  in tac t  s tr ia  vascular is  
was used for m e a s u r e m e n t s  of the  res t ing  m e m b r a n e  
potent ia ls .  The opened  cochlea was washed  tho rough ly  
e i ther  in Ringer ' s  solut ion or in art if icial  endo lymph .  
Subs t ra tes  were added  somet imes  in b o t h  solut ions and 
p h o s p h a t e  buffer  a t  p H  7.2 to 7.6. Simple media  as 
150 m M  KC1 or 150 m M  NaC1 were also used. All these 
media  were s a tu ra t ed  wi th  oxygen before using. 

Ttie surface of the  s t r ia  vascular is  was placed facing 
upwards  in a small  glass chambe r  and  fixed wi th  t-Iisto- 
acryl  blue. In  th is  m a n n e r  the  electrode was b rough t  in to  
con tac t  w i th  t he  surface of a s tr ia  cell. E a c h  surface cell 
had  an area abou t  100 ~zm 2 (Figure 1). The med ium was 
replaced cont inuously ,  excep t  when  the  recording was in 
progress.  

Two m e thods  were used for inser t ing the  electrode in 
order  to ob ta in  the  res t ing  m e m b r a n e  po ten t i a l  : 1. w i th  a 
Lei tz  man ipu l a to r  and  2. combina t ion  wi th  a Lei tz  
man ipu la to r  and  a ' Jo l t e r '  (manufac tu red  by  Nihon-  
Noden  Elec t ronic  Co. Tokyo,  Japan)  9. This i n s t r u m e n t  
t he  ' Jo l t e r '  can  v ib ra te  t h rough  its dr iver  and  is t r iggered 
wi th  a s t imula tor ,  in an upwards  direct ion wi th  an 
accuracy of e.g. 1 ~, 2 ~z, or 3 V. After  f i rs t  observ ing  on 
the  oscilloscope t h a t  t he  t ip  of the  electrode was  very  close 
or in con tac t  w i th  the  surface of the  str ia  cell, cur ren t  was 
t h e n  appl ied f rom the  s t imula tor ;  a sudden  and  def ini te  
v ib ra t ion  was  p roduced  by  ' Jo l te r ' ,  t h e n  the  t ip  of the  
electrode was inser ted  into the  cell. All the  expe r imen t s  

were measured  a t  room t e m p e r a t u r e  and some were 
measured  a t  22~ a few a t  36~ 

Results. Resting membrane potential o/ slria cells in vivo. 
Figure 2 shows the  endocochlear  DC po ten t ia l  recording 
f rom the  scala media.  As the  fine electrode passed 
th rough  the  l i g a m e n t u m  spirale and  the  3 layers of the  
str ia  cells, the  vol tage  d ropped  to  negat ive.  The value 
was be tween  nega t ive  12 m V  to nega t ive  20 m V  in 30 
d i f ferent  insert ions.  The negat ive  po ten t i a l  immedia te ly  
before the  regis t ra t ion  of posi t ive  endocochlear  po ten t i a l  
m u s t  be f rom the  res t ing  m e m b r a n e  po ten t i a l  of s t r ia  
cells, since the  s t r ia  cells are t he  only ceils in direct  
con tac t  w i th  the  e n d o l y m p h  in th is  region. Nevertheless ,  
as the  electrode passed t h ro u g h  the  cell, e i ther  to ta l ly  or 
par t i a l ly  d amag ed  it, the  exac t  value of the  res t ing  
m e m b r a n e  po ten t ia l s  could no t  be assessed by  th is  
me thod .  Many  a t t e m p t s  were m a d e  to  record the  res t ing  
m e m b r a n e  po ten t i a l s  of the  str ia  cells f rom an opening  
made  at  the  apex  of . the cochlea, the  electrode being 
a r ranged  in a way  t h a t  it  could pass t h ro u g h  the  Reissner ' s  
m e m b r a n e  in to  the  scala media  and onto  the  str ia  cells. 
No s table  recordings  were obta ined.  I t  was necessary  to  
record the  res t ing po ten t i a l  in vi tro.  

Resting membrane potential in vitro. W h e n  the  electrode 
was inser ted  in to  a surface cell of the  s t r ia  vascular is  wi th  
the  aid of t he  Lei tz  manipula tor ,  the re  was a sharp  
nega t ive  po ten t i a l  o t ten  followed by  rapid  depolar iza t ion 
unt i l  the  po ten t i a l  reached a s o m e w h a t  s table  level. This 
rap id  depolar iza t ion  was p ro b ab l y  due to  an in jury  of the  

9 Information from Nihon-Kohden Electronic Company, Tokyo, Jap. 
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Fig. 2. Endocoehlear potential 
recording (DC potential) from the 
scala media (in SM) of the guinea- 
pig. The negative potential show~l 
on the recording just before the 
positive endoeochlear DC potential 
represents the resting membrane 
potential (A) of the stria ceils in 
vivo. The series of regular small 
responses shown during the DC 
recording corresponds to the 
movements of the animal's breath- 
ing. These responses can only be 
observed when the tympanic 
membrane and the 3 auditory 
ossicles are in perfectly intact 
condition. 
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a) + 

b) + 

cl + 
Fig. 3. Resting membrane potential of stria cells of the guinea-pig 
in vitro. A standard scale 20 mV is shown at the end (left) of every 
recording (~). a) Insertion with the aid of Leitz manipulator. A 
rapid depolarization shown after the insertion was probably due to 
an injury of cell membrane. Medium: Ringer's solution, b) Insertion 
with the combined Leitz-Jolter method. Medium: Ringer's solution. 
e) Insertion wittl the combined Leitz and Jolter method. Medium: 
artificial endolymptl (K: 150 raM; Na: 3 mM). 

Resting membrane potential of the stria vascularis cells in Ringer's 
solution and in artificial endolymph 

Media No. of Resting membrane potential Average 
insertions (mV) (mV) 

Lowest value Highest value 

Ringer's 
solution 86 --18 --58 --29.69 

Artificial 
endolymph 51 --19 --56 --27.38 
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cell m e m b r a n e  by  the  pene t r a t i on  of the  electrode 
(Figure 3a). A l though  the  t ip  of the  electrode was very  
fine, the  shaf t  of the  electrode immed ia t e ly  beh ind  the  t ip  
was big enough to cause such change;  fur thermore ,  the  
electrode could have  advanced  too deep into the  cell. 

W i t h  the  combined  Le i t z - Jo l t e r  inser t ion  me thod ,  
very  s table  and  cons is ten t  res t ing  m e m b r a n e  po ten t ia l s  
have  been recorded (Figures 3b and c). All the  recordings,  
thereaf ter ,  were carried out  wi th  Le i tz - Jo l te r  me thod .  
The resul ts  of the  res t ing  m e m b r a n e  po ten t i a l s  of the  
s t r ia  cells recorded in Ringer ' s  solut ion and in artificial  
e n d o l y m p h  are summar ized  in the  Table.  

In  control  expe r imen t s  wi th  an exac t ly  similar  electrical 
setup,  the  res t ing  m e m b r a n e  po ten t i a l  of the  sarkorius 
of frogs and  t h a t  of the  s te rno-hyoid  muscle of guinea- 
pigs were measured  in R inger ' s  solution.  The measure-  
men t s  were the  expec ted  nega t ive  95 m V  and negat ive  
78 mV respect ively.  A t0-fold change in po tas s ium 
concen t ra t ion  of ex te rna l  med i u m caused a vol tage shif t  
of abou t  50 m V  in the  observed res t ing m e m b r a n e  
po ten t i a l  of b o t h  muscles.  This m a y  be con t ras ted  wi th  
the  fact  t h a t  the  high po tas s ium concen t ra t ion  in the  
sur rounding  m e d i u m  did not  al ter  the  res t ing  po ten t i a l  of 
the  str ia  cells. 

A few exper imen t s  to record the  res t ing  m e m b r a n e  
po ten t i a l  were also measured  at  36~ An average  value 
was be tween  nega t ive  26 m V  to negat ive  29 m V  in 
Ringer ' s  solut ion and ill art if icial  endo lymph.  

Discussion. The unusual  resul t  in th is  s tudy  is the  
negat ive  res t ing  m e m b r a n e  po ten t i a l  when  the  s t r ia  cells 
were exposed to the  e n d o l y m p h  med i u m (composi t ion:  
150 m M  KCt and  3 m M  NaC1). Res t ing  m e m b r a n e  
po ten t i a l  could rise in m e d i u m  conta in ing  low concent ra-  
t ion  of calcium ions; this  was due to the  increase in 
pe rmeab i l i ty  po tas s ium of the  cell m e m b r a n e  1~ The 
concen t ra t ion  of calcium ions in t he  media  showed li t t le 
inf luence on the  po ten t i a l  of the  str ia  cells, since in normal  
Ringer ' s  solut ion and in art if icial  e n d o l y m p h  conta in ing  
very  l i t t le  calc ium ion, or no calcium ions, an average 
negat ive  30 mV could still be recorded.  

Normal ly ,  in muscle cells or in nerve  cells, the  rest ing 
m e m b r a n e  po ten t i a l  is regarded as a po tass ium concent ra-  
t ion po ten t i a l  if an effect ive impermeab i l i ty  of the  cell to 
sodium ions is t aken  in to  considerat ion.  The possible 
exp lana t ion  of the  resul t  migh t  be a t t r i bu t ed  to the  fact  
t h a t  t he  pe rmeab i l i ty  of the  cell m e m b r a n e  of the  str ia  
vascularis  to po tass ium ions as weI1 as to sodium ions was 
so low t h a t  t he  res t ing  m e m b r a n e  was de t e rmined  by  
chloride ions. I t  is known t h a t  intracel lular  chloride 
concen t ra t ion  can affect  cereain po ten t i a l  in motoneurons  
of cat  lz. W h e n  pre l iminary  exper imen t s  were carried out  
in med i u m wi thou t  chloride ions, the  po ten t ia l  did 
decrease by  abou t  75% to 80%. More work is def ini te ly  
needed to define the  na tu re  of the  res t ing m e m b r a n e  
po ten t i a l  of the  str ia  cells ~2. 

Zusammen/assung. Das R u h e m e m b r a n p o t e n t i a l  der 
Str ia-vascular is-Zel len wurde  innen mi t  einer Mikro- 
glaselektrode gemessen.  Bei 22~ be t rug  das durch-  
schni t t l iche  R u h e m e m b r a n p o t e n t i a l  nega t iv  29 mV in 
normaler  S/ tuger-Ringerl6sung und auch in ki inst l icher  
Endo lymphe .  Hohe  K - I o n e n k o n z e n t r a t i o n  im Medium 
beeinf lusste  das R u h e m e m b r a n p o t e n t i a t  nicht .  
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