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w i t h  g r a n u l a t e d  t u b u l e  cells9 or s t r i a t ed  d u c t  cells2. I t  is 
i n t e r e s t i ng  t h a t  t h e  m e a n  m e m b r a n e  p o t e n t i a l  in  t he  mouse  
p a r o t i d  gland,  where  t he re  are no  g r a n u l a t e d  tubules ,  was  
even  h ighe r  t h a n  in t he  mouse  s u b m a x i l l a r y  gland.  The  
d e m o n s t r a t i o n  for t he  f i rs t  t i m e  of a reversa l  p o t e n t i a l  for 
t he  in i t i a l  phase  of t h e  sec re to ry  p o t e n t i a l  is cons i s t en t  
w i t h  t h e  h y p o t h e s i s  p rev ious ly  p u t  fo rward  b y  PETER- 
SEN 4 t h a t  ACh increases  t he  p e r m e a b i l i t y  to  K+ and  Na+. 
Recently NISI-IIYAMA and KAGAYAMA7 have reported that 
the magnitude of the initial depolarizing phase of the bi- 
phasic secretory potential in the cat submaxillary gland is 

d e p e n d e n t  on  t he  r e s t ing  m e m b r a n e  p o t e n t i a l  in such  a 
way  t h a t  i t  increases  w i t h  increas ing  re s t ing  po ten t i a l .  
The  slow a n d  de layed  hype rpo la r i za t i on ,  r epo r t ed  in t h i s  
paper ,  m a y  be  caused  b y  a de layed  increase  in K+ pe rme-  
abi l i ty ,  b u t  i t  seems more  l ike ly  t h a t  i t  is caused  b y  a n  
e lec t rogenic  p u m p ,  since i t  is abol i shed  b y  S t r o p h a n t h i n -  
G. Such  an  e lec t rogenic  p u m p  could be  t he  Na+-I4+ ex- 
change  p u m p  of t he  ac ina r  ceils or t h e  Na+ p u m p  d i rec t ly  
respons ib le  for t h e  f o r m a t i o n  of t h e  sa l iva  ~0. More work  is 
c lear ly  needed  to def ine  t he  n a t u r e  of t he  de layed  hype r -  
po la r iza t ion .  
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Fig. 2. Mouse submaxillary gland : Histogram showing the amplitude 
and polarity of the ACh-induced potential changes at different 
resting membrane potentials (RP). The fully drawn columns represent 
the first phase of the secretory potential while the columns outlined 
by the broken lines represent the second or delayed phase of the 
secretory potential. 

Zusammen/assung. Ace ty lcho l in  e rzeugt  auf  das  Mem-  
b r a n p o t e n t i a l  yon  Azinusze l len  der  G l a n d u l a  s u b m a n d i -  
bu la r i s  der  Maus  eine d iphas i sche  Ver~inderung des Mem- 
b r a n p o t e n t i a l s  (rasche H y p e r p o l a r i s a t i o n  u n d  langsame,  
verz6ger te  Depo la r i sa t ion  oder  rasche  Depo la r i s a t i on  u n d  
l angsame  Hype rpo la r i s a t i on ) .  Hinweise  sp rechen  dafiir,  
dass  Ace ty lcho l in  die Pe rmeab i l i t / i t  fiir Na+- u n d  K+- 
I o n e n  e rh6ht .  
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Biphasic Secretory Potentials in Cat and Rabbit 

LUNDBI~RG I was the first to record transmembrane 
potentials in salivary glands. Stimulation of the secretory 
nerves to the submaxillary gland in the cat produced 
three types of potential changes (secretory potentials). 
The type I response to parasympathetic or sympathetic 
stimulation was a membrane hyperpolarization. LUND- 
BERG 2 sugges ted  t h a t  t he  t y p e  I response  was der ived  
f rom the  ac ina r  cells a n d  p roposed  t h a t  i t  was  caused b y  
a n  ac t ive  t r a n s p o r t  of chlor ide  ions t h r o u g h  the  con t ra -  
l u m i n a l  m e m b r a n e  f rom t h e  i n t e r s t i t i a l  f luid to  t h e  cyto-  
p lasm.  Recently, YOSHIMURA and IMAI 3 and PETERSEN 4 
have shown that the type I secretory potentials obtained 
from submaxillary glands in cat or dog are of normal size 
during perfusion with chloride-free solutions. PETERSEN ~ -~ 
has suggested that the mechanism of action of acetyl- 
choline on the contraluminal acinar cell membrane is to 
increase the permeability to both potassium and sodium 
ions. In the following some new and unexpected features 
of salivary gland electrophysiology will be reported. 

Methods. Cats and rabbits anesthetized by chloralose 
(60-80 mg/kg)  a n d  u r e t h a n e  (1.5 g/kg), respect ive ly ,  were 
employed .  M e m b r a n e  p o t e n t i a l s  were m e a s u r e d  in t he  
exposed  s u b m a x i l l a r y  g lands  in v ivo  b y  us ing  glass micro-  
e lec t rodes  filled w i t h  3 M  KC1, h a v i n g  res i s tances  of 
20-50214#2. An  ind i f fe ren t  e lec t rode  was p laced  u n d e r  t he  

Submaxillary Glands 

neck  skin  oppos i te  to  the  g land  u n d e r  s tudy.  The  pre-  
gangl ionic  l ingua l  ne rve  f ibres  ( p a r a s y m p a t h e t i c )  were 
s t i m u l a t e d  a t  0.2 or 20 c/sec t h r o u g h  c o n v e n t i o n a l  
s t i m u l a t i n g  electrodes.  

Results. Single shock s t i m u l a t i o n  in b o t h  t h e  ca t  a n d  
the  r a b b i t  resu l ted  in e i the r  b iphas i c  sec re to ry  p o t e n t i a l s  
( type IB)  (depola r iza t ion  fol lowed b y  hype rpo la r i za t i on )  
or m o n o p h a s i c  h y p e r p o l a r i z i n g  secre tory  p o t e n t i a l s  ( type 
IM) (Figure  1). 

I n  t he  ca t  s u b m a x i l l a r y  g land  t he  m e a n  l a t ency  of t h e  
t y p e  I B  response  was 176 msec ~ 17 (80-300 msec) and  
t h a t  of t he  t y p e  IM was 291 msec -4- 11 (100-500 msec).  
The  re s t ing  m e m b r a n e  po t en t i a l s  for t he  cells d i sp lay ing  
t y p e  I B  responses  were h ighe r  ( - -40 .4  m V  ~ 0.4) t h a n  
for those  d i sp lay ing  t y p e  IM responses  ( - -31 .0  m V  ~= 
0.8). E a c h  h i s t o g r a m  showing  t h e  f r equency  d i s t r i b u t i o n  
of t h e  r e s t ing  po t en t i a l s  for these  2 g roups  e x h i b i t e d  
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Fig. 1. Transmembrane secretory potentials in cat (C) and rabbit (R) submaxillary gIands obtained by single or repetitive ehorda-lingual 
(Chor) nerve stimulations, a) and b) are examples of monophasie hyperpolarizing and biphasie secretory potentials, repectively, 
obtained by single stimulation, e) represent examples of secretory potentials obtained by repetitive stimulation. 

a s y m m e t r y  (Figure 2). However ,  the h i s t o g r a m  showing  
t h e  f r equency  d i s t r i b u t i o n  of M1 t he  r e s t i ng  po t en t i a l s  
( type IM + IB)  showed a fa i r ly  good s y m m e t r i c a l  dis t r i -  
bu t ion .  The  m e a n  res t ing  p o t e n t i a l  of all  t h e  cells was 
--35.0 m V  ~ 0.7. The  a m p l i t u d e  of t he  in i t ia l  depolar iza-  
t ion  of the  t y p e  I B  response  was r ough l y  p r o p o r t i o n a l  to  
t he  size of t he  r e s t ing  po ten t i a l .  The  m e m b r a n e  res i s t ance  
in  t he  t y p e  IM cells decreased d u r i n g  l ingual  ne rve  
s t imu la t ion .  Single or r epe t i t i ve  s t i m u l a t i o n s  decreased  
m e m b r a n e  res i s t ance  f rom 2.9Ms ~: 0.2 to  2.5M~2 ~ 0.2 
a n d  2 .1Mf2 4- 0.2, respect ively .  

I n  t i le r a b b i t  s u b m a x i l l a r y  gland,  t h e  m e a n  res t ing  
p o t e n t i a l  was  --54.0 m V  =~ 3.1. T he  l a t ency  of t he  t y p e  
I13 response  was 168 msec 4- 34 (100-300 msec), whi le  
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Fig. 2. Cat submaxillary gland : Frequency distribution of the resting 
membrane potentials from the cells displaying monophasic hyper- 
polarizing (type IM) and biphasie (type IB) secretory potentials, and 
of the entire cell population (type IM + IB). 

t h a t  of t h e  t y p e  IM response  was 550 msec ~ 130 
(400-1000 msec).  T h e  secre tory  p o t e n t i a l s  in  t h e  r a b b i t  
s u b m a x i l l a r y  g land  were more  complex  t h a n  those  in t he  
cat.  R e p e t i t i v e  s t i m u l a t i o n  changed  t he  conf igu ra t ion  of 
t h e  secre tory  po t en t i a l s  caused  b y  single shock  s t imula -  
t ion .  For  a sho r t  t i m e  fol lowing r epe t i t i ve  s t imu la t i on ,  
t h e  in i t ia l  depo la r i za t ion  h a d  a larger  a m p l i t u d e  and  t he  
seconda ry  h y p e r p o l a r i z a t i o n  was r educed  in a n u m b e r  of 
t y p e  It3 cells. Somet imes  t he  t y p e  IM response  of one cell 
could  be changed  i n to  a t y p e  I B  response,  c o n c o m i t a n t l y  
h e r e w i t h  t he  l a t ency  was cons ide rab ly  sho r t ened  (Figure 
1 Rc). I n  t he  t y p e  IM cells; single shock s t i m u l a t i o n  
decreased m e m b r a n e  res i s t ance  f rom 8.7Ms 4- 1.4 to  
7 . 2 M D  ~ 1.0 whi le  r epe t i t i ve  s t i m u l a t i o n  reduced  t he  
res i s tance  f rom 7.4M~2 ~ 1.0 to  4 . 5 M D  q- 0.6. T h e  
decrease  in m e m b r a n e  res i s tance  s l igh t ly  p receded  t h e  
p o t e n t i a l  c h a n g e  (Figure 3 uppe r  t racings) .  I n  t h e  t y p e  
I B  cells t he  m e m b r a n e  res i s t ance  decreased  concomi t -  
a n t l y  w i t h  t he  p o t e n t i a l  change  (Figure 3 lower  t racing) .  
Single shock  s t i m u l a t i o n  decreased  t he  m e m b r a n e  
res i s tance  f rom 6.0Mr2 4- 1.8 to  3.2M~2 ~ 0.7 whi le  
r epe t i t i ve  s t i m u l a t i o n  caused  a r e d u c t i o n  f rom 6.6M~Q 
1.1 to  1.9]VIf2 dc 0.7. 

Discussion. SCHN~YBR a n d  YOSHIDA s showed t he  
ex is tence  of b iphas i c  secre tory  p o t e n t i a l s  in t he  r a t  sub-  
m a x i l l a r y  g land.  I n  al l  p r ev ious  s tud ies  of m e m b r a n e  
p o t e n t i a l s  in  ca t  s u b m a x i l l a r y  g lands  a, z,,-~, ~ i t  h a s  been  
shown  t h a t  t he  c o n t r a l u m i n a l  m e m b r a n e  of t he  ac ina r  
cells hyperpo la r i zes  w h e n  t he  g land  is s t i m u l a t e d  to  
secrete.  The  p re sen t  work  shows c lear ly  t h a t  b iphas ic  
secre tory  po t en t i a l s  also exis t  in  t h e  ca t  s u b m a x i l l a r y  
g land  a n d  indeed  in t h e  r a b b i t  s u b m a x i l l a r y  gland.  The  
in i t ia l  depo la r i za t ion  has  no t  been  obse rved  previous ly ,  
p r o b a b l y  because  on ly  low res t ing  m e m b r a n e  po t en t i a l s  
(20-30 mV) h a v e  been  recorded.  The  fac ts  t h a t  only t he  
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192 (1969). 
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f r equency  d i s t r i b u t i o n  of t he  en t i r e  cell p o p u l a t i o n  ( type 
IM + IB)  was s y m m e t r i c a l  a n d  t h a t  m o n o p h a s i c  an d  
b iphas i c  secre tory  p o t e n t i a l s  could be  found  in t he  same 
cells (Figure 1) sugges t  t h a t  all cells s tud ied  in t he  p r e s en t  
work  are acinar .  The  f ind ing  t h a t  t h e  l a t ency  for t h e  
s t i m u l a t i o n - i n d u c e d  p o t e n t i a l  change  was cons ide rab ly  
longer  for t i le t y p e  IM cells t h a n  for t h e  t y p e  I B  cells 
is of cons iderab le  i n t e r e s t  especial ly  in v iew of t he  f ind ing  
t h a t  t he  decrease  in m e m b r a n e  res i s tance  p receded  t h e  
t y p e  IM response  b u t  a p p e a r e d  c o n c o m i t a n t l y  w i t h  t h e  
t y p e  I B  response.  Tile ve ry  m a r k e d  decrease  in m e m -  

b r a n e  res i s t ance  seen du r ing  ne rve  s t i m u l a t i o n  leaves  
l i t t l e  d o u b t  t h a t  ACh, wh ich  is t h e  t r a n s m i t t e r  be ing  
re leased 10 increases  t h e  m e m b r a n e  p e r m e a b i l i t y  to  ions. 
T h e  fac t  t h a t  t h e  secre tory  p o t e n t i a l  is o f ten  b iphas i c  
suggests  t h a t  a t  leas t  two  ionic channe l s  are o p e n e d  b y  
ACh. The  resul t s  are t h u s  cons i s t en t  w i t h  t h e  h y p o t h e s i s  
of PETERSEN 5-7 t h a t  ACh acts  b y  inc reas ing  t h e  pe rme-  
ab i l i ty  to  K+ a n d  Na+. 

Zusammen/assung. Die M e m b r a n p o t e n t i a l e ,  in Azinus-  
zellen der  S u b m a n i b u l a r i s d r i i s e  der  K a t z e  u n d  des 
K a n i n c h e n s  gemessen,  wa ren  h 6 h e r  als die in  der  f r i iheren 
L i t e r a t u r  fes tgeste l l ten .  Die  S t i m u l a t i o n  erzeugte  bi- 
phas i sche  sekre tor i sche  P o t e n t i a l e  ( D e p o l a r i s a t i 0 n - H y p e r -  
polar i sa t ion) ,  beg le i te t  y o n  e inem Nach la s sen  des 1Viem- 
b ranwide r s t andes .  Es  wi rd  v e r m u t e t ,  dass  Ace ty lcho l in  
die Membranpe rmeab i l i t~ i t  der  Azinusze l len  ftir zwei 
ve r sch iedene  I o n e n a r t e n  e rh6ht .  
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Fig. 3. Rabbit submaxillary gland: Measurement of membrane 
resistance during the secretory potential by application of hyper- 
polarizing current pulses through the intraeellular recording Iniero- 
electrode, s: single shock stimulation, 20 cps: repetitive stimulation. 
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R e a c t i v i t y  of M y o g l o b i n  in Heart ,  S tr ia ted  M u s c l e  and U t e r u s  in a M e t h a e m o g l o b i n a e m i a  

Pa tho log ica l  processes d u r i n g  an  anemic  h y p o x i a  of t h e  
m e t h a e m o g l o b i n  t y p e  can  be  cha rac t e r i zed  b y  t h e  
r e a c t i v i t y  of two  sys t ems :  1. The  de tox i ca t i ng  funct ions ,  
i.e. t h e  chemica l  t r a n s f o r m a t i o n  of m e t h a e m o g l o b i n -  
fo rming  agents ,  excre t ion  a n d  e n z y m a t i c  r eve r s ib i l i t y  of 
m e t h a e m o g l o b i n  f o r m a t i o n  ; 2. The  c o m p e n s a t i n g  capac i ty  
of t he  ca rd iovascu la r  s y s t e m :  increase  of card iac  o u t p u t  
and  r e a c t i v i t y  of b lood  vessels.  W h e r e a s  t he  complex  of 
ques t ions  m e n t i o n e d  u n d e r  1. were t h o r o u g h l y  inves t i -  
ga ted  d u r i n g  recen t  years ,  m a n y  phys io log ica l  a n d  bio- 
chemica l  p rob l ems  connec t ed  w i t h  2. r e m a i n e d  w i t h o u t  
a clear pa thophys io log i ca l  answer.  The  resu l t s  o b t a i n e d  
f rom ana lyses  of t h e  r a t  h e a r t  p r o v e d  t h a t  t he  changes  of 
t he  pe rcen tages  of t he  i n a c t i v a t e d  m y o g l o b i n  c o m p o n e n t s  
p l a y  a n  i m p o r t a n t  role 1, 2; w i t h  respec t  to  t he  mic roana -  
t omica l  p roper t i e s  of va r ious  muscles,  i t  was necessa ry  to  
d e t e r m i n e  t h e  e x t e n t  of m y o g l o b i n  i n a c t i v a t i o n  u n d e r  
the  same phys io logica l  cond i t ions  para l le l  in  3 p r epa ra -  
t ions :  t h e  hea r t ,  t h e  s t r i a t ed  muscle  and  t h e  u terus .  

Materials and methods. 22 female  r a b b i t s  were used for 
t he  e x p e r i m e n t s :  12 an ima l s  served  as controls ,  a n d  10 
were g iven  a single in j ec t ion  of N a N O  2 solut ion.  The  
an ima l s  were sacr i f iced 40, resp. 80 m i n  a f te r  app l i ca t i on  
of N a N O  2, a n d  venous  b lood samples  for  h a e m o g l o b i n  
a n d  m e t h a e m o g l o b i n  d e t e r m i n a t i o n  3 were t aken .  The  
c o n c e n t r a t i o n  of m y o g l o b i n  in t he  left  h e a r t  ventr ic le ,  t h e  
t r iceps  muscle  and  t he  u t e rus  was e s t i m a t e d  b y  t he  m e t h -  
od of RE'/NAFARJE 4, a n d  t he  m y o g l o b i n  c o m p o n e n t s  
(CO-myoglobin,  N O - m y o g l o b i n  a n d  m e t m y o g l o b i n )  b y  
t he  m e t h o d  p rev ious ly  descr ibed  1 

Results. I n  va r ious  t ypes  of muscles  a d i f f e ren t i a t ed  
r eac t ion  of m y o g l o b i n  was observed.  The  a m o u n t  of 

t o t a l  m y o g l o b i n  was n o t  s ign i f i can t ly  ch an g ed  in the  
NaNO2- t r ea t ed  groups  (Figure).  A d i f f e r en t i a t ed  react i -  
v i t y  was obse rved  in t h e  d e t e r m i n a t i o n  of m e t m y o g l o b i n  
fo rmat ion .  I t  is e v i d e n t  t h a t  in  d i f fe ren t  types  of muscles  
a d i f fe rent  l imi t ing  ra t e  can  be  observed.  Whi l e  in  t h e  
h e a r t  t h e  m a x i m u m  a m o u n t  was r eached  w i t h  150 m E q  
N a N O  2 a f te r  40 rain,  t h e  m a x i m u m  average  va lue  in t h e  
s t r i a t ed  muscle  was r eached  a t  t h e  same  t ime,  b u t  i t  
was h igher  t h a n  in t h e  hea r t .  The  h i g h es t  r a t e  of me t -  
n lyog lob in  f o r m a t i o n  was obse rved  in t h e  u terus ,  where  
also t h e  speed ra t e  was  d i f fe ren t :  t h e  m a x i m u m  a m o u n t  
was found  w i t h  75 m E q  N a N O  2 a f te r  40 rain.  

A n o t h e r  cha rac te r i s t i c  can  be  seen d u r i n g  t h e  m y o g l o b i n  
i n a c t i v a t i o n  b y  fo rming  NO-myoglob in .  I t  could be  
p roved  t h a t  t h e  h igher  dose an d  t h e  longer  t r e a t m e n t  
per iod  increase  t h e  r a t e  of N O - m y o g l o b i n  fo rmat ion .  
Therefore  t h e  t o t a l  a m o u n t  of i n a c t i v a t e d  m y o g l o b i n  is 
a f t e r  75 m E q  ill 40 ra in  g rea te r  t h a n  t h e  i n a c t i v a t e d  p a r t  
of haemoglob in .  However ,  a f t e r  150 m E q  in 40 ra in  the  
a m o u n t  of i n a c t i v a t e d  c o m p o n e n t s  r e m a i n s  in  t h e  same 
degree as t h a t  of i n a c t i v a t e d  h a e m o g l o b i n  in t h e  ery- 
th rocy tes .  

Discussion. Myoglob in  an d  i ts  phys io logica l  p roper t i e s  
remained ,  c o m p a r e d  w i t h  haemoglob in ,  un t i l  t o d a y  re la t i -  
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