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p a t t e r n  of the  tox in  reac t ion  and b ind ing  is more  complex  
t h a n  the  format ion  of the  s imple ionic pai r  of qua te rna l  
agents  like DTC or acetylcholine.  

I t  is h igh ly  probable  t h a t  o ther  t ypes  of l inkage like 
hydrophobic ,  hyd rogen  bonds  or van  der  Waals  forces 
t ake  place a t  t he  m o m e n t  of funct ional  failure of the  
cholinergic t r a n s m e m b r a n e  sys t em caused by  con tac t  
wi th  Na ja  TX.  

Zusammen/assung. Die Abh~ngigkei t  der  b lockierenden 
Wi rkung  des Na ja tox ins  v o n d e r  T e m p e r a t u r  zeigt, dass 
es bet seiner E inwi rkung  auf das cholinergische Sys tem 
nicht  zur Bi ldung ether I o n e n b i n d u n g  kommt .  Die 

Akt iv ierungsenergie  tier b lockierenden Wirkung  des 
Na ja tox ins  war 3.4 kcal. tool. 
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M e m b r a n e  P o t e n t i a l  M e a s u r e m e n t  i n  M o u s e  S a l i v a r y  G l a n d  C e l l s  

Membrane  poten t ia l s  in acinar cells have  been measured  
in a n u m b e r  of d i f fe rent  sa l ivary  glands f rom dif ferent  
species 1. I t  has  general ly  been found t h a t  t he  res t ing  mem-  
brane  po ten t i a l  (RP) is abou t  -20  to -30 m V  and t h a t  
s t imula t ion  of the  p a r a s y m p a t h e t i c  or s y m p a t h e t i c  ner- 
ves to the  gIand causes a hyperpolar iza t ion .  This s t imula-  
t ion- induced  m e m b r a n e  po ten t i a l  change has been  n a m e d  
the  secre tory  po ten t i a l  2. The m e c h a n i s m  under ly ing  the  
secre tory  po ten t i a l  has  no t  been fully e lucidated bu t  
d i f fe ren t  hypo theses  have  been proposed2-4.  Since mem-  
brane  po ten t i a l s  have  no t  previous ly  been measured  in 
mouse  sa l ivary  glands,  th is  was a t t e m p t e d  as a m a t t e r  of 
routine,  bu t  since the  results  were surpr is ing and  il lumi- 
na te  some new aspects  of sa l ivary  gland e lec t rophysiology 
t h e y  are repor ted  here. 

Methods. The submaxi l l a ry  or the  paro t id  gland f rom 
young  female mice was quickly r emoved  af ter  killing the  
animals  and p a r t  of the  gland was m o u n t e d  in a pe r spex  
t issue b a t h  t h rough  which  a Krebs -Hense le i t  solut ion 
(37~ oxygenated)  was p u m p e d  at  a cons t an t  rate,  as 
previous ly  descr ibed for pancrea t ic  p repara t ions  5. Mem- 
brane  po ten t i a l s  were measured  according to  me tho d s  
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Fig. 1. Membrane potential measurement i n mouse submaxiiiary gland. 
Downward deflections represent increased negativity of the micro- 
electrode. The sudden jump in potential seen in the left part of all 3 
tracings corresponds in time to the insertion of the micro-electrode 
into the acinus. The arrows denote additions of ACh to the tissue 
bath to obtain for a short period a maximum concentration of 10 -6 
g/m1 (5.5 • 10-6M). A and B were obtained during exposure of the 
gland to a normal Krebs-Henseleit solution while C was obtained 
during exposure to Strophanthin-G (10-~M)-containing solution. 
B and C are from the same preparation. 

descr ibed by  MATTHEWS 6 employ ing  high res is tance K- 
c i t ra te  filled micro-electrodes.  

Results. The res t ing  m e m b r a n e  po ten t ia l s  in the  mouse 
submaxi l l a ry  gland ranged widely  f rom -20 to -70 m V  
wi th  a m e a n  value of -47.0 m V  (n = 105). In  the  pa ro t id  
gland the  mean  value was -61.0 m V  (52-70 mV) (n = 20). 
The micro-e lec t rode  was always inser ted  into cells s i tua ted  
jus t  b en ea t h  the  exposed  surface of the  gland. Figure 1 
shows t rac ings  of typ ica l  m e m b r a n e  po ten t i a l  recordings  
f rom the  submaxi l l a ry  gland. I t  is seen t h a t  acetylchol ine  
(ACh) evoked b iphas ic  secre tory  potent ia ls .  Somet imes  
a rap id  shor t las t ing  hyperpo la r i za t ion  was followed by  a 
de layed longlast ing hyperpolar iza t ion .  At  o ther  t imes  a 
rap id  shor t las t ing  depolar iza t ion  was followed by  a de- 
layed longlast ing hyperpolar iza t ion .  W h e n  a t ropine  sul- 
pha t e  (1.4 • 10-6M) was added  to the  superfus ion fluid 
ACh failed to evoke any  change in t he  m e m b r a n e  po ten-  
tial.  In  Figure  2 tile dependence  of the  ampl i tude  and po- 
Iari ty of the  two phases  of the  secre tory  po ten t i a l  on the  
level of the  res t ing  m e m b r a n e  po ten t i a l  is shown. I t  is seen 
t h a t  the  reversal  po ten t i a l  for t he  rap id  phase  of the  secre- 
t o ry  po ten t i a l  was abou t  -50  mV. Dur ing  superfus ion 
wi th  a S t r o p h a n t h i n - G  (10-aM)-containing solut ion 
ACh always evoked monophas ic  hyperpola r iz ing  secre- 
tory  po ten t ia l s  of a re la t ively  shor t  du ra t ion  (Figure 1). 
The mean value of the  res t ing  m e m b r a n e  po ten t i a l  
(15-60 min  af ter  s t a r t  of exposure  to the  drug) was -33.2 
mV which  was s ignif icant ly  (P  < 0.05) lower t han  the  
res t ing  m e m b r a n e  po ten t i a l  in the  contro l  per iods  of the  
same exper iments .  

Discussion. The very  wide range of the  magn i tude  of the  
res t ing  m e m b r a n e  po ten t ia l s  in t he  mouse  submaxi l l a ry  
gland is surpr is ing b u t  corresponds  to a ve ry  recent  f inding 
in the  ca t  submaxi l l a ry  gland 7 The fac t  t h a t  only cells 
ve ry  near  to  the  surface were s tudied  makes  it h ighly  un- 
l ikely t h a t  s t r i a ted  duc t  cells have  been  impaled.  The se- 
c re tory  po ten t ia l s  ob ta ined  were s imilar  to those  seen in 
the  acinar  cells f rom the  ra t  subrriaxil lary gland s. I t  seems 
very  likely, therefore ,  t h a t  t he  ma jo r i t y  of the  ceils im- 
paled were  acinar,  a l though  h igh  res t ing  m e m b r a n e  po- 
ten t ia ls  in sal ivary glands have  previous ly  been associa ted 
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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 .  

o 

x 
I 

o 

.g 

F--I--] 
20 @--- 

10 

20 30 

10 

I 
I 

40 50 T 6,0 RP(mV) 

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 .  

O.  H .  P E T E R S E N  11-13 

Department o/Pharmacology, University o/Cambridge, 
Cambridge CB2 2QD (England), 5 July 7972. 

9 L. H. SCHNEYER and C. A. SCHNEYER, Am. J. Physiol. 209, 1304 
(1965). 

10 .O .H.  PETERSEN, J .  Physiol., Lond. 216, 129 (1971). 
11 Present adress: Institute of Medical Physiology C, University of 

Copenhagen, DK-2200 Copenhagen N (Denmark). 
is I am grateful to Dr. E. K. MATTHEWS, who placed all necessary 

facilities in his laboratory at nly disposal, for his great interest in 
this project and for many useful discussions. 

18 The excellent technical assistance of G. L. PEDERSEN is gratefully 
acknowledged. Financial support came from; the Carlsberg Founda- 
tion, The \u Trust and Johann and Hanne Weiman's 
legacy. 

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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