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(Figure 1 A a n d  B). Th i s  i n h i b i t i o n  was  p r e d o m i n a n t  
from 10-30 msec  a f t e r  t h e  f i rs t  v a g a l  pulse.  W i t h  t he  
s t imula t ion  p a t t e r n  in w h i c h  a s h o r t  t r a i n  of v a g a l  pulses  
preceded ref lex e l ic i ta t ion ,  i n h i b i t i o n  of t h e  masse t e r i c  
reflex also r e su l t ed  (Figure  1C). T he  t i m e  course  of th i s  
inh ib i t ion  was  s imi la r  to  t h a t  o b t a i n e d  for  a s ingle v a g a l  
pulse. 

We  o b s e r v e d  no  c h a n g e  in  t he  a m p l i t u d e  of t h e  mas -  
seteric ref lex in conj u n c t i o n  w i t h  r e p e t i t i v e  v a g a l  s t imu la -  
tion in a few of ou r  an imals .  I n  m o s t  e x p e r i m e n t s  a 
slight f ac i l i t a t i on  was  n o t e d  (Figure  2). Th i s  f ac i l i t a t i on  
was a u g m e n t e d  as  t h e  f r e q u e n c y  of v a g a l  s t i m u l a t i o n  
was increased .  

I t  was  conc luded  t h a t  a f f e r en t  v a g a l  s t i m u l a t i o n  is 
capable of i n h i b i t i n g  t h e  masse te r i c  m o n o s y n a p t i c  reflex. 
Al though a few repor t s  h a v e  i n d i c a t e d  t h a t  v iscera l  
afferent  a c t i v i t y  m a y  m o d i f y  s om a t i c  reflexes,  t he  par t i c i -  
pa t ion of sys t emic  f ac to r s  in  t h i s  i n t e r a c t i o n  h a v e  t h u s  
far n o t  b e e n  e l i m i n a t e d  4,~,s. T h e  s h o r t  l a t e n c y  of t h e  mas -  
seteric i n h i b i t i o n  ind ica t e s  t h a t  sy s t emic  h u m o r a l  fac to rs  
are n o t  i n v o l v e d  a n d  t h a t  d i r ec t  neu ra l  in t luences  ac t ing  
either t h r o u g h  b r a i n  s t e m  or fo r eb ra in  s t r u c t u r e s  m a y  be  
responsible for i t s  genesis.  I t  is i n t e r e s t i ng  to  cons ider  
the s ign i f icance  of t h i s  v i sce ra l  i n f o r m a t i o n  rece ived  b y  
the b ra in .  P e r h a p s  t he se  a f f e r en t  impul ses  wh ich  b r ing  
about  i n h i b i t i o n  of  t h e  masse te r i c  ref lex are  i m p o r t a n t  in 
the r egu la t i on  of soma t i c  m u s c u l a t u r e  of t h e  head  a n d  
neck respons ib le  for  m a s t i c a t i o n  a n d  deg lu t i t ion .  I t  is 
probable  t h a t  v a g a l  a f f e r en t  a c t i v i t y  m a y  af fec t  a v a r i e t y  

of b e h a v i o r s  whi le  s i m u l t a n e o u s l y  mod i fy ing  cor t ica l  a n d  
subco r t i ca l  E E G  p a t t e r n s  of a c t i v i t y  9A°. 

Zusammen/assung. Es  wurde  a n  de r  k u r a r i s i e r t e n  K a t z e  
bei <~enc6phyle isol6~ de r  E in f luss  sens ib le r  V a g u s f a s e r n  
au f  den  m o n o s y n a p t i s c h e n  Ref lex  des  Muscu lus  masse-  
t e r i cus  u n t e r s u c h t  (fiir al le  F a s e r g r u p p e n  des  V a g u s  fiber-  
schwel l ige  Reize).  Vol ls t / indige  H e m m u n g  des  Masse te r -  
Ref lexes  wurde  erz ie l t  bei  R e i z u n g  des p r o x i m a l e n  E n d e s  
des  H a l s v a g u s  m i t  E i n z e l s t r o m s t 6 s s e n  oder  k u r z e n  Serien.  
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Secretory Potentials,  Potass ium Transport  and Secretion in the Cat Submandibular  Gland During 
Perfusion with Sulphate Locke's Solution 

LUNDBERG X-4 p roposed  t h a t  t h e  t y p e  I sec re to ry  p o t e n -  
tial, i.e. t h e  h y p e r p o l a r i z a t i o n  of t h e  c o n t r a l u m i n a l  a c i n a r  
cell m e m b r a n e ,  occu r r ing  d u r i n g  s t i m u l a t i o n  of t h e  gland,  
was caused  b y  a n  ac t ive  i n w a r d  t r a n s p o r t  of ch lor ide  ions 
forming t h e  ac ina r  p r i m a r y  secre t ion.  A n o t h e r  h y p o t h e s i s  
has b e e n  p roposed  b y  YOSHIMURA a n d  IMAI s, w ho  sug- 
gested t h a t  t h e  sec re to ry  p o t e n t i a l  was  due  to  a pass ive  
efflux of p o t a s s i u m  f rom t h e  a c i n a r  cells to  t h e  e x t r a -  
cellular fluid.  T h e  p r e s e n t  s t u d y  was u n d e r t a k e n  to  t e s t  
these 2 hypo theses .  The  resu l t s  wh ich  were  o b t a i n e d  are  
in oppos i t ion  to  b o t h  hypo theses .  

Methods. Cats  (1.5-5 kg) a n a e s t h e t i z e d  w i t h  chlora lose  
(70-80 m g / k g  i.p.) were  used.  T h e  p r e p a r a t i o n  of t h e  sub-  
m a n d i b u l a r  g l and  for  ar t i f ic ia l  pe r fus ion  a n d  t h e  measu re -  
men t  of t r a n s m e m b r a n e  p o t e n t i a l s  h a v e  been  desc r ibed  
previously  e. I n  some  e x p e r i m e n t s  t h e  p o t a s s i u m  concen-  
t r a t ion  in  t h e  v e n o u s  ou t f low f rom t h e  g l and  was  m e a s u r e d  
toge the r  w i t h  t h e  pe r fus ion  f lu id  flow. T h e  f l ame  p h o t o -  
metr ic  m e t h o d  used  h a s  b e e n  desc r ibed  p rev ious ly  7. T h e  
glands were  s t i m u l a t e d  w i t h  close i n t r a a r t e r i a l  i n j ec t ions  
of 5-10 pg  ace ty l cho l ine  (ACh). E a c h  t i m e  a sec re to ry  
po ten t ia l  h a d  b e e n  recorded  a f t e r  ACh in jec t ion  t he  n u m -  
ber of d rops  of sa l iva  secre ted  was coun ted .  I n  all  exper i -  
ments ,  b o t h  a con t ro l  a n d  a s u l p h a t e  Locke ' s  so lu t ion  
were used.  The  con t ro l  Locke ' s  so lu t ion  c o n t a i n e d  (mM)  : 
140 NaC1, 4.0 KC1, 2.4 Na2HPO4, 0.6 N a H e P O  4, 1.5 
Ca(NO3) 2, 1.0 MgCI~, 5.5 glucose. T h e  s u l p h a t e  Locke ' s  
solut ion c o n t a i n e d  ( m M ) :  70 Na2SO 4, 2.0 K~SO 4, 2.4 
Na2HPO 4, 0.6 N a H 2 P O  4, 6.0 Ca(NO3) 2, 1.0 MgSO 4, 59 

sucrose,  5.5 glucose. T h e  per fus ion  f luids were  e q u i l i b r a t e d  
w i t h  pu re  oxygen .  

Results. I n  F igu re  1 i t  is seen t h a t  a f t e r  t h e  pe r fus ion  
f luid h a d  been  c h a n g e d  f rom con t ro l  to  s u l p h a t e  Locke ' s  
so lu t ion  t he  sec re to ry  response  to  ACh was r ap id ly  abol-  
i shed whi le  n o r m a l  sec re to ry  p o t e n t i a l s  cou ld  sti l l  be  re- 
corded.  I n  F igu re  2 e x a m p l e s  a re  seen of s ec re to ry  p o t e n -  
t ia l s  recorded  d u r i n g  per fus ion  w i t h  con t ro l  a n d  s u l p h a t e  
Locke ' s  solut ions ,  respec t ive ly .  I n  F igu re  3 i t  is seen t h a t  
t h e  loss of p o t a s s i u m  f rom t h e  g l and  to  t h e  pe r fus ion  fluid,  
wh ich  n o r m a l l y  follows a f t e r  a n  in j ec t ion  of ACh, was  
severe ly  r educed  as was  t he  secre t ion  d u r i n g  pe r fus ion  
w i t h  s u l p h a t e  Locke ' s  so lu t ion .  T h e r e  s eemed  to  be  full  
r e s t i t u t i o n  of b o t h  t h e  p o t a s s i u m  loss a n d  t h e  sec re t ion  
evoked  b y  ACh a f t e r  r e t u r n i n g  to  con t ro l  Locke ' s  so lu t ion .  

Discussion. T h e  fac t  t h a t  t h e  sec re to ry  p o t e n t i a l  is nor -  
m a l  d u r i n g  pe r fus ion  w i t h  a so lu t ion  w h i c h  is ch lor ide-  
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Fig. 1. Size of secretory potentials and secretion as a function of time 
after start of perfusion with control and sulphate Locke's solutions, 
respectively. For each secretory potential the corresponding secretion 
evoked by the same injection of ACh is shown. The data have been 
pooled from 6 experiments on 6 cats. 
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Fig.2. (A) Resting and secretory potential during perfusion with 
control Locke's solution. The secretory response to the injection of 
ACh (~) was 12 drops of saliva. (B) Resting and secretory potential 
from the same experiment after 13 min of sulphate perfusion. The 
secretory response to the injection of ACh which resulted in the 
secretory potential was zero. 

a n d  b i c a r b o n a t e - f r e e  a n d  in w h i c h  t h e  on ly  a n i o n  repre-  
s en t ed  in large  a m o u n t s  is t h e  b u l k y  d i v a l e n t  s u l p h a t e  
ion, seems to  be  i n c o m p a t i b l e  w i t h  LUNDBERG'S Z-4 hypo-  
thesis .  Ear l ie r ,  "YOSHIMURA a n d  IMAI ~ h a v e  s h o w n  a 
single e x a m p l e  of a r e l a t i ve ly  n o r m a l  s ec re to ry  p o t e n t i a l  
r ecorded  d u r i n g  per fus ion  w i t h  s u l p h a t e  Locke ' s  so lu t ion .  
I t  is a t  l eas t  e v i d e n t  t h a t  i t  c a n n o t  be  t h e  ion t r a n s p o r t  
f o rming  t h e  sec re to ry  p o t e n t i a l  t h a t  also fo rms  t h e  pr i -  
m a r y  secre t ion  due  to  t h e  f ac t  t h a t  t h e  secre t ion  is abol -  
i shed  d u r i n g  per fus ion  w i t h  s u l p h a t e  Locke ' s  so lut ion.  

T h e  f ind ing  t h a t  t h e  loss of p o t a s s i u m  f rom t h e  g l a n d  
to  t h e  pe r iu s ion  f luid a f t e r  s t i m u l a t i on ,  is severe ly  r educed  
d u r i n g  per fus ion  w i t h  s u l p h a t e  Locke ' s  so lut ion,  whi le  t h e  
sec re to ry  p o t e n t i a l  is no rma l ,  seems to  b e  in  oppos i t i on  
to  t he  h y p o t h e s i s  of YOSHIMURA a n d  IMAI. 

As i t  seems v e r y  l ikely t h a t  t he  sec re to ry  p o t e n t i a l  is 
due  to  a n  ac t ive  ion t r a n s p o r t  s,s,9, a n d  as t h e  p r e s e n t  
resu l t s  m a k e  i t  un l ike ly  t h a t  th i s  t r a n s p o r t  is a n  a n i o n  
t r a n s p o r t ,  i t  m a y  be  sugges ted  t h a t  t h e  sec re to ry  p o t e n t i a l  
is due  to  a n  a c t i v e  o u t w a r d  t r a n s p o r t  of s o d i u m  ions.  I t  is 
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Fig.3. Concentration of potassium in the venous perfusion fluid, 
glandular perfusion fluid flow and secretion during perfusion with 
control and sulphate Locke's solutions. The gland was stimulated by 
injections of ACh (10/~g) (~). 

p r o b a b l e  t h a t  t h e  f u n c t i o n  of t he  sec re to ry  p o t e n t i a l  is to  
i n i t i a t e  t h e  ionic t r a n s p o r t  m e c h a n i s m s  fo rming  t h e  a c i n a r  
p r i m a r y  secre t ion .  

Zusammeniassung. Es  wi rd  gezeigt,  dass  w i h r e n d  der  
Pe r fus ion  de r  S u b m a n d i b u l a r i s - D r t i s e  de r  K a t z e  m i t  chlo-  
r id f re ie r  Su l f a t l 6 sung  die s ek re to r i s chen  Po t en t i a l d i f f e r en -  
zen de r  A z i n u s z e l l m e m b r a n  u n v e r ~ n d e r t  b l e iben  u n d  dass  
i n z w i s c h e n  die Sekre t ion  u n d  de r  K a l i u m t r a n s p o r t  yon  
de r  Drfise zur  Per fus ionsf l t i s s igke i t  vOllig a u f h 6 r t .  
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