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The Importance  of Extrace l lu lar  S o d i u m  and P o t a s s i u m  for Ace ty l cho l ine -Evoked  Sal ivary  Secret ion  

A n  i m m e d i a t e  ac t ion  of ace ty lcho l ine  (ACh) on  t h e  
basa l  ac ina r  cell m e m b r a n e  is to  increase  t h e  m e m b r a n e  
p o t e n t i a l  (secretory potent ia l )~ .  E v i d e n c e  ha s  b e e n  pro-  
v ided  in f a v o u r  of t he  h y p o t h e s i s  t h a t  t h e  u n d e r l y i n g  
m e c h a n i s m  of t h e  secre tory  p o t e n t i a l  is a pass ive  o u t w a r d  
p o t a s s i u m  c u r r e n t  be ing  p a r t l y  shor t - c i r cu i t ed  b y  a n  
i n w a r d  pass ive  sod ium c u r r e n t  2, a The  p r e s en t  work  was 
u n d e r t a k e n  to t e s t  w h e t h e r  these  pass ive  cu r r en t s  are 
of i m p o r t a n c e  for t he  s a l i va ry  secre t ion  process.  The  
resu l t s  showing  t h a t  t he  s a l iva ry  sec re to ry  r a t e  was  v e r y  
sens i t ive  to  changes  in e x t e r n a l  sod ium concen t r a t i on ,  
a n d  t h a t  t he  sec re to ry  r a t e  was  e n h a n c e d  d u r i n g  per fus ion  
w i t h  a po ta s s ium- f ree  Locke  so lu t ion  and  reduced  w h e n  
t he  e x t e r n a l  p o t a s s i u m  c o n c e n t r a t i o n  was a u g m e n t e d ,  
i nd i ca t e  t h a t  t he  ACh- induced  pass ive  e n t r y  of s o d i u m  
ions m a y  h a v e  a special  f u n c t i o n  in t h e  a c t i v a t i o n  of t he  
secre tory  m e c h a n i s m .  

Methods. Cats  a n a e s t h e t i z e d  w i t h  chloralose  (80 m g / k g  
i.p.) were used. The  p r e p a r a t i o n  of t he  s u b m a n d i b u l a r  
g land  for ar t i f ic ia l  pe r fus ion  has  been  descr ibed  pre-  
v ious ly  4. The  g land  was s t i m u l a t e d  to secrete  b y  a 
c o n t i n u o u s  i n t r a - a r t e r i a l  in fus ion  of ACh (50 ~g/min) .  
The  v o l u m e  of sa l iva  secre ted  d u r i n g  t he  f i rs t  m i n u t e  
of s t i m u l a t i o n  was t a k e n  as t h e  sec re to ry  ra te .  T he  g land  
was s t i m u l a t e d  for 1 m i n  w i t h  i n t e rva l s  of 1 0 r a i n  
(Figure  1). The  sec re to ry  r a t e  in  t h e  t e s t  so lu t ion  was 
expressed  in  pe r  c en t  of t he  m e a n  va lues  of t h e  sec re to ry  
r a t e s  in  t he  con t ro l  per iods  i m m e d i a t e l y  p reced ing  and  
fol lowing t h e  t e s t  per iod.  T he  sec re to ry  r a t e  was  a lways  
m e a s u r e d  5 ra in  a f t e r  i n t r o d u c t i o n  of t h e  t e s t  solut ion.  
The  con t ro l  Locke  so lu t ion  c o n t a i n e d  ( m M ) :  140 NaC1, 
4.0 IKC1, 2.4 Na2HPO4, 0.6 N a H ~ P O  4, 1.5 CaC12 1.0 MgC12, 
5.5 glucose. I n  t he  modi f ied  Locke  so lu t ions  w i t h o u t  
p o t a s s i u m  and  w i t h  p o t a s s i u m  c o n c e n t r a t i o n s  of 10 and  
20 meq/1, co r re spond ing  changes  in sod ium c o n c e n t r a t i o n  
were m a d e  to  ensure  c o n s t a n t  osmolar i ty .  I n  t he  modi f ied  
Locke  so lu t ions  w i t h  r educed  sod ium chlor ide  concen t r a -  
t i on  sucrose was added  to m a i n t a i n  i so smola r i t y  w i t h  t he  
con t ro l  Locke  solut ion.  I n  each  e x p e r i m e n t  3 d i f fe ren t  
pe r fus ion  f luids were  used (F igu re  1). 

Results. The e//ect o/varying the external sodium chloride 
concentration. R e d u c t i o n  of t he  pe r fusa t e  sod ium con-  
c e n t r a t i o n  i n v a r i a b l y  r educed  t h e  sec re to ry  ra te .  Th i s  
r e d u c t i o n  was revers ib le  w h e n  r e t u r n i n g  to con t ro l  Locke  
so lu t ion  (Figure  1). F igure  2 shows t h e  resu l t s  f rom t h e  
whole  m a t e r i a l  (6 e x p e r i m e n t s  on  6 cats).  

The e//ect o/varying the external potassium concentration. 
W h e n  p o t a s s i u m  was o m i t t e d  f rom t he  pe r fus ion  f luid 
t he  sec re to ry  r a t e  was  i n v a r i a b l y  enhanced ,  whereas  t h e  
sec re to ry  Fate was r educed  w h e n  t he  pe r fu sa t e  p o t a s s i u m  
c o n c e n t r a t i o n  was a u g m e n t e d .  These  effects  were revers-  
ible. I n  F igure  3 is shown  t he  t o t a l  m a t e r i a l  f r om 7 exper i -  
m e n t s  on  7 cats .  

Discussion. The  poss ib i l i ty  t h a t  sucrose m i g h t  h a v e  a n  
i n h i b i t o r y  effect  on  t he  s a l i va ry  sec re to ry  r a t e  is un l ike ly  
since r e p l a c e m e n t  of 50% of t h e  pe r fusa t e  sod ium w i t h  
l i t h i u m  5 h a d  a b o u t  t h e  s ame  effect  as r e p l a c e m e n t  of 
50% of t he  pe r fusa t e  sod ium chlor ide  w i t h  sucrose. W h e n  
t he  pe r fu sa t e  s o d i u m  chlor ide  c o n c e n t r a t i o n  was r educed  
to 50% of t he  con t ro l  va lue ,  t h e  sec re to ry  r a t e  was  
reduced  to a b o u t  50% of t he  con t ro l  level (Figure  2). 
W h e n  50~o of t he  pe r fusa t e  chlor ide  was rep laced  b y  
e i the r  n i t r a t e  or su lpha te ,  t he  s a l i va ry  sec re to ry  r a t e  was  
h a r d l y  af fec ted  5, 6. Th i s  shows t h a t  i t  is sod ium a n d  no t  
ch lor ide  t h a t  is especia l ly  i m p o r t a n t  for t he  secre t ion  
process,  in  sp i te  of t he  fac t  t h a t  t he  p r i m a r y  ac ina r  
secre t ion  can  be  rough l y  descr ibed  as a n  i so ton ic  sod ium 
chlor ide  so lu t ion  v. The  r educ t i on  in  secre tory  r a t e  seen 

w h e n  r educ ing  pe r fusa t e  sod ium c o n c e n t r a t i o n  c a n n o t  
the re fo re  be  due  to  lack of sod ium for t h e  secre tory  
m e c h a n i s m  proper ,  because  t h e n  r e d u c t i o n  in pe r fusa t e  
chlor ide  c o n c e n t r a t i o n  should  af fec t  t h e  sec re to ry  r a t e  i n  
t h e  same  m a n n e r  as a r educ t i on  in pe r fusa t e  sod ium con-  
cen t r a t ion .  I t  could, however ,  be  exp l a ined  b y  some 
a c t i v a t i n g  func t i on  of i n t r ace l lu l a r  sod ium on t h e  secre- 
t o r y  m e c h a n i s m .  The  effect  of v a r y i n g  t h e  e x t e r n a l  po tas -  
s ium c o n c e n t r a t i o n  on  t he  sec re to ry  r a t e  was  v e r y  s imi la r  
to  t he  effect  on  t h e  size of t he  sec re to ry  p o t e n t i a l s  ~,3. 
However ,  t h e  fac t  t h a t  r e d u c t i o n  of pe r fu sa t e  sod ium 
c o n c e n t r a t i o n  leads  to  a n  increase  in size of t h e  sec re to ry  
p o t e n t i a l  2, whi le  t he  secre t ion  is reduced,  ind ica tes  t h a t  
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Fig. 1. The salivary secretory rate during perfusion with control 
Locke solution and Locke solutions with reduced sodium concen- 
trations in experiment No. 68. 
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Fig. 2. The salivary secretory rate as a function of the sodium 
chloride concentration in the perfusion fluid. 
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the ra te  of sa l ivary  secret ion is not  correlated to t he  size 
of the  secretory potent ia l  but  ra ther  to t he  size of the  
inward passive sodium current .  The size of the  inward 
sodium current  should depend on the  size of the  secretory 
potent ial ,  the  e lectrochemical  gradient  favour ing  sodium 

en t ry  being greater  a t  higher  membrane  potent ials .  The  
effect of va ry ing  the  perfusate  po tass ium concent ra t ion  
on the  secretory ra te  m a y  thus  be explained by  the  
va ry ing  sizes of the  secretory potent ia ls  influencing the  
sizes of the  sodium currents.  
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Fig. 3. The salivary secretory rate as a function ol the potassium 
concentration in the perfusion fluid. 

Zusammen/assung: Es wird gezeigt, dass die Speichel- 
sekret ionsrate  der per fundier ten  Submandibulardr i i se  der 
Ka tze  s tark  yon der Na t r iumkonzen t r a t i on  im Perfusa t  
abhS~ngt. Die Sekret ionsrate  wird erh6ht  bei Perfusion 
mi t  kal iumfreier  L6sung und reduzier t  wghrend der Per-  
fusion mi t  L6sungen erh6hter  Kal iumkonzent ra t ionen .  
Es ist  m6glich, dass ein durch Acetylchol in  induzier ter  
Na t r i ums t rom in die Azinarzel len hinein  den Sekret ions-  
mechanismus akt iv ier t .  
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N e u r o a n a t o m i c a l  R e g i o n s  R e l e v a n t  to  P r o d u c t i o n  
Torus s emic i r cu la r i s  

Vocalizat ions have  been elicited by electrical  s t imula-  
t ion of the  torus semicircularis (ToS) of the  Japanese  
quail,  Coturnix coturnix japonica 1. Comparison be tween  
elicited vocal izat ions and na tura l  calls, using sound spec- 
tographic  analysis, shows t h a t  elicited vocal izat ions closely 
resembled examples  of 8 of the  15 na tura l  calls emi t t ed  by  
adults  of this species 1. Vocal izat ion has also been elicited 
f rom other  av ian  species by  s t imulat ion of this neuro- 
ana tomica l  region ~-4. Large  lesions wi th in  the  ToS resul t  
in long-last ing loss of ' a la rm'  calls in the  redwing black- 
bird, Agelaius phoeniceus ~. Both  evoked potent ia ls  6 and 
changes in single uni t  ac t iv i ty  ~ in response to acoust ic  
s t imula t ion  have  been recorded in the  large celled region 
of the  ToS, the  nucleus mesencephalieus lateralis pars dot- 
salts (Mid). Two exper iments  reported in this paper  indi-  
cate  t h a t  the  region wi th in  the  ToS conta ining low 
threshold sites for elicit ing vocal iza t ion  is spat ia l ly  sepa- 
ra te  f rom the  area responsibe to acoustic s t imulat ion.  

In  the  first  exper iment ,  tungs ten  microelectrode ex- 
plorat ion of the  r ight  optic lobe was conducted  in ure thane  
anes thet ized  Japanese  quail,  Coturnix coturnix japonica, 
af ter  remova l  of t he  over ly ing forebrain.  As the  micro- 
electrode was advanced  the  bird was s t imula ted  wi th  re- 
pe t i t ive  100 msec bursts  of whi te  noise. An a t t e m p t  was 
made  to ascertain the  most  effect ive f requency for s t imu-  
lat ing each single uni t  encountered using 'pure '  tones  
f rom 250-6000 Hz. 

Tracks  were run a t  0.4 m m  intervals  in the  sagital  and 
anter ior-poster ior  planes. Marker  lesions were made  a t  
least  0.2 m m  below and above  the  depths  of the  first  and 
last  'acoust ic '  units or at  a f ixed dep th  if no acoustic units 
were encountered.  

The  results f rom 8 male quail  are conta ined in Figure  
1, A. All 30 tracks t h a t  pene t ra ted  the  MLd located acous- 
t ic  units  wi thin  the  MLd. None  of the  17 t racks  t h a t  pene- 
t r a ted  the  ad jacent  parvocel lu lar  region of the  ToS,  the  
nucleus intercollicularis (ICo), produced evidence of audi-  
to ry  ac t iv i ty  wi th in  the  ICo. 6 t racks tha t  pene t ra ted  the  
ICo located single units responsive to aud i to ry  s t imula t ion  

and  A n a l y s i s  of V o c a l i z a t i o n  w i t h i n  the  A v i a n  

within  the /o rma t io  reticularis lateralis (ventral  to the  ICo) 
as did one t rack  tha t  pene t r a t ed  the  media l  por t ion  of the  
MLd. This is in accord wi th  neuroana tomica l  work  which 
indicates t h a t  m a n y  fibers afferent  and efferent  to the  
MLd run through this region s, No acoustic units  were 
recorded in 6 t racks  tha t  pene t ra ted  la teral  to the  ICo (not 
shown in Figure  1, A). 

Tonotopic  organizat ion in the  ver t ica l  plane was found 
within the iViLd. The "nest frequency' of single units in- 
creased with distance from the dorsal border of the MLd. 

Localization of acoustic units within the MLd supports 
previous neuroanatomical s and neurophysiological s' ~ evi- 
dence indicating that the MLd is homologous with the 
mammalian inferior colliculus. Thus the MLd probably 
plays a role in analysis of na tura l  calls whereas  the d a t a  
repor ted  above do no t  indicate such a role for the  ICo. 

In  the  second exper iment ,  the  r ight  optic  lobe of locally 
anesthet ized birds was explored to de termine  thresholds 
for elicit ing vocal izat ion by  electrical  s t imulat ion.  A con- 
centr ic  electrode (inner core d iameter  0.13 mm,  outer  
electrode 29-guage stainless steel tubing) was lowered in 
0.3 m m  steps. At  each step the  animal  was s t imula ted  
wi th  biphasic pulses delivered at  60 pulses/sec, m a x i m u m  
current  of nega t ive  phase being 200 FA. Once vocal izat ion 
was elicited, the  electrode was lowered in 0.2 m m  steps 
and a threshold was de termined  at  each dep th  by  lowering 
current  s t rength  in a s tandardized sequence unt i l  no 
vocal izat ion was elicited. A marker  lesion was made a t  
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