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accompl i shed  w i th  a N o r t h e r n  Scient if ic  Dig i ta l  M e m o r y  
Oscil loscope (NS-550) w i t h  1024 b i t  m e m o r y  a n d  25 
~sec b i t  -~ resolut ion.  The  t e m p e r a t u r e  was con t ro l led  to  
w i t h i n  ~= 0.5 ~ b y  p lac ing  t he  e x p e r i m e n t a l  c h a m b e r  on  
a n  a l u m i n u m  p la te  con ta in ing  4 Pe l t i e r  e lements .  A smal l  
t he rmi s to r ,  pos i t ioned  a p p r o x i m a t e l y  5 m m  f rom the  
record ing  site, c o n t i n u o u s l y  m o n i t o r e d  bath t e m p e r a t u r e .  
The  b a t h i n g  so lu t ion  c o n t a i n e d  NaC1, 195 r a M ;  KC1, 
5.5 m M  ; CaC1 v 13.5 m M ;  MgC12, 3.0 m M  and  Tris-maleate 
buffer ,  10 r a M ;  p H  7.5. 

Results. The  F igure  (A, :B) shows t he  ave rage  response  
o b t a i n e d  w i t h  an  extrac@llular microe lec t rode  f rom an  
e x c i t a t o r y  n e u r o m u s c u l a r  synapse  a t  9~ a n d  s t imulus  
f requencies  of 1 a n d  10 sec -1 in  n o r m a l  c rayf i sh  Ringer .  
The  ear l ies t  response  is a small ,  < 40 p.V, m o n o p h a s i c  
pos i t ive  (upward)  p o t e n t i a l  wh ich  is all o r -none  in  in- 
d iv idua l  records.  Th i s  response  resu l t s  f rom t h e  ex t ra -  
cel lular  p o t e n t i a l  field p roduced  b y  cu r r en t  flow across 
t he  ne rve  t e r m i n a l  m e m b r a n e .  I t s  shape  ind ica tes  t h e  si te  
of record ing  to be  in close p r o x i m i t y  to t he  u l t i m a t e  
t e r m i n a l  of an  e x c i t a t o r y  axon  branch~5-~s. 

Fol lowing t he  ne rve  t e r m i n a l  p o t e n t i a l  is t he  large, 
nega t ive  p o s t s y n a p t i c  p o t e n t i a l  r e su l t ing  f rom i n w a r d  
c u r r e n t  t h r o u g h  t h e  p o s t s y n a p t i c  m e m b r a n e  in response  
to  t r a n s m i t t e r  act ion.  However ,  compar i son  of t he  aver-  
aged  h i g h  gain  vo l t age  t races  (Figure  13) reveaIs  t h a t  a t  a 

"s t imulus  f r equency  of 10 sec -1 (lower t race)  t he  r i s ing  
phase  of a smal l  pos i t ive  p o t e n t i a l  s l igh t ly  preceeds  t he  
E J P  whi le  a t  1 sec -1 (upper  t race)  no s ign i f ican t  vo l tage  
f l u c t u a t i o n  occurs. The  a m p l i t u d e  of th i s  smal l  pos i t ive  
p o t e n t i a l  is p ropo r t i ona l  to  t h e  nega t ive  synap t i c  p o t e n t i a l  
r ecorded  a t  va r ious  s t imulus  f requencies  a n d  p r o b a b l y  
resul t s  f rom o u t w a r d  synap t i c  c u r r e n t  of ne i ghbo r ing  
j unc t ions  12. 

The  F igure  shows t h a t  w i t h  a n  increase  in s t imu lus  
f r e q u e n c y  f rom 1 to  10 sec -~ t he re  is an  ~ 2.5-fold in- 
crease in the  ex t race l lu la r  E J P  a n d  essent ia l ly  no change  

in t he  a m p l i t u d e  or d u r a t i o n  (Figure,  13) of the  p o t e n t i a l  
recorded  f rom t h e  p r e s y n a p t i c  ne rve  t e rmina l .  

Discussion. The  p re sen t  expe r imen t s ,  pe r fo rmed  a t  t h e  
e x c i t a t o r y  n e u r o m u s c u l a r  j u n c t i o n  of t he  c rayf i sh  Or- 
conectes virilis, h a v e  ut i l ized reduced  t e m p e r a t u r e  and  
s ignal  ave rag ing  to  d i f f e ren t i a t e  t he  smal l  p r e s y n a p t i c  
ne rve  p o t e n t i a l  f rom t h e  large p o s t s y n a p t i c  response  
resu l t ing  f rom released t r a n s m i t t e r .  I t  is conc luded  t h a t  
a t  t h i s  synapse ,  fac i l i t a t ion  in response  t o  r epe t i t i ve  sti- 
m u l a t i o n  is no t  a c c o m p a n i e d  b y  a n y  change  in a m p l i t u d e  
or d u r a t i o n  of t he  ex t race l lu la r ly  r ecorded  n e r v e  t e r m i n a l  
po ten t ia l .  I f  such  changes  occur  t h e y  are be low t h e  re- 
so lu t ion  of p r e sen t  r ecord ing  t echn iques .  

Zusammen/assung. Nachweis ,  dass  die V e r b i n d u n g  in 
n e u r o m u s k u l ~ r e n  S y n a p s e n  des  F lusskrebses  Orconectes 
virilis ohne  A n d e r u n g e n  der  A m p l i t u d e  oder  D a u e r  des 
extrazel lul / i r  r eg i s t r i e r t en  N e r v e n e n d p o t e n t i a l s  ablXuft.  
D u r c h  Abk i ih l en  des P r ~ p a r a t e s  auf  9~ ge lang  eine 
zei t l iche T r e n n u n g  der  pr~L- u n d  p o s t s y n a p t i s c h e n  elektr i -  
schen  Aktivi t~t ten.  
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Degenerat ion Secret ion f r o m  the Parotid Gland of the Dog  

D u r i n g  degene ra t i on  of e f ferent  ne rve  f ibres t he re  is a 
s tage w h e n  t he  ne rves  seem to be  u n a b l e  to  r e t a i n  in  a 
n o r m a l  way  t he  t r a n s m i t t e r  st i l l  p roduced .  A t  th i s  s tage 
t he  a m o u n t  of t r a n s m i t t e r  l eak ing  f rom t he  degene r a t i ng  
nerves  exceeds t he  n o r m a l  leakage  f rom i n t a c t  ne rves  a n d  
as a consequence  t h e  d e n e r v a t e d  effector  o rgan  is a c t i v a t e d  
t empora r i ly .  This  p h e n o m e n o n  was f i rs t  descr ibed in t he  
p a r o t i d  of t he  ca t  a n d  has  l a t e r  been  obse rved  in m a n y  
o the r  o rgans  (EM~ELIN1). Recen t ly ,  secre t ion  induced  b y  
d i f fe ren t  m e a n s  was s tud ied  in  p a r o t i d  g lands  of dogs be-  
fore a n d  a t  va r ious  in te rva l s  a f t e r  d iv is ion  of t he  post -  
gangl ionic  chol inergic  ne rves  to  t he  g land  e. T he  secre tory  
responses  to  eserine, local ly admin i s te red ,  were found  to  
be e l eva ted  above  t he  p r e o p e r a t i v e  va lues  on  t h e  second 
p o s t o p e r a t i v e  day,  i nd i ca t i ng  an  increased  leakage  of 
ace ty lcho l ine  a t  t h a t  t ime,  b u t  no degene ra t i on  secre t ion 
could be  obse rved  in t h e  absence  of eserine. D egene r a t i on  
secre t ion  has  so far  m a i n l y  been  d e m o n s t r a t e d  in  chlora-  
lose anae s the s i a  and  i t  m i g h t  be  t h a t  t h e  p h e n o m e n o n  d id  
no t  a p p e a r  in  t h e  e x p e r i m e n t s  descr ibed above ,  due  to  t h e  
a t rop ine- l ike  effect  of t he  b a r b i t u r a t e  used as an  a n e s t h e t -  
ic. Therefore ,  t he  p re sen t  s t u d y  was u n d e r t a k e n ,  where  
t he  pa ro t i d  secre t ion  was s tud ied  in dogs u n d e r  chloralose 
anaes the s i a  a f te r  d ivis ion of t h e  pos tgangl ion ic  chol inergic  
ne rves  to  t he  gland.  

Methods. Five  mongre l  dogs were used. The  aur iculo-  
t e m p o r a l  ne rve  a n d  t he  secre tory  f ibres  on  t h e  i n t e rna l  
m a x i l l a r y  a r t e r y  3 were d iv ided  b i l a t e ra l ly  in  4 of t he  dogs, 
un i l a t e r a l l y  in  t he  5th.  I n  order  to  cause  d e n e r v a t i o n  
supersens i t iv i ty ,  1 p a r o t i d  was p regang l ion ica l ly  dener -  
v a t e d  b y  sect ion of t he  t y m p a n i c  n e r v e  7 days  before  t h e  
pos tgang l ion ic  dene rva t i on .  E t h e r  anae s the s i a  was  used 
in these  opera t ions .  W h e n  42 to  50 h h a d  e lapsed a f te r  
sec t ion  of t h e  pos tgang l ion ic  nerves ,  t he  an ima l s  were 
a n a e s t h e t i z e d  w i t h  chloralose  (100 m g / k g  i.v.) a f te r  in-  
duc t ion  w i t h  e the r  a n d  a t r a c h e a l  c a n n u l a  was in t roduced .  
S u p p l e m e n t a r y  doses of t he  a n a e s t h e t i c  were g iven  w h e n  
necessary.  B o t h  p a r o t i d  duc ts  were c a n n u l a t e d  w i t h  glass 
cannulae .  The  drops  of saliva,  fa i l ing f rom these  cannulae ,  
were recorded  w i t h  m a n u a l l y  o p e r a t e d  e l ec t romagne t i c  
pens  on a smoked  drum.  Methachol ine ,  i or 5 ~xg/kg; 
acetylchol ine ,  5 vg/kg;  h e x a m e t h o n i u m  bromide ,  20 
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mg/kg ;  a n d  a t rop ine  su lpha te ,  1-10 ~g/kg, were g iven  i.v. 
d u r i n g  t he  course of exper in len t s .  

Results. D e g e n e r a t i o n  secre t ion  occur red  in all t h e  
an imals ,  b u t  on ly  in  one  of t h e m  bi la te ra l ly .  The  h ighes t  
sec re to ry  ra te ,  1-2  drops/mil l ,  was  o b t a i n e d  in t he  g land  
which  h a d  been  p rev ious ly  sens i t ized  b y  d iv i s ion  of t he  
t y m p a n i c  ne rve  10 days  before t he  ac tua l  expe r i m en t .  The  
o the r  g lands  on ly  p roduced  1 d rop  in 5-10 rain.  Secre t ion  
per iods  s t a r t e d  47, 47~/~, 57, 66 and  72 h, respect ive ly ,  a f te r  
t he  d iv i s ion  of t he  nerves .  The  per iods  were no t  longer  
t h a n  1-2 h a n d  once t he  s a l i va t i on  h a d  ceased in a g land  
it  d id  n o t  r eappear ,  a l t h o u g h  t h e  o b s e r v a t i o n  per iods  in 
3 of t h e  an ima l s  were as long as 36 h. Some 3-4 h before 
a n d  a f t e r  t he  a p p e a r a n c e  of t h e  d e g e n e r a t i o n  secret ion,  
the  responses  to  i n j ec t ed  me thacho l i l l e  or ace ty lcho l ine  
were found  to be prolonged.  D u r i n g  th i s  p h a s e  of ' p rovok-  
ed '  d e g e n e r a t i o n  secre t ion  ~ sa l iva t ion  c o n t i n u e d  for  30 min  
or more  a f t e r  a s ingle in j ec t ion  of me thacho l ine ,  5 ag/kg,  
whereas  t he  n o r m a l  g land  on ly  secretes  for 2-3  ra in  in  
response  to  such  a dose. The  d e g e n e r a t i o n  secre t ion  was 
of ten  seen to  t e r m i n a t e  w h e n  s u p p l e m e n t a r y  doses of 
chlora lose  were given,  I t  was, however ,  no t  caused  b y  
ref lex a c t i v a t i o n  because  i t  occur red  in t he  g land  where  
t he  t y m p a n i c  n e r v e  had  been  d iv ided  a n d  i t  was no t  af- 
fected b y  h e x a m e t h o n i u m ,  20 m g / k g  i.v. At rop ine ,  on  t he  
o t h e r  hand ,  in  a dose as low as 10 ~,g/kg i.v., t o t a l l y  
abol i shed  t he  sa l iva t ion .  

Discussion. D e g e n e r a t i o n  secre t ion  t h u s  appea r s  in  t he  
p a r o t i d  g land  of t he  dog, b u t  i t  seems to he  m u c h  slower 
and  of a sho r t e r  d u r a t i o n  t h a n  in m o s t  o the r  s a l i va ry  

glands,  for example  the  can ine  s u b m a n d i b u l a r  g land  5 The  
m o s t  p r o b a b l e  e x p l a n a t i o n  to t h i s  is t h a t  t he  fo rmer  g land  
seems to  h a v e  a more  sparse  chol inerg ic  secre tory  in- 
n e r v a t i o n  t h a n  t he  l a t t e r ;  t h e  can ine  p a r o t i d  con t a in s  
fewer cho l ines te rase  pos i t ive  ne rves  (J. R. Gt~RRETT, 
persona l  c o m m u n i c a t i o n )  a n d  its pos tgang l ion ic  chol in-  
ergic ne rves  seem to release less ace ty lcho l ine  on e lectr ical  
s t i m u l a t i o n  t h a n  those  of tile s u b m a n d i b u l a r  g land  6. The  
t i m e  of onse t  of t he  degene ra t i on  secre t ion in t he  p r e sen t  
work  cor re la tes  well  w i t h  t he  f ind ing  ill a n  ear l ier  r e p o r t  
t h a t  t he  secre t ion  induced  b y  in jec t ing  eser ine in to  t he  
p a r o t i d  d u c t  of dogs was increased  above  t he  n o r m a l  on  
t h e  second d a y  a f t e r  d iv is ion  of t he  pos tgangl ion ic  
sec re to ry  ne rves  to  t he  g l and  ~. 

Zz~sammen/assung. In  der  Pa ro t i sd r t i se  yon  l~Iunden 
e r sche in t  eine kurz  a n h a l t e n d e  s o g e n a n n t e  Degel le ra t ions-  
sekre t ion  2-4  Tage l lach p o s t g a n g l i o n / i r - p a r a s y m p a t i s c h e r  
Dene rv i e rung .  
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The Effect of P a n c r e o z y m i n  and Acety lchol ine  on the M e m b r a n e  Potent ia l  of the Pancreat ic  Acinar  
Cells 

I n  a n u m b e r  0f secre tory  t issues,  e.g. t he  ad r ena l  me-  
dulla~, t he  p a n c r e a t i c  isletsZ and  t he  sa l iva ry  g lands  a, t he  
m e c h a n i s m  of ac t ion  of t he  phys io logica l  s t i m u l a n t  ha s  
been  sugges ted  to be a n  increase  in m e m b r a n e  p e r m e a b i l i t y  
lead ing  to  t he  obse rved  change  in m e m b r a n e  po ten t i a l .  I t  
was r ecen t ly  r epo r t ed  t h a t  s t i m u l a t i o n  of t he  p a n c r e a t i c  
ne rve  depolar ized  t he  p a n c r e a t i c  ac ina r  cell m e m b r a n e s .  
I t  was  also shown t h a t  t he  m e m b r a n e  p o t e n t i a l s  m e a s u r e d  
in t he  presence  of a r e l a t ive ly  h i g h  c o n c e n t r a t i o n  of pan -  
c reozymin  (CCIK-Pz) were s ign i f i can t ly  lower t h a n  t he  
m e m b r a n e  p o t e n t i a l s  m e a s u r e d  in t he  absence  of s t imula -  
t ion  4. 

Tile a im of t h e  p r e s e n t  work  was to  c o m p a r e  more  
closely t he  m e m b r a n e  effects of ace ty lcho l ine  (ACh) a n d  
CCK-Pz  a n d  examine  t he  role of m e m b r a n e  depo la r i za t ion  
in t he  secre tory  process.  

Methods. The  p a n c r e a s  f rom y o u n g  mice  was qu ick ly  
r e m o v e d  a f t e r  k i l l ing  the  an i m a l s  and  p a r t  of the  g land  
m o u n t e d  in a pe r spex  t i ssue  b a t h  (2 ml) t h r o u g h  w h i c h  a 
Krebs-  Hense le i t  so lu t ion  (103 m3/l  NaC1, 25 m M  NaHCOs,  
4.7 m M  KC1, 2.56 m M  CaCI~, 1.13 m M  MgC12, 1.15 m M  
N a H 2 P O  4, 2.8 m ~ I  glucose, 4.9 m M  N a - p y r u v a t e ,  2.7 m M  
N a - f u m a r a t e  a n d  4.9 mlV/ N a - g l u t a m a t e )  equ i i i b r a t ed  
w i t h  5% CO~ in O~ was  p u m p e d  a t  a c o n s t a n t  r a t e  of 
1.2 m l /min .  Th i s  so lu t ion  was in some e x p e r i m e n t s  mo-  
dif ied b y  a u g m e n t i n g  the  I~+ c o n c e n t r a t i o n  a n d  r educ ing  
t he  Ca 2+ concen t r a t i o n .  I n  these  cases co r r e spond ing  
changes  in the  N a  + c o n c e n t r a t i o n  ensured  c o n s t a n t  
osmolar i ty .  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  accord ing  
to m e t h o d s  a l r eady  descr ibed  5 b y  us ing  h igh  res i s t ance  
(100-300////~2) K-c i t ra te - f i l l ed  microe lec t rodes .  

Results. Figure  1 shows typ ica l  mic roe lec t rode  record-  
ings f rom the  ac ina r  ceils of t he  pancreas .  B o t h  add i t i on  
of ACh  a n d  CCK-Pz  t o  t h e  b a t h  resu l ted  in t e m p o r a r y  
depo l a r i za t i on  of t h e  ac ina r  ceil m e m b r a n e .  The  t i m e  
course a n d  m a g n i t u d e  of t he  effect  of CCK-Pz  d id  no t  
a p p e a r  to  be  d i f fe ren t  f rom t h a t  of ACh. F igure  2 shows 
examples  of dose-response  curves  for t he  depo la r iz ing  
ac t ion  oI ACh and  CCK-Pz.  W h e n  t h e  cells were depolar -  
ized b y  a m a x i m a l  dose of ACh, s t i m u l a t i o n  w i t h  a 
m a x i m a l  dose of CCK-Pz  fai led to p roduce  a n y  f u r t h e r  
depo la r iza t ion .  I t  is seen t h a t  in  the  presence  of a t rop ine ,  
CCK-Pz,  b u t  no t  ACh sti l l  depolar ized  t he  cell m e m b r a n e .  

Adrena l i l l e  or  n o r a d r e n a l i n e  in t he  same  m o l a r  con-  
c e n t r a t i o n  r o u t i n e l y  used for ACh (5.5 X10-SM)  were 
w i t h o u t  e f f e c t  on the  m e m b r a n e  po ten t i a l .  A d d i t i o n  of 
cyclic A M P  or d ibu ty ry l cyc l i e  A M P  to ach ieve  a concen-  
t r a t i o n  of 1 m M  in t he  b a t h i n g  f lu id  l ikewise h a d  no  effect  
on t he  m e m b r a n e  po ten t i a l .  

E x p o s i n g  t he  p a n c r e a t i c  t i ssue  to  a h igh  K+ K r e b s  
so lu t ion  ([K+~ = 50 raM)  depola r ized  t h e  ac ina r  cell 
m e m b r a n e s  f rom the  cont ro l  va lue  (~K+j = 4.7 raM)  of 

1 \u  W. DOUGLAS, 13r. J. Pharrnac.  34, 451 (1968). 
2 E. K. MATTH~WS and P. M. DEAN, in Structure and Metabolism of 

the Pancreatic Islets (Eds. S. F A L ~ R ,  B. HELLMAN and I. B. 
TXLJEDAL; Pergamon Press, Oxford 1970), p. 305. 

80.  H. PETERSEN, Phil. Trans. R. Soc. Lond. B. 262, 307 (1971). 
4 p. M. D~A~ and E. K. 1V[ATTHEWS, J.  Physiol., Lond. 225, 1 

(1972). 
5 E. K. MATTnEWS, J. Physiol., Lond. 789, 139 (1967). 


