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were found  in response  to  a square  change  in p r e synap t i c  
impulse  t requency .  The pos t - synap t i c  po ten t i a l  change  is 
seen to  grow and  to  decay slowly, in a m a n n e r  r emin i scen t  
of t he  charging  and  of t he  d ischarg ing  of a capaci tor .  

Our resul ts  conf i rm the  low pass  charac te r i s t ics  of 
synap t i c  t r ansmiss ion  found  by  T~RZUELO and  ]3AYLY ~ 
f rom indirect  evidence.  Work  is in progress  to evalua te  the  
role of var ious  synap t ic  processes  in de t e rmin ing  synap t i c  
ampl i tude  and  f requency  response  a~. 

Zusammen/assung. Die synap t i sche  l~ber t ragung yon 
R e i z m u s t e r n  wurde  an der neuromusku la ren  Synapse  bei  
Rana ridibunda geprfii t .  Der  Nerv  wurde  mi t  einer  si- 
nusoidal  modu l i e r t en  F requenz  gereizt  und  die pos t -  
s y n a p t i s c h e n  Po ten t i a l e  intrazetlul~Lr abgeIeitet .  Daraus  
wird  geschlossen, dass  die Synapse  Ver~nderungen  in der 
E insa t z f r equenz  iibe{tr/igt, die e inem <~Low-pass,-Filter 
g le ichkommt .  
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Crayfish Neuromuscular  Junction: Facilitation with Constant Nerve Terminal  Potential  

At m a n y  exci ta tory ,  chemical  synapses  t he  average 
amp l i t ude  of t he  p o s t s y n a p t i c  po ten t i a l  increases as the  
f r equency  of nerve  s t imula t ion  is raised 1 5. This  increase 
has been shown to  be a p re synap t i c  p h e n o m e n o n  resul t ing 
f rom a grea te r  n u m b e r  of t r a n s m i t t e r  q u a n t a  released per  
nerve  impulse  6. This process  of enhanced  t r a n s m i t t e r  
release dur ing  repe t i t ive  s t imula t ion ,  t e rmed  facil i tat ion,  
has  been expla ined  in two  ways.  
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A) Averaged extracellular junctional potentials (EJP) at synaptic 
region of a superficial crayfish muscle fiber. Average of 100 consecutive 
stimuli at 1 sec i (top) and 10 see i (bottom). Calibration pulse 
equals 100 ~LV and 2 msec for both traces. B) High gain photographs 
of monophasic nerve terminal potential portion of A) Note: positive 
(upward) deflection following nerve terminal potential in lower 
(10 see -I) trace probably resulting from outward current from 
adjacent active postsynaptic spots. Temperature 9~ All recording 
A.C. Graph. Averaged extraeellular EJP amplitude (filled circles, 
solid line) and nerve terminal potential amplitude (open circles, bro- 
ken line) vs. stimulus frequency. 

First ,  t h a t  repe t i t ive  s t imula t ion  leads to  a progressive 
increase in ' ac t ive '  calcium at  t r a n s m i t t e r  release sites in 
t h e  nerve  t e rmina l  7 and second, t h a t  t he  amp l i t ude  and /o r  
dura t ion  of the  p r e s y n a p t i c  t e rmina l  depolar iza t ion  
leading to t r a n s m i t t e r  release increases w i th  successive 
nerve  ac t ion  po ten t i a l s  4, 8. I t  is known  t h a t  an increase in 
ex te rna l  calcium and /o r  t e rmina l  depolar iza t ion  resul ts  
in increased t r a n s m i t t e r  o u t p u t  9. 

At  b o t h  the  chick cil iary ganglion 2 and  frog neuro-  
muscular  junc t ion  * faci l i ta t ion occurs w i t h o u t  concomi-  
t a n t  changes  in nerve  act ion po ten t i a l s  recorded f rom 
p re synap t i c  nerve  terminals .  I n  cont ras t ,  a t  the  squid  
g ian t  synapse  ~~ m a m m a l i a n  neuromuscu la r  junc t ion  3, 
and  the  crayf ish  neuromuscu la r  junc t ion  4 an increase in 
p r e synap t i c  depolar iza t ion  appears  to a c c o m p a n y  facilita- 
t ion.  In  par t icular ,  a t  the  crayf ish  neuromuscu la r  j unc t ion  
i t  is r epor ted  t h a t  t r a n s m i t t e r  release va rys  l inearly wi th  
nerve  t e rmina l  depolar iza t ion  which  is in t u r n  a l inear 
func t ion  of s t imulus  f requency  4. I t  is possible,  however ,  
t h a t  these  ext racel lu lar  records of p r e synap t i c  nerve  
t e rmina l  po ten t i a l s  are c o n t a m i n a t e d  by  p o s t s y n a p t i c  
cur ren t s  ar is ing f rom ne ighbor ing  s y n ap t i c  regions x~,x~. 
The p resen t  expe r imen t s  r e -examine  the  re la t ion  be tween  
the  ext racel lu lar ly  recorded nerve  t e rmina l  po ten t i a l  and  
the  exc i t a to ry  junc t iona l  po ten t i a l  (EJP) ,  a t  t he  crayf ish  
neuromuscu la r  junc t ion  under  condi t ions  of reduced  t em-  
pera ture .  This  p rocedure  increases t he  synap t i c  de lay  ~S 
and  allows t empora l l y  well d i f fe ren t ia ted  recording  of 
pre-  and  p o s t s y n a p t i c  electrical events .  

Materials and methods. The prepara t ion ,  dissect ion and  
recording procedures  were essent ia l ly  the  same as de- 
scr ibed by  DUI)EL and  IZUFFLER 1~. Signal averag ing  was 
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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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