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Electr ical  and  mechanica l  responses 
of frog a t r i um in Na-free high Ca 
(83 mM) solut ion in  presence of 
epinephrine (5 • 10-~M) and TTX 
(10 -7 g/ml). A) Control  in Ringer  iris 
solut ion;  B) and  C) locaI responses;  D) 
conducted  response. O' reference is 
ind ica ted  b y  arrow; left  ver t ica l  bar :  
100 mV;  r igh t  ver t ica l  ba r  0.25 g; 
hor izontal  bar :  200 msec. 

duct ion  to take  place. Fur thermore ,  the fact  t h a t  epine- 
phr ine  increases the  magni tude  and dura t ion  of the  po- 
ten t ia l s  s t rongly  suppor ts  the  assumpt ion  t h a t  the  drug 
increases Pc~ as concluded f rom vol tage  c lamp experi-  
ments  (REuTER a, VASSORT et al.6). 

The  change in m e m b r a n e  po ten t ia l  dur ing conduct ion 
permi ts  conclusions to be d rawn regarding the  in terna l  
Ca ++ concentra t ion.  If  a m a x i m a l  va lue  of 90 m V  for the  
overshoot  is t aken  as the  equi l ibr ium poten t ia l  of Ca, the  
in te rna l  concent ra t ion  a t  the  beginning of contract ion,  cal- 
cula ted f rom the  Nerns t  equat ion ,  is 6.5 • 10-aM. How-  
ever,  as i t  is unl ikely tha t  an equi l ibr ium for Ca is reached, 
this va lue  mus t  be considered mere ly  as a m a x i m a l  value.  
Thus, the  results suggests t ha t  in t racel lular  Ca ++ concen- 
t ra t ion  remains  low inspi te  of the  high concent ra t ion  in 
the  medium.  

Rdsumd. L'ac t iv i t6  61ectrique de pr6parat ions  atriales 
de grenouille soumises & un mil ieu de Ringer  don t  tou t  le 
Na+ est remplac6 pa r  du Ca++ a 6t6 enregistr6e s l ' a ide  de 

micro61ectrodes. Dans  ces conditions,  il a 6t6 possible d 'ob-  
tenir  des potent ie ls  d ' ac t ion  propag6s. Ces r6ponses sont  
caract6ris6es par  une tr6s grande inversion de potent ie l  
dont  l ' ampl i tude ,  augment6e par  la pr6sence d 'adr6nal ine  
dans le milieu, peu t  a t te indre  90 m V  pour  une d6polarisa- 
l ion  to ta le  de 185 mV, du fai t  d 'une  hyperpolar isa t ion  de la 
membrane .  Ces r6snltats  d6mont ren t  c la i rement  le r61e du 
Ca++ dans l ' ac t iv i t6  61ectrique cardiaque.  
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Vesicle Hypothesis:  Effect of Nerve St imulat ion on 

E v e r  since they  were first  described, the  synapt ic  
vesicles of axon te rminals  have  been regarded as the  
morphologica l  correlate  of quan ta l  t r ansmi t t e r  release. 
This  so-cMled 'vesicle hypothes is '  has become almost  
ax iomat ic  in the  neuro-sciences. 

To tes t  t he  hypothesis ,  var ious  a t t emp t s  have  been 
made  to f ind whe ther  the  concent ra t ion  of synapt ic  
vesicles is al tered by  exper imenta l  condit ions which 
influence ei ther  t r ansmi t t e r  release or synthesis.  The  
results seem somewhat  confusing. Thus, some authors  
have  repor ted  decreased number  of vesicles following 
s t imula t ion  l-a, whereas  others  have  found an increase 1, 4-~. 
Exposure  to  hemichol in inm alone s has  resulted in de- 
creased number  of vesicles, and hemichol in ium combined 
wi th  s t imula t ion  has caused a decrease in vesicles ~-5 or 
no change 7. 

The  present  exper iments  were per formed wi th  a similar  
purpose to those jus t  referred to. Dis t inc t ive  features of 
our  exper iments  are f i rs t ly t h a t  the  s t imula t ion  of the  
nerve  out las ted  f ixat ion of the  muscle and the  nerve  
terminals ,  and further ,  t ha t  the  s t imula t ion  frequencies 
were so high as to pu t  an  exhaus t ive  load on the  pre- 
synapt ic  s t ructures .  

Methods. Yhrenic ne rve -d iaphragm prepara t ions  f rom 
rome 200 g albino rats  were r emoved  under  e ther  anesthe-  

the Synaptic Vesicles of Motor Endplates 

sia, f ixed by  threads  to a glass fork, and placed horizon- 
ta l ly  in Tyrode  solution s at  37~ carbogen bubbl ing  
th rough  the  solution. The  phrenic  nerve  was s t imula ted  
by  supramax ima l  square  wave  pulses of 0.1 ms width,  
cont rac t ion  observed visually.  Towards  the  end of the  
s t imula t ion  period t i le fork was careful ly t ransferred to 
the  surface of the  f ixing solution (2% para formaldehyde  
+ 2% glu ta ra ldehyde  in isotonic phospha te  buffer  9, 
p H  7.3), the  muscle being fixed f rom the  abdomina l  side. 
In  the  course of 2-3 rain, the  d iaphragm was lowered 
gradual ly  into the  f ixat ion med ium unt i l  i t  was comple te ly  
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Fig. 1. Shows a normal control endplate, whereas Figures 2 and 3 are 
endplates from the same hemidiaphragm, submerged into the 
fixative after 20 see stimulation at 100 Hz, stimulation being con- 
tinued Ior another 3 rain. A marked reduction in the number of 
synaptie vesicles from Figure 1 through Figures 2 and 3 is evident. 
Note also the increased number of elongated vesicle profiles in Figure 
2. (m, mitoehondrion; s.c., synaptic deft.) 

submerged,  the  s t imula t ion  being ma in t a ined  for an- 
o the r  3 rain. 5 exper iments  were carried out, the  prepara-  
t ions  being s t imula ted  at  100 Hz for 20 sec, and 50 Hz for 
2, 5, 5, and 10 min before onset  of f ixation.  Normal  con- 
trols were t aken  f rom the  same hemi -d i aphragms  and 
t r ea t ed  as the  respect ive  t e s t  p repara t ions  except  for 
omission of the  s t imulat ion.  F ixa t ion  con t inued  for 24 h, 
followed by  r ins ing in t he  same p h o s p h a t e  buffer, pos t -  
f ixat ion in 1~o OsO4 in t he  buffer  for 1 h, dehydra t ion  in 
acetone,  and  embedd ing  in Araldite.  U l t r a th in  sections, 
a t t e m p t e d  to he kep t  a t  un i fo rm th ickness  f rom one 
expe r imen t  to the  other,  were s ta ined wi th  uranyl  ace ta te  
and /o r  lead ci trate.  E lec t ron  micrographs  a t  20,000• 
and /o r  40,000 • p r ima ry  magni f ica t ion  were t aken  of all 
endpla tes  in a section, and only one sect ion was  used f rom 

Stimulation Control Stimulated 
experiment (vesicles]~xm 2) (vesicles]pom ~) 

100 Hz, 20 sec 265 -~_ 15 (8) 109 i 23 (8) ~ 
50 Hz, 2 min 133 J= 15 (4) 117 J: 11 (7) 
50Hz, 5rain 178-~ 8 (9) 102~: 18 (8) ~ 
50Hz, 5min 215• 105d= 10 (5) ~ 
50 Hz, 10 min 193 d= 8 (8) 195 i :  14 (10) 

Vesicle concentration d: standard error of mean in stimulated motor 
endplates as compared with controls. 5 experiments. Number of end- 
plates examined indicated in parentheses. '~ Statistically significant 
reduction in the number of synaptic vesicles (t-test, p < 0.05). 

each block of tissue. All endpla tes  thus  sampled  were used 
for collection of the  numerica l  data .  The synap t i c  vesicles 
were coun ted  and the i r  concen t ra t ion  (vesicles per  am ~) 
was de te rmined  wi th in  a 1800 A wide border  s tr ip 2 free of 
mi tochondr i a  along the  p re synap t i c  membrane .  

Results and discussion. The resul ts  of our expe r imen t s  
are summar ized  in the  Table.  As indicated,  s t imula t ion  
caused a s ignif icant  reductiola in the  n u mb er  of synap t i c  
vesicles in 3 of the  exper iments ,  whereas  a non-s ignif icant  
reduc t ion  was found  in 1 (50 Hz, 2 min) and no change 
at  all in ano the r  (50 Hz, 10 rain). 

These resul ts  m a y  appear  mutua l ly  cont rad ic tory .  
However ,  i t  is ev iden t  f rom the  e lec t ron micrographs  t h a t  
t he  s t imula ted  prepara t ions ,  besides conta in ing  end-  
pla tes  wi th  marked ly  lowered vesicle number ,  have  an 
a d m i x t u r e  of endp la tes  showing various s tages of t rans i -  
t ion f rom the  lowest  to  the  normal  vesicle concent ra t ion .  
E v e n  in the  50 Hz, 10 min  specimen an endp la te  wi th  
a lmos t  no synap t ic  vesicles left  was found.  Such large 
var ia t ion  was never  found  in the  contro l  mater ia l .  Thus,  
the  popula t ion  of ac t iva ted  endp la tes  seems c o n t a m i n a t e d  
by  a va ry ing  n u m b e r  of unac t i va t ed  ones in the  d i f ferent  
exper iments .  A l ikely exp lana t ion  is r a n d o m  a l te rna t ion  
of endp la te  ac t iva t ion  and  failure of p re synap t i c  conduc-  
t ion in cer ta in  fibers caused b y  mechanica l  or chemical  
injuries. A sys t emat i c  error migh t  t hen  be in t roduced,  
towards  the  normal  level of vesicle concent ra t ion .  The 
larger dispersions p resen t  in the  s t imula ted  p repara t ions  
(Table) is ano the r  aspec t  of this.  

Rep re s en t a t i v e  e lectron micrographs  f rom 1 experi-  
m e n t  are d isplayed in Figures  1-3. Figure 1 shows a 
normal  endp la te  filled wi th  exclusively circular synap t ic  
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vesicle profiles.  S t i m u l a t e d  endp la t e s  (Figures 2-3) Sl~ow 
v a r y i n g  degree of r e d u c t i o n  in vesicle n u m b e r .  In  s t imu-  
l a t ed  endp la t e s  t he re  also appea r s  to  be  a def in i te  increase  
in t he  n u m b e r  of e longa ted  vesicle profi les (Figure 2). Fo r  
lack of phys io logica l  evidence,  t h e  h y p o t h e s i s  t h a t  e longa t -  
ed vesicles c o n t a i n  a n  i n h i b i t o r y  t r a n s m i t t e r  1~ is h a r d l y  
accep tab le  in  t h i s  case. W h e t h e r  t h e  increased  p r o p o r t i o n  
of e longa ted  vesicles in  s t i m u l a t e d  endp la t e s  is caused  by  
s t i m u l a t i o n  per  st ,  or is due to s econda ry  ar t i f ic ia l  factors,  
r ema ins  unanswered .  

The  s y n a p t i c  vesicles  a re  c la imed  to be assoc ia ted  w i th  
a large p a r t  of t he  t r a n s m i t t e r  s u b s t a n c e  11, a n d  a reduc-  
t ion  in t h e  n u m b e r  of s y n a p t i c  vesicles seems, accord ing  
to  t h e  p r e sen t  resul ts ,  to  a c c o m p a n y  n e u r o m u s c u l a r  
t r ansmiss ion .  Th i s  a p p a r e n t l y  suppo r t s  t he  vesicle hy-  
pothesis .  

As to t he  m e c h a n i s m  of t r a n s m i t t e r  re lease a n d  quan t i -  
r a t i o n  of t r a n s m i t t e r ,  some specu la t ive  r e m a r k s  can  be  
made .  M a n y  au thors ,  to  m e n t i o n  on ly  COUTEAUX a n d  
PI~COT-DECHAVASSINE 12 a n d  NICKEL a n d  POTTER 12, h a v e  
found  ev idence  for fus ion be t w een  s y n a p t i c  vesicles a n d  
t he  p r e s y n a p t i c  m e m b r a n e ,  i n d i c a t i n g  a mode l  for t r a n s -  
m i t t e r  release b y  exocytosis .  The  reduced  n u m b e r  of 
s y n a p t i c  vesicles fol lowing s t i m u l a t i o n  in t he  p r e sen t  
e x p e r i m e n t s  fi ts th i s  concept .  However ,  t he  dif ference in 
m e m b r a n e  compos i t i on  b e t w e e n  s y n a p t i c  vesicles a n d  t h e  
p r e s y n a p t i c  m e m b r a n e  u m a k e s  a def in i te  fusion b e t w e e n  
vesicles a n d  p r e s y n a p t i c  m e m b r a n e  i m pr obab l e .  On  t h e  
o the r  h a n d ,  if t h e  fus ion is on ly  t e m p o r a r y ,  t he  p r e s e n t  
resul t s  de f in i t e ly  do n o t  f a v o u r  re-usage of vesicles. 
Release  b y  exocytos is  of comple te  vesicles appea r s  un-  
l ikely because  no  vesicles a re  p r e s e n t  in t h e  s y n a p t i c  cleft. 
A las t  theore t i ca l  poss ib i l i ty  conce rn ing  vesicles a n d  
t r a n s m i t t e r  re lease is t h a t  vesicles m a y  release t he  t r a n s -  

m i t t e r  a n d  d i s appea r  w i t h o u t  i n t e r a c t i o n  wi th  t he  pre-  
s y n a p t i c  m e m b r a n e .  This  m a y  even  gain  s u p p o r t  b y  t he  
fac t  t h a t  on ly  a p a r t  of t h e  t r a n s m i t t e r  is localized in 
assoc ia t ion  w i t h  t h e  synap t i c  vesicles n,~4. U n c e r t a i n t i e s  
t h u s  p reva i l  as to t h e  a c t u a l  m e c h a n i s m  of t r a n s m i t t e r  
release,  a n d  also a possible  role of e longa ted  vesicles as a 
s tage  in the  release process  r ema ins  h y p o t h e t i c a l .  
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mu l i e r t  (50-100 Hz). Die E l e k t r o n e n m i k r o s k o p i e  m o t o r L  
scher  E n d p l a t t e n  zeigte r eduz ie r t e  G e s a m t z a h l  der  syn-  
a p t i s c h e n  B l a s c h e n  u n d  ZunaAme der  Menge  der  dlachem> 
B1/ischen. 

H.  KORNELIUSSEN, J. A. B. BARST*I> a n d  
G. LILLEHIEIL 

Anatomical Institute, University o/Oslo, 
Karl ]ohansgt. 47, Oslo 7, and Division/or Toxicology, 
Norwegian De/ense Research Eslablishmeni, 
N 2007 K]eller (Norway), 3 February 7972. 

18 K. UcmzoNo, Nature Loud. 207, 642 (1965). 
11 u p. WHITTAKER, in Excitatory Synoptic Mechanisms (Eds. P. 

ANI~E~SXN and J. K. S. JANSEN; Universitets%rlaget, Oslo 1970), 
p. 67. 

~2 R. COUTEAUX and M. Ps C. r. hebd. S6ane. 
Acad. Sci. Paris, Ser. D, 277, 2346 (1970). 

13 E. NICKEL and L. T. POTTER, Brain Res. 23, 95 (1970). 
t4 M. ISRAigL and J. GAUTEON, in Cellular Dynamics o/ the Neuron 

(Ed. S. H. BARONDES; Academic Press, New York 1969), p. 137. 

The Hyperpolarization of Neurones of the Medulla Oblongata by Glycine 

Much  ev idence  for g lyc ine  be ing  a n  i n h i b i t o r y  t r a n s -  
m i t t e r  s u b s t a n c e  in t h e  sp ina l  cord  ha s  der ived  f rom in t r a -  
cel lular  microe lec t rode  s tud ies  d e m o n s t r a t i n g  t h a t  glycine 
causes  a h y p e r p o l a r i z a t i o n  of sp ina l  neu rones  assoc ia ted  
w i th  changes  in m e m b r a n e  c o n d u c t a n c e  s imi la r  to  t h a t  of 
p o s t s y n a p t i c  i n h i b i t i o n 1 - <  There  is also cons iderab le  evi- 
dence  t h a t  glycine is a n  i n h i b i t o r y  t r a n s m i t t e r  in t h e  me-  
dul la  ob longa ta .  I t  h a s  been  s h o w n  t h a t  g lycine  is a p o t e n t  
d e p r e s s a n t  of b u l b a r  r e t i cu la r  neu rones  a n d  t h a t  th i s  de- 
press ion  is r eve r s ib ly  b locked  b y  s t r y c h n i n e <  

I t  has  r ecen t ly  been  r epo r t ed  b y  JOHNSTON a n d  IVER- 
SEN~ t h a t  t he re  is a h igh  a f f in i ty  u p t a k e  s y s t e m  for gly- 
cine in t he  sp ina l  cord  a n d  t he  medu l l a  ob longa ta .  Auto-  
r a d i o g r a p h i c  s tud ies  h a v e  s h o w n  t h a t  t h i s  a m i n o  acid is 
ac t ive ly  t a k e n  up  b y  cu l tu red  m e d u l l a r y  n e u r o n e s <  

I n  t he  p r e sen t  s t u d y  t he  a c t i o n  of mic roe lec t rophore -  
t i ca l ly  a d m i n i s t e r e d  glycine  on  t h e  m e m b r a n e  p o t e n t i a l  
and  m e m b r a n e  c o n d u c t a n c e  of neu rones  of the  m e d u l l a  
o b l o n g a t a  of t h e  ca t  h a s  been  inves t iga ted .  

The  e x p e r i m e n t s  h a v e  been  carr ied  ou t  on  u n a n a e s t h e -  
t ized,  dece reb ra t e  cats .  D e c e r e b r a t i o n  was pe r fo rmed  dur-  
ing h a l o t h a n e - n i t r o u s  oxide  anaes t he s i a  b y  coagu la t ion  a t  
t he  midcol l icu la r  level  7. Most  a n i m a l s  were resp i r ing  
spon taneous ly ,  b u t  a few ca ts  were p a r a l y z e d  w i t h  i n t r a -  
venous  ga l l amine  t r i e th iod ide  (Flaxedil)  a n d  ar t i f ic ia l ly  
ven t i l a t ed .  The  m e t h o d s  h a v e  been  descr ibed  in de ta i l  in a 
p rev ious  p a p e r <  Fo r  t he  in t r ace l lu l a r  s tud ies  a c o m b i n e d  
mic roe lec t rode  was used, cons i s t ing  of a s ingle r ecord ing  
m i c r o p i p e t t e  ( t ip d i a m e t e r  less t h a n  1 ~zm) filled w i t h  3 M 
KC1 or 2 M  K - c i t r a t e  a nd  glued to  a 4-barre l  m i c r o p i p e t t e  

f rom w h i c h  glycine  (0 .5M,  p H  3-3.5) was  e jec ted  micro-  
e lec t rophore t ica l Iy .  The  record ing  e lec t rode  was f ixed w i t h  
E p o x y l i t e  a n d  De ibe r i t  502 (den ta l  wax) para l le l  to  t he  
m u l t i b a r r e l  m i c r o p i p e t t e  p ro i ec t i ng  10-60 bun b e y o n d  i ts  
orifice 2, <The  record ing  e lec t rode  was connec t ed  t h r o u g h  
a n  Ag-AgC1 wire  to  a c a t h o d e  follower. P o t e n t i a l s  were 
d i sp layed  on  a n  oscilloscope f rom which  t h e y  were p h o t o -  
g r a p h e d  b y  a Grass  camera .  I n  a few cells t he  m e m b r a n e  
p o t e n t i a l  ha s  also been  recorded  on a r ec t i l i nea r  ink  re- 
corder.  The  res i s tance  of t h e  cell m e m b r a n e  was m e a s u r e d  
b y  pass ing  hype rpo la r i z ing  c u r r e n t  pulses of 30-40 msec 
d u r a t i o n  t h r o u g h  t h e  record ing  e lec t rode  b y  m e a n s  of a 
device  s imi la r  to  t h a t  descr ibed  b y  FEIN 9. 

Cons iderab le  diff icul t ies  were exper ienced  record ing  
in t r ace l l u l a r ly  f rom b r a i n  s t e m  neurones .  T h e  m e m b r a n e  
p o t e n t i a l  of t he  m a j o r i t y  of cells decayed  r ap id ly  a f t e r  i ra-  
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