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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 .  

Zusammen/assung. W&hrend  der  F i x a t i o n  w u r d e n  
N e r v u s - p h r e n i c u s - D i a p h r a g m a - P r ~ i p a r a t e  der  R a t t e  sti-  
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. 
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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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p a l e m e n t  w i t h  t h e  microelect rode.  H o w e v e r ,  in  a smal l  
n u m b e r  of cells i t  was possible  to  record  r e a s o n a b l y  s t ab le  
m e m b r a n e  po t en t i a l s  (-40 to -65  mV) for severa l  min.  One 
neu rone  w i t h  a spike of 65 m V  was he ld  in good cond i t ions  
for a p p r o x i m a t e l y  45 min.  I n  t h e  p r e s e n t  s t u d y  only  ceils 
w i t h  m e m b r a n e  po t en t i a l s  over  - 40  m V  h a v e  been  includ-  
ed (13 cells). Glycine  e jec ted  w i t h  cu r r en t s  of 60-100 n A  
hype rpo la r i zed  t h e  m e m b r a n e  (2-8 mV) w i t h  a t i m e  course 

A GLu 80nA 
mV 35] 

7 
45 / 

B 
spikes/see 

10see 

C 
GLY 100nA 

Action of glycine on membrane potential (A), firing rate (B) and 
membrane conductance (C) of two different neurones of the meduila 
oblongata. A) Membrane potentiad (-41 mV, initially -50 mV) record- 
ed with a K-citrate electrode on a rectilinear ink recorder. Glycine 
(GLY) was ejected with a current of 80 nA from one barrel of an ex- 
tracellular 4 barrel micropipette. Duration of glycine ejeetiou is indi- 
cated by bar above trace. The horizontal broken line indicates the 
coupling artifact (4 mV) that was estimated after withdrawal of the 
intraeellular microelectrode from the cell. B) Ratemeter record of the 
firing rate (spikes]see) of the same neurone as A). Time 10 see for A) 
and B). C) Measurements of membrane conductance of another neu- 
rone by the injection of hyperpolarizing current pulses (2 nA) before, 
during and after administration of glyeine (100 nA) for approximately 
10 sec. Calibrations: 10 mV, time 20 msec. 

s imi la r  to  t h a t  obse rved  in  sp ina l  a n d  in Dei te r s '  neu-  
rones% 3,.s, lo Figure  A i l lus t ra tes  a h y p e r p o l a r i z a t i o n  b y  
glycine (80 nA) of a m e d u l l a r y  neu rone  wh ich  was f i r ing  
a t  a r a t e  of a p p r o x i m a t e l y  25 spikes/see.  The  hype rpo la r i -  
za t ion  was a c c o m p a n i e d  b y  comple te  depress ion  of f i r ing  
of th i s  neu rone  (Figure B). 

The  ac t ion  of glycine on  t he  m e m b r a n e  c o n d u c t a n c e  was 
s tud ied  in 5 cells. Glycine  r eve r s ib ly  r educed  t he  ampl i -  
t u d e  of t h e  p o t e n t i a l  change  p r o d u c e d  by  a hype rpo la r i z -  
Jug c u r r e n t  pulse passed  t h r o u g h  t he  record ing  e lec t rode  
(Figure C). Glyc ine  also b locked  t he  ac t ion  p o t e n t i a l  evok-  
ed b y  a n  in t race l lu la r  depola r iz ing  pulse  in two  cells. The  
a d m i n i s t r a t i o n  of glycine depolar ized  3 cells impa led  wi th  
KC1 electrodes  p r o b a b l y  due  to  t h e  d i f fus ion of chlor ide  
ions f rom t h e  record ing  electrode.  

Our  resu l t s  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 -  
po la r i za t ion  and  a n  increase  in m e m b r a n e  c o n d u c t a n c e  
s u p p o r t  t he  hypo thes i s  t h a t  glycine is an  i n h i b i t o r y  t r ans -  
m i t t e r  s u b s t a n c e  in t he  m e d u l l a  ob longa ta .  However ,  i t  has  
ye t  to  be  shown  t h a t  p o s t s y n a p t i c  i n h i b i t i o n  of b r a i n  s t e m  
neu rones  is b locked  b y  s t r y c h n i n e  in the  same  m a n n e r  as 
t h e  h y p e r p o l a r i z a t i o n  b y  glycine. 

Zusammen/assung. M i k r o e l e k t r o p h o r e t i s c h  ve rab re i ch -  
tes  Glyc in  e rzeugt  eine H y p e r p o l a r i s a t i o n  u n d  eine Zu- 
n a h m e  der  Leif f / th igkei t  der  Z e l l m e m b r a n  yon  N e u r o n e n  
der  Medul la  oblonga/ ta  der  Ka tze .  Diese Ergebn i s se  un te r -  
s t i i t zen  die Hypo these ,  dass  Glyc in  die F u n k t i o n  einer  
h e m m e n d e n  l F b e r t r / g e r s u b s t a n z  im H i r n s t a m m  ha t .  
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Mechanism of Allyl Alcohol-Induced Hepatic Necrosis  

A l t h o u g h  al ly l  f o r m a t e  a n d  i ts  me tabo l i t e ,  a l ly l  alcohol,  
were shown  to  cause ex tens ive  p e r i p o r t a l  necrosis  ot t h e  
r a t  l ive r  more  t h a n  hal f  a c e n t u r y  ago 1 t he  b iochemica l  
m e c h a n i s m  of t h e i r  h e p a t o t o x i c  ac t ion  r e m a i n s  cent ro-  
vers ia l  ~-5. Recent ly ,  REES and  TARLOW s r epo r t ed  t h a t  
i n h i b i t i o n  of m i t o c h o n d r i a l  r e sp i r a t i on  in v i t ro  a n d  
b lockade  of p ro t e in  syn thes i s  b y  al lyl  f o r m a t e  d e p e n d  
upon  t he  n o n m i c r o s o m a l  e n z y m e  alcohol  d e h y d r o g e n a s e  
and  can  be  m i m i c k e d  b y  t he  m e t a b o l i t e  acrolein.  REds  
a n d  TARLOW ~ also conf i rmed  t h a t  a lcohol  dehyd rogenase  
is local ized in t h e  pe r ipo r t a l  regions  of t he  h e p a t i c  lobule  7 
a n d  p o s t u l a t e d  t h a t  t h e  p e r i p o r t a l  d i s t r i b u t i o n  of a l ly l  
f o r m a t e - i n d u c e d  hepa t i c  necrosis  resu l t s  f rom t he  a lkyla-  
t ion  of macromolecu les  b y  a me tabo l i t e ,  acrolein,  p roduced  
w i t h i n  pe r ipo r t a l  hepa tocy te s .  The  p r e s en t  s tud ies  p rov ide  
the  f i r s t  d i r ec t  ev idence  in v ivo  t h a t  a l lyl  a lcohol  causes  

p e r i p o r t a l  necrosis  t h r o u g h  t h e  cova l en t  b i n d i n g  of a 
m e t a b o l i t e  to  p e r i p o r t a l  hepa tocy te s .  

Methods. Male Sp rague -Dawley  r a t s  (200 g) were pre-  
t r e a t e d  e i t he r  w i t h  sal ine (0.5 m l  i.p.) or  w i t h  pyrazo le  
(375 m g / k g  i.p.) an  i n h i b i t o r  of hepa t i c  a lcohol  dehyd ro -  
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