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Different  Ac t ion  of Atrop ine  and S o m e  A n a l o g u e s  on  the  E n d - P l a t e  P o t e n t i a l s  and  Induced  Ace ty l -  
cho l ine  P o t e n t i a l s  

Atrop ine  su lpha te  (AS) in concen t ra t ions  lowering the  
ampl i tude  of the  end-p la te  po ten t i a l  (epp) by  50% 
marked ly  shor tens  t he  epp 1 and  also shif ts  the  po in t  of 
reversal  of the  epp (Erepp) t owa rds  the  Na  equi l ibr ium 

potential2.  In  order  to  e s t ima te  whe the r  these  effects of 
AS are due to  a single mechan i sm,  a s tudy  was m a d e  of 
the  act ion of 7 t rop ine  der iva t ives  on the  ampl i tude ,  
shape  and  Er~pp. E p p ' s  were el ici ted by  indi rec t  s t imula-  

t ion (0.5 imp/sec) of t he  frog sar tor ius  neuromuscu la r  
p r epa ra t i on  (Rana temporaria) and  regis tered by  s t an d a rd  
mieroelect rode t echn ique  (for detai ls  seel).  High  con- 
cen t ra t ions  (8-12 mM)  of MgC12 were used in the  Ringer  
solution. 

All the  c o m p o u n d s  s tud ied  lowered the  epp and changed  
its shape  af ter  15-20 min  immers ion  in the  muscle  b a t h  
(Table). According to  the  effect  on the  shape,  the  com- 
pounds  can be d iv ided in to  2 groups (Figure 1): (a) the  
AS t y p e  shor tens  b o t h  the  rise- and  decay- t ime ;  (b) sco- 
po lamine  type :  the  r i se- t ime is also shor tened,  bu t  t h e  
decay  phase  has  a t  least  2 c o m p o n e n t s ;  t he  second p a r t  
is m a rked ly  prolonged and  the  general  p ic tu re  resembles  
the  effect  of procaine  3,4. Only the  q u a t e r n a r y  analogue 
of AS (methyla t ropine)  and  the  t ropine  es ter  of d iphenyl -  
acet ic  acid (tropacine) sh i f t  t he  Erepp similar ly as AS, 

whereas  o the r  re la ted  c o m p o u n d s  (cocaine, t ropacocaine)  
affect  only the  ampl i tude  and  shape  of the  epp w i t h o u t  
changing Erepp. Neos t igmine  su lpha te  (3 • 10 -6 g/ml  in t he  

muscle  bath)  did no t  af fect  t he  Erepp shif t  nor  the  changes  

in the  epp shape.  I t  is in te res t ing  t h a t  the  shif t  of Er,pp 
begins to  decrease af ter  p ro longed  con tac t  of the  muscle 
wi th  AS and  af ter  4 h Er4,p approaches  normal  values. 

In  con t ras t  to  E~epp, ErACh (point  of reversal  of the  

po ten t i a l  evoked by  ion tophore t ica l  appl ica t ion  of the  
acetylchol ine  or bu ty ry lcho l ine  f rom double-barre l  glass 
mic rop ipe t t e  p laced in the  end-p la te  zone) was found to  
be the  same in presence  of AS (Figure 2) as in its absence  
in control  exper iments .  This  f inding was r a the r  unex-  

Effect of some atropine analogues on the amplitude and shape of 
the epp's and on their point of reversal (Erepp) 

A2 Changes in shape Erepp J= S.E. 

Rise Half time my 
time of decay 
% % 

Control - 100 100 -- 13.2 dz 2.5 (25) 
Atropine 3.6 • 10 .5 60 60 + 9.2 i 4.1 (15) 
Methylatropine 5 • 10 .5 65 65 + 4.6 ~ 3.2 (15) 
Tropaeine 1 • 10 4 64 63 + 14.4 ~ 3.0 (10) 
Homatropine 5 • 10 .4 60 2-COnlponent -- 11.7 ~ 4.0 (10) 

form 
Scopolamine 2 x 10 -4 61 2-component -- 13.5 dc 2.8 (8) 

form 
Cocaine 6 • 10 .5 64 60 -- 13,8 :~ 3.4 (15) 
Tropacoeaine 4 • 10 .4 64 62 -- 12.9 ~ 3.5 (14) 

As, molar concentration of drugs causing 50% lowering of the epp 
amplitude. Figures in brackets indicate number of cells from which 
measurements were taken. 

pected ,  because only  the  quan t i t a t i ve  differences be tween  
the  ac t iva t ing  effect  of the  na tu ra l  med i a t o r  and  ACh 
appl ied f rom a mic rop ipe t t e  were de t e rmined  as yet .  
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Fig. 1. End-plate potentials recorded intracellularly by glass micro- 
electrodes {2.5M KC1) from the end-plate zone of the muscle fibre 
(m. sartorius, Rana temporaria, April-July). Left-part, effect of 
tropacine. From top to bottom: C, control; i X 10-4M tropacine 
(TRP); R, recovery after 40 mill. Right part: C, control; effect of 
scopolamine (SC, 3 • 10-4M) after 6 and 20 rain of its application in 
different time scales. 10.5 mM Mg ++, temperature 20 ~ 
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Fig. 2. Left part: subsequent oscillographic recordings of epp (first) 
and Aeh potential (second) in the presence of 3 • 10-5M atropine at 
different levels of membrane potential (MP). The MP was lowered 
to the point of reversal (Er) of ACh potential (-- 16 mY) and to the 
E r of epp (+ 5 my) by a current, applied intracellularly from a second 
glass microelectrode (2.5M KC1, resistance 5 M) placed about 100/~ 
from the recording one. Right part : another cell. O, the dependence 
of amplitudes of simultaneously registered epp; O, Aeh potential 
and O, butyrylcholine (BCh) potential on the membrane potential 
level ill the presence of 3 • 10-aM atropine. E r is determined by extra- 
polating the curves and is different for epp and ACh or BCh potentials 
respectively. Without anticholinesterase, temperature 20 ~ 
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The difference be tween  Erepp and ErACh t h a t  a m o u n t e d  

to 23 m v  canno t  be expla ined by  suppos ing  t h a t  AS, 
me thy l a t rop ine  and  t ropac ine  inf luence the  l ibera t ion  of 
ACh f rom the  nerve  terminals ,  because E r of the  pos t -  
synap t i c  m e m b r a n e  is i n d e p e n d e n t  of t he  a m o u n t  of 
media tor .  Moreover,  i t  is known t h a t  AS does no t  affect  
the  q u a n t u m  con t en t  of epp I. Also the  exis tence of 2 
chol inoreceptor  t ypes  on the  frog end-p la te  (muscarinic 
t ype  connec ted  wi th  K+ permeabi l i ty ,  the  inhib i t ion  of 
which  b y  AS migh t  cause a sh i f t  of Erepp, and  the  nicot inic  

type)  was no t  conf i rmed 5. Al though  it seems improbable ,  
it  is necessary  to  consider  the  possibi l i ty  t h a t  apa r t  f rom 
ACh, ano the r  d i f fe rent  subs tance  is l ibera ted  f rom the  
nerve  t e rmina l  and  t h a t  the  act ion of th is  subs tance  is 
af fec ted  select ively by  AS, inducing a change  in Er@p, 
whereas  ErACh remains  unchanged,  l-Iowever all p r e sen t  

knowledge speaks  agains t  th is  hypothes is ,  including the  
fact,  t h a t  the  same concen t ra t ion  of AS lowers the  epp 
and ACh po ten t ia l  in the  same ex t en t  1. If  we should 
assume, t h a t  AS h inders  in some way  the  diffusion of 
K+ from the  synap t i c  gap, t hen  we m u s t  expec t  according 
to TAKEUCHI 6'~ t h a t  the  concen t ra t ion  of K+ is approxi -  
ma te ly  50 m M  in the  gap, when  E~ is Shifted to  + 9 Inv. 
This is also improbable ,  because no depolar iza t ion  of the  
p resynap t i c  m e m b r a n e  (resulting in higher  f requency  of 
the  min ia ture  epp 's)  or decrease of t he  res t ing  po ten t i a l  
does no t  occur unde r  AS. On the  o ther  hand,  if we 
assume t h a t  Na+/K+ concen t ra t ion  in the  synap t i c  gap 
does no t  change due to AS, then  at  Erepp equal  to + 9 m y  

(according to the  formula  p resen ted  by  TAKEUCHI) 
AgNa/AgK should give 2.6, which means  it increases 
app rox ima te ly  twice. Such a change of t he  AgNa/AgK 
rat io under  the  effect  of a t ropine  could explain  no t  only 
its abi l i ty  to block chol inoreceptors  bu t  also select ively 
block the  po tass ium channel .  However ,  even  in th is  case 
it is difficult  to expla in  the  difference in the  effect on tke  
epp and the  ACh-potent ia l .  I t  is of in te res t  t h a t  the  
qua t e rna ry  analogue of atropine,  me thy la t rop ine ,  t he  
molecule of which is fully ionized and  therefore  canno t  
easily en te r  the  cell, has  a similar effect  to t h a t  of atro-  
pine 8. The site of act ion of a t ropine  and its analogues is 
appa ren t ly  localized on the  external  surface of the  nmscle  
fibre membrane .  

Changes in the  shape  of epp may  also be the  resul t  of 
some pos t synap t i c  processes, as can be concluded f rom 
our f inding concerning the  a l tera t ion of the  shape  of epp 
dur ing artificial changes  of the  m e m b r a n e  potent ia l .  The 
epp thus  reversed are d is t inc t ly  ' fas ter '  t h a n  normal  epp 
(Figure 3). I t  is no t  possible to elucidate the  change of 
shape  of the  epp by  passive electric proper t ies  of the  
pos t synap t i c  membrane ,  because the  form of the  pos t -  
synap t ic  cur ren t  is influenced by  atropineg.  Moreover,  a 
direct  re la t ionship  be tween  the  form of t r a n s m e m b r a n e  

cur ren t  and the  cor responding  course of the  m e m b r a n e  
po ten t i a l  was recent ly  d e m o n s t r a t e d  10. 

F u r t h e r  analysis  of the  effect  of a t rop ine  and  its ana-  
logues on the  pos t synap t i c  m e m b r a n e  of the  muscle  fibre 
m a y  t h r o w  l ight  on the  m e c h a n i s m  by  which the  inter-  
ac t ion of t he  med ia to r  wi th  tile specific receptor  of the  
pos t synap t i c  m e m b r a n e  gives rise to cur ren t  flow across 
the  m e m b r a n e  n.  
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Fig. 3. Changes of the shape of epp at different values of MP (from 
-- 40 to + 25 my). The reversed epp's are markedly shortened. No 
drugs are present. Temperature 21 ~ 

Zusammenfassung. Mittels  int razel lulgrer  Mikroelek- 
t roden  wurde  der  Einf luss  von  7 Trop ines te rn  auf  Ampli -  
tude  nnd  U m k e h r p u n k t  (Er) der  E n d p l a t t e n p o t e n t i a l e  
am M. sar tor ius  des Frosches  un te rsuch t .  Alle Subs tanzen  
erniedr igen die Ampl i tude  und  ver / indern die F o r m  der  
Endp la t t enpo ten t i a l e ,  w~ihrend 3 von ihnen den U m k e h r -  
p u n k t  (Er) in der  R i ch t u n g  zum Na-Gleichgewicht  ver-  
schieben. 
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Potent ia t ion  of C u t a n e o u s  Inhib i t ion  by A l c o h o l  

Cutaneous  nerves  conduc t ing  cor t ic0petal  tact i le  sensi- 
bi l i ty f rom the  b o d y  surface first  synapse  in the  cunea te  
and  gracile nuclei. Transmiss ion  across these  nuclei shows 
a remarkable  sa fe ty  factor  bu t  is subjec t  to  s t rong pre-  
synap t ic  inhib i t ion  f rom cutaneous  as well as cont ra-  
la teral  cort ical  regions 1,2. This inhib i t ion  funct ions  as 
an i m p o r t a n t  negat ive  feedback mechan i sm control l ing 

tact i le  sensory inpu t  a t  t he  level of the  first  cen t ra l  
synapse.  Centra l  nervous  s y s t e m  depressants ,  including 
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