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R e d u c t i o n  o f  t h e  Q u a n t u m  C o n t e n t  o f  E n d p l a t e  P o t e n t i a l s  b y  A t r o p i n e  

Atrop ine  is bes t  k n o w n  as a b locker  of t he  musca r in i c  
ac t ions  of ace ty lcho l ine  1 (ACh). I n  h igher  concen t r a t i ons  
i t  also b locks  t he  ac t ion  of ACh upon  t h e  n ico t in ic  recep- 
tors  2,a and  recen t  i nves t iga to r s  of th i s  ac t ion  h a v e  
uncovered  t he  su rpr i s ing  fac t  t h a t  d u r i n g  a t rop ine  
b lockade  of n e u r o m u s c u l a r  t r a n s m i s s i o n  t he  equ i l ib r ium 
p o t e n t i a l  for t he  endp la t e  p o t e n t i a l  (EPP)  is sh i f t ed  
t o w a r d  the  sod ium equ i l ib r ium p o t e n t i a l  4. T he  equi l ib-  
r i u m  p o t e n t i a l  for ACh a n d  o the r  chol ine  es ters  appl ied  
i on tophore t i ca l l y  to  t he  endp la t e  region,  however ,  is no t  
s imi la r ly  sh i f t ed  5. 

One e x p l a n a t i o n  for th i s  s t a r t l i ng  f ind ing  ~ could be  
t h a t  o the r  t r a n s m i t t e r s  besides  ACh are l i be ra t ed  b y  
ne rve  impulses  a n d  t h a t  a t rop ine  b locks  t he  release of 
ACh preferent ia l ly .  This  exp lana t ion ,  a l t h o u g h  cons idered  
b y  MAGAZANIK and  VYSKO~IL 5, w a s  re jec ted  on  t he  g round  
t h a t  i nves t iga t ion  2 h a d  revea led  no effect  of a t rop ine  
on  t he  q u a n t u m  c o n t e n t  of E P P ' s .  U n f o r t u n a t e l y ,  how- 
ever, t he  e x p e r i m e n t s  u p o n  q u a n t u m  c o n t e n t  2 were done  
in the  presence  of a h i g h  c o n c e n t r a t i o n  of Mg which  in 
i tself  g r ea t ly  reduces  t he  q u a n t u m  c o n t e n t  of E P P  b y  
a p r e s y n a p t i c  act ion.  I t  could  weli  be  t h a t  t he  presence  
of Mg also b locked  t he  p r e s y n a p t i c  ac t ion  of a t rop ine .  
Indeed ,  i t  has  r ecen t ly  been  found  t h a t  D- tubocura r ine  
reduces  the  n u m b e r  of ACh q u a n t a  re leased b y  ne rve  
impulses  6 a n d  th i s  ac t ion  was n o t  d e m o n s t r a b l e  in  t he  
presence  of h i g h  concen t r a t i ons  of MgC12 ~, 7. 

Tile cu t  muscle  p r e p a r a t i o n  s offers a means  of f ind ing  
ou t  w h e t h e r  drugs  h a v e  p r e s y n a p t i c  ac t ions  w i t h o u t  f i rs t  
b lock ing  n e u r o m u s c u l a r  t r ansmiss ion .  I n  t he  c u r r e n t  
i nves t i ga t i on  we used t he  r a t  d i a p h r a g m  phren ic  ne rve  
p r e p a r a t i o n  in v i t ro  w i t h  t he  muscle  f ibres  cu t  so t h a t  
t he  r e s t ing  po t en t i a l s  were be low t he  level  a t  wh ich  
ac t ion  p o t e n t i a l s  can  be  genera ted .  As in a p rev ious  
i nves t i ga t i on  s, 40 s t imul i  a t  100/s were g iven  to  t he  
muscle  n e r v e  and  t h e  evoked  t r a i n s  of E P P  were recorded  
in t race l lu la r ly .  The  a m p l i t u d e s  of t he  f i rs t  5 and  las t  
20 of t h e  fo r ty  E P P  were  m e a s u r e d  a n d  us ing  MARTIN'S 
correc t ion9 for t he  large size of t h e  E P P ,  t he  va r i ance  of 
t h e  las t  20 E P P  was ca lcu la ted  and  f rom th i s  m e a n  quan -  
t u m  size (q) was  e s t ima ted .  5 or more  serial  e s t ima tes  of 
q were pooled and  used to  ca lcu la te  t he  q u a n t a l  c o n t e n t  
of t he  f i rs t  E P P  in each  t r a i n  (m) a n d  t h e  m e a n  q u a n t u m  
c o n t e n t  of t he  las t  20 E P P ,  wh ich  w h e n  mul t ip l i ed  b y  
t h e  100/s s t i m u l a t i o n  r a t e  gave  a n  e s t ima te  of t h e  r a t e  
of mob i l i za t i on  of t r a n s m i t t e r  (din). F r o m  t he  q u a n t a l  
c o n t e n t  of t he  f i rs t  5 E P P  t he  ava i l ab le  s tore  of q u a n t a  

(n) was ca lcu la ted  accord ing  to ELMQVIST and  QUASTEL 1~ 
and  th i s  q u a n t i t y  d iv ided  b y  m yie lded p, t he  f r ac t ion  
of t he  s tore  re leased b y  t he  f i rs t  impulse .  

F igure  1 shows typ ica l  E P P  responses  to  a s t imu lus  
t r a i n  in  a r a t  d i a p h r a g m  cut  muscle  p r e p a r a t i o n  before,  
d u r i n g  and  61 mil l  a f t e r  t he  end  of t he  exposure  to  
1 . 3 •  a t rop ine  su lpha te ,  U S P  (Sigma Chemica l  
Co.). Af te r  15 m i n  exposure  to  t he  d rug  (Figure 1, B), 
t he  E P P  p a t t e r n  is t yp i ca l  of a t rop in i zed  p r e p a r a t i o n s .  
The  f i rs t  response  is t he  la rges t  and  la te r  responses  
decl ine to  a p l a t eau  level  of a m p l i t u d e  wh ich  is m u c h  
smal le r  t h a n  the  a m p l i t u d e  of t he  f i rs t  E P P .  Before  and  
a f t e r  th i s  exposure,  however ,  t he  t yp i ca l  p a t t e r n  seen 
in cu t  muscle  s was  found  (Figure 1, A a n d  C). E P P  
a m p l i t u d e s  decl ined more  s lowly and  t he  p l a t eau  E P P ' s  
were r e l a t ive ly  m u c h  larger .  E P P  showed a lesser va r i a -  
b i l i ty  in  a m p l i t u d e  ind ica t ing  a h igher  q u a n t a l  con ten t .  
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Fig. 1. EPP's intracellularly recorded from an endplate of a rat 
diaphragm cut muscle preparation following 40 stimuli at 100/s to 
the phrenic nerve. A, control; B, 15 min after 1.3 • 10-4M atropine 
sulfate added to the bathing solution; C, 61 min after return to 
control solution. Temperature 32~ A, B, C, recorded from the 
same endplate. 

Mean quantal content of endplate potentials and the effect of blocking drugs 

Cut muscle 

Drug None D-tubocurarine Atropine 
(4 X 10 -7 g/ml) (6 x 10-SM) 

Atropine 
(1.3 • 10-~M) 

Normal muscle 
i)-tubocurarine 
(1.1 • 10 6 g/ml) 

No. of endplates (24) (14) (11) 

1st EPP (quanta) 343 148 ~ 234 

Store (quanta) 6,096 1,637 ~ 4,559 

Mobilization (quanta/sec) 21,221 6,521 ~ 14,591 

Fractional release 0.06 0.10 ~ 0.06 

(13) 

245 ~ 

2,247 ~ 

9,992 

0.12 �9 

(16) 

171~ 

1,090 a 

5,020 ~ 

0.16 a 

Significant difference (P _< 0.05) between results in the presence of a drug and its absence (Column 2). 
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The Table shows the  mean  din, m, n and  p found  a t  
neuromuscu la r  junc t ions  in normal  curar ized muscle and  
in cut  muscle  af ter  exposure  to  e i ther  D-tubocurar ine  
or i of 2 concen t ra t ions  of a t rop ine  for a t  least  20 rain. 
As shown by  the  stars ,  m, dm and  n were s ignif icant ly  
smal ler  (t-test) in t he  presence  of 1.3 • 10-4M a t rop ine  
and  in the  curar ized p repa ra t ions  t han  in t he  p repa ra t ion  
in t he  absence  of drugs. 

F igure  2 shows the  t ime  course of changes  in q, m, dm 
and  n for t he  e x p e r i m e n t  par t i a l ly  i l lus t ra ted  in F igure  1. 
Dur ing  the  15 min  control  per iod and  the  30 rain exposure  
to 1.3•  10-4M a t rop ine  sulphate ,  records  were t aken  
every  minute .  Records  were t aken  at  the  same in te rva l s  
dur ing  the  pro longed wash  period.  I t  will be no ted  tha t ,  
as migh t  be expec ted  f rom the  wel l -known p o s t s y n a p t i c  
compe t i t i on  of a t rop ine  wi th  ACh ~, ~, q (mV) is reduced  
dur ing  the  exposure  to a t rop ine  and recovers  on washing.  
The pos t -exposure  increase was found  in all our experi-  
ments '  w i th  a t ropine .  As in our previous  exper imen t s  
w i th  D-tubocurarine~, its s ignificance is unknown .  

In  con fo rmi ty  wi th  the  Table,  b u t  a t  marked  var iance  
wi th  expec ta t ions  based  on a pure ly  pos t synap t i c  act ion 
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Fig. 2. The time course of atropine action. All data were derived 
from the same endplate from trains of EPP evoked at 1 min inter- 
vals by 40 stimuli at 100/s. Length of lines indicate the time interval 
over which data were pooled. Arrows and vertical bars indicate 
changes of bathing solution, q, average quantum size (mV) cal- 
culated from analysis of variance of EPP 20-39 of the trains evoked 
in the time period shown by the bars; m, quantal content of the first 
EPP of trains; p, fractional release for the first EPP of trains; 
din, the mean quantal content of tgPP 20-39 of a train multiplied 
by stimulation rate (100/s) to give mobilization rate; n, the imme- 
diately available store of quanta according to ELMQVlST and QOAS- 
TEL 1~ Dotted lines indicate control average for each parameter. 
The time scale is the same for all parameters. The atropine concen- 
tration was 1.3 • 10 aM. 

of a t ropine ,  m (quan tum content )  also re11, more  rap id ly  
t h a n  q, and  did no t  fully recover  af ter  80 min  of washing.  
The t ime  course of th is  ac t ion  was always m u c h  longe r 
t h a n  the  t ime  course of the  change in q and  there  was a 
lag per iod in the  offset  of the  effect  when  compared  wi th  
the  effect  on q. Dm (mean quanLal con ten t  of tai l  • s t imu-  
la t ion rate) and  n were reduced in paral lel  wi th  the  change 
in m and also did no t  fully recover  to  the  control  ampl i tude  
af ter  80 rain wash ing .  As would be expec ted  f rom the  
compar i son  of m and n (Figure 2), p was increased dur ing  
the  exposure  to a t rop ine  and th is  effect  was slowly 
reversed on washing.  

Our results  indicate  (Table 1, Figure  2) t h a t  a t ropine,  
like D-tubocurarine,  has  b o t h  pre- and  subsynap t i c  
actions.  As the  Table indicates,  a t rop ine  is a t  least  a 
h u n d red  t imes  less effect ive t h a n  D-tubocurar ine  in 
reducing quan ta l  content .  Similar  ra t ios  have  previously  
been no ted  when  the  subsynap t i c  act ions of the  2 drugs 
were compared  ~. Clearly t he  poss ibi l i ty  ~ t h a t  the  change 
in the  E P P  equi l ibr ium po ten t ia l  induced by  a t rop ine  ~ 
could be re la ted  to  a fall in t he  q u a n t u m  con ten t  of E P P  
canno t  be ignored. Unequivoca l  ident i f ica t ion  by  chemi-  
cal means  of the  t ransmi t te r ( s )  released f rom moto r  nerve  
te rmina ls  appears  the  bes t  way  of se t t l ing  th is  issue. 

W h y  t r a n s m i t t e r  release should be blocked by  a t ropine  
we do no t  know. I t  is known  t h a t  a t rop ine  is a powerful  
inhib i tor  of choline t r a n s p o r t  in some sys t ems  ~x and  as 
th is  process is an i m p o r t a n t  source of choline for ACh 
synthes is  ~ such an inhib i t ion  m i g h t  explain  our  results.  

Zusammen[assung. Pos t synap t i s che  Po ten t i a le  der Mus- 
kelfasern (EPP)  des isol ier ten Ra t tenzwerchfe l l s  w u rden  
intrazellul~r abgelei tet .  Die s ta t i s t i sche  Analyse  zeigt, 
dass  der  Mengenante i l  yon  E P P  bet Anwesenhe i t  yon 
At rop in  v e r m i n d e r t  ist und  zwar s imul tan  mi t  der  p o s t -  
synap t i schen  Blockade.  Die Erho lung  des p re synap t i s chen  
Effektes  ist viel l angsamer  als diejenige des pos t synap-  
t ischen.  
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