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Some Characteristics of End-Plate  Potentials After Partial Blockade by a -Bungarotox in  in Rana 
temporaria 

Bungaro tox in  (BuTX) and  some o ther  po lypep t ides  
f rom snake venoms  are known  to  inh ib i t  i r revers ib ly  the  
response  of the  post j  unc t ional  m e m b r a n e  elici ted by  nerve  
s t imulat ion,  i.e. end-p la te  po ten t ia l s  (EPPS) .  This  effect  is 
caused exclusively by  the  p o s t s y n a p t i c  act ion of neuro-  
tox ins  ~ a which  are supposed  to react  i r revers ib ly  w i th  
acety lchol ine  receptorsS-K If  we consider  t he  effect  of 
tox ins  to be as specific as the  effect  of D-tubocurar ine  
(DTC) and  assume t h a t  the  only  difference is in the  irre- 
vers ib i l i ty  or revers ib i l i ty  of the  blockade,  one can expec t  
the  proper t ies  like af f in i ty  to classical chol inolyt ics  or 
reversal  po t en t i a l  of E P P S ,  to  r ema in  unchanged  af ter  
the i r  pa r t i a l  b lockade  by  bo th  types  of cholinolytics.  The 
a im of t he  p resen t  r epor t  was to check th is  assumpt ion .  
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Fig. 1. Effect of D-tubocurarine (DTC) (5 x 10-7M) and atropine 
sulphate (AS) (3 x 10 -5) on the amplitude and time course of Bu3~X- 
treated end-plate potentials (3 superimposed records). Upper records, 
controls; lower records, after 20 min of DTC or AS action. ArrOws 
indicate the half-time of EPP decay. Temperature 22 ~ 
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Fig. 2. Stabilization of E r of BuTX-treated end-plate potentials 
(EPPS). A) Changes of E r after diminishing of [K+]o (in mM) ~[nd 
repeated increase to normal value (o) of the curarized (5 • 10-1M 
DTC) (C) and BuTX-treated EPPS. Vertical bars are confidence 
limits. E r is given in mV (negative). B) Effect of atropine sulphate on 
the E r [cross section of resting potential (RP) with extrapolated li~es 
of the EPPS (mV)] in the case of curarized (o) and BuTX-trea]~ed 
(+) EPP; Q, control before atropine. 

E x p e r i m e n t s  were pe r fo rmed  on isolated neuromuscu la r  
p repa ra t ions  of the  frog sar tor ius  muscle  (Rana  temporaria). 
Magnes ium in the  concen t ra t ion  of 10-12 m M  was added  
to  the  muscle b a t h  (raM: Na+ 117; K+ 2.5; Ca ++ 1.8; 
C1- 120.6; HCO~ 2.4; p H  = 7.4) and E P P S  were register-  
ed by  the  convent iona l  microelec t rode  technique .  
A n o t h e r  glass microelec t rode  (2.75M KC1, 7-10 ~lQ) 
in t roduced  in to  t he  muscle fibre was used for art if icial  
po lar iza t ion  of the  membrane .  B u T X  (5 • 10 _7 w/v  in the  
bath)  was usual ly allowed to  act  unt i l  the  E P P  ampl i tude  
decreased to  20-25% and  the  p repa ra t ion  was then  
washed  wi th  a solut ion conta in ing  only 6-7 m M ;  th is  
p rocedure  made  it possible  to  work  wi th  E P P S  of a 
suff ic ient ly  h igh  ampl i tude  (5-10 mV) on the  background  
of lowered sensi t ivi ty ,  caused by  the  toxin.  

The t ime  course of E P P S  was unchanged  by  B u T X ,  
s imi lar ly  as has  a l ready been found by  LEST~R ~ for Na ja  
toxin .  As can be seen f rom Figure  1, DTC and  a t rop ine  
su lpha te  (AS) in concen t ra t ions  of 5 • 10-vM and 3 • 10 -5 
Z~r respect ively,  exh ib i ted  the  same po tency  and  decreased 
the  B u T X - t r e a t e d  E P P S  to 50% 7. AS also shor t ened  the  
t ime  course of E P P S  in a typ ica l  man n e r  7-9 (Figure 1), 
whereas  dTC s o m e w h a t  shor t ened  the  rise t ime  of B u T X -  
t r e a t ed  E P P S ,  hav ing  no effect  on the i r  decay  t ime. 

The l inear re la t ionship  be tween  the  E P P  ampl i tude  and  
m e m b r a n e  po ten t i a l  was unchanged  af ter  B u T X  action,  
the  reversal  po ten t i a l  of E P P S  (E~) being - -16 i 0.8 mV 
(9 exper iments ) .  

I t  is known  t h a t  the  electrogenesis  a t  the  pos t junc  
t ional  m e m b r a n e  possesses some specific features~-tK In  
part icular ,  E~ of E P P S  depends  on the  ex te rna l  concen t ra  
t ion  of po tas s ium [K+]o. We  s tudied  the  E~ of B u T X -  
t r ea t ed  E P P S  af ter  a change  of [K+]o f rom 2.5 m M  
(normal concentra t ion)  to 0.5 and again to 2.5 m M  
(Table I). 

In  control  expe r imen t s  w i th  t he  curar ized prepara t ions ,  
the Er of E P P S  was shi f ted  regular ly  f rom normal  values  
a round  --15 m V  to abou t  --28 m V  when  [K+]o was 
d iminished  5-fold which  is in accordance  wi th  earlier 
observations~~ Bu t  no such change was observed in t he  
exper imen t s  wi th  B u T X - t r e a t e d  E P P S  (Table I, Figure 
2A). 

I t  has  been former ly  shown ~, 9 t h a t  a t rop ine  and some 
of its analogues shif t  E~ to  t he  side of the  Na  equi l ibr ium 
potent ia l ,  i.e. to  posi t ive  va lues .We checked th is  effect  of A S 
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on the  ]3uTX-t rea ted  E P P S .  AS in concen t ra t ions  which  
d iminishes  the  E P P  ampl i tude  to  one half  do n o t  exh ib i t  
any  effect  on E~ (Table II ,  Figure  2B). This  means  t h a t  
E~ of E P P S  is ' s tabi l ized '  by  B u T X  and  canno t  be shif ted 
e i ther  by  _[K+_~o or AS. 

There  are thus  some proper t ies  of E P P S  which  remain  
unaf fec ted  by  BuTX.  These include the  same aff in i ty  to 

Table I. Dependence of Er of DTC (5 experiments) and BuTX- 
treated EPPS (11 experiments) on concentration of external potas- 
sium (EK+]o) 

K+o (mM) 
2.5 0.05 2.5 

ErDTC 14 ~_ 1.4 27 -4- 2.3 15 -L 2.0 
(10.4 - -  17.6) (21 - -  33) (9 - -  21) 

ErBuTX 16 ~ 0.8 15 q- 1.2 16.5 ~- 0.7 
(14.1 - -  17.9) (12.4 - -  17.6) (14.9 - -  18.0) 

Numbers in brackets are confidence limits; P 0.05. 

Table II. Elfect of atropine sulphate (3 • 10-SM) on E r of normal 
EPPS (Er-N; 10 experiments) and BuTX-treated EPPS (Er-BuTX ; 
15 experiments) 

Control Atropine 

Er-N --16-4-0.9 (14.1--17.9) +8.0~ 1.8 (4.1--11.9) 

Er-BuTX --18 q- 2 (13.6-- 22.4) --15 ~ 1.0 (12.9-- 17.1) 

Numbers in brackets are confidence limits; P 0.05. 

classical cholinolytics,  the  t ime course of E P P S  and its 
changes  under  AS and  DTC which  have  the  same p a t t e r n  
as in the  controls  w i t h o u t  BuTX.  Bu t  the re  exist  pro-  
nounced  changes  in the  electrogenic proper t ies  of t he  
chol inorecept ive  m e m b r a n e  af ter  B u T X  act ion which  are 
no t  a p p a r e n t l y  connec ted  so m u c h  wi th  the  s ta te  of 
surviving receptors  as p ro b ab l y  wi th  ionophore.  

Similar  s tabi l iza t ion of ionophore  action, i.e. d isappear-  
ance of the  E~ shif t  a f ter  d imin ish ing  EK+]o la, or af ter  AS 
(MAGAZANIK, VYSKO~IL, unpubl ished)  was also observed 
at  low t e m p e r a t u r e s  (2-3 ~ Cold can ha rd ly  be t h o u g h t  
to affect  select ively the  acety lchol ine  receptor  only. The 
same doub t s  can also be expressed abou t  the  B u T X  
action.  This po lypep t ide  a p p a r e n t l y  no t  only blocks the  
receptors ,  b u t  modif ies  t he  func t ion  of o ther  links of the  
cholinergic t r a n s m e m b r a n e  sys tem,  which  are involved in 
electrogenesis  a t  the  pos t junc t iona l  membrane .  

Zusammen/assung. Nach  13ehandlung des Sartorius-  
muskels  yon  R a n a  t empora r i a  mi t  B u T X  wurden  die End-  
p l a t t enpo ten t i a l e  durch  Tubocurar in  und At rop in  mi t  un- 
verXnderter  Wi rksamke i t  blockiert .  Bungaro tox in  stabil i-  
siert  das U m k e h r p o t e n t i a l  der Endp la t t e ,  Welches nachher  
durch  eine Ve rminde rung  der gusseren K o n zen t r a t i o n  yon  
K + oder  durch  At rop in  n ich t  m e h r  ve rgnder t  werden  
kann.  
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Temperature Dependence of Naja Toxin Blocking Effect in Rana temp oraria 

The venoms  of some snakes have  recen t ly  been  repor ted  
to  con ta in  po lypep t ides  which  possess great  po t ency  in 
b locking the  chemosens i t iv i ty  of skeletal  muscles to  
acety lchol ine  i r revers ibly  (ACh)I-L The na tu re  of inter-  
act ions  of these  po lypep t ides  wi th  cholinergic m e m b r a n e s  
is not  ye t  comple te ly  clear ; it  is a ssumed t h a t  the i r  site of 
ac t ion  is ident ical  w i th  t h a t  p a r t  of t he  receptor  macromo-  
lecule, a t  which  the  p r i m a r y  reac t ion  wi th  ACh occurs. 
On the  o the r  hand ,  we have  ob ta ined  some d a t a  s,9 
ind ica t ing  t h a t  there  does no t  exis t  a single ionic po in t  
a t  t he  muscle  pos t junc t iona l  membrane ,  which  these  
po lypep t ides  m a y  occupy.  

Tempera tu r e  change  is known  to  be a useful app ro ach  
in the  unravel l ing  of biological and  chemical  mechanisms.  
In  the  p resen t  s t u d y  we inves t iga te  t he  t e m p e r a t u r e  
dependence  of Naja  tox in  (Naja TX) blocking effect  w i th  
the  a im of f ind ing  out  whe the r  s imple ionic or more  
compl ica ted  in te rac t ions  t ake  place dur ing  its ac t ion on 
muscle  end-p la te  po ten t ia l s  (EPPS) .  This tox in  (poly- 
pep t ide  N3 isolated f rom the  v e n o m  of Naja naja sia- 
mensis10) was prefer red  to  a s imilar ly  ac t ing  ~-bungaro- 
toxin,  because - as was found in several  p re l imina ry  
expe r imen t s  - its b locking effect  of E P P S  is less var iable  
in compar i son  wi th  the  la t ter .  

All expe r imen t s  were pe r fo rmed  in vi t ro  on the  frog 
(Rana temporaria) neuromuscu la r  p repa ra t ion  of sar tor ius  

muscle.  P repa ra t ions  were m o u n t e d  in a t rans luc ide  
chamber  wi th  a Pel t ie r  semiconduc tor  cooling device, 
which  made  i t  possible  to  ma i n t a i n  the  t e m p e r a t u r e  of 
the  b a t h  a t  required levels for suff ic ient ly  long periods of 
t ime.  For  intracel lular  recording of E P P S ,  neuromuscula r  
t ransmiss ion  was par t i a l ly  blocked by  adding  MgC12 
(10-12 mM)  to  the  ba th ing  Ringer  solut ion (mM:  Na + 
117; K + 2.5; Ca ++ 1.8; C1- 120.6; HCO a 2.4; p H  = 7.4). 
E P P S  were regis tered f rom superficial  muscle fibres by  

i C. C. CHANG and C. Y. LEE, Arch. int. Pharmaeodyn. ldd, 241 
(1963). 

2 C. Y. LEE, L. F. TSENG and T. FI. CHIU, Nature, Lond. 215, 1177 
(1967). 

3 I~. A. LESTER, Nature, Lond. 227, 727 (1970). 
4 R. MILEm and L. T. POTTER, Nature, Lond. 233, 599 (1971). 

J.-P. CHANGEUX, M. KASAI and C. Y. LEE, Proe. natI1. Acad. Sci., 
USA 67, 1241 (1970). 

6 j_p.  C~ANGEUX, J. C. MEU~IER and M. HUCHET, 2qJ[olec. Pharmae. 
7, 538 (1971). 

7 R. IV[ILEDI, P. !V[OLINOFF and L. T. POTTER, Nature ,  Lond. 229, 
554 (1971). 

s L. G. MAGAZANIK and F. VYSKO~IL, Brain Res., in press (1972). 
9 F. VYSKO~IL and L. G. MAnAZANIK, Brain Res., in press (1972). 

10 E. KARLSSON, H. ARXBERG and D. EAKER, Eur. J. Biochem. 21, 1 
(1971). , 


