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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  
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Fig. 1. Dependence of Naja TX blocking effect on tem- 
perature. Percentage decrease of EPPS amplitude was 
plotted against time. Separate registration of two EPPS 
were made from each muscle fibre at each temperature. 

s t a n d a r d  glass microelectrodes ,  mon i to red  and pho to -  
g raphed  off an oscilloscope screen before and  dur ing  
Naja  T X  action.  The freshly dissolved tox in  in the  final  
concen t ra t ion  of 10 .8 v /w  was  used and  the  t ime  course 
of its effect  was measured  a t  24 ~ 12 ~ and  2~ respec- 
t ively.  

At  the  t e m p e r a t u r e  of 24 ~ (i.e. near  room tempera tu re )  
the  Naj a T X  in the  given concen t ra t ion  regular ly  decreas-  
ed the  E P P S  ampl i tude  wi th  a half  t ime  of decay  (T 1/2) 
of abou t  3-6 min  (Table, F igure  1 A). Lower ing  the  t emper -  
a ture  to  12~ led to  a decrease of the  ra te  of tox in  act ion 
which  is ref lected in ma rked  pro longa t ion  of T 1/2; a t  2 ~ 
the  ampl i tude  of E P P S  of t he  surface fibres was only 
decreased dur ing  the  f irs t  20 rain to  abou t  75%. In  
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Fig. 2. A) Estimation of the energy of activation during Naja TX 
action. B) Temperature independence of t>tubocurarine (DTC) 
effect on EPPS amplitude. DTC was used at concentrations of 2,5 
and 8 x 10-TM DTC. 0, 24 ~ 0, 12 ~ +,  2 ~ 

contras t ,  p rac t ica l ly  no t races  of E P P S  can be found in 
superficial  f ibres of o ther  muscles a t  a round  th is  t ime,  
when  t e m p e r a t u r e  of the  b a t h  was kep t  a t  24~ At  all 
th ree  t empera tu res ,  however ,  the  pe rcen tage  decrease of 
indiv idual  E P P S  was surpr is ingly  uni form (Table, 
Figure  1). 

The mean  values  of T1/~ were fu r the r  used for es t ima-  
t ion of the  energy  of ac t iva t ion  of Na ja  T X  b ind ing  at  
the  pos t - junc t iona l  membrane .  A graphical  m e t h o d  was 
employed  (Figure 2 A), when  the  in of the  reac t ion  ra te  is 
p lo t t ed  agains t  the  reciprocal  values of absolu te  t emper -  
a ture  11 

The energy of ac t iva t ion  (E) is t h e n  given by  a s imple 
formula  E = Tg e �9 R (R = gas cons tant ) .  E of the  Na ja  
T X  effect  was found to be 3.4 kcal. mol. This  value is 
suff ic ient ly  low to  exclude the  exis tence of a s t rong  
covalent  t y p e  of b ind ing  of Na ja  T X  at  the  m e m b r a n e  
components .  On the  o ther  hand ,  i t  is m a n y  t imes  h igher  
t h a n  the  energy  of a s imple ionic in te rac t ion  which  is ex- 
pec ted  to underl ie  the  ACh-receptor  react ion t2,13. 

I t  is also known  t h a t  the  p o t en cy  of the  classical 
reversible  chol inolyt ic  agent ,  D- tubocurar ine  (DTC), does 
no t  depend  to any  great  ex t en t  on the  t empera ture l~ .  

We  pe r fo rmed  several  expe r imen t s  in which  the  block- 
ing p o t en cy  of DTC was measured  under  the  same condi-  
t ions  as in the  case of Na ja  TX,  i.e. a t  24~ 12 ~ and  2~ 
As is shown in Figure  2 B, the  p o t e n c y  of oTC to decrease 
the  E P P S  in 3 d i f fe rent  concen t ra t ions  is only  l i t t le  
affected by  t e m p e r a t u r e  (10 expe r imen t s  a t  each t emp e r -  
ature).  Compar ing  th is  fac t  w i th  the  grea t  t e m p e r a t u r e  
dependence  of Naj a T X  effect,  one can pos tu la te  t h a t  the  

Temperature (~ TI/2 of EPPS amplitude decay (inin) 

24 ~ 3.0 -t- 0.9 ( 0.7- 5.3) 

12 ~ 19.3 ~= 0.7 (17.6 21.0) 

2 ~ 43.0 i 1.7 (38.647.4) 

Numbers in brackets are confidence limits. 10 EPPS were measured 
at each temperature. 
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p a t t e r n  of the  tox in  reac t ion  and b ind ing  is more  complex  
t h a n  the  format ion  of the  s imple ionic pai r  of qua te rna l  
agents  like DTC or acetylcholine.  

I t  is h igh ly  probable  t h a t  o ther  t ypes  of l inkage like 
hydrophobic ,  hyd rogen  bonds  or van  der  Waals  forces 
t ake  place a t  t he  m o m e n t  of funct ional  failure of the  
cholinergic t r a n s m e m b r a n e  sys t em caused by  con tac t  
wi th  Na ja  TX.  

Zusammen/assung. Die Abh~ngigkei t  der  b lockierenden 
Wi rkung  des Na ja tox ins  v o n d e r  T e m p e r a t u r  zeigt, dass 
es bet seiner E inwi rkung  auf das cholinergische Sys tem 
nicht  zur Bi ldung ether I o n e n b i n d u n g  kommt .  Die 

Akt iv ierungsenergie  tier b lockierenden Wirkung  des 
Na ja tox ins  war 3.4 kcal. tool. 
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M e m b r a n e  P o t e n t i a l  M e a s u r e m e n t  i n  M o u s e  S a l i v a r y  G l a n d  C e l l s  

Membrane  poten t ia l s  in acinar cells have  been measured  
in a n u m b e r  of d i f fe rent  sa l ivary  glands f rom dif ferent  
species 1. I t  has  general ly  been found t h a t  t he  res t ing  mem-  
brane  po ten t i a l  (RP) is abou t  -20  to -30 m V  and t h a t  
s t imula t ion  of the  p a r a s y m p a t h e t i c  or s y m p a t h e t i c  ner- 
ves to the  gIand causes a hyperpolar iza t ion .  This s t imula-  
t ion- induced  m e m b r a n e  po ten t i a l  change has been  n a m e d  
the  secre tory  po ten t i a l  2. The m e c h a n i s m  under ly ing  the  
secre tory  po ten t i a l  has  no t  been fully e lucidated bu t  
d i f fe ren t  hypo theses  have  been proposed2-4.  Since mem-  
brane  po ten t i a l s  have  no t  previous ly  been measured  in 
mouse  sa l ivary  glands,  th is  was a t t e m p t e d  as a m a t t e r  of 
routine,  bu t  since the  results  were surpr is ing and  il lumi- 
na te  some new aspects  of sa l ivary  gland e lec t rophysiology 
t h e y  are repor ted  here. 

Methods. The submaxi l l a ry  or the  paro t id  gland f rom 
young  female mice was quickly r emoved  af ter  killing the  
animals  and p a r t  of the  gland was m o u n t e d  in a pe r spex  
t issue b a t h  t h rough  which  a Krebs -Hense le i t  solut ion 
(37~ oxygenated)  was p u m p e d  at  a cons t an t  rate,  as 
previous ly  descr ibed for pancrea t ic  p repara t ions  5. Mem- 
brane  po ten t i a l s  were measured  according to  me tho d s  
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Fig. 1. Membrane potential measurement i n mouse submaxiiiary gland. 
Downward deflections represent increased negativity of the micro- 
electrode. The sudden jump in potential seen in the left part of all 3 
tracings corresponds in time to the insertion of the micro-electrode 
into the acinus. The arrows denote additions of ACh to the tissue 
bath to obtain for a short period a maximum concentration of 10 -6 
g/m1 (5.5 • 10-6M). A and B were obtained during exposure of the 
gland to a normal Krebs-Henseleit solution while C was obtained 
during exposure to Strophanthin-G (10-~M)-containing solution. 
B and C are from the same preparation. 

descr ibed by  MATTHEWS 6 employ ing  high res is tance K- 
c i t ra te  filled micro-electrodes.  

Results. The res t ing  m e m b r a n e  po ten t ia l s  in the  mouse 
submaxi l l a ry  gland ranged widely  f rom -20 to -70 m V  
wi th  a m e a n  value of -47.0 m V  (n = 105). In  the  pa ro t id  
gland the  mean  value was -61.0 m V  (52-70 mV) (n = 20). 
The micro-e lec t rode  was always inser ted  into cells s i tua ted  
jus t  b en ea t h  the  exposed  surface of the  gland. Figure 1 
shows t rac ings  of typ ica l  m e m b r a n e  po ten t i a l  recordings  
f rom the  submaxi l l a ry  gland. I t  is seen t h a t  acetylchol ine  
(ACh) evoked b iphas ic  secre tory  potent ia ls .  Somet imes  
a rap id  shor t las t ing  hyperpo la r i za t ion  was followed by  a 
de layed longlast ing hyperpolar iza t ion .  At  o ther  t imes  a 
rap id  shor t las t ing  depolar iza t ion  was followed by  a de- 
layed longlast ing hyperpolar iza t ion .  W h e n  a t ropine  sul- 
pha t e  (1.4 • 10-6M) was added  to the  superfus ion fluid 
ACh failed to evoke any  change in t he  m e m b r a n e  po ten-  
tial.  In  Figure  2 tile dependence  of the  ampl i tude  and po- 
Iari ty of the  two phases  of the  secre tory  po ten t i a l  on the  
level of the  res t ing  m e m b r a n e  po ten t i a l  is shown. I t  is seen 
t h a t  the  reversal  po ten t i a l  for t he  rap id  phase  of the  secre- 
t o ry  po ten t i a l  was abou t  -50  mV. Dur ing  superfus ion 
wi th  a S t r o p h a n t h i n - G  (10-aM)-containing solut ion 
ACh always evoked monophas ic  hyperpola r iz ing  secre- 
tory  po ten t ia l s  of a re la t ively  shor t  du ra t ion  (Figure 1). 
The mean value of the  res t ing  m e m b r a n e  po ten t i a l  
(15-60 min  af ter  s t a r t  of exposure  to the  drug) was -33.2 
mV which  was s ignif icant ly  (P  < 0.05) lower t han  the  
res t ing  m e m b r a n e  po ten t i a l  in the  contro l  per iods  of the  
same exper iments .  

Discussion. The very  wide range of the  magn i tude  of the  
res t ing  m e m b r a n e  po ten t ia l s  in t he  mouse  submaxi l l a ry  
gland is surpr is ing b u t  corresponds  to a ve ry  recent  f inding 
in the  ca t  submaxi l l a ry  gland 7 The fac t  t h a t  only cells 
ve ry  near  to  the  surface were s tudied  makes  it h ighly  un- 
l ikely t h a t  s t r i a ted  duc t  cells have  been  impaled.  The se- 
c re tory  po ten t ia l s  ob ta ined  were s imilar  to those  seen in 
the  acinar  cells f rom the  ra t  subrriaxil lary gland s. I t  seems 
very  likely, therefore ,  t h a t  t he  ma jo r i t y  of the  ceils im- 
paled were  acinar,  a l though  h igh  res t ing  m e m b r a n e  po- 
ten t ia ls  in sal ivary glands have  previous ly  been associa ted 
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