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narko t i sche  W i r k u n g  des l e t z t e r e n  auf.  J e d o c h  k o m m t  
die bei  a l l e in iger  P y r i d o s t i g m i n g a b e  i n d u z i e r t e  psycho-  
motor i sche  E r r e g u n g  n i c h t  z u s t a n d e .  16-20 rain  n a c h  
der l n j e k t i o n  yon  P y r i d o s t i g m i n  is t  de r  H u n d  bere i t s  
v61lig waeh ,  w~thrend sons t  die z e n t r a l e  A d r e n a l i n n a r k o s e  
bei d ieser  D o s i e r u n g  2-2 ~,', h d a u e r t .  A b  um t  zu is t  
zwangsweises K o p f s c h i i t t e l n  zu b e o b a c h t e n ,  zu e inem 
Umher l au fen  k o m m t  cs n ich t .  

Eine  ghn l iche ,  die z e n t r a l e  A d r e n a l i n n a r k o s e  auf-  
hebende W i r k u n g  k o n n t e  fiir D - T u b o c u r a r i n  nacbge -  
wiesen w e r d e n  3. 

Wi r  n e h m e n  an,  dass  die b e o b a c h t e t e n  P h g n o m e n e  
tiber e ine  \ V i r k u n g  auf  d i e n c e p h a l i s c h e  Z e n t r e n  en t -  
s tehen (wofiir  die p a r a s y m p a t h i s c h e n  E r r e g u n g s z e i c h e n  
w~ihrend de r  P y r i d o s t i g m i n w i r k u n g  sp rechen)  u n d  d a b e i  
die Foige e iner  e n t s p r e c h e n d e n  S y n a p s e n h e m m u n g  bzw.  
- en t l adung  sind.  Es  w~tre h i e r  d e m  ~cen t ra l  i n h i b i t o r y  
state,) (SHERRIN~TON), wie er  beispielsweise  bei i n t r a -  
z is ternaler  A d r e n a l i n i n j e k t i o n  e n t s t e h t ,  ein <,central 
exci ta tory  state,~ e n t g e g e n z u s e t z e n .  Das  ganze  Bi ld  der  
zentra len P y r i d o s t i g m i n w i r k u n g  e r i n n e r t  s t a r k  a n  
p syehomoto r i s che  Er regungszus t~ tnde  b e i m  M e n s e h e n ,  
wie sie i m  A b l a u f  a n d e r w e i t i g e r  E r k r a n k u n g e n  vor -  
kommen,  z u m  Beisp ie l  bei  Epi leps ie ,  a g i t i e r t e r  Sch izo-  
phrenie usw.  I n  de r  T a t  lgss t  s ich in U m k e h r u n g  uns e r e s  
Modet lversuches  de r  k a t a t o n e  S t u p o r  bei  s c h i z o p h r e n e n  
Kranken  d u r c h  i n t r a v e n t r i k u l / i r e  l n j e k t i o n  yon  Cho l in  
esterase u n t e r b r e c h e n  ~. 

H .  R E I T T E R  

Chirurgische Klinik  der Medizinischen ,'lkademie 
D£~sehtor/, den 5. Februar 19,57. 

Summary  

By i n j e c t i o n  of c h o l i n e s t e r a s e - i n h i b i t o r  a n d  vago-  
tonic p y r i d o s t i g m i n e  i n t o  t he  cisterna cerebelh>rneduttaris 
in dogs, i t  is poss ib le  to  evoke  a s t a t e  of p s y c h o m o t o r i c  
exc i tement  r e s e m b l i n g  t h a t  seen in  va r i ous  h u m a n  
diseases. On  t he  o t h e r  h a n d ,  i n t r a c i s t e r n a l l y  i n j e c t e d  
epinephrine  ( cen t ra l  anes thes i a )  a n d  p y r i d o s t i g m i n e  
each i n h i b i t  t he  o t h e r ' s  ac t ion .  

3 "~V. FELDBERG, Dtseh.  reed.  \Vschr.  1954, 1885; P h a r m a c o l .  P, ev 
~/, 85 (1954). - W. FELl)BERG n n d  S. L. SHERV¢OOD, J .  Physiol ,  120, 
a, 12 (197)3); 12.3, 148 (195,1); 125, .188 (195.1). - H .  REITTER, An-  
aesthcsist 6, 131 I1957). 

S. L. SHERWOOD, Bra in  75, 68 (1952). 

M e m b r a n e  P o t e n t i a l  o f  a R a n v i e r  N o d e  
M e a s u r e d  Af t er  E l e c t r i c a l  D e s t r u c t i o n  of i t s  

M e m b r a n e  t 

In the  l a s t  few years ,  m e t h o d s  h a v e  been  d e v e l o p e d  to 
measure t h e  a b s o l u t e  v a l u e  of m e m b r a n e  p o t e n t i a l  
changes p r o d u c e d  b y  t r e a t i n g  n e r v e  f ibre  b u n d l e s  or  
single R a n v i e r  n o d e s  w i t h  s o l u t i o n s  of v a r i a b l e  ionic con-  
centrat ion 2. T h e s e  m e t h o d s  a n d  t h e  m o r e  a c c u r a t e  

1 S u p p o r t e d  b y  g r a n t s  f rom the  Swiss N a t i o n a l  F o u n d a t i o n  for  
Scientific Research .  

2 R. STXMVV'L L Exper .  10, 508 (1954). R. STRAUB, H e i r .  
physiol. A c t a  14, I (1956), - R.  STR~teFLI a n d  K. NISHIE, H e i r .  
physiol. A c t a  14, 93 (1956). R. STk~tPFL1, J .  Phy~'iol. (Par is)  48, 
;10 (1956), 

a A. F. HUXLEY a n d  R. STAMPFLI, J .  Phys io l .  112, 496 (1951). 

c o m p e n s a t i n g  m e t h o d  used b y  HUXLI,;Y a n d  STAMPFLI a 
h a d  t h e  d i s a d v a n t a g e  t h a t  zero m e m b r a n e  p o t e n t i a l  
cou ld  n o t  be  d e t e r m i n e d  e x c e p t  b y  t he  a s s u m p t i o n  t h a t  
i so ton i c  KCI so lu t i ons  depo la r i ze  t he  m e m b r a n e  c o m -  
p le te ly .  T h u s  all t he se  m e t h o d s ,  us ing  e x t e r m d  e l e c t r o d e s  
as  c o m p a r e d  w i t h  i n t r a c e l l u l a r  m i c r o p i p e t t e - m e a s u r e -  
m e n t s ,  h a d  t h e  d i s a d v a n t a g e  of g iv ing  r e l a t iw '  wt lues  
i n s t e a d  of a b s o l u t e  ones.  T h e  newly  deve loped  m e t h o d  
of t h e  ( (c i rculated node)) 4 has,  howeve r ,  g iven  a new 
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Fig.  1.--  ] ; xample  [~f e lec t r ica l  b r e a k d o w n  of m e m b r a n e  po ten t i a l  b y  
a s h o r t  a p p l i c a t i o n  of l0  V DC to  the  R a n v i e r  node  mltler  inves t iga-  
t ion.  The  node h a d  p rev ious ly  been  used to d e t e r m i n e  the  equili-  
br i ton po ten t i a l  for .lO a n d  IGO ii1~I KCI. Not ice  t h a t  m e m b r a n e  
po t en t i a l  zero is on ly  r eached  a f t e r  a c e r t a i n  t ime which  m a y  be 
exp l a ined  b y  a j u n c t i o n  p o t e n t i a l  b e t w e e n  a x o p l a s m  a n d  ex t e rna l  
f luid which  d i s appea r s  r a p i d l y  a f t e r  r e m o v a l  of n w m b r m w .  The 
snlaI1 r e c t a n g u l a r  dev ia t ion  a f  the base  line be tween  the two in- 
creases  of e x t e r n a l  KCI c o n c e n t r a t i o n  (1,9 m V  d o w n w a r d s )  is due  to 
the  app l i ca t ion  of --  l(I inV ill the  c u r r e n t  feeding device,  h a v i n g  a n  
external resistance of 70 Megohms.  The current f lowing d u r i n g  this 
t ime  was  m e a s u r e d  wi th  0"6 x I0 -1°  A. The  res is tance  of the  noda l  
m e m b r a n e  was  there fore  1.9 x t o - a : 0 - 6  .< 10 -10 = ca.  31-5 Meg- 
o h m s .  The  i n k - w r i t e r  was  no t  comple t e ly  aper iod iea t ty  dampaM 
w h i c h  exp la ins  the  osci l la t ions  a f t e r  s t r o n g  po ten t i a l  chal ices .  (Ex-  
p e r i m e n t  No. 81 ; F e b r u a r y  8, 1957;  single m o t o r  I ibre Ra~la esculenta 

9 eo'~c-) 

poss ib i l i ty  of m e a s u r i n g  t he  a b s o l u t e  va lue  of the  i nem-  
b r a n e  p o t e n t i a l  (despi te  e x t e r n a l  e lec t rodes)  b y  d e s t r o y -  
ing e lec t r ica l ly  t he  m e m b r a n e  of t h e  c i r c u l a t e d  node  a t  
t he  end  of an e x p e r i m e n t .  W e  h a d  in fac t  c o n f i r m e d  t h e  
o b s e r v a t i o n  of igRANKENHAEUSER a n d  WII)D'~N 5, s h o w i n g  
t h a t  a n o d e  b r e a k  e x c i t a t i o n  in m y e l i n a t e d  n e r v e  c a n  he  
e l ic i ted  b y  s t r o n g  pos i t i ve  pulses .  W e  were  ab le  to  show 6 
t h a t  such  pulses  p roduce  a b r e a k d o w n  of m e m b r a n e  
r e s i s t a n c e  a n d  po t en t i a l ,  if t h e y  inc rease  t h e  m e m b r a n e  
p o t e n t i a l  b y  70 to  110 mV,  w h i c h  c o r r e s p o n d s  to a 

4 R. STAMPFLL J .  Physiol .  (Parih)  4 8 , 7 1 0  (1956). 
5 B. I;RANKENIIAEL'SER a n d  L. W[DkN, J .  Phys io l .  131, 243 

(1956). 
6 R. ST){MPI~LI al td G. l~.uDOl.Plt (in p r epa ra t i on ) .  
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vo l tage  g r a d i e n t  of a p p r o x i m a t e l y  hal f  a mil l ion vol ts /era  
across  the  m e m b r a n e .  If  on ly  one  s h o r t  pulse  is given,  
t he  m e m b r a n e  recovers  i m m e d i a t e l y  a f t e r  t he  b reak-  
d o w n  like an e lec t ro ly t i c  condense r ,  i f  v e r y  s t r o n g  
pos i t ive  pulses  of t h e  o rde r  of 10 V are appl ied ,  t h e  
m e m b r a n e  is d e s t r o y e d  i r revers ib ly .  This  is p r o v e d  b y  
t h e  s u d d e n  a p p e a r a n c e  of a m e m b r a n e  p o t e n t i a l  dif- 
ference  of 40 to  60 m V  ( t rea ted  node  nega t ive)  b e t w e e n  
the  d e s t r o y e d  node  and  i ts  n e i g h b o u r i n g  ones a n d  by  t h e  
imposs ib i l i t y  of polar iz ing  th is  node  b y  feeding  pos i t ive  
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Fig. 2.--Ordinate: inside potential in mV; Abscissa: External K- 
concentration (K substituted for Na). Curve without points: Rela- 
tion between membrane potential and log [K]e as determined by 
HUXLEY and STAMFFLI 3 with their compensating method. Curve 
with black points: Average membrane potential values corrected 
for short-circuiting factor determined by the 'circulated node" 
technique after electrical breakdown of membrane and assumption 
of an average membrane potential of --67 mV {according to 8, 
Figure ~/LVertieal lines: Statistic error of mean. Number of experi- 
ments: 6 for all concentrations, except 11 for 20 mM KCI mid 12 for 

40 mM KCI. 
160 m.~'I KCI was used instead of isotonic KCI in our experiments. 
The curves, nevertheless, cross exactly the zero membrane potential 
level at an external K-concentration corresponding to the one of 
isotonic KCI (117 raM). The straight line corresponds to a slope of 
58 mV per ten-fold concentration change. For explanation of slight 

difference between the two curves see text. 

c u r r e n t  in to  it. VVe t a k e  th is  as ev idence  of c o m p l e t e  
r emova l  of t h e  noda l  m e m b r a n e  by  e lect r ical  b r e a k d o w n .  
As seen in F igure  1, t h e  new p o t e n t i a l  equ i l ib r ium is 
only  r eached  a f t e r  severa l  seconds .  We  suppose  t h a t  th i s  
is due to  t he  d i s a p p e a r a n c e  of a j u n c t i o n  p o t e n t i a l  be-  
tween  the  a x o p l a s m  and  the  ex t e rna l  fluid. If  t he  m e m -  
b rane  has  in fact  been  des t royed ,  t he  s h a r p  l imit  of con-  
c e n t r a t i o n  di f ference  b e t w e e n  t h e  two fluids will r ap id ly  
vanish .  The  res idual  po t en t i a l s  obse rved  in th is  w a y  im-  
m e d i a t e l y  a f t e r  m e m b r a n e  b r e a k d o w n  are of t he  o rde r  
of 10 mV or less, wh ich  c o r r e s p o n d s  to  t h e  e s t i m a t e d  
va lue  ~. 

I f  t he  m e m b r a n e  po t en t i a l  of t h e  t r e a t e d  node  
ac tua l ly  d rops  to  zero a f t e r  electr ical  b r e a k d o w n ,  t he  

7 A. F. HUXLEY and R. STAMPI*'LI, J. Physiol. 112, 490 (1951). 

t rue  value of a n y  depo la r i za t ion  dur ing  the  preceding 
e x p e r i m e n t  can  be ca lcu la ted  b y  a s suming  t h a t  the 
me a s u r e d  b r e a k d o w n  p a t e n t i a l  ~Vm]ob.~erved = K [V~q~]tru,. 
where  K is the  shor t - c i r cu i t ing  factor .  [V*~]true accord- 
ing to  HI:XLEV and  SYAMPFLI a (Fig. 3) has  a.n average 
va lue  of -- 67 inV. The  abso lu t e  values  of depolar izat ions  
p r o d u c e d  by  var ious  K - c o n c e n t r a t i o n s  can t h e n  be ob- 
t a ined  b y  d iv id ing  the  m e a s u r e d  p o t e n t i a l s  by  the 
ca lcu la ted  shor t - c i r cu i t ing  factor .  If  t he  a s s u m p t i o n s  of 
an average  m e m b r a n e  po ten t i a l  of - -67  mV and  a zero 
b r e a k d o w n  p o t e n t i a l  hold,  t he  ave rage  values  of ab- 
solute  m e m b r a n e  p o t e n t i a l  shou ld  fall on the  curve  for 
m e m b r a n e  po t en t i a l  p l o t t e d  aga ins t  log [K]e, published 
b y  HUXLEY and  STAMPFLI a. AS seen in F igure  2, the 
po in t s  fit the  original  cu rve  qu i t e  well. The  difference 
b e t w e e n  the  two  curves  is due  to  the  fac t  t h a t  currents  
f lowing a long t h e  i n t e r n o d e s  in t h e  t w o  a i r -gaps  are not 
c o m p e n s a t e d  wi th  t he  new m e t h o d .  This  would  slightly 
r educe  the  depo la r i za t ions  caused  by  m e d i u m  (K]e or the 
po la r i za t ion  caused  by  K-f ree  R i n g e r  as is ac tua l ly  seen 
in F igure  2. At  h igh  EK]e however ,  t he  m e m b r a n e  con- 
d u c t i v i t y  becomes  high enough  to p r e v e n t  t he  influence 
of i n w a r d  c u r r e n t  f rom a d j a c e n t  regions.  This new 
p rocedure  of d e s t r o y i n g  the  m e m b r a n e  by  a strong 
pos i t ive  pulse  gives the re fore  cor rec t  va lues  if the  new 
equ i l ib r ium af te r  electr ical  b r e a k d o w n  is t a k e n  as zero. 
This  increases ,  a t  least  for m y e l i n a t e d  fibre investiga- 
t ions,  t he  a d v a n t a g e s  of m e t h o d s  wi th  e x t e r n a l  electrodes. 
A t t e m p t s  are  m a d e  to  measu re  t h e  t o t a l  membrane 
p o t e n t i a l  w i t h o u t  co r rec t ion  for  t h e  short-circui t ing 
fac tor  by  c o m b i n i n g  the  m e t h o d  of t h e  ' c i r cu la t ed  node' 
wi th  the  ' sucrose  gap '  t e chn ique ,  wh ich  br ings  t he  short- 
c i rcui t ing  fac tor  ve ry  nea r ly  to  uni ty .  

R. STAMPFLI and  M. WILl.: 

Physiological Institute o/ the Saar-University,  Honz- 
burg-Saar, March 72, 1957. 

Zusammen[assung 

Mit Hilfe s t a r k e r  pos i t ive r  I mp u l s e  ist  es m6glich,  dural: 
e l ek t r i schen  Durchsch l ag  die e r r egbare  M e m b r a n  eines 
e inzelnen bespi i l ten  R a n v i e r - K n o t e n s  vol ls t~ndig  z, 
zers t6ren und  das M e m b r a n p o t e n t i a l  zu nul l  zu machen. 
Auf  diese Weise  ist es mOglich, s u c h  mi t  Aussenelektr0- 
den  A n h a l t s p u n k t e  fiber die abso lu te  Gr6sse des Mem- 
b r a n p o t e n t i a l s  zu e r h a l t e n  u n d  den Kurzschlussfakt0r 
zu be rechnen ,  falls der  L~ingswiders tand  zwischen den 
A b l e i t e l e k t r o d e n  n ich t  ohneh in  so hoch ist, dass der 
K u r z s c h l u s s f a k t o r  p r a k t i s c h  gleich eins ist  und  die ab- 
so lu ten  %'er te  d i r ek t  gemessen  w e r d e n  k6nnen.  

P R O  L A B O R A T O R I O  

t~ber e ine  e in fache  r u s s k y m o g r a p h i s c h e  
M e t h o d e  z u r  f o r t l a u f e n d e n  B l u t d r u c k m e s s u n g  

an Mi iusen  u n d  Rat t en  

Ffir  viele p h a r m a k o l o g i s c h e  U n t e r s u c h u n g e n  ist cs 
wi inschenswer t ,  dell  m i t t l e r en  B l u t d r u c k  fiber Hingem 
Zeit kon t inu ie r l i ch  zu verfolgen.  Da  ffir die kleinen 
L a b o r a t o r i u m s t i e r e  eine t e c h n i s c h  e infache  und  weni~ 
kostspie l ige  Me t h o d e  n ich t  vorl iegt ,  v e r s u c h t e n  wir, m:t 


