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ionens t rom yon  3.10 - s  Mol je  m/s  durch  s / imt l iche End-  
p l a t t en  e iner  E x t r e m i t $ t  zu e rwar t en .  ~ r e n n  wir  ein 
Dr i t t e l  dieses I o n e n s t r o m e s  d e m  K a l i u m  zuordnen  und  
ber i icks icht igen,  dass die D a u e r  der  E n d p l a t t e n d e p o l a r i -  
sa t ion  nach  in t raa r te r ie l l e r  I n j e k t i o n  von  25 bis 50 #g 
ACh a m  Musculus  gracil is  der  Ka t ze  mehrere  Sekunden  
betr /~gt ' ,  so l iegt  der  da rau fh in  zu e rwa r t ende  K a l i u m -  
aus t r i t t  in der  Gr6ssenordnung  von  10 -4 bis 10 -~ Mol 
und  s t i m m t  m i t  der  yon uns a m  dene rv i e r t en  Muskel  ex-  
pe r imen te l l  b e s t i m m t e n  Ka l i umf re i s e t zung  gu t  i iberein.  
Die  we i t gehend  l ineare  Abh/~ngigkeit  de r  K a l i u m a u s -  
sch i i t t ung  yon  der  ACh-Dosis  a m  inne rv ie r t en  Muskei  
m b c h t e n  wir  vorl / iuf ig d a m i t  erkl~iren, dass die Diffusion 
yon  ACh aus d e m  Ex t r aze l lu l a r f lu id  in den R a u m  zwi- 
schen den t e r m i n a l e n  N e r v e n d i g u n g e n  und der  E n d -  
p l a t t e n m e m b r a n  als l imi t i e render  Vorgang  fiir Konzen -  
t r a t i onsh6he  und  Verwe i ldaue r  des ACh an der  E n d -  
p l a t t e  in E r s c h e i n u n g  t r i t t .  I n  g le ichem Sinne wt i rde  
aneh  die we i taus  gr6ssere E m p f i n d l i c h k e i t  sowie der  
exponen t i e l l  ank l ingende  und  e inem S~tt t igungswert  zu- 
s t rebende  Ver lauf  der  K a l i u m a u s s c h i i t t u n g  in Abhi ingig-  
kei t  yon  der  ACh-Dosis  a m  dene rv i e r t en  Muskel  ffir 
e inen Wegfa l l  dieses Di f fus ionsvorganges  du t ch  De-  
gene ra t ion  der  neura len  Ante i le  der  E n d p l a t t e n k a m m e r  
sprechen.  
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Summary  

B o t h  h ind  l imbs of cats  (one be ing  n o r m a l l y  inner-  
va ted ,  t he  o the r  8-12 days  a f te r  dene rva t ion )  were 
per fused  and  the  quan t i t i e s  o f  p o t a s s i u m  l ibe ra ted  f rom 
the  two  l imbs in response  to  in t r aa r t e r i a l  in jec t ions  of 
v a r y i n g  a m o u n t s  of  ace ty lcho l ine  were  c o m p a r e d  by  
co l lec t ing  the  venous  ou t f low f rom b o t h  sides sepa ra t e ly  ; 
cons iderab ly  larger  quan t i t i e s  of p o t a s s i u m  were  found 
to  be l ibe ra ted  f rom the  d e n e r v a t e d  t h a n  f rom the  inner-  
v a t e d  muscle  a f te r  equa l  doses of A C H ;  the  th resho ld  
dose of A C H  for e l ic i t ing a measurab le  l ibe ra t ion  of 
p o t a s s i u m  being  m u c h  lower  on t h e  d e n e r v a t e d  side. 
The  dose response  re la t ion  be tween  "injected A C H  and  
pota .ss ium-l ibera t ion is of a d i f fe ren t  n a t u r e  for  inner-  
v a t e d  and d e n e r v a t e d  muscle.  The  resul ts  o b t a i n e d  are  
c o m p a t i b l e  wi th  e x p e c t a t i o n s  der ived  f rom the  " s h o r t  
c i rcu i t  t h e o r y "  of the  t r a n s m i t t e r  ac t ion  on the  neuro-  
muscu l a r  endp l a t e  (FATT and KATZ). The  reasons of the  
di f ference in the  dose re la t ions  for the  i n n e r v a t e d  and  
d e n e r v a t e d  muscle  are  discussed.  

1 B. D. BURNS und W. D. M. PATON, J. Physiol. 115, 41 (1951). 

M e a s u r e m e n t  o f  t h e  P o t e n t i a l  D i f f e r e n c e  A c r o s s  
t h e  C o n n e c t i v e  T i s s u e  S h e a t h  of  F r o g  S c i a t i c  

N e r v e  

There  is ev idence  t h a t  t he  connec t i ve  t issue shea th  of 
a ne rve  t r u n k  res t r ic ts  t he  passage of ions (e.g.X). The  
a i m  of t h e  p re sen t  w o r k  was to  find ou t  whe the r  t he  
shea th  resembled  o t h e r  m e m b r a n e s  such  as t he  frog skin  2 
in ye t  a n o t h e r  respect ,  in the i r  ab i l i ty  to  bui ld  up a 
po t en t i a l  difference by  the  ope ra t ion  of an ac t ive  ion 
" p u m p " .  

1 K. KRnjEVlC, J.  Physiol. 12G 338 (1954). - A. M. S~IANES, J. 
Cell. Comp. Physiol. 43, 87 (1954); 99 (1954). 

H. H. USSIN6 and K. ZGRAItN, Acta Physiol. Stand. 23, I10 
(195I), 

The  longes t  u n b r a n c h e d  pa r t  of t he  frog sc ia t ic  was 
used. A s imple  w a y  of  o b t a i n i n g  a shea th  in i ts  n o r m a l  
posi t ion was to  d r a w  the  f ibers ou t  of  the  ne rve  aga ins t  
each o ther  f rom e i ther  end  un t i l  t he  shea th  was lef t  free. 
The  shea th  was t h e n  t ied a t  one end to  a smal l  glass 
funnel  t h rough  which a 3 M KC1 mic roe lec t rode  could  be 
in t roduced,  and  a t  t he  o the r  e n d  to  a po lye thy l ene  tube,  
so t h a t  solut ions inside t he  shea th  could  be r ap id ly  
changed.  I t  was p laced  ve r t i ca l l y  in t he  b a t h  as shown 
in the  f igure wi th  a l aye r  of pa ra f f in  oil  cove r ing  each  
binding,  to  p r e v e n t  possible  shor t  c i rcui t ing .  The  po-  
t en t i a l  inside this  " s a u s a g e "  was m e a s u r e d  aga ins t  an  
indi f fe ren t  e lect rode in the  ba th .  " I n s i d e - o u t "  p repa ra -  
t ions were ob ta ined  by  d r a w i n g  the  shea th  back  ove r  
t he  ne rveL  

# 

J 

Arrangement  for measuring sheath potential. 1 Nerve shea th ;  
2 Ringer ba th ;  3 Paraffin oil; 4 Cossor DC Amplifier. Inset :  

Arrangement  IoI measuring sheath resistance. 

To measure  t he  e lect r ica l  resistance the  shea th  was 
d rawn  ove r  a po lye thy lene  tube  with  a long i tud ina l  slit  
(F igure  inset) .  A square  w a v e  of cons t an t  cu r r en t  was 
appl ied  be tween  the  inside of the  po lye thy lene  t u b e  and  
the  R inge r  ba th .  A 3M KC1 microe tec t rode  was  inse r t ed  
in to  the  " s a u s a g e "  in order  to measure  t he  vo l t age  changes  
p roduced  by  cu r ren t  flow. Cable equa t ions  were  used 
to  ca lcu la te  the  res is tance of the  shea th  2 (case 1), 

W i t h  R inge r  solut ion on e i ther  side, t he  p o t e n t i a l  
d i f ference across the  sheath  had  va lues  of a few mV,  n o t  
exceed ing  a l imi t  of 10 inV. (Outside was n e g a t i v e  to  
inside when  " r i g h t  side o u t "  and  inside n e g a t i v e  t o  
ou t s ide  w h e n  " ins ide  out" . )  The  absence of a n y  cons id-  
e rab le  po ten t i a l  difference migh t  be due to  d a m a g e  clone 
to  the  shea th  dur ing  dissection.  Therefore ,  w i th  th ree  
" sausages" ,  the  e lectr ical  res is tance of the  s h e a t h  was 
measu red  and  found to be of the  o rder  of 500 f2cm 2. The  
space cons t an t  (distance f rom leading- in  e l ec t rode  a t  
which ampl i t ude  of po ten t i a l  change  drops  by  a fac to r  e) 
had  va lues  be tween  2 and 3 ram. Th i s  resu l t  r ough ly  
cor responds  to  e lectr ical  d a t a  o b t a i n e d  for  t he  shea th  
of intact frog nerve  3 (Fig. 6), sugges t ing  t h a t  no consid-  • 
e rable  d a m a g e  was done to  t he  s h e a t h  in t he  process  of 
r e m o v i n g  the  nerve  fibers, H o w e v e r ,  i t  also follows t h a t  
any  " p u m p "  displacing ne t  e lec t r ic  charge  across the  

1 F. CRESCITELLI and T. A. GEISSMAN, Amer. J.  Physiol. 164, 2, 
509 (1951). 

I S. ~VE1DMANN, J. Physiol. 118, 348 (195~). 
3 C. RASIIBASS and \V. A. H. RUSHTON, J. Physiol. I10, 110 

(1949). 
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s h e a t h  wou ld  be s h o r t - c i r c u i t e d  b y  a r a t h e r  low leak  
r e s i s t ance  (500 D c m  2 as  a g a i n s t  2000,0.cm~ in f r o g s k i n ) .  
There fore ,  whi le  i t  s eems  of i n t e r e s t  to  r e p o r t  t he  abs ence  
of a n y  la rge  p o t e n t i a l  d i f ference ,  i t  wou ld  no t  be  per-  
miss ib le  to  dec ide  for  or a g a i n s t  an  ion " p u m p " .  

The present work was carried out during the tenure of a National 
Science Foundation fellowship. My gratitude is due to Prof. A. YON 
MUR.SLT for hospitality and generous loan of equipment. I also wish 
to thank Prof. R. STK~*eH.~ and Dr. S. WEIDMANN for advice and 
criticism. 

M. NICELY 
Halleriauum, Berne, January 27, 1955. 

Zusammen[assung 

An der  b i n d c g c w c b i g e n  Hfil le des  F rosch i~ch iad icus  
( E p i n e u r i u m  plus  P c r i n c u r i u m )  k o n n t e  ke ine  n e n n e n s -  
w e r t e  P o t e n t i a l d i f l e r e n z  ( <  10 mV) g e f u n d e n  w ( r d c n .  

~ber  einen Bahnungseffekt  bei sukzessiver 
Einwirkung von vestibul~iren und optokinetischen 

Reizen 

B e k a n n t l i c h  kOnnen  ves t i bu l / i r e r  u n d  o p t o k i n e t i s c h e r  
N y s t a g m u s  i n t e r f e r i e r e n  u n d  - bei  R i c h t u n g s v e r s c h i e -  
d e n h e i t  - e i n a n d e r  k o m p l e t t  aus I6schen  ~. D a b e i  h a n d e l t  
es s ich ke ineswegs  u m  eine e in fache  m e c h a n i s c h e  Super -  
pos i t i on  de r  N y s t a g m u s p h a s e n ,  s o n d e r n  u m  eine in te -  
g r a t i v e  V e r a r b e i t u n g  de r  aus  d e n  b e i d e n  S i n n e s s y s t e m e n  
e i n s t r O m e n d e n  E r r e g u n g e n .  Diese  T a t s a c h e  b i l d e t  e ine  
w e s e n t l i c h e  S t i i t ze  ftir die A n n a h m e ,  da s s  be ide  N y s t a g -  
m u s f o r m e n  ein  g e m e i n s a m e s  K o o r d i n a t i o n s z e n t r u m  be-  
s i tzen .  Die  bei  aus sch l i e s s l i che r  V e r w e n d u n g  v o n  Simul-  
t a n r e i z e n  b e o b a c h t e t e n  E f f ek t e  l eg ten  es nahe ,  die Ver-  
h / i l tn i sse  bei  S u k z e s s i v r e i z u n g  zu u n t e r s u c h e n .  

Bei  9 j u n g e n  K a n i n c h e n  (0,4-O,9 kg) w u r d e n  die 
A u g e n b e w e g u n g e n  e l e k t r o n y s t a g m o g r a p h i s c h  aufge-  
n o m m e n .  Das  waehe ,  n u r  m i t  e i n e m  K o p f h a l t e r  f ix ie r te  
T ie r  sass  in n a t f i r l i c h e r  H a l t u n g  a u f  e ine r  kuge lge lage r -  
t en  u n d  m i t  g rossen  M a s s e n  b e l a s t e t e n  D r e h s c h e i b e ,  de r  
d u r c h  eine T o r s i o n s f e d e r  e ine  k o n s t a n t e  YVinkelbe- 
s c h l e u n i g u n g  e r t e i l t  w e r d e n  k o n n t e .  G le i chze i t i g  b e f a n d  
sich das  Tie r  im I n n e r e n  e ines  D r e h z y l i n d e r s ,  de r  e in  
R e i z m u s t e r  yon  s chwarz - w e i s s en  s e n k r e c h t e n  S t r e i f en  
(Bre i te  11 °) t r u g  u n d  d u r c h  e inen  K y m o g r a p h i o n m o t o r  
m i t  v a r i a b l e r  G e s c h w i n d i g k e i t  i m  oder  gegen  den  U h r -  
ze igers inn  r o t i e r t  w e r d e n  k o n n t e .  Auf  G r u n d  yon  Vor -  
v e r s u c h e n  w u r d e  als v e s t i b u l S r e r  Reiz  e ine  \Vinke l -  
b e s c h l e u n i g u n g  yon  11°/s 'a u n d  8 s Daue r ,  fiir den  op to-  
k i n e t i s c h e n  Reiz  e ine S t r e i f e n g e s c h w i n d i g k e i t  y o n  10°/s 
gew~thlt. Die V e r s u c h e  w u r d e n  im v e r d u n k e l t e n  R a u m  
d u r c h g e f i i h r t ,  so dass  die ve s t i bu l / i r e  R e i z u n g  u n t e r  
k o m p l e t t e r  A u s s c h a l t u n g  a l le r  o p t i s c h e r  t~eize gese t z t  
w e r d e n  k o n n t e ,  w g h r e n d  die fo lgende  o p t o k i n e t i s c h e  
R e i z u n g  d u r c h  g le ichze i t ige  E i n s c h a l t u n g  yon  I n n e n -  
b e l e u c h t u n g  und  M o t o r  des  D r e h z y l i n d e r s  b e g o n n e n  
wurde .  Beg inn  und  E n d e  de r  b e i d e n  1Reize w u r d e n  in d e n  
A u f n a h m e n  m a r k i e r t .  Die R e g i s t r i e r u n g  de r  E l e k t r o n y -  
s t a g m o g r a m m e  er fo lg te  in a n a l o g e r  \ ¥e i se  wie in fr i ihe-  
t en  V e r s u c h e n  be im M e e r s c h w e i n c h e n  2. 

De r  o p t o k i n e t i s e h e  N y s t a g m u s  wi rd  b e i m  K a n i n c h e n  
d u r c h  s t i l l s t e h e n d e  K o n t r a s t e  im Ges i ch t s f e ld  st /~rker 
g e h e m m t  u n d  ist  d a h e r  schwie r ige r  a u s z u l 6 s e n  als b e i m  

1 E. Ht:~zL~(;.~ nnd P. vAN I}ER MI~CL~.:.V, Ann. Otol. a0, 9~7 
(lf151). 

2 It. BORNSCnE~" und G. SCHtn~EIaT, Z, Biol. 107, 95 (1951). 

M e n s c h e n  ('rER BRAAKI). Wie  A b b i l d u n g  A zeigt ,  en t -  
wicke l te  c r  s ich a u c h  u n t e r  d e n  v o r l i e g e n d e n  Versuchs -  
b e d i n g u n g e n  n u r  al lm~thlich,  wobe i  e r s t  n a c h  m i n u t e n -  
l a n g e r  R e i z u n g  e in  s ta t iong . re r  Z u s t a n d  e r r e i c h t  wurde .  
H i n g e g e n  k a m  es n a c h  e ine r  k u r z e n  D r e h b e s c h l e u n i -  
gung ,  die e inen  k u r z d a u e r n d e n  vest ibul~iren N y s t a g m u s  
c rzeugte ,  zu e ine r  s c h l a g a r t i g e n  E n t w i c k l u n g  der  op to-  
k i n e t i s c h e n  R e a k t i o n  (Abb.  B).  Von b e s o n d e r e r  Be-  
d e u t u n g  is t  d a b e i  die T a t s a c h e ,  dass  d iese r  Bahnung. , : -  
e f fek t  v o m  1~ i c h t u n g s v e r h ~ l t n i s  de r  b e i d e n  Sukzess iv re ize  
p r inz ip ie l l  u n a b h / i n g i g  w a r  u n d  a u c h  n o c h  bei  Reiz-  
h l t e r v a l l e n  yon  5 s rege lmgss ig  a u f t r a t .  Dieser  wesen t -  
l iche U n t e r s c h i e d  gegen i ibe r  den  b e k a n n t e n  i n t e r f e r e n z -  
e f f ek t en  bei  S i m u l t a n r e i z u n g  k o n n t e  d u r c h  B e o b a c h t u n -  
gen  bei  o p t o k i n e t i s c h e r  D a u e r r e i z u n g  u n d  f ibe r l age r t e r  
k u r z e r  D r e h b e w e g u n g  bes t / i t i g t  w e r d e n :  T r o t z  kom-  
p l exe r  t 3 e d i n g u n g e n  u n d  d e m e n t s p r e c h e n d e r  Ver sch ie -  
d e n h e i t  de r  I n t e r f c r e n z b i l d e r  r e su l t i e r t e  als  i i b e r d a u e r n -  
t ier  E f f e k t  n i ema l s  e ine  A b s c h w / t c h u n g ,  h / iuf ig  a b e r  e ine  
Vers t /~rkung  de r  o p t o k i n e t i s c h e n  R e a k t i o n .  D a  de r  be-  
s c h r i e b e n e  B a h n u n g s e f f e k t  a u c h  n a c h  ve rh~ l tn i smXss ig  
l a n g e n  I n t e r v a l l e n  zwischen  den  b e i d e n  h e t e r o g e n e n  
Sukzes s iv re i zen  auszu l6sen  war ,  is t  die Be t e i l i gung  e ines  
Z w i s c h e n n e u r o n e n l a g e r s  a n z u n e h m e n ,  dessen  S y n a p s e n -  
r c i c h t u m  eine  e n t s p r e c h e n d e  P e r s i s t e n z  de r  A k t i v i t g t  
gewghr l e i s t e t .  I n  e r s t e r  L in ie  k o m m t  h ie r f i i r  das  y o n  
H. V¢. MAGOUN aus f f ih r l i ch  u n t e r s u c h t e  re t ikul f i rc  B a h -  
n u n g s s y s t e m  des H i r n s t a m m e s  in F r a g e  2. 
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Elektronystagmogramme (I-2aninchen). - A Optokinetische Reizung 
(Drehzylinder linksdrehcnd). - /30ptokinetisehe Reizung (wie bei 
,4) nach kurzer vestibul~rer Reizung (Reehtsdrehung), ReizintervalI 

etwa 1,5 s. C Vestibut~re Reizung (wie bei B). 

\ V e n n  a u c h  die u n t e r s u c h t e  R e i z s i t u a t i o n  (zei t l iche 
T r e n n u n g  yon v e s t i b u l ~ r e m  u n d  o p t o k i n e t i s c h e m  Reiz) 
in b io logb:cher  H i n s i c h t  e inen  h o h e n  G r a d  y o n  U n w a h r -  
s c h e i n l i c h k e i t  bes i t z t ,  so e r s c h e i n t  doch  der  nachgewie -  
sene  B a h n u n g s e f f e k t  s innvo l l .  D a  bei den  n i c h t  f ix ie ren-  
den  T i e r e n  de r  re in  s u b k o r t i k a l  g e s t e u e r t e  o p t o k i n e t i s c h e  
N y s t a g m u s  u n t e r  N o r m a l b e d i n g u n g e n  n u r  d u r c h  gleich-  
s inn ige  V e r s c h i e b u n g  de r  Ges i ch t s f eh t e r  ausge l6 s t  wird,  
wie  sic p r a k t i s c h  n u r  bei  d r e h e n d e n  E i g e n b e w e g u n g e n  
a u f t r i t t ,  b e s t e h t  in de r  b io log i schen  R e i z s i t u a t i o n  e ine  
zwangsl / iu  fige K o p p e l u n g  m i t  l a b y r i n t h g r e n  R e a k t i o n e n .  

1 j .  ~,.V.G. TV:R BRAAK, Arch. N(terl, Pilysiol. 21, 3o9 (1936). 
2 D. B. IAND,~LEV, Res. Publ. Ass. nerv .  ment .  Dis. ,70, 174 (1952). 


