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Insulinmobilisierung b e i m  H u n d  durch Scheinfiitterung mit  Glukose: 

Aus Unte r suchungen  an verschiedenen Spezies a-4 ist 
bekannt ,  dass der  Anst ieg  der  Insu l inkonzen t ra t ion  im 
per ipheren Venenb lu t  nach  peroraler  Glukoseverabfol-  
gung wesent l ich  grSsser ist, als be i  W a h l  des in t raven6sen  
Weges,  obwohl  n ich t  ann~ihernd so hohe  Blu tzuckerwer te  
e r re icht  werden.  Es  l iegt  nahe,  ffir diesen Unte rsch ied  
die insul inmobil is ierende Wi rkung  der  E n t e r o h o r m o n e  
wie Sekretin,  P a n k r e o z y m i n  oder  En te rog lukagon  als 
Ursache  zu be t r ach ten  5,s. Es  ist  noch n ich t  sicher, ob 
die physiologischen Konzen t ra t ionsschwankungen  dieser  
Subs tanzen  auch  in v i v o  fiir die Insul inmobi l i s ie rung yon  
B e d e u t u n g  sind. Auch  wurde  e ine  S teuerung  fiber den 
N. vagus  wahrscheinl ich g e m a c h t ' - L  Wir  haben  fiber- 
prfift, inwiewei t  schon eine Scheinf i i t te rung m i t  Glukose 
zur  Insu l inaussch i i t tung  fiihrt.  

Methodik. Sch~ferhundbas tarde  beider le i  Geschlechts  
im Al te r  yon  2 6 4 - 5  Monaten  (K6rpergewicht  21,2:{: 
0,9 kg) wurden  fiber 3-5 W o c h e n  sys temat i sch  an die 
Versuchsbedingungen adapt ier t .  Dann  legten wir  ihnen 
im Hatsbere ich  eine doppel lguf ige  Osophagusf is te l  an, 
die bei  perora ler  Verabfo lgung yon Tes t l6sungen deren 
nahezu volls t i indige Wiede rgewinnung  an der  oralen 
Fis teI6ffnung er taubt .  Fr i ihestens  2 VVochen pos t  opera-  
t ionem erhie l ten die wachen  Tiere  nach  18sti indiger 
Nahrungskarenz  1 ,0g /kg  Glukose in 5 0 m l  Lei tungs-  
wasser peroral  verabfolgt .  Bis zu 90 min  wurden  der  
Blu tzucker  x0 und  die Konzen t r a t ion  des r ad io immuno-  
logisch reagierenden Insul ins  : :  im  per ipheren  Venenb ln t  
t iberpriif t .  
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Glyk~irnie und Insulinkonzentration (IRI) im peripheren Venenblut 
yon wachen Hunden mit doppell~ufigen Osophagusfisteln nach per- 
oraler Gabe "con 1,0 g Glukose/kg (~) in % der unmittelbar vor Appli- 
kation gemessenen Werte (n = 10, 100%-'Werte: Glyk~kmie 77,9 :t: 
1,I mg]100 ml, IRI 30,5 + 6,5 t~E/ml). 

Be/unde und Diskussion. Aus der  F igur  geht  hervor,  
dass in dieser Tes t ano rdnung  der  Blutzuckerspiegel  n ich t  
ansteigt .  Demen t sp rechend  konnten  93-97% der  appli-  
z ier ten Glukosemenge  an  der  oralen Fis te l6f fnung wieder-  
gewonnen werden.  T r o t z d e m  ist  die Insu l inkonzen t ra t ion  
berei ts  nach 5 min  s ta t i s t i sch  sicher ( P <  1%) erhOht. 
Dieser Anst ieg setzt  sich bis zur  30. min  fort.  Wegen  der  
bet r~cht l ichen St reubre i te  der  Ergebnisse  ist noch keine 
Aussage dari iber  m6glich,  ob den sich andeu tenden  ver-  
schiedenen Phasen des Insu l inans t iegs  eine B e d e u t u n g  
zukommt .  ~re i tere  Un te r suchungen  in unserem Labora-  
to r ium lassen auch nach p.o. App l ika t ion  yon Lei tungs-  
wasser eine Insul inausschi i t tung erkennen.  

N a c h  diesen Befunden ist  es m6glich,  durch  peroraJe 
Scheinf i i t te rung m i t  Glukose eine Insul infre ise tzung zu 
provozieren,  ohne dass ein messbarer  Blu tzuckerans t i eg  
au f t r i t t  und ohne dass die Tes t l6sung d ie jen igen  Areale 
des Magen-Darm-Trak tes  erreicht ,  yon  denen  aus die 
Mobil is ierung yon  En te rohormonen  ausgel6st  wird.  Es  
l iegt nahe,  einen eingeschliffenen bed ing ten  Nahrungs-  
ref lex oder  eine v o n d e r  Mundh6hle  aus ref lektor isch  
v e r m i t t e l t e  Hormonfre i se tzung  in: Sinne e iner  Vorwlir ts-  
kopp lung  zu ve rmuten .  

Summary. In  conscious, t ra ined dogs w i t h  double-  
barre l led fistulas of the  oesophagus, an increase of t he  
insulin concent ra t ion  in the  per iphera l  venous  blood, 
w i thou t  change of the  glycaemia,  was observed  af ter  
sham-feeding  wi th  glucose. 
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Potass ium Inactivation in Myelinated Nerve Fibres 

Recen t  exper iments  on var ious  exci tab le  t issues (e.g. 
squid axon  1, frog muscle  fibre 2) have  shown t h a t  the  
po tass ium pe rmeab i l i t y  s lowly inac t iva tes  if the  mem-  
brane  is kep t  depolarized.  This  process is no t  conta ined  
in t h e  classical HODGKIN-HUXLEY model  3. Fo r  mye l ina ted  
nerve  fibres, a q u a n t i t a t i v e  descr ipt ion of K inac t iva t ion  
was lacking. Therefore,  we carr ied ou t  vo l tage  c lamp 
exper iments  on isolated nerve  fibres of the  toad,  Xenopus 

laevis, using the  m e t h o d  of DODGE and FRANKEN- 
HAEUSER 4. U p o n  a depolar izat ion,  the  po tass ium current  
rap id ly  reached a peak  va lue  and then  decreased a lmos t  
exponen t i a l ly  to  a s t a t iona ry  value,  IK~ (Figure 1). To  
show t h a t  th is  r emain ing  cur ren t  was indeed a po tass ium 
current ,  t e t r a e t h y l a m m o n i u m  chloride (TEA),  a specific 
inhib i tor  of the  po tass ium permeabi l i ty ,  was appl ied 
which  fur ther  reduced  the  ou tward  cur ren t  to the  level  
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of IL, t h e  leakage cur ren t .  This  T E A  effect  was  com-  
p le t e ly  reversible.  

The  peak  po t a s s ium current ,  IK~, a t  a given depolar iza-  
t ion  was  larges t  if t h e  m e m b r a n e  h a d  p rev ious ly  been  
hype rpo l a r i zed  by  a t  least  20 m V  for a few seconds.  The  
ra t io  IK~/IK~ was  d e no t ed  k ,  whose  d e p e n d e n c e  on t h e  
p o t e n t i a l  for  which  i t  was  d e t e r m i n e d  is g iven in F igure  2 
(open symbols) .  The  resu l t ing  curve  is s igmoid  as is t he  
equ iva l en t  inac t iva t ion  curve  for t he  sod ium sys t em.  
The  k00-curve, however ,  does n o t  reach  zero even  a t  
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Fig. 1. Decline of potassium current during a long depolarizing 
pulse of 68 inV. The pulse began at t = 0 and lasted 158 sec. The 
time constant of decline, "~,, was 9.4 sec, With the slow time base 
employed the rapid onset of potassium current did not show, 
IKoo: stationary potassium current. IL: leakage current (calculated 
from anodal pulses). Application of 10 mM TEA for 10 see indicated 
by arrows. Temperature 21 °C. 

large depola r iza t ions  (see also F igure  1). This  is cons i s t en t  
w i t h  t he  resul ts  of EHRENSTEII~ and  GILBERT ~ on squid  
axons .  

To p rove  t h a t  t he  m a r k e d  decl ine of t he  p o t a s s i u m  
cu r ren t  was  due  to  an  i nac t i va t i on  of po t a s s ium per-  
meab i l i t y  r a t h e r  t h a n  to  a change  in p o t a s s i u m  concen-  
t r a t i o n  inside or  ou ts ide  t h e  fibre,  t h e  e x p e r i m e n t s  were  
r e p e a t e d  in isotonic  KC1. The  m e m b r a n e  po t en t i a l  was  
forced f rom its res t ing  value (V = 0) to  t h e  new po tas -  
s ium equi l ibr ium po ten t i a l  (V = 70 mV) a t  which  no 
p o t a s s i u m  c u r r e n t  would  flow to  change  the  concen t ra -  
t ion  of th i s  ion on  e i ther  s ide of t h e  exc i t ab le  m e m b r a n e .  
Never the less ,  t h e  i nward  c u r r e n t  ta i l  on r e t u r n  to  V = 0, 
which  is a measure  of the  po t a s s ium permeabi l i ty ,  mar -  
ked ly  decreased  t h e  longer  t he  m e m b r a n e  h a d  prev ious ly  
been  he ld  a t  V = 70 inV. 

In  no rma l  R inger  solut ion t h e  t i m e  c o n s t a n t  of inact i -  
va t ion ,  z~, was  3 sec a t  V = 30 m V  a n d  increased  w i t h  
increas ing  depo la r iza t ion  (Figure  2, po in t s  • ) .  Fo r  po ten-  
t ials  in t he  v i c in i ty  of t he  no rma l  res t ing  value  r~ and  
h~ (points  • and  o) were  d e t e r m i n e d  b y  the  s t imulus  
p r o g r a m  a of t he  inset .  Fo r  V < 0, r~ t h e n  descr ibed  the  
t i m e  course of r ecove ry  f rom inac t i va t i on  a n d  the  t i m e  
c o n s t a n t s  con t inued  t h e  curve  of  F igure  2 to  t h e  left .  
Th i s  was  also t r u e  for  t h e  r ecove ry  f rom s t rong  inac t iva-  
t ion  (points  • ,  o b t a i n e d  wi th  p r o g r a m  b). The  value a t  
V ---- 70 m V  (12 sec) is in fair  a g r e e m e n t  w i th  t he  cu r r en t  
c l a m p  resul ts  of L~STTGAU 5. The  Qx0 of 1/r~ was  found  
to  be  2.7 b e t w e e n  11 and  21°C. 

Our  e x p e r i m e n t s  show t h a t  t he  p o t a s s i u m  p e r m e a b i l i t y  
of t he  noda l  m e m b r a n e  is i n a c t i v a t e d  b y  sus t a ined  
depo la r iza t ion  as is t he  sod ium permeab i l i ty .  In  c o n t r a s t  
to  t he  l a t t e r  t h e  p o t a s s i u m  inac t iva t ion  is i ncomple t e  
and  proceeds  m u c h  more  slowly.  The  ra t io  of t he  t i m e  
c o n s t a n t s  of i nac t iva t ion  to  those  of a c t i va t i on  is b e t w e e n  
2000 and  30,000 for  t h e  p o t a s s i u m  s y s t e m  while  t h e  cor- 
r e spond ing  rat io  for  t h e  sod ium s y s t e m  is a b o u t  10. 
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Zusammen[assung. Die I n a k t i v i e r u n g  der  K - P e r m e a b i -  
l i t l i t  w u r d e  in V o l t a g e - c l a m p - E x p e r i m e n t e n  an  mark -  
ha l t igen  N e r v e n f a s e r n  un t e r such t .  Bei  l a n g d a u e r n d e n  
Depola r i sa t ionen  f/illt de r  K - S t r o m  anni~hernd exponen-  
t iel l  auf  e inen s ta t ioni i ren  E n d w e r t  ab. I n  R i c h t u n g  
Depo la r i sa t ion  n e h m e n  die Z e i t k o n s t a u t e n  dieser  Ab-  
n a h m e  zu;  sie s ind  u m  me h r e r e  G r 6 s s e n o r d n u n g e n  gr6sser  
als die f ibrigen Z e i t k o n s t a n t e n .  Die  I n a k t i v i e r u n g s k u r v e  
is t  s-f6rrnig u n d  b le ib t  s e lb s t  be i  gr6sseren  Depolar i sa -  
t ionen  auf  e inem end l ichen  W e f t .  
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Fig. 2. Effect of membrane potential on potassium inactivation. 
Left hand scale: k~ = IK~/I~ (ratio of stationary current I~o to 
peak potassium current, IKv; points O and A). Right hand scale: 
time constant ze (0, • and It). Abscissa: displacement of membrane 
potential from its resting value V = 0 (depolarization positive). 
The points A and • were obtained with long-lasting depolarizations 
of varying strength. Points O and • from test pulses V~ after 
conditioning prepulses of varying amplitudes V 1 and durations t I 
(see inset: pulse program a)). The removal of strong inactivation 
was studied with the 3 pulse program b) : the inactivation caused 
by V 1 was removed by V 2 with a time course (11) as tested by V a 
at varying intervals t v Temperature 21°C. Each point is the mean 
(=L S.E.) from 5 to 12 measurements on 27 fibres. 
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