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The sodium pump and insulin secretion 

In view of the  fundamen ta l  role of t r a n s m e m b r a n e  sodium flux in such exci ta-  
t ~ry phenomena  as skele ta l  muscle  con t rac t ion  or nerve conduct ion,  sodium fluxes 
migi l t  also be involved  in the  exc i t a t ion  of  secretion.  The possible role of  sodium in 
the  release of i nml in  from the  fl cell has been inves t iga ted  b y  s tudy ing  insulin secret ion 
from r a b b i t  pancreas  in  vi tro in different  ionic med ia  and in response to ouabain ,  a 
glycoside which inhibi ts  the  sodium p u m p  in o ther  t issues 1. 

Pieces of pancreas  from 4-8-week-o ld  r abb i t s  were i ncuba ted  in  vi tro 2 and insulin 
secret ion into  the  incuba t ion  med ium was measured  3 dur ing  exposure  of the  pancreas  
to s t imul i  in med ia  of differing ionic composi t ions .  Glucose, L-leucine, g lucagon and 
t o l b u t a m i d e  were se lected as s t imul i  to provide  a wide range of  signals fl~r insulin 
secret ion 4. K r e b s - H e n s e l e i t  med ium supp lemen ted  with  sodium py ruva t e ,  g l u t a m a t e  
and f u m a r a t e  5 and 3.3 mM glucose was used in all exper imen t s  except  those  in which 
glucagon was the  s t imulus  when 16.5 mM glucose was added.  Sodium was rep laced  
b y  choline in med ia  from which i t  was omi t ted .  

The effect of io  -8 to i o  5 M ouaba in  on insulin secret ion was s tud ied  by  ex- 6°i  4O 
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Fig. I. Mean ra te  of insu l in  secret ion ( ±  S.E.) f rom r a b b i t  pancreas  in vitro under  control  condi- 
t ions  (shaded rectangles)  and  in response  to  ouaba in  (open rectangles)  a t  concen t r a t i ons  of IO -*, 
io  -~, io  -6 and  ~o 5 M in Exp t s .  a, b, c and  d, respec t ive ly .  E a c h  va lue  was the  mean  of 5 obser- 
va t ions  and  each e x p e r i m e n t  was preceded by  a 6o-min p re incuba t ion  period.  

Fig. 2. Mean ra te  of insul in  secre t ion  ( ±  S.E.) f rom r a b b i t  pancreas  in vitro in K r e b s - H e n s e l e i t  
m e d i u m  con ta in ing  3.3 mM glucose (shaded rectangles)  compared  wi th  t h a t  in a m e d i u m  in 
which  p o t a s s i u m  had  been rep laced  by  sod ium (open rectangles) .  Condi t ions  as in Fig. i.  
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posing pieces of pancreas  to  ouaba in  for four 3o-min per iods  (Fig. I).  IO 6 and  lO -5 M 
ouaba in  s t imu la t ed  insulin secret ion.  I t  was p o s t u l a t e d  tha t ,  if  the  s t imula t ion  were 
due to  inhib i t ion  of  the  sodium pump,  omission of po t a s s ium from the incuba t ion  
med ium should  also inh ib i t  the  pump  and  t he r eby  s t imula t e  insulin secretion.  Insul in  
secret ion from pieces of  pancreas  i ncuba t ed  in a po tass ium-f ree  med ium was therefore  
compared  wi th  t h a t  from pieces in a no rma l  med ium (Fig. 2). The omission of po tas -  
s ium from the  incuba t ion  med ium s t imu la t ed  insulin secret ion.  

The possible dependence  on ex t race l lu la r  sodium of o ther  s t imul i  to insulin 
secret ion was inves t iga t ed  b y  exper imen t s  in which the  s t imulus  was added  in the  
presence or absence of sodium. 

In  addi t ion ,  each expe r imen t  was r epea ted  omi t t ing  the  first three  periods.  
The  resul ts  of these exper imen t s  are shown in Table  I. The omission of sodium from 
the  incuba t ion  med ium inh ib i t ed  the  s t imula t ion  of insulin secret ion (period 6) which 
could be d e m o n s t r a t e d  e i ther  before (period 3) or a f te rwards  (period 9) in the  presence 
of  sodium. 

The s t imula t ion  of insulin secret ion b y  ouaba in  was abol ished b y  the  omission 
of sodium from the  incuba t ion  med ium bu t  could be el ici ted when the med ium was 
r econs t i tu t ed  (Table [). This obse rva t ion  sugges ted  t ha t  the  s t imula t ion  of insulin 
secret ion e i ther  b y  ouaba in  or in po tass ium-f ree  med ium was secondary  to a rise in 
the  in t race l lu la r  sodium concent ra t ion .  

Inh ib i t ion  of such diverse  s t imul i  as glucose, L-leucine, glucagon and  to lbu ta -  
mide  b y  the  omission of sodium from the incuba t ion  med ium suggests  t ha t  the  en t ry  
of sod ium into the  fl cell m a y  be a fundamen ta l  event  in the  s t imula t ion  of insulin 
secret ion.  
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the  au thors  (R.D.G.M.) holds the  S t an l ey  Elmore  Senior  Research  Scholarship,  S idney 
Sussex College, Cambridge.  
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