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Summary. Glucose, glucagon, to lbutamide  and L-leu- 
cine s t imulated insulin secretion from rabbi t  pancreas 
studied in vitro. In  each case s t imulat ion was inhibited by  
omit t ing calcium from the incubat ion medium. The omis- 
sion of magnesium had no effect on glucose s t imulated 
insulin secretion but  10 mM magnesium inhibited secre- 
tion. Opt imal  secretion of insulin occurred at  an extra- 
cellular calcium concentrat ion of 2.64 mM. The omission 
of calcium inhibited glucose-stimulated insulin secretion 
from pancreas of 27 day  rabbi t  foetuses. 

Influence du calcium et du magnesium sur la libdration 
d'insuline par le pancrgas de lapin in vitro 

l~dsumd. Le glucose, le glucagon, le to lbutamide  et la 
L-leueine st imulent  la l iberat ion d'insuline par  le pan- 
erdas de lapin dtudid in vitro. Cette s t imulat ion n ' a  pas 
lieu lorsque le milieu d ' incubat ion est pr@ard sans cal- 
cium. L'absence de magndsinm n 'a  pas d'effet sur ]a sd- 
erdtion insulinique stimulde par  le glucose, alors que le 
magndsium ~ la concentrat ion de 10mlVi exerce un effet 
inhibiteur.  La concentrat ion optimale du calcium extra- 

cellulaire pour la sgerdtion insulinique est de 2.64 mM. La 
s t imulat ion de la sgerdtion insulinique par  le glucose est 
dgalement supprimde par  l 'absence de calcium pour le 
pancrdas de foetus de lapin &gd de 27 jours. 

Der Einflufl yon Calcium und Magnesium auf die Frei- 
setzung von Insulin aus Kaninchen-Pankreas, in virto. 

Zusammenfassung. Die Freisetzung yon Insulin aus 
I (aninchen-Pankreas  in vi tro wird dutch Glucose, Gluca- 
gon, Tolbutamid oder L-Leucin st imuliert .  In  allen dicsen 
F/illen bleibt  die St imulat ion in Abwesenheit  yon Calcium 
in Inkubat ionsmedinm aus. In  Abwesenheit  yon Magne- 
sium stimulierte Glucose die Insulinsekretion welter, 
w/ihrenddem eine Erh5hung der Magnesiumkonzentrat ion 
auf 10 mlV[ deutlich hemmend wirkte. Die optimale Sekre- 
t ion von Insulin erfolgte bei einer Calciumkonzentration 
yon 2,64 mlVi. In  Abwesenheit  yon Calcium wurde die Frei-  
setzung von Insulin auch aus dem Pankreas  von 27 Tage 
al ten Foeten gehemmt.  

Key-words: Calcium, Magnesium, Insulin, Secretion 
l~abbit,  Pancreas,  Foetus .  

I n  m a n y  cells t h a t  conta in  sec re to ry  p roduc t s  in 
the  form of granules  or vesicles ex t race l lu la r  calc ium 
is a prerequis i te  for the  secret ion of the  s torage  p roduc t .  
The  release of ace ty lchol ine  f rom nerve endings  a t  
the  neuro -muscu la r  j unc t ion  [1] or au tonomic  gangl ion 
[9], the  secre t ion  of ea techolamines  f rom the  ad rena l  
medu l l a  [4], of oxy toe in  and  vasopress in  f rom the  
n e u r o h y p o p h y s i s  [3] and  of amylase  f rom the  exocrine 
pancreas  [7] are  M1 calc ium dependen t .  

E x p e r i m e n t s  have  been pe r fo rmed  to de te rmine  
whe the r  ex t race l lu l a r  calc ium is necessary  for the  
secre t ion  of insulin.  Pieces of pancreas  f rom 6 - - 8  
week-o ld  r abb i t s  have  been i ncuba t ed  in vitro [2], 
and  insul in  secret ion in to  the  incuba t ion  m e d i u m  has 
been  measu red  [6] before and  a f te r  exposure  of the  
pancreas  to  s t imul i  in  the  presence or absence of 
calcium. 

Glucose, glueagon,  t o l b u t a m i d e  a n d  L-leucine 
were se lec ted  as s t imul i  to  p rov ide  a wide range  of 
signals for insul in  secret ion.  A difference in the  mecha-  
n ism of insul in  secret ion induced  b y  glucose or to lbu-  
t a m i d e  is sugges ted  b y  the  observa t ions  t h a t  glucose- 
i nduced  s t imu la t ion  is i nh ib i t ed  b y  D-mannohep tu lo se  
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[2] or d iazoxide  [8], whereas  s t imula t ion  b y  t o l b u t a m i d e  
is not .  Glucose, g lucagon and  t o l b u t a m i d e  have  been  
shown p rev ious ly  to  s t imula t e  insul in  secre t ion  f rom 
this  p r e p a r a t i o n  [2] and  in  the  p resen t  expe r imen t s  
i t  has  been  possible  for the  first t ime  to d e m o n s t r a t e  
s t imula t ion  of insul in secret ion in vitro b y  L-leueine.  

Panc reas  f rom infan t  r a bb i t s  p roved  preferab le  
to  t h a t  f rom adu l t s  because  i t  was t h inne r  and  less 
in f i l t ra ted  wi th  fat .  The  i ncuba t ion  of such pancreas ,  
one piece in a flask, made  i t  possible  bo th  to  improve  
e xpe r ime n t a l  precis ion and  to  express  insulin secret ion 
ra tes  in abso lu te  te rms.  

The  genera l  e xpe r ime n t a l  design is i l l u s t r a t ed  in  
Table  1. Pieces of pancreas  were i n c u b a t e d  for nine 
30 min  periods.  I n  per iods  1, 4 and  7, which were to 
es tabl i sh  a s t e a d y  s ta te ,  no measu remen t s  were made .  

Table 1. General design of an experiment to investigate the 
relationship between stimulation of rabbit pancreas in vitro 
and the presence or absence of calcium in the incubation 

medium.  

30 r a i n  P e r i o d  1 2 8 4 5 8 9 

Calcium 
(2.6~ raM) 

Stimulus 
§ § § 

§ 

6 7 

§ 
§ 

§ § 
§ 
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In  all experiments 3.3 mM glucose was added to the 
incubation medium, except in those where glucagon 
was the stimulus, when 16.5 mM glucose was added. 
In experiments where glucose was the stimulus the 
concentration was also raised to 16.5 raM. In  other 
experiments, glucose-stimulated insulin secretion was 
studied while omitting or increasing the magnesium 
concentration of the incubation medium. 

reported here suggests that  this ion may play an 
important role in the mechanism of insulin release 
from the fl-cell. The observation that  secretion is 
also inhibited by an increase in the extracellular 
magnesium concentration suggests that  calcium and 
magnesium may compete for a common receptor. 

I t  is possible to test whether the insulin granule 
is the sole site of calcium action, for in the 27 day 

Table 2. The effect of ionic changes in the incubation medium on different stimuli to insulin secretion from the rabbit pancreas 
studied in vitro 

1~ean insulin secret ion =t= s t a n d a r d  error  of  mean ,  ng /g  wet  we igh t  pancreas / in in  
I ncuba t i on  Per iod  

2 3 5 6 8 9 

6--8 
w e e k s  
postnatal 

27 day 
foetus 

-- Ca Glucose 4 
16.5 m ~  

-- Ca Glucagon 4 
5~zg/ml 

-- Ca Tolbutamide 5 
200~g/ml 

- -  Ca L-Leucine 10 
5 ml~ 

- -  Mg Glucose 10 
16.5 mM 

-- Mg Glucose 10 
10 mM 16.5 mM 
- -  Ca Glucose 10 

16.5 mM 

12.4• 99.0-V 7.8 16.04-4.4 9.74-2.4 14.04-1.4 92.04-11.7 

107 4- 26.7 218 :j: 35.4 23.2 :j: 7.3 14.7 • 5.3 99.5 :~ 21.9 328 ~ 45.3 

9.8 4- 4.0 43.6 4- 5.2 7.6 :J: 2.3 10.6 :~ 1.8 15.3 4- 1.9 40.6 4- 5.8 

7.0 :J: 0.8 29.2 4- 5.8 3.3 4- 0.2 9.6 :J: 1.3 4.6 :J: 0.4 24.0 ::[: 2.3 

8.74-1.9 94.44-11.5 5.14-2.2 1044-24.0 3.84-1.2 1204-14.7 

2.9 4- 0.5 24.8 4- 4.1 3.2 4- 0.6 2.5 4- 0.2 3.1 4- 0.5 17.4 4- 4.6 

62.0 4- 7.2 127 4- 18.7 29.0 4- 7.7 26.3 4- 4.2 100 4- 12.0 134 :j: 13.7 

The results of these experiments are shown in 
Table 2. The omission of calcium from the incubation 
medium inhibited the stimulation of insulin secretion 
(period 6) both in comparison with the response to the 
same stimulus in the presence of calcium (periods 3 
and 9) and in comparison with basal secretion in the 
absence of calcinm (period 5). 

The small response to some stimuli, seen when 
calcium was not added to the incubation medium, 
may have been due to persistent traces of calcium. 
This response was only significant when L-leucine was 
the stimulus and, in other experiments using L-leucine, 
there was a total suppression of the response when 
calcium was omitted. Glucose-stimulated insulin 
secretion was unaffected by the omission of magnesium 
from the incubation medium but was inhibited when 
the magnesium concentration was raised to 10 raM. 

The optimal extracellular calcium concentration 
for insulin secretion Was studied by measuring secretion 
in response to 33 mM glucose in gradually increasing 
extrace]lular calcium concentrations for six successive 
half hour periods (Fig. 1). 

BEnnETT and GaoDs~:Y [5] have show that  glucose- 
stimulated insulin secretion in the isolated perfused 
rat pancreas is inhibited by the omission of calcium 
[5]. The ubiquitous inhibition of insulin secretion by 
the omission of calcium from the incubation medium 
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Fig.  1. l-'Viean ra te  of  insulin secretion (=E S .E .M.)  f rom rabb i t  pancreas  in  
vitro in response to 33 mM glucose. The calcium concentra t ion  os the  m e d i u m  
was  increased in each successive 30 rain period. The exper imen t  was  preceded 

b y  a 30 m i n  pre ineubat ion  period in the presence of  2.64 m5~ calcium 

rabbit foetus the/?-cells do not contain granules visible 
by light microscopy. In  experiments using the pancreas 
from such foetuses glucose-stimulated insulin secretion 
was inhibited by the omission of calcium (Table 2). 
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