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Insulin Release from Human Pancreatic Islets In Vitro 
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Summary. Islets o f  Langerhans  were  isolated by  col- 
lagenase  digest ion f r o m  the  pancreas  o f  a 39 year -o ld  
female  renal  t ransplant  donor .  The  islets were  sub- 
jec ted  to  three  consecut ive  per iods  o f  tissue cul ture,  
af ter  each  of  which they  were  incuba ted  in vitro with 
var ious  agents  whose  effects on  insulin release f r o m  
islets o f  l abora to ry  animals have previously  b e e n  
established. A f t e r  the  first cul ture  per iod ,  the basal  
insulin secre t ion rate  o f  5 .2~U/ is le t /h  seen with 
2 mmol/1 glucose was increased approx.  5-fold on  
raising the  glucose concen t ra t ion  to 20 mmol/1. The  
islets re ta ined  the insul in-secretory response  to 
20 mmol/1 glucose t h r o u g h o u t  the per iod  o f  study. 
Insul in secret ion was also s t imulated by  mannose ,  
leucine,  a -ke to i socaproa te ,  d ihydroxyace tone  and 
3 -hydroxybutyra te ,  but  no t  by  f ructose  or  N-acetyl-  

�9 glucosamine.  Fruc tose  howe ve r  increased insulin 
release in the  presence  o f  4 mmol/1 glucose. Caffeine 
elicited insulin release in the absence  o f  glucose and 
e n h a n c e d  insulin release in response  to 10 mmol/1 
glucose.  Glucose-s t imula ted  insulin release was inhi- 
b i ted  by  t r i f luoperazine (25 ~mol/1). 

Key words: Insul in secret ion,  h u m a n  islets o f  Lan-  
gerhans ,  panc rea t i c /~ce l l ,  tissue culture.  

Since the  in t roduc t ion  o f  me thods  for  the isolat ion o f  
viable islets o f  Lange rhans  [1, 2] m u c h  insight has 
b e e n  ga ined  into the process  o f  insulin secret ion and  
its regulat ion.  H o w e v e r ,  cur rent  views are based  
a lmost  ent i re ly on  studies f r o m  islets o f  l abora to ry  
animals  part icular ly rat  and  mouse .  To  wha t  extent  
such ideas are  applicable to m a n  is uncer ta in  in view 
o f  the  pauci ty  o f  in format ion  on  secre tory  responses  

o f  h u m a n  islets. In  the present  s tudy,  the remova l  of  
pancreas  f rom an adult  pa t ient  shor t ly  after  dea th  
p rov ided  an  oppor tun i ty  to assess some  of  the prop-  
erties o f  insulin release in vitro:  ma in tenance  o f  islets 
in tissue cul ture  pe rmi t t ed  several  exper iments  to be  
p e r f o r m e d  on  the  same p repa ra t ion  o f  islets. 

Methods 

Part of the tail of the pancreas was obtained within i h of death 
from a female renal transplant donor aged 39 years who had died 
as a result of a subarachnoid haemorrhage; the patient had a previ- 
ously unremarkable medical history. The pancreas specimen was 
distended with ice-cold Krebs bicarbonate medium pH 7.4, [3]; I g 
pieces were then digested with Sigma (Type II) collagenase (5 rag/ 
ml) [4]. Islets were harvested with a wire-loop and transferred to 
tissue culture medium in 5 ml Petri dishes. The culture medium 
was RPMI 1640 (Gibco Europe Ltd., P. O. Box 35, Paisley, Scot- 
land) containing glucose (11 mmol/1), penicillin (0.1 mg/ml), strep- 
tomycin (0.1 mg/ml) and 10% (v/v) inactivated calf-serum (Well- 
come Reagents Ltd., Beckenham, Kent, U.K.). 

Approximately 500 islets were obtained from 7 g of pancreas. 
The islets were cultured overnight at 37 ~ in an atmosphere of 
air: CO2 (95 : 5) saturated with 1-120 vapour. For measurement of 
insulin release, islets were washed with ice-cold bicarbonate 
medium containing glucose (2mmol/1): batches of 5 islets were 
then incubated at 37 ~ for 2 h in 0.6 ml bicarbonate medium con- 
taining albumin (2 mg/ml) and gassed with O2:CO2 (95:5). The 
concentrations of glucose and other additions are as shown in the 
Tables. After incubation the medium was separated by centrifuga- 
tion and aspiration, diluted with 40 mmoF1 phosphate buffer, pH 
7.4 containing albumin (0.1%) and merthiolate (6retool/I) and 
stored at -20 ~ until assayed for insulin by a charcoal radioim- 
munoassay [5], using an MRC reference standard of human insulin 
(batch 66/304): the minimal detectable value was 5 ~tU/ml, The 
islets were returned to culture for a further 24 h when a second 
insulin release experiment was performed as above. A third 
release study was conducted on the same islets after a further 
period of 24 h in tissue culture. 

Results are expressed in ~tU insulin per islet per hour as mean 
• SEM with the number of batches of islets shown in parentheses. 
The significance of differences was assessed by the two-tailed Stu- 
dent's t-test. 
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Table 1. Insulin release from human islets cultured overnight 
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Glucose concentration Other addition (mmol/1) Insulin release n p 
(mmol/1) ~U/islet/h 

2 - 5.2 _+ 1.3 (5) - 
4 - 9.6 _+ 2.3 (5) NS 

20 - 29.3 + 2.6 (5) ~<0.001 
- N-acetylglucosamine 20 5.9 + 2.0 (5) NS 
- Leucine 20 12.7 + 2.1 (5) ~<0.05 
- c~ketoisocaproate 20 22.8 + 2.8 (5) <~0.001 
- Fructose 20 6.6 + 2.0 (5) NS 
4 Fructose 20 18.1 + 4.0 (5) <~0.05 
- /~hydroxybutyrate 20 11.1 + 1.7 (5) ~<0.05 

Batches of 5 islets were cultured overnight and then incubated in bicarbonate medium containing albumin 2 mg/ml with glucose and other 
additions as stated for 2 h at 37 ~ Insulin released into the medium was assayed by radioimmunoassay. Results are given as mean + SEM 
with the number of observations shown. Following incubation the islets were recultured. The significance of the difference to the insulin 
release at 2 mrnol/1 glucose was assessed by two-tailed Student's t-test 

Table 2. Insulin release from human islets cultured for 2-3 days 

Line Glucose concentration Other additions (mmol/1) Insulin release n p 
(mmol/1) ~tU/islet/h 

1 0 - 1 . 9  + 0 . 3  ( 5 )  - 

2 10 - 12.4 ___ 2.1 (5) <0.01 
3 20 - 24.0 + 5.1 (5) <0.05 
4 - Mannose 20 11.8 _+ 4.3 (5) <0.05 
5 - Dihydroxyacetone 20 5.5 • 0.8 (5) <0.01 
6 - N-acetylglucosamine 20 1.9 +_ 0.3 (5) NS 
7 - Caffeine 5 8.7 • 1.8 (5) <0.05 
8 10 Caffeine 5 24.5 + 4.4 (5) <0.01 
9 20 Trifluoperazine 0.025 7.0 _+ 1.3 (5) <0.05" 

10 2 - 3.4 _+ 0.6 (5) - 
11 20 - 19.5 • 5.3 (4) <0.05 
12 - N-acetylglucosamine 20 2.3 _+ 0.2 (5) NS 
13 2 N-acetylglucosamine 20 2.8 • 0.4 (5) NS 

The islets used for the experiments of Table 1 were recultured for 24 h and then incubated as before (lines 1-9). After this incubation, a 
further period of 24 h in culture was followed by a third incubation for insulin release measurement (lines 10-13). For details see Table 1. 
" p value compared to 20 mmol/1 glucose 

R e s u l t s  

A f t e r  o v e r n i g h t  c u l t u r e ,  h u m a n  islets  r e s p o n d e d  to  

a n  i n c r e a s e  in  m e d i u m  g l u c o s e  c o n c e n t r a t i o n  f r o m  2 
t o  20 mmol /1  w i t h  a 6 - fo ld  i n c r e a s e  in  t h e  a m o u n t  o f  

i n su l in  r e l e a s e d  ( T a b l e  1). Sens i t i v i t y  to  g l u c o s e  was  

r e t a i n e d  a l t h o u g h  s o m e w h a t  d i m i n i s h e d  o n  t w o  suc-  

ce s s ive  o c c a s i o n s  w h e n  t h e  is lets  h a d  b e e n  r e t u r n e d  
t o  c u l t u r e  f o r  24 h a n d  t h e n  r e i n c u b a t e d  ( T a b l e  2). 

I n s u l i n  r e l e a s e  was  a lso  s t i m u l a t e d  b y  m a n n o s e  
a n d  b y  d i h y d r o x y a c e t o n e  b u t  n o t  by  f r u c t o s e  o r  by  

N - a c e t y l g l u c o s a m i n e  ( T a b l e s  1, 2).  I n  t h e  p r e s e n c e  o f  

a l o w  c o n c e n t r a t i o n  o f  g l u c o s e  h o w e v e r ,  f r u c t o s e ,  b u t  

n o t  N - a c e t y l g l u c o s a m i n e ,  p o t e n t i a t e d  insu l in  r e l e a s e  
( T a b l e s  1, 2).  I n s u l i n  r e l e a s e  was  a lso  i n c r e a s e d  b y  

l e u c i n e  a n d  its m e t a b o l i t e  a - k e t o i s o c a p r o a t e ,  3 -hyd-  
r o x y b u t y r a t e ,  a n d  c a f f e i n e  in  t h e  a b s e n c e  o f  g l u c o s e  

( T a b l e s  1, 2). G l u c o s e - s t i m u l a t e d  in su l in  r e l e a s e  was  
p o t e n t i a t e d  b y  5 mmol /1  c a f f e i n e  a n d  was  i n h i b i t e d  by  

25 ~mol/1 t r i f l u o p e r a z i n e  ( T a b l e  2). 

D i s c u s s i o n  

T h e  a b s o l u t e  r a t e s  o f  g l u c o s e - s t i m u l a t e d  in su l in  
r e l e a s e  f r o m  t h e  h u m a n  is lets  in  t h e  p r e s e n t  s t u d y  a r e  
s imi l a r  to  t h o s e  p r e v i o u s l y  r e p o r t e d .  I n  n o n - c u l t u r e d  

is lets  i s o l a t e d  f r o m  t h e  p a n c r e a s  o f  a 4 - y e a r  o l d  gi r l  

u n d e r g o i n g  su rg ica l  p a n c r e a t e c t o m y  fo r  i d i o p a t h i c  

h y p o g l y c a e m i a ,  in su l in  r e l e a s e  was  25 ~ U / i s l e t / h  a t  
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16.7 mmol/1 glucose [6]; in human islets cultured for 
one week insulin release was increased from 12.5 to 
22.5 ~tU/islet/h on raising the glucose concentration 
from 3.3 to 16.7 mmol/1 glucose [7]. 

In the present experiments the secretory response 
to glucose was preserved following three successive 
periods of culture and incubation: this technique 
greatly expands the amount of information to be 
gained from a single batch of islets and in view of the 
scarcity of suitable tissue represents a valuable proce- 
dure. 

Although the present results are derived from a 
single preparation of human islets, we have felt it 
useful to report them since there is to our knowledge 
no other report on the specificity of insulin secretory 
responses in human islets. In general the main fea- 
tures provide encouraging support for the view that 
data and hypotheses derived from rodent islets [8] 
may be applicable to man. Thus, in agreement with 
studies on rat and mouse islets [9-11] the order of 
potency of hexoses was glucose > mannose>> fruc- 
tose. Fructose, indeed was only stimulatory in the 
presence of low glucose: this potentiatory behaviour 
of fructose is well-documented in rat islets [9, 11]. 
The secretory response to dihydroxyacetone, which 
in rodent islets has provided support for the 'sub- 
strate-site hypothesis' [12], was evident in the human 
islets. Similarly, the ability of leucine and its metabo- 
lite a-ketoisocaproate to initiate insulin release from 
rodent islets [13, 14] was also demonstrated with the 
human islets. 

Stimulation of insulin release by ketone bodies 
has previously been observed in dog in vivo [15] and 
in vitro in rat pancreas .pieces [16]. This effect has 
been suggested to play a role in the glucose-fatty 
acid-ketone body cycle [17]. However other workers 
have failed to find stimulation of insulin release by 
ketone bodies in vivo in man [18] or in vitro in rabbit 
pancreas pieces [19] or isolated rat islets [20]. The 
present finding of enhanced insulin release from 
human islets by ketone bodies shows that direct 
stimulation of the pancreatic B-cell by 3-hydroxy- 
butyrate may indeed participate in the glucose-fatty 
acid-ketone body cycle. 

Potentiation of glucose-stimulated insulin release 
from human islets by caffeine found here confirms a 
previous observation on  human islets [61 and is also 
in agreement with observations on rodent islets [21]. 
It is noteworthy that caffeine alone elicited a modest 
stimulation of insulin release. Recent studies on the 
mechanism of stimulus-secretion coupling in rat islets 
of Langerhans have implicated calmodulin as a pos- 
sible component of Ca2+-dependent exocytosis [22]: 
evidence for this hypothesis includes the inhibitory 
action of trifluoperazine, a specific inhibitor of cal- 

modulin [23], on glucose-stimulated insulin release. 
Similar results have also been obtained in adrenal 
medulla [24] and sea urchin eggs [25]. The inhibitory 
action of trifluoperazine on glucose-stimulated insu- 
lin release from human islets, found here, permits the 
extension of these speculations to insulin secretion 
mechanisms in man. 

The sole discrepancy observed in the present 
study is the failure of N-acetylglucosamine to initiate 
or potentiate insulin release from the human islets, in 
marked contrast to its effects on rat islets [26]. This 
finding is however consistent with our inability 
to elicit insulin release by infusion of N-acetyl- 
glucosamine into healthy human subjects (unpub- 
lished observations). In rat islets, the ability of N- 
acetylglucosamine to initiate insulin release is attri- 
buted to the ability of the islets to metabolize N- 
acetylglucosamine, via a specific N-acetylglucos- 
amine kinase [8, 26, 27]. The present finding could be 
rationalized within the framework of the substrate- 
site hypothesis if human islets were found to lack 
N-acetylglucosamine kinase. 
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