
Abstract Isolated human pancreatic islets were prepared
by collagenase digestion and density gradient purification,
and the effects of glibenclamide (0.5 and 5.0 µmol/l) and
metformin (20 and 200 µmol/l), alone or in combination,
on insulin release were evaluated at varying glucose con-
centrations. At 3.3 mmol/l glucose level, the addition of
5.0 µmol/l glibenclamide or 5.0 µmol/l glibenclamide plus
200 µmol/l metformin caused a significant increase of in-
sulin release, compared with glucose alone. At 16.7 mmol/l
glucose concentration, a significant increase of insulin se-
cretion, compared with glucose alone, was produced by the
addition of either 5.0 µmol/l glibenclamide, 200 µmol/l
metformin, or both 5.0 µmol/l glibenclamide and
200 µmol/l metformin. The effect of the combination of
the two drugs was significantly higher than that with ei-
ther drug used alone. Thus, glibenclamide was shown to
have an insulinotropic effect on human islets at both low
and high glucose concentrations, and metformin at high
glucose concentrations. A possible synergistic effect of gli-
benclamide and metformin at high glucose concentrations
is also suggested.
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Introduction

The oral hypoglycemic drugs glibenclamide and metfor-
min are largely used, alone or in combination, in the treat-
ment of non-insulin-dependent diabetes (type 2) [1–5]. Gli-

benclamide, a compound of the sulfonylurea family, exerts
its hypoglycemic action mainly by stimulating insulin se-
cretion, whereas the antidiabetic action of metformin, a
drug of the biguanide family, is due in large part to extra-
pancreatic mechanisms [1–5]. The in vitro insulinotropic
effects of glibenclamide have been studied mainly with ro-
dent tissue (perfused pancreas, isolated islets) [1, 4], and
little information, if any, is available about the direct ac-
tion of this drug on human islets. On the other hand, we
have recently hypothesized that metformin may potentiate
glucose-stimulated insulin release from human islets [6],
but it is not known whether this effect is still present when
the beta-cells are exposed to both glibenclamide and met-
formin. In this study we prepared purified human pan-
creatic islets by collagenase digestion and density gradi-
ent purification, and evaluated the effects of glibenclamide
and metformin, alone or in combination, on insulin release
from the human islets, at varying glucose concentrations.

Materials and methods

The procedures for the preparation of the islets were initially devel-
oped for the porcine and bovine pancreas [7], and then applied, with
minor modifications, to the human pancreatic gland. In this study we
used islets from the pancreases of three human cadaver donors. The
protocol had been approved by our local ethical committee.

The enzyme collagenase (type XI, Sigma, St. Louis, Mo.) was
used for digestion of the pancreas. The pancreatic duct was cannu-
lated, and the digestion solution (2.0–2.5 mg collagenase/ml, dis-
solved in 300 ml of Hanks’ balanced salt solution, HBSS, contain-
ing 2% serum) was injected (threefold in volume of the weight of
the pancreas) to distend the tissue. After distension, the gland was
placed in a 500 ml glass beaker, and the solution not used for disten-
sion was added in the beaker. This was loaded into a shaking water
bath at 37°C (120 revolutions per min). After 10 to 20 min, the tis-
sue was shaken with forceps, and the digestate was filtered through
300 and 90 mm mesh stainless steel filter, in sequence. The solution
that passed through the filters and the tissue entrapped on the 300 mm
mesh filter were placed back into the water bath for further diges-
tion. The tissue that remained on the 90 mm mesh filter was washed
with 250 ml of 2% serum HBSS at 4°C and allowed to settle for
20 min. The same procedures of filtration and washing were repeat-
ed at 20–25 and 30–40 min from the beginning of incubation.

Acta Diabetol (1997) 34: 46–48 © Springer-Verlag 1997

Received: 30 August 1996 / Accepted in revised form: 6 November 1996

R. Lupi · P. Marchetti · R. Giannarelli · A. Coppelli
C. Tellini · S. Del Guerra · M. Lorenzetti
M. Carmellini · F. Mosca · R. Navalesi

Effects of glibenclamide and metformin (alone or in combination) 
on insulin release from isolated human pancreatic islets

SHORT COMMUNICATION 

R. Lupi · P. Marchetti (½) · R. Giannarelli · A. Coppelli 
C. Tellini · S. Del Guerra · M. Lorenzetti · R. Navalesi
Department of Metabolic Diseases, 
Institute of 2nd Medical Clinic, 
Via Roma 67, I-56100 Pisa, Italy

M. Carmellini · F. Mosca
Institute of General and Experimental Surgery, 
University of Pisa, Pisa, Italy



R. Lupi et al.: Glibenclamide and metformin effects on insulin release 47

For the purification, the digested tissue was pelletted at 400×g
for 2 min at 4°C. Then, 1-ml aliquots were loaded into 50 ml plastic
conicals and resuspended in 13 ml of 80% Histopaque 1.077 (Sig-
ma) in 2% serum HBSS. This layer was topped with 10 ml of 2%
serum HBSS. After centrifugation at 800×g for 5 min at 4°C, the is-
lets were recovered at the interface between the Histopaque and the
HBSS layers. The recovered islets were washed at 800×g for 2 min
at 4°C in 10% serum HBSS, and resuspended in M199 tissue culture
medium (Sigma), supplemented with 10% serum and antibiotics
(penicillin, 100 U/ml; streptomycin, 100 mg/ml; gentamicin,
50 mg/ml; and amphotericin B, 0.25 mg/ml). Approximately 2500
islets in 15 ml culture medium were loaded per 25-cm2 uncoated plas-
tic flask (BioBraun, Milan, Italy) and cultured at 37°C in a CO2 in-
cubator.

The insulin secretory capacity was assessed by batch incubation
methods as previously described [7]. Groups of five hand-picked is-
let equivalents (150 mm diameter islets), cultured for 5–8 days, were
preincubated at 37°C for 45 min, in Krebs-Ringer-bicarbonate solu-
tion (KRBS), supplemented with 3.3 mmol/l glucose and 0.5% bo-
vine serum albumin. The islets were then washed and incubated at
37°C for 45 min in KRBS at 3.3 or 16.7 mmol/l glucose, with or
without 0.5 or 5.0 µmol/l glibenclamide, or 20 or 200 µmol/l met-
formin, alone or in combination. The lower concentrations of the two
drugs correspond to values that can be found in the plasma of pa-
tients treated with the compounds [4]. The drugs were a gift from
Laboratori Guidotti, Pisa, Italy. Six to ten batches were used for each
test solution. The islets from a given pancreas were tested with all
the solutions. At the end of the incubation period, aliquots of the
KRBS were taken and stored at –20°C until assayed. Released insu-
lin was measured by radioimmunoassay, using commercially avail-
able kits (Medgenix, Brussels, Belgium).

Results are given as mean±SE. Statistical analysis was performed
by analysis of variance (ANOVA), Bonferroni test, or Student’s 
t-test, as appropriate.

Results

Figure 1 shows the typical appearance of human islet cells
at the end of the incubation experiments.

The effects of glibenclamide and/or metformin on in-
sulin release from the isolated human pancreatic islets at
3.3 or 16.7 µmol/l glucose are shown in Tables 1 and 2. In-

sulin secretion was significantly higher at 16.7 mmol/l than
at 3.3 mmol/l glucose (P<0.01 by Student’s t-test). At
3.3 mmol/l glucose, the addition of 5.0 µmol/l glibencla-
mide and both 5.0 µmol/l glibenclamide and 200 µmol/l
metformin caused a similar, significant increase of insulin
release compared with glucose alone (P<0.01 by ANOVA,
P<0.05 by Bonferroni test). The addition of 0.5 µmol/l gli-
benclamide, 20 µmol/l metformin, 200 µmol/l metformin,
or both 0.5 µmol/l glibenclamide and 20 µmol/l metformin
did not change the insulin release over that with glucose
alone.

At 16.7 mmol/l glucose, a significant increase of insu-
lin secretion compared with glucose alone (P<0.01 by
ANOVA, P<0.05 by Bonferroni test) was produced by the
addition of 5.0 µmol/l glibenclamide, 200 µmol/l metfor-
min, or both 5.0 µmol/l glibenclamide and 200 µmol/l met-
formin. The value with combined glibenclamide and met-
formin was also significantly higher (P<0.05 by the Bon-
ferroni test) than the values with the sulfonylurea or the

Fig. 1 Inverted microscopy appearance of human islet cells at the
end of the insulin secretion experiments. The islets were stained with
dithizone, which binds essentially to beta-cells

Table 1 Effect of glibenclamide (glib) and metformin (met) on 
insulin release from isolated human islets at 3.3 mmol/l glucose 
(3.3 G)

Experimental group n Insulin release
(µU/ml)

3.3G alone 10 4.5 ± 0.5

3.3G+0.5 µmol/l glib 6 5.2 ± 0.7

3.3G+5 µmol/l glib 10 10.4 ± 3.0*

3.3G+20 µmol/l met 6 4.1 ± 1.0

3.3G+200 µmol/l met 10 5.9 ± 0.6

3.3G+0.5 µmol/l glib 6 5.9 ± 0.9
+20 µmol/l met

3.3G+5 µmol/l glib 6 12.1 ± 2.4*
+200 µmol/l met

* P<0.05 vs glucose alone by the Bonferroni test

Table 2 Effect of glibenclamide (glib) and metformin (met) on in-
sulin release from isolated human islets at 16.7 mmol/l glucose
(16.7 G)

Experimental group n Insulin release
(µU/ml)

16.7G alone 8 14.0 ± 3.2

16.7G+0.5 µmol/l glib 6 16.6 ± 1.9

16.7G+5 µmol/l glib 8 29.7 ± 4.1*

16.7G+20 µmol/l met 6 15.5 ± 0.6

16.7G+200 µmol/l met 6 24.1 ± 3.3*

16.7G+0.5 µmol/l glib 6 16.9 ± 2.1
+20 µmol/l met

16.7G+5 µmol/l glib 6 47.3 ± 9.0**
+200 µmol/l met

* P<0.05 vs glucose alone, and ** P<0.05 vs 5 mmol/l glib and 
200 µmol/l met by the Bonferroni test
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biguanide drug alone, at the high glucose concentration.
No effect was obtained with 0.5 µmol/l glibenclamide,
20 µmol/l metformin, or combined 0.5 µmol/l glibencla-
mide and 20 µmol/l metformin.

Discussion

The short-term effect of glibenclamide in vitro (stimulat-
ing insulin release) has been demonstrated in the perfused
animal pancreas and isolated rodent pancreatic islets 
[1, 4]. In the present report we show that glibenclamide
stimulates insulin release from isolated human islets both
at low (3.3 mmol/l) and high (16.7 mmol/l) glucose con-
centrations. We found that the insulinotropic action of the
drug occured at a concentration of 5.0 µmol/l, but not at
0.5 µmol/l. These levels may not necessarily reflect those
in the islets, since glibenclamide has been shown to enter
the beta-cells [8].

The present findings confirm that metformin may pot-
entiate glucose-stimulated insulin release at high
(16.7 mmol/l) glucose levels [6]. The insulinotropic effect
of metformin was observed at a concentration higher than
previously reported (200 µmol/l in the present study,
20 µmol/l in [6]). This might be due to the different tech-
niques used in the experiments (batch incubation method
in the present study, perifusion technique in [6]). For ex-
ample, we have previously discussed the possible inhibi-
tory effect of insulin on its own release in in-vitro insulin
secretion studies [9]. Some previous studies did not find
any stimulating effect of biguanides on insulin release in
experimental models different from those used in the
present report, suggesting that species differences as well
as the varying experimental conditions (static incubation,
perifusion, glucose and biguanide concentrations, and so
on) may play an important role on the final outcome of the
studies [10].

Interestingly, at 16.7 mmol/l glucose, the addition of
both glibenclamide and metformin further increased insu-
lin release, compared with the effect of either drug used
alone. This suggests that the two compounds act on the
beta-cell through different mechanisms. It is well-known
that the sulfonylureas bind at a receptor site on the beta-
cell membrane, causing a decrease in membrane potassium
permeability, depolarization of the membrane, and the in-
flux of calcium ions through voltage-dependent channels
[1]. On the other hand, at physiological pH values, metfor-
min is a positively charged proton, which can bind to hy-
drophobic structures, such as the phospholipids of biolog-

ical membranes, possibly changing the membrane proper-
ties and affecting cell biology [11, 12].

In conclusion, this study describes the effects of gliben-
clamide and metformin on insulin release from human is-
lets and suggests a possible synergistic insulinotropic ac-
tion of the two drugs in the presence of high glucose con-
centrations. Further studies are needed to assess whether
these in vitro findings may play a role in the clinical set-
ting.
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