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Introduction

 

Type 2 diabetes mellitus is an important cardiovascular risk
factor [1,2], which is often treated with sulphonylurea derivat-
ives [3]. These drugs close ATP-dependent potassium (K

 

ATP

 

)

channels in the 

 

β

 

-cells of the pancreas with subsequent stimu-
lation of insulin release [4]. As recently demonstrated, func-
tional K

 

ATP

 

 channels are also present in the vascular system
[5,6]. Under physiological circumstances these channels are in
a closed or inactive state [7], but during hypoxia and/or isch-
aemia, the fall in intracellular ATP concentration triggers
opening of K

 

ATP

 

 channels. The resulting potassium efflux and
hyperpolarization of the cell membrane induces shortening of
the action potential in the myocardium and relaxation of the
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Abstract

 

Aims

 

Glibenclamide attenuates the protective responses to opening of vascu-
lar ATP-sensitive potassium (K

 

ATP

 

) channels during ischaemia. Therefore,
glibenclamide treatment of Type 2 diabetes mellitus may have hazardous cardio-
vascular effects when used under conditions of ischaemia. Glimepiride and
metformin seem to lack such characteristics. Based on these data, we hypothesized
that, in contrast to glibenclamide, chronic treatment of Type 2 diabetic patients
with glimepiride or metformin will not impair the vasodilator function of K

 

ATP

 

opening 

 

in vivo

 

.

 

Methods

 

Two groups of 12 Type 2 diabetes mellitus patients participated in
a double-blind randomized cross-over study consisting of two 8-week periods,
in which treatment with orally administered glibenclamide (15 mg/day) was
compared with either glimepiride or metformin (6 mg and 1500 mg/day, respect-
ively). At the end of each treatment period, the increase in forearm blood flow
(FBF, venous occlusion plethysmography) in response to intra-arterial admin-
istered diazoxide (K

 

ATP

 

 opener), acetylcholine (endothelium-dependent vaso-
dilator) and dipyridamole (adenosine-uptake blocker) and to forearm ischaemia
was measured.

 

Results

 

There were no significant differences in vasodilator responses to
diazoxide, acetylcholine, dipyridamole and forearm ischaemia after glibenclamide
compared with glimepiride and metformin.

 

Conclusions

 

Chronic treatment of Type 2 diabetes mellitus with glimepiride or
metformin has similar effects on vascular K

 

ATP

 

 channels compared with chronic
glibenclamide treatment.
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vascular smooth muscle cell [8,9]. Animal experiments have
shown that such mechanisms play a role in the protection of
the myocardium against ischaemia and reperfusion damage
[10].

Glibenclamide inhibits both the vasodilator and the cardio-
protective responses to K

 

ATP

 

 channel opening [10,11]. In addi-
tion, glibenclamide reduces the vasodilation in response to
ischaemia [12] and blocks the protective effects of myocardial
ischaemic preconditioning [13]. Theoretically, these obser-
vations imply that glibenclamide may have harmful cardio-
vascular effects in Type 2 diabetic patients if used during
clinical conditions where tissue ischaemia is involved.

It was recently found that glibenclamide, at local therapeutic
concentrations, attenuates forearm vasodilation in response
to diazoxide (opener of K

 

ATP

 

 channels) [14] and vasodilation
mediated by ischaemia [15]. Under the same conditions,
glimepiride did not reduce diazoxide-mediated vasodilation
[14]. This may be because glimepiride affects pancreatic K

 

ATP

 

channels more selectively and has less effect on vascular K

 

ATP

 

channels than glibenclamide [16]. In a double-blind placebo-
controlled study glibenclamide abolished ischaemic precondi-
tioning, while glimepiride did not [17]. Non-sulphonylurea
treatment of Type 2 diabetes mellitus, such as the biguanide
metformin, is not associated with detrimental pharmacolog-
ical effects on the cardiovascular system. Metformin has even
been associated with an improvement of post-ischaemic hyper-
aemia [18]. Thus the evidence suggests a potentially harmful
effect of glibenclamide on protective mechanisms in the cardio-
vascular system, in contrast to glimepiride and metformin.

Until now, only the acute effects of sulphonylurea deriv-
atives in healthy volunteers have been investigated. The relev-
ance of these observations for chronic treatment of Type 2
diabetic patients with glibenclamide, glimepiride and met-
formin is not clear. Therefore, we performed a double-blind
randomized cross-over study in patients with Type 2 diabetes
mellitus, comparing chronic treatment with glibenclamide
with glimepiride or metformin with respect to vasodilator
responses to K

 

ATP

 

 channel opening by diazoxide in the forearm
vascular bed.

We also investigated differences between glibenclamide and
glimepiride or metformin regarding forearm vasodilation in
response to the endothelium-dependent vasodilator acetylcho-
line, to the adenosine uptake inhibitor dipyridamole and to an
ischaemic stimulus.

 

Patients and methods

 

Study population

 

Two groups of 12 Type 2 diabetic patients were recruited from
general practitioners and by advertisements. All met the inclu-
sion criteria: age between 18 and 75 years, body mass index
(BMI) between 18 and 35 kg/m

 

2

 

 and normal haematological,
hepatic and renal laboratory values. For at least 3 months
before entering the study, the patients were treated with oral

glucose-lowering drugs in a dose equivalent to the doses of the
study medication.

The study was approved by the hospital ethics committee
and informed consent was obtained.

 

Protocols

 

A single-centre double-blind, randomized, controlled, cross-
over investigation was performed, consisting of two protocols
in which different oral treatment strategies of Type 2 diabetes
mellitus were compared. Each protocol consisted of two periods
of 8 weeks of treatment. In protocol 1, 8 weeks of treat-
ment with orally administered glibenclamide (glibenclamide
verum morning dose 10 mg, afternoon dose 5 mg + glimepiride
placebo) were followed by 8 weeks of treatment of orally
administered glimepiride (glibenclamide placebo + glimepiride
verum 6 mg once daily) or 

 

vice versa

 

. Protocol 2 was identical
to protocol 1, except that metformin (verum 500 mg three
times a day or placebo) was used instead of glimepiride. Expected
equipotent dosages of oral glucose-lowering drugs were used.

At the end of each treatment period, fasting plasma glucose
concentration, body weight and blood pressure were measured.
In addition, HbA

 

1c

 

 measurements were performed to compare
the efficacy between glibenclamide vs. glimepiride and gliben-
clamide vs. metformin. Fasting venous blood was sampled for
lipid profiles and arterial blood for insulin, C-peptide and
sulphonylurea concentration.

Concomitant drug treatment was kept to a minimum and
patients were instructed to continue their habits and eating
patterns during the study period.

 

Experimental procedures

 

Forearm vasodilator responses were measured at the end of
each treatment period, using the perfused forearm model [19],
as previously described [14,15]. The participants abstained
from caffeine-containing beverages and alcohol at least 24 h
before the experiments. Experiments were performed in the
morning after an overnight (10-h) fast with the patients supine
in a quiet temperature-controlled room (23–24

 

°

 

C). At the start
of the experiments, fasting venous blood samples were taken.
Then, patients ingested their morning dose of the study medica-
tion and had a light standardized breakfast (300 kcal, 40%
carbohydrates, 35% fat and 25% proteins). They subsequently
abstained from further food intake until the end of the experi-
ment. Time between breakfast and onset of studies was similar
in all experiments.

First, the vasodilation in response to increasing dosages of
diazoxide, acetylcholine and dipyridamole was investigated. A
cannula (Angiocath, 20 G; Deseret Medical Inc., Becton Dick-
inson, Sandy, UT, USA) was inserted under local anaesthesia
(xylocaine 2%) into the brachial artery for blood pressure
measurement (Hewlett Packard monitor type 78353B; Hewlett
Packard GmbH, Böblingen, Germany), and for intra-arterial
drug administration by an automated syringe infusion pump
(type STC-521; Terumo Corp., Tokyo, Japan). Drugs were
infused at a fixed volume rate of 100 

 

µ

 

l /min per dl of forearm
volume (measured by water displacement). Bilateral forearm
blood flow (FBF) was measured by venous occlusion mercury-
in-silastic strain-gauge plethysmography (Hokanson EC4;
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.

 

D. E. Hokanson, Inc., Issaquah, WA, USA) [20]. During all
recordings of the FBF, the hand circulation was completely
occluded by a wrist cuff inflated 100 mmHg above the systolic
blood pressure to be certain that measurements only refer to the
forearm skeletal muscle vascular bed [21].

A schedule of the study protocol is shown in Fig. 1. After
complete instrumentation, at least 30 min of rest were included
to obtain a steady state before baseline measurements of bilat-
eral FBF, blood pressure and heart rate were recorded. Then,
vascular responses to three vasodilators were measured: diaz-
oxide (intra-arterial dosages of 0.25, 0.75 and 2.25 mg / min
per dl of forearm volume, 5 min per dose), acetylcholine (0.5,
2.0 and 8.0 

 

µ

 

g / min per dl) and dipyridamole (10, 30 and
100 

 

µ

 

g /min per dl). After infusion of the three doses of each
vasodilator, an equilibration period of 45 min was included to
allow parameters to return to baseline levels. Diazoxide was
used to open forearm vascular K

 

ATP

 

 channels. Acetylcholine was
investigated, because animal studies demonstrated that the
endothelium-derived vasodilator nitric oxide induces vasodilation
by hyperpolarization of vascular smooth muscle by activating
ATP-sensitive potassium channels [22]. Dipyridamole was
investigated, because the adenosine A

 

1

 

-receptor has been
reported to be coupled to ATP-sensitive potassium channels
[23,24]. Adenosine uptake inhibition by dipyridamole could lead
to more pronounced stimulation of adenosine receptors and
in that way to increased K

 

ATP

 

 channel opening.
Finally, the vasodilation in response to forearm ischaemia

was investigated. Occlusion of the brachial artery of the experi-
mental arm was achieved by inflating an extra cuff around
the upper arm to 100 mmHg above systolic blood pressure.
Subsequently, the FBF in response to 2, 5 and 13 min of forearm
ischaemia was recorded during 5 min after release of the extra

cuff. During the last minute of the 13-min occlusion period,
participants were asked to perform forearm exercise, inducing
maximal forearm vasodilation during reperfusion [25]. Vaso-
dilation in response to an ischaemic stimulus was investigated,
because glibenclamide has been shown to attenuate the vaso-
dilator response to ischaemia [12], and metformin has
been associated with an improvement of post-ischaemic
hyperaemia [18].

 

Drugs

 

Diazoxide, acetylcholine and dipyridamole were dissolved in
NaCl 0.9% at the start of the study. Diazoxide (Hyperstat®) was
purchased from Schering-Plough B.V. (Amstelveen, The Nether-
lands); acetylcholine (acetylcholini chloridum) from Dispersa
A.G. (Winterthur, Germany); and dipyridamole (Persantin®)
from Boehringer Ingelheim B.V. (Alkmaar, The Netherlands).
Glibenclamide and glimepiride verum and placebo tablets were
manufactured by Aventis (Hoevelaken, The Netherlands); and
glibenclamide and metformin verum and placebo tablets by E.
Merck Nederland B.V. (Amsterdam, The Netherlands).

 

Analytical methods

 

Plasma glucose was determined by a commercially available
glucose oxidation method. HbA

 

1c

 

 was measured using a high-
performance liquid chromatography (HPLC) technique (Hi-AUTO
A1c analyser HA 8140; Menarini Diagnostics Benelux NV,
Valkenzwoard, The Netherlands), with reference values of
4.2–6.3%. Total plasma cholesterol and triglyceride concen-
trations were determined by commercially available enzymatic
reagents (reference values 4.7–6.5 and 0.8–2.0 mmol/l, respectively).

Figure 1 Time schedule of the study protocol.
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Plasma insulin was assessed by means of radioimmunoassay
using 

 

125

 

I-labelled human insulin and anti-human insulin
antiserum. The between-assay coefficient of variation was 10.3%
(

 

n

 

 = 20) at a level of 148 pmol/l. Sulphonylurea concentration
was measured by solid-phase extraction and subsequent HPLC
with spectrophotometric detection.

 

Statistical analysis

 

According to our experience, the 

 

SD

 

 in diazoxide-induced
increase in forearm blood flow is about 3 ml/min per dl of fore-
arm tissue. A difference between glibenclamide vs. glimepiride
and metformin of 3.5 ml/min per dl or more is considered to be
clinically significant. To be able to detect differences between
the drugs in the vasodilator responses to intra-arterial infusion
of diazoxide, acetylcholine, dipyridamole and ischaemia,
power calculations show that a sample size of 12 participants
(16 

 

× 

 

(3

 

2

 

/3.5

 

2

 

) = 11.8) is enough to reach a 80% power, at a
two-sided significance level of 5%.

For each dose of diazoxide, acetylcholine and dipyridamole
FBF registrations of the last 2 min of infusion were averaged.
The results were analysed by a repeated measures analysis of
variance (

 

ANOVA

 

) over all dosages for each drug. In a separate
analysis, the effect of treatment (glibenclamide vs. glimepiride
and glibenclamide vs. metformin) was evaluated by a two-
factor repeated measures 

 

ANOVA

 

. During reperfusion after the
ischaemic stimuli, maximal FBF and flow debt repayment were
determined. Flow debt repayment was calculated as the area
under the FBF vs. time curve during reactive hyperaemia minus
preocclusion baseline FBF times the duration of reactive hyper-
aemia, and is expressed as ml per dl forearm volume [12].
These parameters were also analysed using a repeated measures

 

ANOVA

 

 model. Laboratory values after glibenclamide treatment
were compared with glimepiride and metformin treatment
using a paired samples 

 

t

 

-test. The SPSS PC + 9.0.1 program
(Statistical Package for Social Sciences) was used and 

 

P 

 

< 0.05
was considered statistically significant.

 

Results

 

Baseline characteristics

 

The baseline characteristics of the participants are shown
in Table 1.

 

Metabolic parameters (Table 2)

 

Protocol 1

 

Glycaemic control was similar during glibenclamide and
glimepiride treatment. Plasma insulin concentration, but not C-
peptide, was significantly higher after glibenclamide treatment
compared with glimepiride. Sulphonylurea concentrations were
0.16 

 

±

 

 0.02 (range 0.10–0.32) after glibenclamide treatment
and 0.27 

 

±

 

 0.04 

 

µ

 

g /ml (range 0.13–0.52) after glimepiride
treatment.

 

Protocol 2

 

Fasting glucose and HbA

 

1c

 

 values measured after treatment
with glibenclamide were significantly lower than after met-
formin treatment. Plasma insulin concentration, but not C-
peptide, was significantly higher after glibenclamide treatment
compared with metformin. Furthermore, in all patients gliben-
clamide could be demonstrated in plasma after 8 weeks gliben-
clamide treatment (0.32 

 

±

 

 0.06, range 0.04–0.66 

 

µ

 

g /ml),
whereas glibenclamide was undetectable after metformin
treatment.

 

Other clinical parameters (Table 2)

 

Protocol 1

 

Cholesterol and triglyceride levels, baseline intra-arterial
systolic and diastolic blood pressures as well as body weight

Table 1 Baseline characteristics of the two groups of patients

Protocol 1: 
glibenclamide 
vs. glimepiride

Protocol 2: 
glibenclamide 
vs. metformin

n (M/F) 12 (8/4) 12 (10/2)
Age (years) 53.0 ± 1.8 55.1 ± 2.4
BMI (kg/m2) 27.6 ± 1.1 25.9 ± 0.7
SBP (mmHg)  150 ± 5  146 ± 4
DBP (mmHg)  89 ± 2  87 ± 2
HR (/min)  75 ± 2  72 ± 2
HbA1c (%)   8.7 ± 0.4   8.3 ± 0.5

BMI, Body mass index; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; HR, heart rate.

Glibenclamide Glimepiride Glibenclamide Metformin

Glucose (mmol/ l) 10.1 ± 0.9 11.4 ± 0.9 11.0 ± 1.1 13.3 ± 1.4*
HbA1c (%) 8.2 ± 0.5 8.6 ± 0.5 8.3 ± 0.5 8.8 ± 0.5*
Insulin (mU/ml) 10.8 ± 1.5 8.6 ± 0.9* 23.6 ± 3.8 17.7 ± 3.2*
C-peptide (nmol/ l) 0.74 ± 0.06 0.72 ± 0.06 1.02 ± 0.10 0.95 ± 0.13
Cholesterol (mmol/ l) 5.7 ± 0.4 6.1 ± 0.4 6.2 ± 0.4 5.8 ± 0.3
Triglycerides (mmol/ l) 1.75 ± 0.27 1.65 ± 0.24 2.50 ± 0.41 2.58 ± 0.52
SBP (mmHg)  130 ± 3  133 ± 5  137 ± 4  131 ± 4**
DBP (mmHg)  65 ± 2  67 ± 2  66 ± 2  63 ± 1**
Body weight (kg) 83.3 ± 2.5 83.1 ± 2.5 80.0 ± 2.1 78.7 ± 2.4*

SBP, Baseline intra-arterial systolic blood pressure; DBP, baseline intra-arterial diastolic blood pressure.
*P < 0.05; **P = 0.05 vs. glibenclamide.

Table 2 Effects of glibenclamide vs. glimepiride 
and glibenclamide vs. metformin on various 
clinical and metabolic parameters
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.

 

were similar after glibenclamide treatment compared with glime-
piride treatment.

 

Protocol 2

 

Lipid levels were similar after glibenclamide treatment
compared with metformin. Both systolic and diastolic blood
pressure tended to be higher after glibenclamide treatment.

Body weight was higher after glibenclamide compared with
metformin.

 

Vasodilator responses

 

At the end of each treatment period, diazoxide, acetylcholine
and dipyridamole all induced significant vasodilation in the

Figure 2 Forearm blood flow in the experimental arm (FBF exp) ± SEM in response to diazoxide, acetylcholine and dipyridamole infusions after 8 weeks’ 
treatment with glibenclamide (j), glimepiride (d) and metformin (s).
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infused forearm without change in FBF in the control arm. Fur-
thermore, maximal FBF after release of the cuff around the upper
arm was higher as the arterial occlusion lasted longer. There
were no significant differences in baseline FBF and vasodilator
response to diazoxide, acetylcholine and dipyridamole between
glibenclamide and glimepiride, nor between glibenclamide and
metformin (Fig. 2). Maximal FBF and flow debt repayment in
response to the three occlusion periods were also not different
between glibenclamide vs. glimepiride and metformin (Fig. 3).

 

Discussion

 

In the present study we found no differences in vasodilator
responses to K

 

ATP

 

 channel opening during chronic treatment
of Type 2 diabetic patients with glibenclamide, glimepiride or
metformin. This finding is based on our observation that the
vasodilation induced by the K

 

ATP

 

 channel opener diazoxide
was similar after 8 weeks’ treatment with glibenclamide com-
pared with glimepiride or metformin.

The findings of the present glibenclamide vs. glimepiride
protocol differ from a previous study, where glibenclamide but

not glimepiride attenuated diazoxide-induced vasodilation
[14]. This may be because the latter study was performed in
healthy volunteers who were acutely exposed to glibenclamide
or glimepiride. In the present study, effects of chronic treat-
ment of Type 2 diabetic patients with glibenclamide and
glimepiride were compared. Although glimepiride may have
less impact on extra-pancreatic K

 

ATP

 

 channels than gliben-
clamide [16], chronic treatment with this new sulphonylurea
drug apparently has either no or a similar effect on vascular
K

 

ATP

 

 channels compared with chronic treatment with the
conventional drug glibenclamide.

We also found no differences in vasodilator response to K

 

ATP

 

channel opening between chronic treatment with gliben-
clamide or metformin. This observation fits with the results of
the United Kingdom Prospective Diabetes Study (UKPDS), that
showed that the risk for development of macro- and micro-
vascular diseases in patients treated with metformin did not
differ from patients treated with glibenclamide [26]. As the
UKPDS was a large epidemiological outcome study, no specific
parameters were recorded to study the effects of chronic gliben-
clamide treatment on the function of vascular K

 

ATP

 

 channels.

Figure 3 Maximal forearm blood flow in the experimental arm (max FBF) ± SEM and flow debt repayment (flow debt rep) ± SEM in response to 2, 5 and 
13 min of arterial occlusion after 8 weeks treatment with glibenclamide (j), glimepiride (d) and metformin (s).
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Besides the responses to diazoxide, there also were no differ-
ences between glibenclamide vs. glimepiride and metformin
with respect to the vascular responses to the endothelium-
dependent vasodilator acetylcholine, to the adenosine uptake
inhibitor dipyridamole and to an ischaemic stimulus.

Glycaemic control was similar during glibenclamide and
glimepiride treatment. This indicates that the doses used in the
glibenclamide vs. glimepiride protocol were equipotent. Fast-
ing glucose and HbA1c values were significantly higher after
metformin treatment compared with glibenclamide treatment.
This indicates that the doses used in the glibenclamide vs.
metformin protocol were not equipotent in reducing glucose
concentration. Endothelium-dependent vasodilation has been
demonstrated to be less pronounced in subjects with impaired
fasting glucose [27] as well as during glucose infusion in
healthy volunteers [28]. Therefore, the higher glucose concen-
tration during metformin treatment may have impaired the
vasodilatory response to acetylcholine. Theoretically, the
vasodilation in response to acetylcholine after metformin
treatment might have been more pronounced if glycaemic
control was similar to that after glibenclamide treatment.

Baseline intra-arterial blood pressures tended to be higher
and body weight was higher after glibenclamide compared
with metformin treatment, as described before [29,30]. The
lower body weight after metformin is probably because
metformin reduces energy intake [31].

In conclusion, no differences were found between gliben-
clamide vs. glimepiride and metformin treatment of Type 2
diabetic patients regarding vasodilator responses to diazoxide,
acetylcholine, dipyridamole as well as to an ischaemic stimu-
lus. These results do not support the existence of relevant
differences with respect to vascular responses under ischaemic
conditions within different sulphonylurea derivatives or
between sulphonylureas and metformin.
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