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SUMMARY

This exploratory double-blind, randomised, 20-week

study evaluated the mechanism of action of metformin–

glibenclamide combination tablets (Glucovance�) vs.

metformin and glibenclamide in 50 type 2 diabetes

patients inadequately controlled by diet and exercise. A

glycaemic target of HbA1C 7.0% was used. Final HbA1C,

fasting glucose and post-oral glucose tolerance test

(OGTT) glucose were similar between groups, although

average doses of metformin and glibenclamide from com-

bination tablets (708 and 3.5 mg) were lower than

monotherapy doses (1500 and 6.6 mg). Second-phase

insulin during a hyperglycaemic clamp increased by 93%

with combination tablets, 36% with metformin and 46%

with glibenclamide. The insulin response post-OGTT

was more rapid with the combination tablets vs. glibencl-

amide. First-phase insulin responses improved modestly

in all groups, possibly due to reduced glucotoxicity.

Changes in insulin sensitivity were minor. Larger b-cell

responses between combination tablets and glibenclamide

may reflect more rapid glibenclamide absorption.
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INTRODUCT ION

Insulin resistance usually develops over a period of years

preceding the presentation of a patient for diagnosis of type

2 diabetes (1). During this period, increased insulin secre-

tion, with attendant fasting and postprandial hyperinsulin-

aemia, compensates to some degree for the deficit in

hepatic and peripheral insulin sensitivity. Eventually, b-cell

failure precipitates the glucose intolerance and chronic

hyperglycaemia characteristic of clinical type 2 diabetes

mellitus. Thus, the vast majority of patients diagnosed with

type 2 diabetes have the dual endocrine defects of insulin

resistance and impaired b-cell function. The loss of b-cell

function in patients with type 2 diabetes is characterised by

defects in both first-phase and second-phase insulin secre-

tion (2).

Insulin sensitisers and insulin secretagogues, alone or in

combination, are effective in improving glycaemic control

in recently diagnosed type 2 diabetes patients sub-optimally

controlled by diet and exercise (3–8). Two double-blind tri-

als in a total of 1274 randomised patients have evaluated a

combination of the insulin sensitiser, metformin, and the

insulin secretagogue, glibenclamide (glyburide in the USA),

contained within a single treatment (Glucovance�), in

patients with type 2 diabetes sub-optimally controlled by

diet and exercise (5,6). In either study, significantly larger

reductions in HbA1C occurred in patients receiving the

combination tablets, compared with monotherapies, despite

receiving lower dosages of metformin or glibenclamide. One

of these studies measured postprandial insulin excursions,

defined as the difference between fasting plasma insulin and

the value 2 h following a standard test meal (5). The aver-

age magnitude of the postprandial insulin excursion was sig-

nificantly greater following treatment with metformin/

glibenclamide 250/1.25 mg combination tablets compared

with glibenclamide alone, despite patients in the combina-

tion therapy group receiving about half the dose of glibencl-

amide (2.8 mg with combination tablets vs. 5.3 mg with

glibenclamide alone).

These changes suggested improved b-cell function in the

combination tablet group. However, such improvements

may have come about either due to an action on the b-cell

itself, or through alleviation of the toxic effects on the b-cell

of long-term hyperglycaemia (glucotoxicity). The present

exploratory study was designed to investigate the mecha-

nisms of action of the blood glucose-lowering actions of the

combination tablets, in comparison with metformin and

glibenclamide monotherapies, using hyperglycaemic clamp

methodology and an oral glucose tolerance test (OGTT) in

patients with type 2 diabetes.
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PAT IENTS AND METHODS

Patients

Patients were men or women aged 20–75 years, with a

diagnosis of type 2 diabetes mellitus within the previous

5 years, and HbA1C 16.7% but �9.5% on diet and

exercise. Subjects were either drug naı̈ve or did not

receive antihyperglycaemic therapy during the 8 weeks

prior to screening. Patients were excluded for body

mass index (BMI) 140 kg/m2, symptomatic diabetes

(marked polyuria and polydipsia with 110% weight loss

within 3 months prior to screening), history of chronic

insulin use, renal dysfunction [serum creatinine

�124 lmol/l (1.5 mg/dl) for men and �133 lmol/l

(1.4 mg/dl) for women] morbid cardiovascular events

within 6 months of screening, or other significant renal,

hepatic, cardiac or psychiatric disease. Women of child-

bearing potential were required to practise a reliable

method of contraception.

Design

This was a double-blind, randomised, multicentre, three-

arm, parallel group trial. At enrolment patients received

instruction on maintaining a eucaloric diet for the duration

of the study. A 1-week lead-in on a eucaloric, weight-main-

taining diet was followed by randomisation to receive dou-

ble-blind metformin/glibenclamide 250/1.25 mg

combination tablets (Glucovance�, Merck Santé, Lyon,

France), metformin 500 mg tablets (Glucophage�, Merck

Santé, Lyon, France) or glibenclamide 2.5 mg tablets (Mic-

ronase�, Pharmacia & Upjohn Company, Kalamazoo, MI,

USA), with matching placebos in a triple-dummy design.

Patients started treatment with one tablet of study therapy

daily, with the morning meal. The dosage could be increased

by a single tablet at weeks 2, 4, 8, 12 or 16 if the self-monit-

ored mean blood glucose level (measured 3–5 days before a

study visit) was �7.0 mmol/l (126 mg/dl). In addition,

study therapy could be titrated at weeks 12 or 16 if HbA1C

was 17.0%. The maximum permitted dose of study treat-

ment was four tablets/day. Dosages of more than one tablet/

day were divided between the morning and evening meals.

The duration of double-blind treatment was 20 weeks.

Study treatment was reduced by one tablet if fasting

blood glucose was 02.8 mmol/l (50 mg/dl) with symptoms

suggestive of hypoglycaemia in the absence of environmental

factors known to contribute to hypoglycaemia. Patients with

documented hypoglycaemia on one tablet/day were with-

drawn from the study. Compliance was assessed by inter-

view with the subject, review of study medication that was

dispensed or returned, and via a pharmacokinetic sample

collected during week 2 of the trial.

Measurements

End points

The primary end point was the change in second-phase

insulin response after 20 weeks of double-blind treatment.

First-phase insulin responses, other euglycaemic clamp or

OGTT parameters (described below), indices of overall gly-

caemia and plasma drug concentrations were secondary end

points.

Oral glucose tolerance test

An OGTT and hyperglycaemic clamp were carried out on

separate days at baseline and after 20 weeks of double-blind

treatment. The OGTT included isotopic measurement of

glucose turnover. Patients received an intravenous infusion

of a deuterium-labelled glucose tracer (6,6-dideuterated glu-

cose), and 3 h later ingested orally a solution containing

72 g of unlabelled glucose plus 3 g of U-13C6-glucose. The

overall rate of glucose appearance (endogenous plus exogen-

ous) was calculated from the plasma enrichment of

6,6-dideuterated glucose using the non-steady state 1-com-

partment model equations of Steele et al. (9,10) and from

the two-compartment model equations of Radziuk et al.

(9,11,12). The rate of appearance of exogenous (orally

ingested) glucose in the systemic circulation was calculated

from the plasma enrichments of U-13C6-glucose based upon

the same equations. Splanchnic glucose uptake was calcula-

ted as the difference between the amount of oral glucose

administered and the total systemic appearance of oral glu-

cose over 5 h. Postprandial hepatic glucose production was

calculated from the difference between the total systemic

rate of glucose appearance and the rate of appearance of

exogenous glucose.

Hyperglycaemic clamp

An insulin/glucose infusion (about 9.5 h in duration) main-

tained overnight euglycaemia [Mokan schema (13)] imme-

diately prior to a 3-h hyperglycaemic clamp. The clamp

procedure began with a priming regimen of 20% dextrose

infusion followed by a variable-rate glucose infusion (14) to

maintain plasma glucose at 10.6 mmol/l (190 mg/dl), to

facilitate calculation of parameters of glucose-stimulated

insulin secretion, glucose disposal and insulin sensitivity

index (ISI) (15,16). Specimens for metabolite analysis were

collected at 2-min intervals for 10 min, then at 15, 30 min,

and then at 30-min intervals for the duration of the 3-h

clamp.

Second-phase insulin was defined as the average of insulin

values at 120, 150 and 180 min after a glucose bolus during

the hyperglycaemic clamp. First-phase insulin was defined
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as the sum of insulin values at 2, 4, 6, 8 and 10 min after a

glucose bolus during the hyperglycaemic clamp.

Pharmacokinetic parameters

Plasma metformin and glibenclamide were measured using

previously validated liquid chromatography/tandem mass

spectrometry methods (17). Spiked analytical quality control

samples were analysed along with the study samples in order

to assess the accuracy and precision of each analytical run.

Statistics

In this exploratory study a total of 50 patients were enrolled

to achieve a planned sample size of 45 patients per treatment

arm. The sample size is supported by a previous study on

patients with type 2 diabetes (18) where the standard devi-

ation for log-transformed second-phase insulin was estimated

at 0.7. For this study, assuming a 20% dropout rate, for

patients failing to complete the final hyperglycaemic clamp

procedure, data from 12 patients per treatment group would

provide 95% confidence that the true population mean of

log-transformed second-phase insulin was within 16% of the

estimated mean. ANCOVA of log-transformed post- to pretreat-

ment ratios of the measurements was completed with main

effect terms of treatment and baseline measurement, and age

and BMI as covariates. Means and mean changes from base-

line in the ISI were also obtained from an ANCOVA model with

main effect terms for treatment and baseline measurement

and a BMI covariate. Due to the exploratory nature of this

study no adjustments were made for pair-wise comparisons.

Ethics

All patients provided written, informed consent in advance of

the study, which was carried out in accordance with US Fed-

eral regulations concerning the conduct of clinical trials, and

according to the principles of the Declaration of Helsinki

and its amendments and local country-specific requirements.

Institutional Review Boards reviewed and approved the study

protocol and materials relating to informed consent.

RESULTS

Patients

Of 50 patients randomised, five discontinued treatment pre-

maturely (two in the combination tablet group, two in the

glibenclamide group and one in the metformin group).

Three discontinued following a subject request (one in each

group), one patient was lost to follow-up (randomised to

metformin) and one patient randomised to glibenclamide

discontinued for an adverse event (AE). Patients at baseline

were obese, and had mild-to-moderate hyperglycaemia

(Table 1). Treatment groups were well matched at baseline,

except for a higher proportion of women (71%) in the glib-

enclamide monotherapy group compared with the metfor-

min of glibenclamide groups (53% and 61% respectively).

Glycaemic Outcomes

Glycaemic parameters were reduced in all groups (Figure 1),

with final mean HbA1C values of 7.0% (metformin–glibencla-

mide combination tablets), 7.4% (metformin) and 7.1% (glib-

enclamide). Final mean fasting plasma glucose (FPG) and

plasma glucose during the OGTT were similar in all three

groups. Patients randomised to receive metformin–glibencla-

mide combination tablets required lower average daily doses of

metformin and glibenclamide to achieve these benefits (708

and 3.5 mg respectively), compared with 1500 mg for metfor-

min monotherapy and 6.6 mg for glibenclamide monotherapy.

Plasma Insulin and C-Peptide

Plasma insulin responses during the OGTT are shown in

Figure 2. A robust, early stimulation of insulin secretion

occurred with the metformin–glibenclamide combination

tablets. In contrast, the increase in insulin secretion with

glibenclamide occurred more slowly, and appeared to be still

increasing at the end of the 5-h measurement period. Insulin

responses during the hyperglycaemic clamp were consistent

with these findings. Improvements in second-phase insulin,

the primary end point of the study, occurred in all groups,

Table 1 Patients at baseline

Metformin (n ¼ 15) Glibenclamide (n ¼ 17) Met–glib combination tablets (n ¼ 18)

Mean (SD) age (years) 48 (9) 51 (8) 49 (12)

Male/female (%) 47/53 29/71 39/61

Mean (SD) body mass index (kg/m2) 33 (6) 36 (4) 33 (5)

Mean (SD) diabetes duration (years) 2.7 (2.2) 2.4 (1.6) 2.6 (1.3)

Mean (SD) FPG

mmol/l 9.6 (2.6) 9.8 (2.7) 10.7 (3.7)

mg/dl 173 (47) 177 (49) 192 (67)

Mean (SD) HbA1C (%) 7.6 (1.0) 8.0 (1.3) 8.1 (1.5)
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with the largest change occurring in the combination tablet

group (Table 2). Increases in first-phase insulin secretion

were modest in all treatment groups (Table 2).

Changes in C-peptide during the hyperglycaemic clamp

mirrored those in insulin. Second-phase C-peptide increased

by 54% (95% CI 36–75) from baseline with the combination

tablets, by 22% (95% CI 7–39) with metformin and by 34%

(95% CI 17–54) with glibenclamide. Corresponding mean

changes from baseline in first-phase C-peptide during the

hyperglycaemic clamp were 65% (95% CI 41–92) for the

combination tablet group, 14% (95% CI )3 to 34%) for

metformin and 43% (95% CI 20–69) for glibenclamide.

Parameters Relating to Insulin Sensitivity and Glucose

Turnover

The ISI was measured during the hyperglycaemic clamp,

and indices of glucose turnover (basal and hepatic glucose

production, the extent of suppression of glucose production

and the average clearance rate of glucose) were measured

during the OGTT. In general, the mean changes in patients

randomised to the combination tablets were intermediate

between those of metformin and glibenclamide (Tables 3

and 4).
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Pharmacokinetics

Absorption profiles after 20 weeks of treatment for metfor-

min and glibenclamide from the combination tablets were

compared with those for each monotherapy (Figure 3). Glib-

enclamide was absorbed more rapidly from the combination

tablets, compared with glibenclamide monotherapy, despite

having been administered at about half of the average daily

dose, compared with glibenclamide alone (Figure 3a). Less

metformin was absorbed from the combination tablets, com-

pared with metformin monotherapy, though the shape of

the plasma concentration–time curves was similar for each

Table 2 Effects on b-cell responses

during the hyperglycaemic clamp
Metformin Glibenclamide Met–glib tablets

Second-phase insulin response (primary end point)

n 14 14 16

Baseline (pmol/l) 120.3 191.5 95.2

Adjusted mean change (%, 95% CI) 36 (9–70) 46 (15–84) 93 (56–139)

p-values*

Metformin – 0.0748 0.0065

Glibenclamide – – 0.4162

First-phase insulin response

n 13 14 16

Baseline (pmol/l) 395.7 425.7 323.6

Adjusted mean change (%, 95% CI) 15 ()5–40) 19 (1–44) 35 (13–61)

p-values*

Metformin – 0.4645 0.8348

Glibenclamide – – 0.5982

*Least squares comparisons of treatment effects. Only patients with baseline and end of treatment assess-

ments were included in the analysis.

Table 3 Changes in insulin sensitivity index during a hyperglycaemic clamp

Metformin (n ¼ 14) Glibenclamide (n ¼ 14) Met-glib tablets (n ¼ 16)

Baseline mean (SE) 0.077 (0.010) 0.053 (0.008) 0.105 (0.033)

Adjusted mean change (95% CI) 0.011 ()0.017 to 0.039) )0.009 ()0.037 to 0.020) )0.004 ()0.031 to 0.022)

p-values*

Metformin – 0.0119 0.0105

Glibenclamide – – 0.9453

All values are lmol/min/kg/pM. *Least squares comparisons of treatment effects. Only patients with baseline and end of treatment assessments were included

in the analysis.

Table 4 Indices of glucose turnover during the OGTT

Metformin (n ¼ 13–14) Glibenclamide (n ¼ 14–15) Met–glib tablets (n ¼ 16)

Basal hepatic glucose production (lmol/kg/min)

Baseline mean (SE) 13.7 (1.1) 11.5 (0.5) 13.7 (1.5)

Mean change (95% CI) )2.2 ()4.1 to )0.3) )1.4 ()2.5 to )0.2) )2.3 ()4.8 to 0.3)

p-values*

Metformin – 0.3299 0.9682

Glibenclamide – – 0.3603

Postprandial hepatic glucose production (lmol/kg/min)

Baseline mean (SE) 4.9 (0.4) 4.1 (0.3) 4.8 (0.6)

Mean change (95% CI) )0.2 ()1.0 to 0.7) )0.7 ()1.3 to 0.0) )0.5 ()1.6 to 0.6)

p-values*

Metformin – 0.0157 0.9774

Glibenclamide – – 0.0222

OGTT, oral glucose tolerance test. *Least squares comparisons of treatment effects. Only patients with baseline and end of treatment assessments were inclu-

ded in the analysis.
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treatment (Figure 3b). This observation was consistent with

the lower average metformin dosage in the combination tab-

let group compared with metformin monotherapy (708 mg

vs. 1500 mg respectively).

Tolerability and Safety

All-cause AE were reported by 44% of the combination tab-

let group, by 87% of the metformin group and by 65% of

the glibenclamide group. Five patients randomised to glib-

enclamide (29%) reported 13 hypoglycaemic events [symp-

toms consistent with hypoglycaemia with an associated

fingerstick value �2.8 mmol/l (50 mg/dl)], of which one

required non-medical assistance. Two patients in the combi-

nation tablet group (11%) reported a total of three episodes

of hypoglycaemia; all were easily managed by the patients

without additional assistance. Gastrointestinal AE occurred

most commonly in the metformin monotherapy group, as

would be expected (53% vs. 17% for combination tablets

and 24% for glibenclamide monotherapy). One serious AE

occurred in the combination tablet group (coronary heart

disease, unrelated to study treatment), and one patient with-

drew from glibenclamide monotherapy due to an AE (treat-

ment-related rash). No patient died.

DISCUSS ION

The purpose of this exploratory study was to investigate the

mechanisms of action of metformin–glibenclamide combi-

nation tablets on glycaemia in patients with type 2 diabetes.

Previous double-blind, randomised evaluations of this treat-

ment in patients with hyperglycaemia despite treatment

with diet and exercise (5,6), or with oral antidiabetic mono-

therapy (19,20), have demonstrated superior improvements

in glycaemia at lower doses of metformin and glibencla-

mide, compared with these agents given as monotherapy. In

the present study, glycaemic outcomes were comparable

between treatments, following dose optimisation for efficacy

and tolerability. However, average doses of metformin and

glibenclamide delivered via the combination tablets were

about half of those given as monotherapy at study end, con-

sistent with previous studies.

One of these prior studies (5) suggested that part of the

reason for the superior blood glucose-lowering efficacy of the

combination tablets, relative to glibenclamide monotherapy,

may relate to differences in the responses of the b-cell to

treatment. In the present study, treatment with combination

tablets, but not with glibenclamide or metformin monothera-

py, was associated with significant improvements from base-

line in the second-phase insulin response during the

hyperglycaemic clamp, consistent with the findings of the ear-

lier study. Supportive information on b-cell function, namely

second-phase C-peptide release during the clamp, and plasma

insulin profiles during the OGTT support this view.

Improvements in first-phase insulin secretion were observed

in all treatment groups. The deleterious effects on the b-cell

of chronic hyperglycaemia associated with type 2 diabetes are

well known, and correction of hyperglycaemia can improve

b-cell function, at least in the short term (21,22). Given that

HbA1C in all three treatment groups approached the target

value of 7.0%, it is reasonable to assume that the contribution

of improved glucose toxicity of impaired b-cell function

would be similar for each. Indeed, similar improvements in

first-phase insulin secretion during treatment with an insulin

sensitiser–secretagogue combination, a secretagogue alone or a

sensitiser alone may have been caused by amelioration of

glucotoxicity, particularly as glibenclamide is known to have

relatively little effect on early-phase insulin secretion (23).

The improved second-phase insulin response is consistent

with the earlier absorption of glibenclamide from the com-

bination tablets, compared with glibenclamide alone, which

was observed in the present study, and which has also been

observed previously in a double-blind study in patients with

type 2 diabetes (24). The absorption of glibenclamide from

the gastrointestinal tract is critically dependent on its formu-
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lation (25,26), and the design of the combination tablet

appears to underlie the early absorption of glibenclamide,

compared with the comparator glibenclamide preparation,

in this study (27). The differences in the plasma concentra-

tion–time profiles for metformin were consistent with the

average doses administered via the combination tablets or

monotherapy. The metformin component of the combina-

tion tablets has been shown to be bioequivalent with stand-

ard metformin tablets (24).

Changes in insulin sensitivity were as expected, given the

known mechanisms of action of the study treatments. It has

been suggested that measurements of b-cell function should

be corrected for the prevailing level of insulin resistance

(28,29). ANCOVA was used to correct for differences in BMI

at baseline in this study. As insulin resistance correlates with

increasing BMI (30), this requirement was largely met in

our study and the differences in b-cell function between the

combination tablet group and glibenclamide monotherapy

are likely to reflect genuine differences in the therapeutic

actions of these treatments.

The combination tablets were well tolerated. Insulin

secretagogues are associated with an increased risk of hypo-

glycaemia during therapeutic use. In the present study, the

combination tablets were well tolerated, with a low inci-

dence of hypoglycaemia given the magnitude of reductions

in blood glucose achieved, as in previous studies (31). The

combination tablets are taken with meals, so that the early

absorption of glibenclamide associated with this treatment

occurs during the postprandial glucose surge, which is likely

to limit the potential for hypoglycaemia with this treatment.

CONCLUS IONS

In this exploratory study the administration of metformin–

glibenclamide combination tablets to patients hyperglycae-

mic despite treatment with diet and exercise was associated

with an increased second-phase insulin response, compared

with glibenclamide alone. This phenomenon probably

relates to earlier absorption of glibenclamide from the com-

bination tablet, and may explain greater effects on postpran-

dial insulin and glucose responses observed in previous

evaluations of the combination tablet.
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