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ABSTRACT: A new modified release (MR) formulation containing 30mg of gliclazide was
developed to obtain a better predictable release of the active principle and to allow once-daily
dosing regimen. An absolute bioavailability study was carried out to characterise the performance
of the new formulation and the food-effect was also investigated in a separate study. Both studies
were single dose, randomised, open label, two way cross over studies with a wash out period
between doses. For the bioavailability study, each volunteer received 30mg of gliclazide given
either as a 1 h intravenous infusion or as a 30mg MR tablet. For the food-effect study, the treatment
was given either fasted or 10min after the start of a standardised Melander breakfast. Blood
samples were collected up to 72 h after administrations and plasma samples assayed for gliclazide
concentrations using a reverse-phase HPLC method with UV detection. Mean absolute
bioavailability of gliclazide was 97% and ranged between 79 and 110% showing complete
absorption. A similar moderate to low variability was observed after IV and oral administration
showing the MR formulation did not add to the overall variability which is solely due to the
disposition parameters, in particular metabolism of gliclazide. No significant difference was
observed in tmax, t1=2z, Cmax and AUC of gliclazide after administration of the 30mgMR tablet under
fasted and fed conditions. In conclusion, after single oral administration of a 30mg MR tablet,
gliclazide was completely absorbed both under fasted and fed conditions. A consistent and optimal
release of gliclazide from this formulation leads to a low to moderate overall variability of its
pharmacokinetic parameters. Diamicron 30mg MR can be given without regards to meals i.e.
before, during or after breakfast. Copyright # 2002 John Wiley & Sons, Ltd.
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Introduction

Gliclazide (Diamicron1) is a second-generation
sulphonylurea used worldwide in the treatment
of Type 2 diabetes. The drug is currently
prescribed in the dose range 40 –320mg per day
as tablets once to three times daily. Individual
dose requirements vary between patients and

partly reflect the variability in pharmacokinetic
characteristics in addition to differences in
severity of diabetes. Indeed, high inter subject
variation in the oral absorption of Diamicron1 in
both Type 2 diabetic patients and healthy
volunteers, is observed. This had no effect on
the efficacy or safety of the compound, which
have been well established [1]. The variability in
absorption can be attributed to both the physi-
cochemical properties of gliclazide as well as the
formulation administered (i.e. tablet). The com-
pound is a weak acid with a good lipophilicity
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and a pH dependent solubility [2]. Gliclazide is
practically insoluble in acidic media and its
solubility increases as the pH becomes more
alkaline. Gliclazide belongs to the Class II of the
biopharmaceutical classification [3] in which the
drug dissolution rate is the controlling step in
drug absorption. For gliclazide, the dissolution
rate depends upon the gastric emptying time and
upon the dissolution rate in the small intestine
where the compound is soluble. The variability
in absorption of gliclazide could also be related
to an early dissolution in the stomach leading to
more variability in the absorption in the intestine.

A modified release (MR) formulation contain-
ing 30mg of gliclazide has been developed to
obtain a better predictable release of the active
principle and to allow a once-daily dosing
regimen at breakfast. It is well recognised that
the presence of food in the gastrointestinal tract
can affect bioavailability and disposition of orally
administered drugs [4–6] through physicochem-
ical and physiological interactions. From this, it
can be anticipated that both delay in gastric
emptying and change in pH accompanying food
intake might affect the dissolution of the com-
pound in the gastrointestinal tract [7]. Limited
data concerning the effect of food on the
pharmacokinetics of gliclazide are available. In
two previous studies, food altered the pharma-
cokinetics of Diamicron1 in Type 2 diabetic
patients when given with the current formula-
tion. Two mechanisms were thought to be
involved: delay in the absorption of gliclazide
when given 30min after breakfast [8] and
decrease in the extent of absorption of gliclazide
when given 30min before a meal [9]. Some
decrease in gastric emptying, a possible interac-
tion of Diamicron1 with dietary components as
well as a change in pH could explain these
observations.

We report the results of two studies performed
in young healthy male volunteers. The first study
was designed to assess the absolute bioavail-
ability of gliclazide to better characterise the
performance of the new MR tablet formulation.
The second study determined the effect of a
standard breakfast on the pharmacokinetics of
gliclazide after administration of the MR for-
mulation since it will be taken with the morning
breakfast.

Materials and Methods

Subjects

The data was derived from two studies: an
absolute bioavailability study (I) involving
twelve subjects and a food-effect study (II) in
which sixteen healthy volunteers participated.
Demographic details are presented in Table 1.
Both study protocols were approved by an
independent ethics committee prior to starting
the study, and the studies were conducted in
accordance with the declaration of Helsinki. All
the subjects gave their signed, informed consent
prior to enrolling in the study. Any volunteer
withdrawn from the study was replaced by
another volunteer who received the same treat-
ments as those designated for the withdrawn
volunteers.

Study design

The formulation of gliclazide used in both
studies (I) and (II) was a modified release (MR)
tablet consisting of a hydrophilic matrix contain-
ing 30mg. A solution of gliclazide (30mg in 60ml
of a 5% glucose solution in water for injection)
was used in the bioavailability study (I) only.
Both were single dose, randomised, balanced,
open label, two way cross over studies with a
wash out period of 7 to 9 days between doses.

Study (I): Each volunteer randomly received
30mg of gliclazide either given as a 1 h intrave-
nous (IV) infusion or as a 30mg MR tablet after
an overnight fast.

Study (II): Each volunteer randomly received
the 30mg MR tablet either fasted (overnight fast)
or 10min after the start of a Melander type [10]
standardised breakfast (150ml of semi-skimmed
milk, 100ml of orange juice, 1 hard-boiled egg, 2
slices wholemeal bread, 5 g of margarine, 20 g of
marmalade, 20 g of hard cheese and 100ml of

Table 1. Demographic details of the subjects

Study number (II) (I)
(n=16) (n=12)

Age (yr) 26� 3.2 27� 3.6
Weight (kg) 77� 9.1 73� 8.1
Height (cm) 181� 8.1 174� 6.9
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warm decaffeinated coffee). Under fasted condi-
tions, no breakfast was allowed, and subjects
remained fasted for 4 h after administration
of the tablet.

In order to prevent hypoglycemia, an IV
infusion of 5% glucose solution was given,
concomitantly with the gliclazide administration.
The rate of infusion was adjusted to the
individual blood glucose level determined using
a glucometer.

Blood sampling

In the intravenous infusion experiment, blood
samples (approximately 10ml over lithium
heparinate) were collected from each volunteer
prior to the start of the infusion and at 0.5, 0.75, 1
(end of the infusion), 1.08, 1.25, 1.5, 2, 3, 4, 6, 8, 12,
24, 36, 48, 60 and 72 h after the start of
the infusion. In each oral treatment phase,
blood samples were collected prior to dosing
and at 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 10, 16, 24, 36, 48, 60
and 72 h after administration. Plasma was
prepared by centrifugation, frozen and stored at
approximately �208C in two aliquots until
analysis.

Assay method

Plasma samples were analysed for gliclazide
using a reverse-phase high performance liquid
chromatography method with ultra-violet detec-
tion following liquid–liquid extraction. Briefly,
phosphate buffer (1ml, 0.2M) was added to the
plasma sample (0.5ml) with internal standard
(500 ng of glibenclamide). The tube was vortex-
mixed for 10 s. Then, dichloromethane (6ml) was
added and vortex-mixed for 10min at 2900 g. The
organic phase was then transferred to another
glass tube and evaporated to dryness at 458C
under a nitrogen stream. The dried residue was
redissolved in 400 ml of mobile phase. The
reconstituted extract was then transferred to a
clean test tube and hexane (1ml) was added. The
mixture was vortex-mixed for 10 s and then
centrifuged at 2900 g for 5min. 50 ml of the lower
phase was injected into the HPLC system. The
chromatography was performed on a Lichro-
spher RP18 5 mm analytical column (250mm�
4mm) with a guard column of the same material.

Chromatography was performed isocratically using
a mobile phase, acetate buffer (0.02M at pH
4)-acetonitrile (50/50v/v), at a flow rate of 1.5ml/
min. The column was at room temperature. The
ultraviolet detection was set at 229nm.

At least nine calibration standards were pre-
pared and the assay was linear up to 7.5 mg/ml.
The lower limit of quantitation based on a signal
to noise ratio of 3:1 was 0.05 mg/ml. Quality
control standards were included in each analy-
tical run at three concentrations i.e. 0.15, 3.0 and
6.0 mg/ml to validate the run. Acceptance criteria
were based on four out of six quality control
standards being within 20% of target value. The
overall intra-assay precision (cv%) and accuracy
performed at 15, 3.0, and 6.0 mg/ml were 2.9 and
98%, respectively, while the overall interday
precision and accuracy were 5.0 and 93.3%,
respectively.

Pharmacokinetic evaluation

The time of the first measurable concentration
(tlag), the maximum observed plasma concentra-
tion (Cmax), the corresponding time to Cmax (tmax)
and the concentration at the end of the intrave-
nous infusion (Cinf) were taken from the
data. The area under the plasma concentration
versus time curve to the last measured concen-
tration (AUCt) was calculated using the
linear trapezoidal rule for rising or static
concentrations, and the logarithmic trapezoidal
rule for declining concentrations according to the
method described by Chiou [11]. AUC extrapo-
lated to infinity was calculated as the sum of
AUCt plus the extrapolated area determined by
dividing the last measured concentration by the
slope of the terminal log-linear phase. The
terminal half-life (t1=2z) of gliclazide was calcu-
lated from the slope of the terminal log-linear
phase. Systemic plasma clearance (CL) and the
volume of distribution at steady-state (Vss) were
calculated from intravenous administration data
only. CL was calculated as the ratio of the dose to
the AUC whilst Vss was also calculated by non-
compartmental analysis. Finally, the absolute
bioavailability was determined as the ratio of
the dose-normalised AUC of the oral dose versus
the intravenous dose.
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Statistical methods

No statistical analysis was performed for
the bioavailability study. Statistical evaluation
of the effect of food on the pharmacokinetics
of gliclazide administered as a single 30mg MR
tablet was performed by comparison of the fed
and fasted treatments for Cmax, tmax, AUC and
t1=2z. The homogeneity of the variance was tested
for Cmax and AUC by conditions (fasted or fed,
period, sequence and subject) using the Bartlett
test. The parameters Cmax and AUC were
log-transformed. In order to determine whether
the pharmacokinetics were subject to a carry-over
effect, the sequence effect (fasted-fed or
fed-fasted) was tested using a one way analysis
of variance (ANOVA) with repeated measures for
subject. No sequence effect was found. Therefore,
a three-way ANOVA was performed on log
transformed Cmax and AUC only, classified
by subject, period (1 and 2) and condition
(fed or fasted). In order to assess the magnitude
of the difference between the fasted and fed
conditions, the 90% confidence intervals on Cmax

and AUC ratios (fed/fasted) were calculated.
This was done using the residual variance of the
three-way ANOVA and with the fasted condi-
tions as the reference. Both tmax and t1=2z were
compared using a Wilcoxon signed rank test. The
critical p-value for all tests was set at 5% except
for the homogeneity of variance test, which was
set at 1%.

Arithmetic means, standard deviations and
coefficients of variation were calculated to
summarise the individual pharmacokinetic para-
meters following administration of each regimen.

Pharmacokinetic analyses were performed
with WinNonlin Professional version 3.0 [12]
and the statistical analyses using Unistat version
4.0 [13] and WinNonlin Professional version 3.0
[12].

Results

Subjects disposition and safety

No subjects withdrew from the absolute bioavail-
ability study (I). Four subjects were withdrawn
from the food-effect study (II) after receiving one
administration for reasons not related to the

administered product. In both studies, no major
adverse effects were observed in any of
the volunteers and all medications were well
tolerated.

Pharmacokinetics

Mean pharmacokinetic parameters of gliclazide
from the absolute bioavailability study (I) and the
food-effect study (II) are presented in Tables 2
and 3, respectively. Mean plasma profiles of
gliclazide are shown in Figures 1 and 2,
respectively.

Study (1): Following the 1 h intravenous infu-
sion, plasma concentrations declined from the
end of the infusion (Cinf: 1.4� 0.43 mg/ml) in a
bi-exponential manner and concentrations were
measurable up to 60 h. The apparent distribution
phase was very short and most of the exposure
was attached to the second exponential. The
terminal half-life was approximately 16 h. The
overall variability of the parameters (described
by the CV%) ranged between 19 and 33%.

After oral administration of the 30mg MR
formulation, tmax occurred typically between 4
and 8 h and tlag varied between 0.5 and 2h.
Plasma concentrations declined from Cmax mono-
exponentially and were measurable up to 36–72 h
after administration.

Overall variability ranged between 9.0 and
38%. Similar terminal half-lives were observed
after both PO and IV administrations.

Finally, mean absolute bioavailablity of glicla-
zide was 97% and ranged between 79 and 110%.

Study (II): No significant difference was ob-
served in tmax, t1/2Z, Cmax and AUC of gliclazide
after administration of the 30mg MR tablet under
fasted and fed conditions. Mean Cmax was similar
at 0.74 and 0.81 mg/ml in the fasted and fed
conditions, respectively. The tmax occurred be-
tween 4 and 10 h and after a lag time occurring
between 1 and 4 h in both conditions. Plasma
concentrations declined from Cmax in a mono-
exponential manner with a terminal half-life of
approximately 13 h. The concentrations were
measurable up to 72 h after administration
irrespective of the conditions. Both pharmacoki-
netic parameters and plasma concentration-time
profiles were similar to those following oral
administration in the bioavailability study (II).
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Overall variability was low to moderate and
similar under fasted and fed conditions ranging
from 13 to 38%.

Cmax and AUC under fed condition were 112
and 97% of that of the fasted condition and the
90% confidence intervals were 102–124% for Cmax

ratio and 92–102% for AUC ratio.

Discussion

Diamicron1 is a safe and efficient sulphonylurea
antidiabetic drug. It is extensively metabolised

and renal clearance accounts only for 4% of total
clearance [2]. Gliclazide is insoluble at low pH
but the permeability characteristics of the union-
ised form are very good [2]. Recently a new
pharmaceutical formulation with modified re-
lease (MR) characteristics was developed in order
to obtain a better predictable release of the active
principle and to allow a once-daily dosing
regimen. This new formulation demonstrated
release characteristics that were less pH depen-
dent than with the existing formulation (data on
file). The results in this paper show that the
bioavailability of this new formulation was

Table 2. Mean pharmacokinetic parameters of gliclazide after single oral administration of gliclazide as a 30mg MR tablet and
after an 1h intravenous infusion of 30mg of gliclazide (n=12)

Study (I)

Condition PO IV

Mean� SD CV% Mean� SD CV%

tlag (h)* 1 0.5–2 ND ND
Cmax/Cinf (mg/ml) 0.76� 0.22 30 1.4� 0.43 29
tmax (h)* 5.5 4–8 ND ND
AUCt (mgh/ml) 15.0� 4.2 28 16.1� 4.5 28
t1/2Z (h) 16.9� 4.8 28 16.4� 4.2 26
AUC (mgh/ml) 17.2� 4.8 28 17.8� 4.8 27
% Extrap 12.4� 4.8 38 9.7� 3.2 33
CL (ml/min) ND ND 30.0� 7.9 27
Vss (l) ND ND 33.7� 6.3 19
F (%) 96.8� 8.7 9.0

(79.3–110)**

*tmax and tlag data presented as median and range.

**data into bracket showed the range.

ND denotes not determined.

Table 3. Mean pharmacokinetic parameters of gliclazide after single oral administration of gliclazide as a 30mg MR tablet under
fasted and fed conditions (10min after the start of a standard breakfast) (n=16)

Study (II)

Condition Fasted Fed

Mean� SD CV% Mean� SD CV%

tlag (h)* 2 1–4 3 1–4
Cmax (mg/ml) 0.74� 0.20 27 0.81� 0.16 ns 19
tmax (h)* 7 4–10 6 ns 4–10
AUCt (mgh/ml) 15.0� 4.4 30 14.2� 4.8 33
t1/2Z (h) 12.5� 1.7 13 12.5� 3.2 ns 26
AUC (mgh/ml) 16.2� 4.5 28 15.8� 5.0 ns 32
% Extrap 8.2� 3.1 38 10.5� 3.9 37

*tmax and tlag data presented as median and range, ‘ns’ denotes not significant difference between fed and fasted conditions.
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around 100%, consistent with a low clearance
(30ml/min) and a complete absorption. Further-
more a similar moderate to low variability was
observed after intravenous and oral administra-
tion showing the MR formulation optimised the
absorption of the test compound and did not add
to the overall variability which is solely due to
the disposition parameters, in particular metabo-
lism of gliclazide. The elimination half-lives after
oral and intravenous administration were com-
parable showing the absorption process from the
MR formulation was not so slow as to influence

the elimination phase and was terminated after
about 10 h.

It is well known that concomitant food intake
can influence rate as well as extent of the
absorption of drugs [4–6]. It is particularly
important to characterise the effects of food on
the performance of modified release formula-
tions to ensure that the formulation performs in a
predictable manner in the absence and presence
of food [14]. In the present study a Melander type
standarised meal [10] was used and not the high
fat meal presently recommended by the FDA
guidelines [14]. Since gliclazide is indicated for
diabetic patients the study of a high fat meal was
not considered relevant for this compound. The
results of the meal interaction study showed that
the performance of the formulation was not
influenced by the meal and that the rate and
extent of absorption were not significantly
different between fed and fasted conditions.
Moreover, similar variability was observed.
Therefore, gliclazide may be taken without
regard to meals as far as pharmacokinetic factors
are concerned.

In conclusion, after single oral administration
of a 30mg MR tablet, gliclazide was completely
absorbed both under fasted and fed conditions. A
consistent and optimal release of gliclazide from
this formulation leads to a low to moderate
overall variability. Diamicron 30mg MR can be
given without regards to meals i.e. before, during
or after breakfast.
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