
Metformin hydrochloride and Gliclazide are oral hypo-
glycemic agents1) belonging to biguanide group and second-
generation sulphonyl urea respectively. Generally, they are
individually used in the treatment of type II non-insulin de-
pendent diabetes mellitus. The combination of both the drugs
are also available and it is reported2) to be effective than indi-
vidual therapy. Metformin acts3) by decreasing hepatic glu-
cose production and improves insulin sensitivity by increas-
ing peripheral glucose uptake. Because of its shorter and
variable biological half-life4,5) of 1.5—4.5 h, it should be re-
peatedly administered (500 mg thrice a day) to maintain ef-
fective plasma concentration. Gliclazide reduces6) the glu-
cose level by direct stimulation of insulin release from beta
cells of pancreatic islet. Relatively Gliclazide is having
longer biological half-life (6—15 h) depending upon individ-
ual and the dose7) is 80 mg two-three times a day with meals.
Combination of Metformin-500 mg and Gliclazide-80 mg per
tablet is available in India and it is to be taken two to three
times a day to get required effect.

In the present study, we attempted to formulate Met-
formin/Gliclazide extended release tablet by using Eudragit
NE30D aqueous dispersion, with an intention to extend the
drug release over a period of 8—12 h, hence it can be taken
once a day. The formulated tablets were analysed for drug
content by a validated HPLC technique developed in our lab-
oratory and characterized by various physicochemical para-
meters such as disintegration time, hardness, friability, thick-
ness, weight variation and in vitro drug release.

Materials and Methods
Materials Metformin hydrochloride and Gliclazide (gift samples from

Mederich Sterilab Pvt Ltd., Bangalore, India), Eudragit NE30D (Rohm
Pharma, GmbH, German), Colloidal anhydrous silica (Pioma Chemical Ltd.,
India), dibasic calcium phosphate (Citorgia Biochemicals Ltd., Vishakhapat-
nam, India), polyvinylpyrrolidone (PVP K30, ISP, International Corporation,
Mumbai). All reagents used were of either HPLC or analytical grade.

Formulation of Tablets The extended release tablets were formulated
by using wet granulation technique. The Metformin hydrochloride was
passed through sieve #100. Gliclazide, dibasic calcium phosphate, colloidal
anhydrous silica and PVP K30 were passed separately through sieve #40.

Then the required amount of powders as given in Table 1 were mixed in a
10 l capacity rapid mixer-granulator (Rotamix HSMG-10, Kevin Engineers,
India) for 5 min. Then the required quantity of Eudragit NE30D was added
in divided portions to the mixed powder and the granulation was done in
rapid mixer granulator for 3 min. Eudragit NE30D was as a binder and as
well as polymer to extend the drug release. The granules obtained were kept
at 40 °C for 30 min in a tray drier (Bombay Engineering Works, India). At
semi dried condition the granules were passed through sieve #14 and then
dried at 40 °C until loss on drying becomes 2.5% in IR balance (Advanced
Ltd., Mumbai, India). Finally, the granules were lubricated with magnesium
stearate, colloidal anhydrous silica and compressed using 20.5/12.5 mm oval
shape punches in 10-station rotatory compression machine (Clit, Mumbai,
India).

Determination of Metformin/Gliclazide Content by HPLC The per-
centage of Metformin/Gliclazide present in the tablets were determined by a
validated high performance liquid chromatography technique developed in
our laboratory. Twenty tablets were powdered and the quantity equivalent to
125 mg of Metformin and 20 mg of Gliclazide was weighed accurately and
transferred to a 50 ml volumetric flask. To this 25 ml of mobile phase (ace-
tonitrile/methanol/water, 6 : 5 : 9, adjusted to pH 3.5 with phosphoric acid)
was added. The flask was shaken well to dissolve active medicaments and
the volume was adjusted to 50 ml with mobile phase. The solution was fil-
tered through Whatman filter paper (No. 542, pore size 2.7 mm). Five milli-
liters of the filtrate was diluted with mobile phase in order to get a concen-
tration of 25—50 mg of Metformin and 4—10 mg of Gliclazide per ml and
determined at 228 nm. Briefly 20 m l of the diluted sample was injected into
HPLC, Shimadzu, VP version, consist of ODS C18, Hycersil®, 250�4.6 mm,
5 mm particle size column. Acetonitrile/methanol/water (6 : 5 : 9) adjusted to
pH 3.5 with phosphoric acid was used as mobile phase and pumped with
help of two LC-10 VP pump (Shimadzu) at the rate of 1 ml/min. The quan-
tity of Metformin and Gliclazide present in the effluent were determined by
using SPD-10 AVP UV/Visible detector at 228 nm.

The mean calibration curve of Metformin (Y�0.1219x�0.0331) (n�6)
was linear between 25 and 75 mg/ml (r2�0.9999). The correlation coeffi-
cient of separate calibration curve varied between 0.9985 and 0.9999. The
recovery of the 25, 50 and 75 mg of Metformin per ml was 99.4�6.31%,
96.9�2.81% and 94.2�2.1% respectively. The retention time, tailing factor
and theoretical plates were 0.96�0.6 min, 0.5 and 692 respectively. The
mean calibration curve of Gliclazide (Y�0.1854x�0.0126) (n�6) was linear
between 4 and 12 mg/ml (r2�0.9998). The correlation coefficient of separate
calibration curve varied between 0.9962 and 0.9994. The gliclazide recovery
of 4, 8 and 12 mg/ml were 99.2�3.21%, 97.6�2.91% and 94.4�1.16% re-
spectively. The retention time, tailing factor and theoretical plates was
5.26�0.3 min, 0.99 and 5133 respectively.

A typical chromatogram of a mixture of Metformin and Gliclazide is
shown in Fig. 1. The quantity of Metformin and Gliclazide present in the
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formulated extended release tablet, estimated by the HPLC technique is
given in Table 1.

Evaluation of Tablets The tablets were evaluated for their physico-
chemical characters8) like disintegration time, friability, hardness, thickness,
weight variation, and drug content.

In Vitro Release Studies The in vitro release of Metformin and Gli-
clazide from the formulated tablets was carried out by using pH 7.4 phos-
phate buffer as the medium in USP dissolution apparatus II (paddle) at
37�2 °C and 50 rpm. Three milliliters of samples were taken at hourly inter-
vals, diluted with mobile phase, and analysed for drug content at 228 nm by
HPLC method as described above. Three ml of fresh dissolution medium
was added after each sampling.

Results and Discussion
Variety of Eudragit polymers has been employed in coat-

ing9) of Pharmaceutical dosage forms in order to get enteric
release or controlled release. Klaus Lehmann et al.9) reported
controlled release of drug from Eudragit NE30D coated
potassium chloride crystals. Choy et al.10) formulated and
evaluated Eudragit NE40D buccal patches for controlled re-
lease. Genc et al.11) developed dimenhydrinate controlled re-

lease matrix tablet by using Eudragit NE30D. In the present
study, we attempted to develop Metformin/Gliclazide ex-
tended release tablet based on Eudragit NE30D. Since Met-
formin is having short biological half-life and exhibits a side
effect in the GI tract, extended release dosage forms leading
to less frequency of dosing would be desirable. Eudragit
NE30D is an aqueous dispersion of a neutral, permeable and
pH independent polymer with low tendency of interactions,
hence selected for the present formulation.

The tablets were prepared successfully by wet granulation
technique by using PVP K30, as it was the only available dry
binder effective in low concentration. The formulated tablets
had acceptable characteristics. Since Metformin and Gli-
clazide having the maximum absorbance at 228 nm, the drug
content were analysed by a sensitive and reproducible HPLC
method developed in our laboratory as explained in the ex-
perimental part. The drug content of tablet was uniform and
with in acceptable limits. The physicochemical parameters
like disintegration time, friability, thickness, hardness, and
weight variation of formulated tablets were within the stan-
dard limits of Indian Pharmacopoeia as shown in Table 1. As
expected, the percentage of Eudragit NE30D in tablet in-
creases, the release of drug from the tablet also extended.
This may be due to thick coat of polymer around the drug.
Eudragit NE30D, being a binding agent, produces strong
binding among granules in higher quantity and prolongs dis-
integration time of tablets. The increase in disintegration
time further favours prolonged release of the drug from the
tablets. The batch 1 and 2 extended the drug release up to 6
and 8 h, respectively as shown in Fig. 2. The release profile
was found to be biphasic with initial burst effect in the first
hour and then the release was slow and extended up to 6—
8 h. About 30 to 40% of Metformin/Gliclazide was released
in the first hour and the remaining drug was released slowly
over 6 to 8 h.

Ideally, the extended release dosage forms should be de-
signed considering that the drug is having absorption win-
dow and exhibits saturation in absorption. If the drug has ab-
sorption window, the zero order release is undesirable, where
the release rate is constant and independent of drug concen-
tration. This would lead to reduction of bioavailability be-
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Fig. 1. Typical Chromatogram Showing the Peaks Obtained from a Solu-
tion of (A) Metformin (25 mg/ml) and (B) Gliclazide (4 mg/ml) with Reten-
tion Time of 1.06 min and 5.26 min Respectively

Table 1. Composition and Characteristics of Metformin/Gliclazide Tablets

Composition per tablet Batch 1 Batch 2

Metformin hydrochloride 1000 mg 1000 mg
Gliclazide 160 mg 160 mg

Eudragit NE30D

% of polymer with respect to drug 9 13.45
Dibasic calcium phosphate 100 mg 100 mg
Colloidal anhydrous silica 11.6 mg 11.6 mg
PVP K30 17.4 mg 17.4 mg
Physicochemical parameters

Disintegration time 43�2.75 min 56�3.15 min
Hardness 4.4�0.10 kg/cm2 4.3�0.27 kg/cm2

Thickness 7.12�0.04 mm 7.20�0.03 mm
Friability 0.6% 0.7%
Average weight 1321�39 mg 1510�27 mg

Drug content

Results are expressed as mean�S.D. (n�6).
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cause of very high local concentration of drug, above its sat-
uration point, at the site of absorption. In such instance
Higuchi release is desirable, where the release rate is fast in
initial conditions and the release rate will become slower as
the time progress, hence the drug concentration always be
maintained with in saturation level at the site of absorption
and thus produces greater bioavailability. Data obtained from
in vitro release (first 80% release) studies were fitted to vari-
ous kinetic equations to find out the mechanism of drug re-
lease from formulated extended release tablets. The kinetic
models used were zero order equation,12) first order equa-
tion13) and Higuchi release.14) The following plots were
made: Qt vs. t (zero order kinetic model); log(Q0�Qt) vs. t
(first order kinetic model, figure not shown) and Qt vs. square
root of t (Higuchi model). Where Qt is the amount of drug
released at time t and Q0 is the initial amount of drug present
in tablets. The best fit with the highest correlation coeffi-
cients was shown in Higuchi, first order and followed by zero
order equations as given in Table 2. The rate constants were
calculated from the slope of the respective plots.15) The time
for 50% release (t50%) was calculated from respective rate
constants by using appropriate half-life equations.14) High
correlation was observed in Higuchi plot (Fig. 3) rather than
first order and zero order. The drug release was proportional
to the square root of time, indicating that the drug release is
diffusion controlled and similar observations are reported by

Klaus Lehmann et al.9) Plots (Fig. 4) of the release rate vs.
1/Cumulative % released were linear and plots of the release
rate vs. percentage released was curved, which confirms16)
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Table 2. Release Kinetics of Eudragit NE30D Based Extended Release Tablets

Zero order First order Higuchi

Correlation Release 
t50%

Correlation Release 
t50%

Correlation Release 
t50%coefficient rate coefficient rate coefficient rate

(r2) (%h�1) (h) (r2) (%h�1) (h) (r2) (%h�1) (h)

Batch1
Gliclazide 0.9164 19.26 2.59 0.9938 0.3800 1.82 0.9998 39.7 1.59
Metformin 0.8913 17.86 2.80 0.9739 0.2856 2.43 0.9971 34.8 2.05

Batch 2
Gliclazide 0.9189 13.27 3.76 0.9834 0.2096 3.31 0.9955 29.4 2.89
Metformin 0.9368 11.68 4.30 0.9838 0.1593 4.35 0.9914 25.3 3.91

Each data obtained from average of six determinations and r2 represents correlation coefficient. Release rate was calculated from the slope of the respective plots and time for
50% release (t50%) was calculated from respective half-life equations.

Fig. 2. In Vitro Release of Gliclazide from Batch 1 (�), Batch 2 (�) and
Metformin from Batch 1 (�) and Batch 2 (�) Tablets

Each data represents average of six determinations and bar represents�S.D.

Fig. 3. Higuchi Plot of Gliclazide Release from Batch 1 (�), Batch 2 (�)
and Metformin Release from Batch 1 (�) and Batch 2 (�) Tablets

Each data represents average of six determinations.

Fig. 4. Plots of Release Rate against Cumulative Percentage Released
(Closed Symbols) and Reciprocal of the Percentage Released (Open Sym-
bols)

Gliclazide release from batch 1 and batch 2 was denoted as (�) and (�) respectively,
Metformin release from batch 1 and batch 2 was denoted as (�) and (�) respectively.
Each data represents average of six determinations.



that the release followed Higuchi model.
Disintegration of the tablet in to granule, initially released

the surface drug and uncoated drug, as observed by the burst
effect with in the first hour, then the remaining drug was re-
leased from the granules slowly in zero order pattern. As
shown in Fig. 2, the rate of drug release reduced with time,
this may be due to the increase in path length through which
the drug molecule is diffusing in the granule towards dissolu-
tion medium. We also tried to formulate tablets by increasing
the ratio of Eudragit NE30D in order to extend the drug re-
lease further. Higher percentages of Eudragit NE30D in
tablet composition resulted in viscous and cohesive granules
with unacceptable characteristics and it was found to be un-
suitable for tablet formation. The addition of more amount of
Eudragit during granulation stage results in a very wet mass
and it requires 2—5 h drying at 40 to 50 °C, which may influ-
ence the stability of the drug. Thus, formed granules were
found to be sticky and hard to pass through sieve #14 and
were found to be not suitable for tablet compression. The
tablet formulated as per the composition given in Table 1
possesses acceptable characteristics, releases Metformin/Gli-
clazide over 6—8 h and was found to be suitable for extended
drug delivery.
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