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Abstract
Background: Type-2 diabetes mellitus is a common metabolic disorder in Malaysia, where metformin is used
as the first-line treatment. Since metformin absorption is altered when administered with food, the US FDA guidance
on metformin hydrochloride recommended to conduct bioequivalence study in both fasting and fed conditions. In
this study, we intended to establish bioequivalence between a locally manufactured metformin formulation with a
reference formulation under fed condition.
Methods: The study was a single-dose, open label, randomised, two treatments, two periods, cross-over study
in 24 healthy volunteers. The washout period was 7 days to allow adequate time for drug elimination from the body.
Analysis of plasma metformin concentration was conducted with a validated reverse-phase HPLC with ultraviolet
detection procedure. Non-compartmental modal was used to analyse the pharmacokinetic parameters. Tolerability
of both formulations was assessed throughout the study.
Results: A total of 24 volunteers were recruited, only 21 had completed the study. Two volunteers dropped out
of the study due to personal reason. The third volunteer experienced emesis within 4 hour post dose administration
hence was not included into the analysis. There was no significant difference observed between the two formulations
for the parameters assessed. The 95% confidence interval for the ratio of test over reference parameters were within
the acceptance limits of 80.00% to 125.00%: Cmax 0.8864-1.0554, AUC0-t 0.8835-1.0184, AUC0-∞ 0.8933-1.0229. No
serious adverse event was observed.
Conclusions: The test metformin 250 mg formulation was bioequivalent to the reference formulation.

Keywords: Bioequivalence; Pharmacokinetics; Metformin; Type II
diabetes mellitus

Introduction
Metformin is a biguanide which is commonly used to treat type
2 diabetes mellitus. It is recommended by the National Institute for
Health and Care Excellence (NICE) and the Malaysian Ministry of
Health as the first-line treatment for type 2 diabetic patients after
lifestyle modification fails to control the blood glucose level [1,2].
Metformin displays altered absorption when co-administered with
food. Limited literature was found on metformin pharmacokinetics
under fed condition, but it is known that food will decrease the rate
and extent of metformin absorption. The Summary of Product
Characteristic of Glucophage® states the co-administration of
Glucophage® with food will reduce the maximum plasma concentration
(Cmax) by approximately 40%; total area under the plasma concentration
versus time curve (AUC) reduced by 25%, and 35-minutes delay
in time to reach Cmax (Tmax) [3]. In general, metformin has poor
absolute bioavailability of approximately 50% to 60%. The lack of dose
proportionality with increasing dose suggests that the absorption of
metformin is mediated by an active, saturable absorption process [3-5].
Metformin does not undergo hepatic metabolism, and it is excreted
unchanged in the urine, with a plasma elimination half-life between 4.0
and 8.7 hours [3,4,6].
Common side effects reported with metformin include diarrhoea,
flatulence, abdominal pain, nausea and vomiting, and headache [1].
Lactic acidosis is rare, happening only at a rate of approximately 0.03
cases per 1,000 patient-years [1,3].
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According to the United States Food and Drug Administration’s
(FDA’s) Guidance on Metformin Hydrochloride, it is recommended
to conduct the bioequivalence study in both fasting and fed condition
[7]. However the document allows flexibility to the design of the
study if appropriately justified. We had completed the metformin
bioequivalence study under fasting condition [8] and the current study
was conducted under fed condition.
The objective of the current study is to investigate the rate and
extent of absorption of a generic metformin 250 mg immediate-release
(IR) formulation, manufactured by Hovid Ltd (Malaysia), against that
of a reference formulation (manufactured by Sunward Pharmaceutical
Pte Ltd, Singapore) to establish bioequivalence in healthy volunteers
under fed condition.

Methods
The study was conducted in accordance to the World Medical
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Association (WMA) Declaration of Helsinki and Malaysian Good
Clinical Practice Guideline. The study protocol was reviewed and
approved by the Malaysian Medical Research Ethic Committee. All
investigators involved in the study were certified under Malaysia Good
Clinical Practice guideline.
The study was conducted at the Clinical Trial Unit, Seberang Jaya
Hospital, Penang, Malaysia while the Bioanalysis was conducted at
Hovid Research Pte Ltd, Universiti Sains Malaysia, Penang, Malaysia.

Study population
Male volunteers who were between the age of 21 to 55 years old,
with body mass index between 18.5 to 29.9 kg/m2 or within 20% ideal
body weight for height and build according to the Metropolitan Life
Insurance Company Standards, and were in good health and physical
condition as determined by medical history and laboratory tests were
eligible to participate in the study. The laboratory tests included renal
function tests, liver function tests, full blood count, fasting blood
glucose test and 12-lead electrocardiogram.
Volunteers who met the exclusion criteria were not recruited
into the study. These included any volunteers who did not fulfill the
inclusion criteria, those who had significant clinical deviation from
normal, a history or suspicion of drug or alcohol abuse, hypersensitivity
to metformin, participated in other bioequivalence studies or donated
blood in the past 8 weeks, unable to understand or comply to elements
of the protocol, unable to give consent, or who smoked more than ten
cigarettes a day.
Informed consent was obtained from all volunteers before any
procedures pertaining to the study were performed. All volunteers
were screened and recruited at the clinical site by certified clinicians.

Sample size calculation
The study sample size was calculated with the intrasubject coefficient
of variation (CV) [9]. Previous studies of metformin immediate release
tablets as reported by Yuen et al (2000) indicated that the values for
intrasubject CV were less than 25% for Cmax, AUC0-t and AUC0-∞ [10].
Therefore a total of 24 subjects were required to achieve a statistical
power of 80% (assuming that the μT/μR did not deviate by more than
5%)

Study design
The study was an open label, randomized, single dose, two
treatments, two periods, cross-over study in 24 healthy volunteers.
The washout period between two study periods was at least 7 days to
allow adequate elimination of drug from the body. Prior to each dosing
day, the volunteers were quarantined in the clinical site, and were
required to undergo a 10-hour fasting period. During these periods,
the volunteers were allowed access to plain water only.
All subjects were given a standardized, high fat, high calorie
breakfast 30 minutes prior to drug administration. The subjects were
randomized into one of two groups, where they received the test or
reference formulation on either first or second study period. The drug
was administered with 240 ml of plain water. No intake of water was
allowed one hour prior and after drug administration except for the
amount that was used for drug administration. Subsequently, all
subjects received 60 ml of 20% glucose solution on hourly basis until
3 hours post dosing. Standardized meals were provided to subjects
at 4th and 10th hour post dose for both study periods. Subjects were
monitored and prohibited from consuming additional food or drinks,
any alcoholic or caffeine containing beverages, and tobacco use.
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To maintain consistency, all test and reference drugs were taken
from the same manufacturing batch with identical expiry date.

Blood sampling and analysis
Blood samples of 5 ml volume were collected at 0 (pre-dose), 0.5, 1,
1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 16, and 24 hour post dose administration,
via an in-dwelling cannula placed at the forearms or via venipuncture.
A total of approximately 75 ml blood were taken from each subject
during each study period. The blood samples were collected into
vacutainers (containing sodium heparin as anticoagulant), and were
immediately centrifuged for 15 minutes at 3500 rpm. The resulting
plasma samples were transferred to glass containers and kept frozen at
-40ºC until analysis.
Metformin plasma concentration levels were analyzed with
reverse-phase high performance liquid chromatography (HPLC) with
ultraviolet detection. The HPLC system comprised of Waters 600E
Multisolvent Delivery System (Maple Street Milford, USA), Waters
2487 Dual Channel UV-VIS Detector (Maple Street Milford, USA),
Waters 717Plus Autosampler (Maple Street Milford, USA), and the
data acquisition and analysis software, Waters EmpowerTM 2 Data
Software (Maple Street Milford, USA).
The chromatographic separation was performed with a ZORBAX
RX-SIL (250 x 4.6 mm id, 5μ) (Agilent Technologies, USA) analytical
column, which is fitted with a refillable guard column (2 mm x 2 cm)
(Upchurch Scientific, Oak Harbour, USA) packed with Perisorb RP18 (30-40 μm, pellicular). The mobile phase consisted a mixture of
10.0% acetonitrile in 0.03 M diammonium hydrogen phosphate buffer,
adjusted to pH 6.0 with 85% phosphoric acid. The flow rate was set
at 1.0 ml/min isocratically. Detector was operated at 234 nm and the
sensitivity was set at 2.0000 AUFS. The injection volume was 50 μl and
the samples were quantified using peak area.

Safety assessment
Clinicians were present at the clinical site for up to 12 hours post
dose, and were responsible to monitor the vital signs of all subjects.
Readings of blood pressure, pulse rate and temperate were taken for up
to 5 times throughout each study period. Before subjects were released
from the clinical site, a last vital signs reading was taken to ensure the
safety of subjects.

Pharmacokinetic and statistical method
The pharmacokinetic analysis only included data collected from
subjects who completed both study period. Data from subjects who
experienced emesis or vomiting within 4 hours of dose administration
was excluded as well. For blood sampling time, a 5% deviation from time
planned was allowed before it was recorded as a protocol deviation. If
the sampling time exceeded the 5% limit, the actual sampling time was
used to calculate the pharmacokinetic parameters.
Four pharmacokinetic parameters were derived from the plasma
concentration versus time profile: the maximum plasma concentration
(Cmax), the time to reach maximum plasma concentration (Tmax), the
area under the plasma concentration-time curve from time zero to
the last measurable concentration (AUC0-t), and the total area under
the plasma concentration-time curve (AUC0-∞). The values of Cmax
and Tmax were obtained directly from the plasma concentration-time
curve, while the values of AUC0-t were calculated using the trapezoidal
formula. AUC0-∞ was calculated by adding the value of AUC0-t with
the value of AUCt-∞, the area under the concentration-time curve
from time t to infinity. Values of AUCt-∞ were derived by dividing
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the last measurable plasma concentration (Ct) with the elimination
rate constant (ke) [11]. According to the Malaysian Guideline for the
Conduct of Bioavailability and Bioequivalence Studies, the AUCt-∞
should not be more than 20% of AUC0-∞ [12].
Metformin elimination rate constant, ke, was estimated from the
terminal slope of the individual plasma concentration-time curve
which underwent natural logarithmic (ln) transformation and the
application of linear regression [13]. At least three values were used
in the estimation. The value of ke was then use to calculate metformin
half-life (t1/2) with the formula t1/2 = ln2/ke.
Statistical analysis was performed with commercial software,
EquivTestPK from Statistical Solution (Cork, Ireland). The analysis
of variance (ANOVA) was used to analyze the values of Cmax, AUC0-t,
AUC0-∞and ke obtained from the two study periods. ANOVA was used
because it can distinguish the effects due to subjects, periods, treatments
and sequences difference [14]. Wilcoxon Signed Rank Test for paired
samples was used to analyze Tmax values. The statistical analysis was
consistent with the recommendation by the Malaysian Guideline for
the conduct of Bioavailability and Bioequivalence Studies.
Bioequivalence between the two formulations was determined
based on the 90% confidence interval of the ratio of Cmax, AUC0-t and
AUC0-∞ of the generic formulation (Diabetmin 250mg tablet) over that
of the reference formulation (Sunward Metformin 250 mg). There
α-error was maintained at 5% level of significance [15].
The acceptable range to conclude bioequivalence, as reported by
US FDA and the Malaysian Ministry of Health, is 80.00-125.00% for
AUC0-t, AUC0-∞ and Cmax [12,16]. In addition, the Malaysian guideline
allowed a wider range for Cmax if it was appropriately justified, taking
into consideration of safety and efficacy issues [12].

Analysis of plasma metformin concentration
The frozen plasma samples were thawed and 250 μl aliquot was
transferred to a glass tube. This was followed by the addition of 250
μl of 2.5 μg/ml cimetidine solution, 250 μl of 7.5M sodium hydroxide
solution and 5 ml of extraction solvent (butanol:hexane; 1:1; v/v).
Cimetidine was used as the internal standard in this instance. The
mixture was vortex-mixed for 60 seconds, and centrifuged for 10
minutes at 3500 rpm. The organic layer was subsequently transferred
to another glass tube, and 250 μl of 1 M acetic acid was added. This
mixture was vortex-mixed again for 60 seconds and centrifuged for 10
minutes at 3500 rpm. 50 μl of the lower aqueous layer was then injected
into the column.
Cimetidine had similar retention time to metformin, which were
9.0 and 12.3 minutes respectively. The accuracy and precision of the
analytical method was assessed prior to sample analysis. Accuracy was
expressed as the percentage of measured concentrations over that of
the spiked value; precision was denoted coefficient of variation. For
within-day validation, accuracy did not deviate by more than ± 13.0%,
and at the limit of quantification accuracy did not deviate by more than
± 17%. For between-day validation, accuracy did not deviate by more
than ± 7% for all concentrations measured. The coefficient of variation
(precision) was shown to be less than 4.0% for all concentrations
measured during within-day validation; it was less than 9.0% for all
concentrated studied during between-day validation as well. The
absolute recovery of the metformin was above 87%. The method was
deemed selective from the lack of significant endogenous peak from six
different sources of blank plasma at the retention time of metformin
and the internal standard.
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The stability of metformin was assessed, where the freeze-thaw
stability tests showed metformin was stable in plasma for at least 3
freeze-thaw cycles. Metformin was stable in plasma which was stored
at -15ºC to -22ºC for two months, a period long enough to complete all
sample analysis. Short term stability studies indicated that metformin
in plasma was stable for 6 hours under room temperature; and
metformin in reconstituted solution was stable for 10 hours under
room temperature. Drug solutions of metformin and cimetidine were
stable for 2 months under refrigerated condition and stable for 9 hours
under room temperature.

Results
A total of 24 subjects were recruited, but only 21 had completed
the study. The demographic distribution of the subject population
was shown in Table 1. One subject (no. 24) failed to turn up for the
first study period due to personal reason; a second subject (no. 1) did
not attend the second study period, and was excluded from the study;
subject no. 16 completed both study periods but experienced emesis
within 4 hours post-dose, hence the data collected was not included
in the analysis. All recruited subjects were male, with a median age of
26 years (interquartile range of 9 years), and median BMI 24.3 kg/m2
(interquartile range of 2.9 kg/m2) (Table 1).
There was no significant deviation from the protocol reported.
Only minor deviations were observed, and listed as below:
(a) The blood sampling times for subject no.8 (S8) at 0.5 and 1.0
hour were delayed during the first study period. The actual times of
blood sampling were used in the pharmacokinetic calculation.
(b) New silica column (no.36) was used for chromatographic
separation, and the ratio of mobile phase was changed to allow better
peak separation. The new composition of the new mobile phase was
acetonitrile:0.03 M diammonium hydrogen phosphate (10:90; v/v),
and the new retention for metformin and cimetidine were 9.0 and 12.3
minutes respectively. Partial validation was conducted.
During the bioanalysis of plasma samples, a new silica column was
used for the chromatographic separation. The new column contained
similar packing and of similar dimension and brand (Zorbax RX-SIL,
250 × 4.6 mm id, 5 μ) (Agilent Technologies, USA). This resulted in
significant shifts in the retention times of metformin and cimetidine
(internal standard), and satisfactory separation of the two analyte peaks
could not be attained. Modification to the mobile phase composition
was conducted to ensure the analytes peaks were well-resolved. No
failed analytical run and re-assay occurred during the analysis.
Partial validation of the analytical method was allowed where minor
changes were made to methods which were already validated [17,18]. A
partial validation consisting of a within-day run precision and accuracy
was conducted to ensure the change in mobile phase did not affect the
performance of the method. The mean measured concentration values
did not deviate by more than ± 13.0% from the actual concentrations
Characteristic

Value

Age, y
Median
Interquartile range

26
9

BMI, kg/m2
Median
Interquartile range

24.3
2.9

Ethnicity, %
Malay
Indian

20 (95.2)
1 (4.8)

Table 1: Demographic characteristic of study volunteers (n = 21).
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except for concentration at the limit of quantification, where the
measured value did not deviate by more than ± 17.0% from the actual
concentration. The values of coefficient of variation were less than 4.0%
for all concentrations.
No severe adverse reaction was reported or observed throughout
the study periods. One subject (no.16) experienced emesis and mild
nausea after ingestion of the reference formulation, which could be
drug related; another subject experienced fever after administration of
the reference product. However this was deemed not drug related.
The mean values of plasma concentration over time for the test and
reference formulations were shown to be comparable to each other, as
seen in Figure 1.
To conclude bioequivalence, the 90% confidence interval of the
ratio, for the three above mentioned parameters, of the test formulation
over the reference formulation should be within 80.00% to 125.00%. In
the present study, it was found that the ratio of AUC0-t, AUC0-∞ and
Cmax were between 0.8835-1.0184, 0.8933-1.0229 and 0.8864-1.0554.
All ratios were within the acceptable limits to conclude bioequivalence
(Table 2).
The value of Tmax showed no statistical significance between the test

and reference formulation, as demonstrated by the Wilcoxon Signed
Rank Test (p = 0.0979). There were no significant difference found in
the values of ke (p = 0.3776) and t1/2 (p = 0.1731) as well.
The intra-subject variation was estimated, using the mean square
error of the ANOVA analysis for AUC0-t, AUC0-∞ and Cmax, had
coefficient of variation values of 18.8%, 17.0% and 22.3% respectively.
Based on these values, the study sample size of 21 subjects was deemed
sufficient to provide a power of approximately 80% to conclude
bioequivalence between two formulations, when α = 0.05 [19]. The
inter-subject variation had coefficient of variation of 28.8%, 27.4% and
28.7% for three pharmacokinetic parameters.

Discussion
The fed bioequivalence study was required by the Malaysian
National Pharmaceutical Control Bureau as part of the dossier for
Diabetmin (Metformin) 250 mg immediate-release tablet application
for marketing authorisation. Similar recommendation was made by US
FDA’s Guidance on Metformin Hydrochloride, which suggested to run
bioequivalence study under both fed and fasting condition. However
the guidance did allow alternative approach to the conduct of the study
[7].

Figure 1: Mean plasma concentration of Metformin 250 mg after dose administration of either the test Diabetmin tablet or the reference Sunward Metformin tablet,
under fed condition, in 21 healthy voulnteers.

Pharmacokinetic Parametre

Diabetmin 250mg tablet (test)
Mean ± sd

Sunward Metformin 250mg (reference)
Mean ± sd

Cmax

434 ± 152.8

447 ± 119.7

AUC0-t

3097 ± 925.4

3252 ± 802.6

AUC0-∞

3284 ± 935.4

3428 ± 826.9

Tmax (hr)

3.5 ± 0.71

2.9 ± 1.05

T1/2 (hr)

3.8 ± 1.29

3.5 ± 0.74

Ke (hr-1)

0.2 ± 0.06

0.2 ± 0.05

sd, standard deviation; AUC0-t, area under the plasma-concentration curve from dosing to last quantifiable time point; AUC0-∞, area under the plasma-concentration curve
from dosing to infinity; Cmax, peak plasma concentration
Table 2: Pharmacokinetic parametre of the test Metformin formulation (Diabetmin) versus the reference formulation (Sunward Metformin) under fed condition. mean ± sd
(n=21).
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We had conducted a similar bioequivalence study under fasting
condition using the same batch of test and reference tablets. It was
found out that co-administration of food and metformin decreases the
value of Cmax, AUC0-∞, and Tmax: Cmax was reduced by approximately
40%, AUC0-∞ decreased by approximately 32%, and Tmax was delayed
by nearly 28 minutes [8]. These values were consistent with findings
reported in the literature [4–6].

Conclusion
The test formulation, Diabetmin 250 mg immediate-release tablet
(manufactured by Hovid Ltd, Malaysia) was bioequivalent to the
reference formulation Sunward Metformin 250 mg immediate-release
tablet (manufactured by Sunward Pharmaceutical Pte Ltd, Singapore).
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