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bstract

A simple and rapid liquid chromatography/tandem mass spectrometry (LC–MS/MS) method has been developed and validated for the simul-
aneous quantitation of antidiabetic drugs metformin and glyburide in human plasma using glimepiride as internal standard (IS). After acidic
cetonitrile-induced protein precipitation of the plasma samples, metformin, glyburide and IS were chromatographed on reverse phase C18
50 mm × 4.6 mm i.d., 5 �m) analytical column. Quantitation was performed on a triple quadrupole mass spectrometer employing electrospray
onization technique and operating in multiple reaction monitoring (MRM) and positive ion mode. The total chromatographic run time was 3.5 min
nd calibration curves were linear over the concentration range of 20–2500 ng/ml for metformin and 5–500 ng/ml for glyburide. The method was
alidated for selectivity, sensitivity, recovery, linearity, accuracy and precision, dilution integrity and stability studies. The recoveries obtained

or the analytes and IS (≥69%) were consistent and reproducible. Inter-batch and intra-batch coefficient of variation across four validation runs
LLOQ, LQC, MQC and HQC) was less than 8%. The accuracy determined at these levels was within ±8% in terms of relative error (RE). The
ethod was applied to a bioequivalence study of 500 mg metformin and 5 mg of glyburide tablet after oral administration to 28 healthy human

ubjects under condition of fasting.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Diabetes and its abnormalities constitute a major health prob-
em in the modern society [1]. It is characterized by disrupted
nsulin production, leading to high blood glucose concentration
nd other complications such as renal dysfunction, neuropathy
nd cardiopathy [2]. Many oral antidiabetic drugs with differ-
nt mechanisms of action have been developed to lower blood
ugar and delay the occurrence of serious complications in
atients with type 2 diabetes [2]. For glycemic control in such
ases, monotherapy with an oral antidiabetic agent is not ade-

uate to achieve satisfactory blood glucose control [3]. Thus,
ombination regimens which include drugs with different and
omplementary mechanisms of action are recommended. The

∗ Corresponding author. Tel.: +91 079 26300969; fax: +91 079 26308545.
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ost commonly used combination therapy in clinical practice
or type 2 diabetes includes metformin with a second gen-
ration sulfonylurea such as glyburide, gliclazide or glipizide
3].

Metformin is an orally administered antihyperglycemic drug
hat lowers glucose by reducing hepatic glucose production
nd gluconeogenesis and by enhancing peripheral glucose
ptake [4]. Glyburide, a second generation sulphonylurea is
ne of the most widely used oral hypoglycemic drugs for
oninsulin-dependant diabetic patients and is effective even at
ery low dosages [5]. Therapeutic drug monitoring necessitates
he measurement of their plasma concentration for studying
he pharmacokinetics of these drugs, assessment of bioequiv-
lence of commercially available tablet formulation and for

ptimization of dosing in combination therapy [3,6]. Thus, reli-
ble, sensitive and rapid bioanalytical methods are desired to
imultaneously determine metformin and glyburide in human
lasma.

mailto:pranav_shrivastav@yahoo.com
dx.doi.org/10.1016/j.jpba.2007.06.003
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Several assay methodologies are reported for the determi-
ation of metformin and glyburide individually in different
iological matrices using gas chromatography [7,8], high
erformance liquid chromatography [9–26] and capillary elec-
rophoresis [27]. Some of these methods suffer from various
isadvantages namely, sensitivity, long chromatographic run
imes or a cumbersome extraction procedure before analysis
hich prevent their use for routine sample analysis. To cir-

umvent these problems, several methods are reported for the
nalysis of these drugs by LC–MS/MS with improved sen-
itivity, selectivity and efficiency [28–33]. The simultaneous
etermination of these analytes is important for the routine mon-
toring of diabetic patients who take combination medications
nd for studying the pharmacokinetics of the combined dosage
orms. Zhong et al. [34] have developed a rapid and sensitive
C–MS/MS method to determine metformin and gliclazide after
cetonitrile induced protein precipitation of plasma samples.
he run time was very short (2 min) and the lower limits of quan-

itation of the method were 7.8 and 10.0 ng/ml for metformin and
liclazide, respectively.

However, there are very few reports on the simultaneous
etermination of metformin and glyburide in plasma. Abu-
uz et al. [35] have developed an HPLC method employing
PE for the simultaneous determination of metformin and
lipizide, gliclazide, glyburide or glimepiride in plasma. The
imits of quantitation were between 5 and 22 ng/ml with a
ong chromatographic run time of 15 min, which may not
e practical for high throughput analysis when large num-
ers of samples are involved. Using a nonaqueous solid phase
xtraction capillary electrophoresis technique, Lia and Feng
36] have determined metformin, phenformin and glyburide in
uman plasma. The separation of metformin from phenformin
as achieved within 3 min using a non-aqueous buffer, ace-

onitrile + 5 mM ammonium acetate + 5% acetic acid, but the
igration rate of glyburide was >6 min. When the electroki-

etic injection time was increased to 36 s, the detection limits
chieved for metformin and phenformin were 12 and 6 ng/ml,
espectively.

In the present study, a rapid liquid chromatography tandem
ass spectrometry method has been developed and validated

or simultaneous determination of metformin and glyburide in
uman plasma. The use of mass spectrometry interfaced with
PLC helps to improve sensitivity and selectivity compared to

raditional HPLC and GC methods. This rapid method (3.5 min
un time) was successfully applied to a bioequivalence study of
est and reference formulation (500 mg metformin and 5 mg of
lyburide tablet) in 28 healthy human subjects under condition
f fasting.

. Experimental

.1. Chemicals, reagents and materials
Standard reference materials of metformin hydrochloride,
lyburide and glimepiride (internal standard) having purity of
9.30, 98.60 and 99.54%, respectively were provided by Themis
aboratories Pvt Ltd., (Mumbai, India). HPLC grade methanol

c
s
t
t
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nd acetonitrile were purchased from J.T.Baker INC (Phillips-
urg, NJ, USA). Ammonium acetate, formic acid and glacial
cetic acid of AR grade were purchased from Qualigens Ltd.,
Mumbai, India). Purified water was obtained from Milli Q A10
radient water purification system (Millipore, Banglore, India).
lank human blood was collected with heparin from healthy and
rug-free volunteers. After centrifugation at 4000 rpm at room
emperature, plasma was collected and stored at −20 ◦C.

.2. Liquid chromatography and mass spectrometric
ondition

The liquid chromatography system (Shimadzu, Kyoto,
apan) consisted of a binary LC-20AD prominence pump, an
utosampler (SIL–HTc), an online solvent degasser (DGU-20A3
rominence) and a temperature-controlled compartment for col-
mn (CTO 10AVP). Chromatographic separation was performed
n Hypersil, hypurity C18 (50 mm × 4.6 mm i.d., 5 �m) ana-
ytical column (Thermo Electron Corporation, Cheshire, UK)

aintained at 25 ◦C temperature. The mobile phase was pre-
ared by mixing 700 ml of acetonitrile with 300 ml of 5 mM
mmonium acetate pH 3.0 adjusted with glacial acetic acid.
he flow rate of the mobile phase under isocratic condition was
ept at 0.4 ml/min. The auto sampler temperature was set at
0 ◦C and the injection volume was 5 �l. The total LC run time
as 3.5 min. Detection of analytes and IS was performed on a

riple quadrupole mass spectrometer, API-2000, (MDS SCIEX,
oronto, Canada) equipped with turbo ion spray source in the
ositive ion mode. Analyst software version 1.4 was used to con-
rol all parameters of LC and MS. Quantitation was performed
sing multiple reaction monitoring (MRM) mode, based on par-
nt → product ion transitions for metformin (130.1 → 60.1),
lyburide (494.0 → 352.1) and IS (491.1 → 369.0). Source
ependent parameters optimized were gas 1(Nebuliser gas):
0 psi; gas 2(heater gas): 60 psi; ion spray voltage (ISV): 5000 V;
emperature (TEM): 400 ◦C. Compound dependent parameters
eclustering potential (DP), collision energy (CE) and cell exit
otential (CXP) were set at 21, 20 and 4 V, respectively for met-
ormin; 22, 19 and 12 V, respectively for glyburide; 22, 20 and
1 V, respectively for glimepiride. Entrance potential (EP) and
ocusing potential (FP) were set at 10 and 400 V, respectively
or both the analytes and IS. Nitrogen was used as collision acti-
ated dissociation (CAD) gas and was set at 4 psi. Quadrupole 1
nd quadrupole 3 were maintained at unit resolution and dwell
ime was set at 200 ms.

.3. Standard and quality control preparation

The standard stock solutions of metformin, glyburide and
S were prepared by dissolving their accurately weighted com-
ounds in methanol to give a final concentration of 1000 �g/ml.
he combined working solutions of analytes in the desired

oncentration range were prepared by appropriate dilution of
tandard stock solutions with methanol–water (60:40 v/v). All
he solutions were stored at 2–8 ◦C and were brought to room
emperature before use.
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The calibration standards (CS) and quality control (QC) sam-
les were prepared by spiking blank plasma (5% of total volume
f blank plasma) with respective working solutions. Calibra-
ion standards were made at concentration of 20, 40, 100, 200,
00, 1000, 1500, 2000 and 2500 ng/ml for metformin; 5, 10,
5, 50, 100, 200, 300, 400 and 500 ng/ml for glyburide. Qual-
ty controls were prepared at 60 ng/ml (low quality control,
QC), 750 ng/ml (middle quality control, MQC) and 2250 ng/ml

high quality control, HQC) for metformin; 15 ng/ml (LQC),
50 ng/ml (MQC) and 450 ng/ml (HQC) for glyburide. Spiked
lasma samples were aliquoted in microcentrifuge tubes and
tored at −20 ◦C until use.

.4. Sample preparation

All frozen subject samples, calibration standards and qual-
ty control samples were thawed and allowed to equilibrate at
oom temperature prior to analysis. The samples were vortexed
o mix and centrifuged at 3200 rpm at 10 ◦C for 5 min to set-
le down any clots present. To a 0.5 ml plasma sample, 50 �l
f 10.0 �g/ml of internal standard was added and vortexed to
ix for 10 s. The samples were precipitated using 1 ml, 0.1%

v/v) formic acid in acetonitrile and centrifuged at 10,000 rpm
or 10 min. Clear supernatant was collected and transferred into
.5 ml vials, capped and placed in auto sampler rack for injection
n the chromatographic system.

.5. Bioanalytical method validation

The method was validated for selectivity, sensitivity, linear-
ty, precision and accuracy, recovery, stability, matrix effect and
ilution integrity following the USFDA guidelines [37].

Selectivity tests were performed with two sets, each having
en heparinised blank plasma in which eight were normal, one
as haemolysed and the other was lipemic plasma. In the first set,
lank plasma samples were extracted and directly injected for
C–MS/MS detection. The blank plasma samples of the other
et were spiked with LLOQ working solution, extracted and
nalysed in the similar manner. The second set was also used
or sensitivity (LLOQ) determination.

The linearity of the method was determined by analysis of
tandard plots associated with a nine-point standard calibration
urve. Seven linearity curves containing nine non-zero con-
entrations were analysed. Best-fit calibration curves of peak
rea ratio versus concentration were drawn. The concentra-
ion of the analytes were calculated from calibration curve
y = mx + c; where y is the peak area ratio) using linear regres-
ion analysis with reciprocate of the drug concentration as a
eighing factor 1/x2 for metformin and 1/x for glyburide. The

egression equation for the calibration curve was also used to
ack-calculate the measured concentration at each QC level.
he peak area ratio values of calibration standards were propor-

ional to the concentration of the drug in plasma over the range

ested.

Inter-batch and intra-batch accuracy and precision was evalu-
ted at four different concentrations levels (LLOQ, LQC, MQC
nd HQC) in six replicates for both the analytes. Mean and stan-
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ard deviation (S.D.) values were obtained for calculated drug
oncentration over these batches. The accuracy and precision
as calculated and expressed in terms of relative error (% RE)

nd coefficient of variation (% CV), respectively.
Recovery of the extraction procedure was performed at LQC,

QC and HQC levels using the proposed extraction procedure.
t was evaluated by comparing peak area of extracted sam-
les (spiked before extraction) to the peak area of unextracted
amples (quality control working solutions spiked in extracted
lasma).

Stability experiments were performed to evaluate the ana-
yte stability in stock solutions and in plasma samples under
ifferent conditions, simulating the same conditions, which
ccurred during study sample analysis. Stock solution stability
as performed by comparing area response of stability sam-
le of analytes and internal standard with the area response of
ample prepared from fresh stock solutions. Bench top stability,
xtracted sample stability (process stability), freeze–thaw sta-
ility and long-term stability were performed at LQC and MQC
evels using six replicates at each level.

Ion suppression/enhancement were checked by infusing
resh aqueous samples and unextracted sample (spiked exter-
ally in extracted blank plasma) at equivalent concentration
MQC level). Further, to study the effect of matrix on analyte
uantitation with respect to consistency in signal suppres-
ion/enhancement, matrix effect was checked in six different
ots of plasma. These lots of heparinised plasma comprised of:
our lots of normal plasma, one lot of lipemic plasma and one
ot of haemolysed plasma. Three replicates, each of LQC and
QC levels were prepared from these lots of plasma (total 36
C samples) and checked for the accuracy in terms of relative

rror in all the QC samples.
The dilution integrity experiment was performed with an aim

o validate the dilution test to be carried out on higher analyte
oncentrations (above ULOQ), which may be encountered dur-
ng real subject samples analysis. Dilution integrity experiment
as carried out at 1.5× the ULOQ concentration (3750 and
50 ng/ml for metformin and glyburide, respectively). Six repli-
ate samples each of ½ (1875 and 375 ng/ml) and 1/4 (937.5 and
87.5 ng/ml) concentration were prepared and their concentra-
ions were calculated, by applying the dilution factor of 2 and

against the freshly prepared calibration curve for metformin
nd glyburide, respectively.

.6. Bioequivalence study

The validated method was successfully applied to the assay
f metformin and glyburide in healthy human subjects who
eceived reference and test formulation.The reference formula-
ion used in the present bioequivalence study was Glucophage®

00 mg metformin tablet (Bristol Myers Squibb, New York,
SA) and Daonil 5 mg glyburide tablet (Aventis, Mumbai,

ndia). The active ingredients in the test formulation were

00 mg metformin and 5 mg glyburide.

The design of study comprised of a randomized, open label,
ingle dose, two treatments, two sequence bio equivalence study
f metformin (500 mg) and glyburide (5 mg) tablet in twenty-
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ight normal healthy subjects under condition of fasting. All the
ubjects were informed of the aim and risk involved in the study
nd written consent were obtained. Ethics committee approved
he study protocol. The study was conducted strictly in accor-
ance with guidelines laid down by International Conference
n Harmonization and USFDA [38]. Health check-up for all
ubjects was done by general physical examination, ECG and
aboratory tests like hematology, biochemistry and urine exam-
nation. All subjects were negative for HIV, HBSAg and HCV
ests. They were orally administered a single dose of test and
eference formulation after recommended wash out period with
40 ml of water. Drinking water was not allowed and supine
osition was restricted 2 h postdose. Standardized meals were
rovided as per schedule. Blood samples were collected in tubes
ontaining heparin before (0 h) and at 0.5, 1.0, 1.5, 2.0, 2.5, 3.0,
.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.5, 12, 24
nd 30 h of administration of drug. Blood samples were cen-
rifuged at 3200 rpm for 10 min and plasma was separated, stored
t −20 ◦C until use.

. Results and discussion

.1. Method development

It was important to optimize chromatographic conditions,

ass spectrometry parameters and extraction technique to

evelop and validate a selective and rapid assay method for
imultaneously quantitation of metformin and glyburide in
uman plasma. MS parameters were optimized by infusing stan-

a
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h
c

Fig. 1. Mass spectra of parent (A) and
d Biomedical Analysis 45 (2007) 97–106

ard analyte solution of 500 ng/ml into the mass spectrometer
aving electrospray as the ionization source and operating in the
ultiple reaction monitoring (MRM) mode. The signal intensi-

ies obtained in positive mode were much higher than those in
egative ion mode since the analytes and glimepiride (internal
tandard) have the ability to accept protons. Metformin, gly-
uride and glimepiride gave predominant protonated (M + H)+

arent ions at m/z 130.1, 494.0 and 491.1 ions, respectively
n Q1 MS full scan spectra. Fragmentation was initiated using
ufficient nitrogen for collision-activated dissociation and by
pplying 20 V collision energy to break the parent ions. The
ost abundant ions found in the product ion mass spectrum
ere m/z 60.1, 352.1 and 369.0 for metformin, glyburide and
limepiride, respectively. It was observed that higher nebuliser
as pressure (40 psi) had a better impact on spectral response.
he intensity was further enhanced after acidifying the solu-

ion, as it increases the ionization (protonation) resulting in high
esponse in positive ion mode. Ion spray voltage and tempera-
ure did not have much impact on behavior of compounds and
ere maintained at 5000 V and 400 ◦C, respectively. Q1 and
3 were set at unit resolution and dwell time kept was 200 ms.
here was no cross talk between the MRMs of analytes and IS.
ine tuning of gas 1 (nebuliser gas), gas 2 (heater gas) and CAD
as was done to get a consistent and stable response with high
ignal to noise ratio. Figs. 1–3 show the mass spectra of parent

nd product ions for analytes and IS, respectively. Electrospray
onization (ESI) was selected as the ionization source as it gave
igh spectral response for both the analytes and the regression
urves obtained were linear. Also, ESI source provided reliable

product ion (B) for metformin.
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) and
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Fig. 2. Mass spectra of parent (A
ata on method validation and for quantitation of samples from
uman volunteers.

Since metformin and glyburide have different physicochemi-
al properties, it was difficult to set chromatographic conditions

t
i
i
r

Fig. 3. Mass spectra of parent (A) and pr
product ion (B) for glyburide.
hat produced sharp peak shape and adequate response. This
ncluded mobile phase selection, flow rate, column type and
njection volume. Methanol, acetonitrile were tried in different
atio with buffers like ammonium acetate, ammonium formate as

oduct ion (B) for glimepiride (IS).
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ell as acid additives like formic acid and acetic acid in varying
trength. It was observed that 5 mM ammonium acetate (pH 3.0):
cetonitrile (30:70 v/v) as the mobile phase was most appropri-
te to give best sensitivity, efficiency and peak shape. Acidic
uffer helped to improve the peak shape and spectral response.
0% aqueous part was adequate to retain the polar compound
etformin. The use of a short chromatography column C18
ypersil, hypurity (50 mm × 4.6 mm i.d., 5 �m) helped in the

eparation and elution of all three compounds in a very short
ime. The total chromatographic run time was 3.5 min for each
un.

Simultaneous recovery of both the analytes from plasma
as difficult as metformin is highly polar while glyburide is

omparatively a less polar compound. Solid phase extraction
as unsuccessful in giving consistent and adequate response.
iquid–liquid extraction in different solvents like diethyl ether,
ichloromethane or methyl tert butyl ether gave consistent
ecovery for glyburide with negligible matrix effect but not for

etformin. Moreover, the method required back extraction, dry-

ng and reconstitution steps, making it more tedious and time
onsuming. Thus, simple protein precipitation technique was
ried with acetonitrile, methanol and acetone to recover both

w
s
v
e

Fig. 4. Blank plasma (A) and LLOQ (B) chromatograms for metformin (13
d Biomedical Analysis 45 (2007) 97–106

he analytes and IS. Precipitation with acetonitrile containing
.1%(v/v) formic acid caused the lowest matrix with better peak
hape compared to other organic solvents. The major advantage
f this method was its efficiency in extracting both the ana-
ytes and IS. The extract (supernatant liquid) was directly used
or injection without drying and reconstitution. Minor ion sup-
ression due to biological matrix found at the retention time of
etformin was rendered insignificant by modifying the mobile

hase ratio that separated the undetected interference from met-
ormin peak. Overall, this method is fast and simple in terms
f chromatography and analyte extraction (sample preparation),
espectively, which helped in giving a high turnaround for rou-
ine sample analysis. As per FDA guideline, an ideal internal
tandard should be a structurally similar analog, stable and a
abeled compound. Glimepiride has structural similarity with
lyburide but is markedly different from metformin. Since all
hree compounds had similar chromatographic behavior and
ere precipitated easily with the same protein precipitant, it

as selected as the internal standard. Moreover, there was no

ignificant matrix effect of IS on both the analytes. Also, the
alidation results obtained from this LC–MS/MS methodology
ncouraged its selection as an IS for the present study.

0.1/60.1), glyburide (494.0/352.1) and IS (494.1/369.0), respectively.
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Table 1
Summary of calibration curves for metformin (A) and glyburide (B) with back-calculated concentrations

Linearity CS-1 CS-2 CS-3 CS-4 CS-5 CS-6 CS-7 CS-8 CS-9
added concentration 20.00 40.00 100.000 200.00 500.00 1000.00 1500.00 2000.00 2500.00

Metformin (A), concentration in ng/ml
1 19.15 42.94 103.75 214.25 524.19 1029.89 1474.00 1848.37 2301.27
2 20.10 39.70 100.00 214.38 518.96 997.27 1527.43 1930.67 2391.93
3 19.50 41.76 103.20 210.80 513.39 1037.04 1542.45 1831.99 2330.25
4 19.63 41.56 100.09 213.29 535.08 1005.01 1481.77 1912.65 2344.98
5 19.91 39.90 103.73 213.87 513.36 1032.88 1520.50 1933.10 2263.71
6 19.49 40.92 108.84 210.92 517.44 1024.14 1509.99 1874.48 2254.75
7 19.24 43.22 118.49 211.43 523.87 982.18 1526.92 1840.37 2431.57

Mean 19.57 41.43 105.44 212.71 520.90 1015.49 1511.86 1881.66 2331.21

S.D. 0.34 1.36 6.47 1.60 7.63 20.812 25.24 43.48 64.87

% CV 1.75 3.29 6.13 0.75 1.47 2.05 1.67 2.31 2.78

Accuracy (%) 97.86 103.57 105.44 106.35 104.18 101.55 100.79 94.08 93.25

Linearity CS-1 CS-2 CS-3 CS-4 CS-5 CS-6 CS-7 CS-8 CS-9
added concentration 5.00 10.00 25.00 50.00 100.00 200.00 300.00 400.00 500.00

Glyburide (B), concentration in ng/ml
1 4.61 10.88 24.78 51.86 102.67 191.58 310.08 407.47 498.80
2 5.11 10.05 24.56 50.50 99.84 209.59 302.55 394.30 506.23
3 5.23 8.94 25.31 50.31 108.96 207.29 295.59 402.22 498.89
4 5.20 9.38 25.48 50.67 104.80 198.09 300.26 408.13 500.72
5 4.29 11.51 23.58 52.88 103.61 195.77 313.65 412.40 485.02
6 5.10 10.61 24.01 48.15 101.32 202.05 318.20 394.12 499.17
7 4.89 10.13 28.40 47.78 98.40 192.53 295.55 412.24 512.80

Mean 4.92 10.21 25.16 50.31 102.80 199.56 305.13 404.41 500.23

S.D. 0.35 0.88 1.58 1.84 3.49 7.02 8.95 7.76 8.47

% .65

A .61

3

n
2
B
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CV 7.11 8.61 6.27 3

ccuracy (%) 98.39 102.13 100.64 100

.2. Selectivity and sensitivity

Selectivity was evaluated by calculating signal (LLOQ) to
oise (blank) ratio for all the samples. Mean ratio found was
9.37 and 20.63 for metformin and glyburide, respectively.
ack-calculated concentrations were obtained from calibration
urve and the mean accuracy for both analytes was within
5 ± 1% and precision (% CV) was less than ten. Endogenous
eaks at the retention time of the analytes were not observed
or any of the plasma lots. Chromatograms (Fig. 4) for blank
lasma, LLOQ concentration of analytes and internal standard
IS) demonstrate the selectivity of this method for routine sam-
le analysis. The retention times for metformin, glyburide and
S were 1.5, 2.44 and 2.6 min, respectively.

.3. Linearity, accuracy and precision

Calibration curves were linear from 20–2500 ng/ml with cor-
elation coefficient r ≥ 0.9977 for metformin and 5–500 ng/ml
ith r ≥ 0.9992 for glyburide. The r values, slopes and intercepts
ere calculated using linear regression (1/x2) and (1/x) weigh-
ng analysis, respectively. The observed mean back-calculated
oncentration of calibration standards with accuracy (%) and
recision (% CV) of seven linearities are given in Table 1A and
.

A
t
v
n

3.39 3.52 2.93 1.92 1.69

102.80 99.78 101.71 101.10 100.05

Intra and inter batch accuracy and precision were performed
y analyzing one and three batches, respectively. Each batch
ad six replicates at four concentration levels (LLOQ, LQC,
QC and HQC). Concentrations were calculated from calibra-

ion curve and the intra-batch and inter-batch precision was less
han 7.9% for metformin and glyburide. Accuracy expressed in
erms of relative error was within ±8% for both the analytes of
heir nominal concentration as given in Table 2.

.4. Recovery and matrix effect

Six replicates at LQC, MQC and HQC levels were prepared
or recovery determination. Mean recovery found was 69.3 and
1.2% and the precision (% CV) was 4.1 and 2.2 for metformin
nd glyburide, respectively. Recovery of IS was 70.9% with a

CV of 4.2.
Ion suppression was checked by comparing the area response

f unextracted samples to that of aqueous sample. Unextracted
amples were prepared in three different lots of blank plasma.
on suppression was minor in all three lots and it was con-
istent as CV of area ratio (unextracted/aqueous) was < 5%.

ssessment of matrix effect was performed with the aim to see

he effect of different lots of plasma on the back-calculated
alue of QC’s nominal concentration. The results found for
ormal, haemolysed and lipemic plasma samples were well
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Table 2
Intra-batch and inter-batch precision and accuracy

Metformin

Intra-batch Inter-batch

Level Concentration
added (ng/ml)

n Mean concentration
found (ng/ml)a

% RE % CV n Mean concentration
found (ng/ml)b

% RE % CV

LLOQ 20.00 6 19.31 −3.47 7.8 18 20.34 1.17 6.7
LQC 60.00 6 59.14 −1.44 3.9 18 60.75 0.74 3.3
MQC 750.00 6 750.38 0.05 2.1 18 745.00 −1.16 3.8
HQC 2250.00 6 2082.36 −7.45 2.4 18 2140.38 −5.35 4.0

Glyburide

Intra-batch Inter-batch

Level Concentration
added (ng/ml)

n Mean concentration
found (ng/ml)a

% RE % CV n Mean concentration
found (ng/ml)b

% RE % CV

LLOQ 5.00 6 4.70 −6.05 7.1 18 4.71 −6.41 7.1
LQC 15.00 6 15.20 1.30 7.9 18 14.90 −1.45 7.9
MQC 150.00 6 150.74 0.50 2.7 18 149.37 −1.21 2.5
HQC 450.00 6 462.55 2.79 1.4 18 463.19 2.11 2.4

R

w
t
m
l
g
s

3

t

i
l
P
s
f
p
i

T
M

L
L
L
L
L
L

L
L
L
L
L
L

E, relative error; CV, coefficient of variation; n, total number of observation.
a Mean of six replicate observations at each concentration.
b Mean of eighteen replicate observations over three different analytical runs.

ithin the acceptable limits as shown in Table 3. Moreover,
he minor suppression of analyte signal due to endogenous

atrix interferences does not affect the quantitation of ana-
ytes and IS peak. Thus, the extraction method was rugged and
ave accurate and consistent results when applied to real patient
amples.
.5. Stability and dilution integrity

Stock solution of both analytes and IS were stable at room
emperature for 24 h and at 2–8 ◦C for 32 days. Both analytes

t
p
b

able 3
atrix effect in human plasma

Metformin

LQC (60.00 ng/ml)

Mean calculated concentration % relative error

ot-1 55.95 −7.22
ot-2 61.39 1.81
ot-3 56.44 −6.40
ot-4 56.44 −6.40
ot-5 56.78 −5.83
ot-6 59.19 −1.84

Glyburide

LQC (15.00 ng/ml)

Mean calculated concentration % relative error

ot-1 14.83 −1.13
ot-2 14.63 −2.49
ot-3 14.94 −0.38
ot-4 14.60 −2.64
ot-5 14.50 −3.31
ot-6 14.01 −6.58
n control human plasma at room temperature were stable at
east for 24 h and for minimum of five freeze and thaw cycles.
rocess stability was of 30 h at 10 ◦C. Spiked plasma samples,
tored at −20 ◦C for long term stability experiment, were stable
or minimum of 105 days. Different stability experiments in
lasma with values for precision and percent change are shown
n Table 4.
The mean back-calculated concentrations for ½ and 1/4 dilu-
ion samples were within 85–115% of their nominal values. The
recision (% CV) for ½ and 1/4 dilution samples was < 3.3 for
oth the analytes.

HQC (2250.00 ng/ml)

Mean calculated concentration % relative error

1971.09 −12.83
2000.28 −11.54
2073.07 −8.32
2119.73 −6.26
2022.67 −10.55
2035.80 −9.97

HQC (450.00 ng/ml)

Mean calculated concentration % relative error

437.40 −3.44
445.10 −1.74
459.36 1.40
461.74 1.93
454.24 0.27
466.78 3.04
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ig. 5. Mean plasma concentration of metformin (A) and glyburide (B) after
ral administration of single dose of 500 mg of metformin and 5 mg of glyburide
ablet to 28 healthy human subjects under fasting condition.

.6. Application of the method on human volunteers

The validated method was successfully applied to a bioequiv-
lence study in twenty eight healthy human male subject samples
or reference and test formulations of metformin (500 mg) and
lyburide (5 mg) tablet formulation under condition of fasting.
ll 1740 samples including the calibration, QC and volunteer

amples were run and analysed in only 16 days and precision and
ccuracy for calibration and QC samples were within acceptable
imits. The 90% confidence interval of the individual ratio geo-

etric mean for test/reference was within 80–125% for AUC
0–t), AUC(0−∝) and Cmax (AUC: area under curve, Cmax: peak
lasma concentration). Mean plasma concentration versus time
rofile for the treatment, under condition of fasting is presented
n Fig. 5.

. Conclusions
The developed LC–MS/MS assay for metformin and gly-
uride is selective, rapid and rugged, suitable for routine
easurement of subject samples. This method has significant
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