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Abstract

Type-2 diabetes is a disorder characterized by disrupted insulin production leading to high blood glucose levels. To control this disease,
combination therapy is often used. Hypoglycemic agents such as metformin, glipizide, glyburide, repaglinide, rosiglitazone, nateglinide, and
pioglitazone are widely prescribed to control blood sugar levels. These drugs provide the basis for the development of a quantitative multianalyte
bioanalytical method. As an example, a highly sensitive and selective multi-drug method based on liquid chromatography tandem mass spectrometry
(LC-MS/MS) was developed. This rapid, automated method consists of protein precipitation of 20 wL of plasma coupled with gradient HPLC
elution of compounds using 10 mM ammonium formate buffer and 0.1% formic acid in acetonitrile as the mobile phases. MS/MS detection was
performed using turbo ion spray in the positive ion multiple reaction monitoring (SRM) mode. A lower limit of quantitation (LLQ) in a range of
1.0-5.0ng/mL was achieved for all analytes. The linearity of the method was observed over a 500-fold dynamic range. Drug recoveries ranged
from 86.2 to 94.2% for all analytes of interest. Selectivity, sample dilution, intra-day and inter-day accuracy and precision, and stability assessment

were evaluated for all compounds.
© 2007 Published by Elsevier B.V.
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1. Introduction

Type-2 diabetes is a long-term metabolic disorder wherein
the body becomes resistant to the effects of insulin, a hormone
that regulates sugar absorption [1]. Treatment of type-2 diabetes
(non-insulin dependent) is now possible with orally adminis-
tered hypoglycemic agents that help reduce blood sugar levels.
Five major classes of chemically diverse hypoglycemic drugs
with different mechanisms of action have been developed for
administration to patients. These are known as sulfonylureas
(glipizide, glyburide, glipermide, chlorpropamide and tolaza-
mide), biguanides (metformin), thiazolidinediones (pioglitaone
and rosiglitazone), meglitinides (repaglinide and nateglinide),
and alpha-glucosidase inhibitors (acarbose and miglitol) [2].

Oral hypoglycemic drugs prescribed as monotherapy have
not provided enough hypoglycemic control for type-2 diabetic
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patients. For this reason, combination therapy is becoming a
more prevalent method for achieving satisfactory blood glucose
levels [3—7]. The majority of combination medicines available
to date are based on metformin co-administration. Examples of
combination medication include metformin with sulfonylureas
such as glyburide (GlucoVance) and glipizide (Metaglip), or thi-
azolidinediones resulting in ActoplusMet (with pioglitozone)
and Avandamet (with rosiglitazone) [8—12]. Drug monitoring
during combination therapy is an important process for titrating
the appropriate dosing control and diagnostic purposes [13—15].
Since combination therapies are becoming widespread in appli-
cation, it is of importance to develop methods applicable to
the pre-clinical development of potential combinations of these
classes of drugs. Therefore, sensitive, rapid and reliable method-
ology is required for simultaneous multianalyte quantitation of
oral hypoglycemic drugs in the plasma of animals used for pre-
clinical development.

Available reports suggest that liquid chromatography—mass
spectrometry (LC-MS) and LC with UV detection in conjunc-
tion with solid phase extraction (SPE) or liquid-liquid extraction
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(LLE) are the most commonly used methods for detection
and quantitation of anti-diabetic drugs in biological samples
[16-22].

Based upon the need for co-administration of hypoglycemic
agents, several multi-drug screening procedures have been
developed. The reported methods are applicable to analysis of
human plasma, equine plasma and urine, and tablet formula-
tions [23-28]. Methods include LC procedures for metformin
and glipizide with a lower limit of quantitation (LLQ) of 5.0 and
22.5 ng/mL [23], or metformin and glimepride with a LLQ of 22
and 39 ng/mL, respectively [24]. Methods based on LC/MS/MS
have been reported for metformin and gliclazide (LLQ range of
7.8-10.0ng/mL) [25]. Simultaneous quantitation of eight sul-
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fonylureas based on LC-MS/MS was also reported utilizing
LLE and obtaining LLQ in the range of 7.8-78 ng/mL [26].
Determination of glipizide and/or rosiglitazone, tolazamide and
repaglinide using LC/MS/MS was reported for equilibrium dial-
ysis and LLE with an LLQ range of 1.0-10.0 ng/mL [27-28].
Anti-diabetic drugs have also been included in the context of
forensic and clinical toxicology drug screening [29-30].

This article describes a simple, rapid, automated, repro-
ducible and reliable multi-residue quantitation method for seven
oral hypoglycemic drugs in monkey plasma. Compounds under
investigation belong to four different classes and possess dif-
ferent chemical structures (Fig. 1). Sample preparation omits
cumbersome SPE or LLE methodologies, is automated, and drug
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Fig. 1. Chemical structures of seven oral hypoglycemic drugs. (A) Metformin, (B) glipizide, (C) glyburide, (D) repaglinide, (E) nateglinide, (F) pioglitazone, and
(G) rosiglitazone.
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elution is achieved without the need for derivatization. Product
ion mass spectral fragmentation patterns are obtained in the pos-
itive ion mode of electrospray ionization (ESI) and reported for
each compound. Accurate quantitation of all analytes is achieved
over a wide range of concentrations. All assessments were based
on a 20 L sample volume and evaluated based upon most of the
criteria stated in the U.S. Food and Drug Administration Center
for Drug Evaluation and Research (FDA/CDER) guidelines for
Bioanalytical Method Validation (May, 2001).

2. Experimental
2.1. Material and reagents

Glipizide (GLI), glyburide (GLY) and repaglinide (REP)
were purchased from Sigma—Aldrich, Inc. Rosiglitazone (ROS)
was purchased from Alexis Biochemicals. Pioglitazone (PIO)
was obtained from ChemPacific Co. Repaglinide-ethyl-d5 (IS-
1), nateglinide-phenyl-d5 (IS-2) and nateglinide (NAT) were
obtained from Toronto Research Chemicals, Inc. Metformin
(MET) and IS-3, internal standard compound used in Zeng et al.
[31], were prepared at Merck & Co., Inc.

Tecan robotics supplies such as pipette tips, reagent troughs,
96-deep-well polypropylene plates were purchased from Molec-
ular Bioproducts and Porvair, Inc. 96-deep-well (2 mL) Strata™
Impact protein precipitation plates was obtained from Phe-
nomenex, Inc.

Acetonitrile (ACN; Optima grade), methanol (MeOH), iso-
propanol (IPA), 0.1% formic acid (FA) in ACN (HPLC grade),
96% FA and ammonium formate were purchased from Fisher
Scientific. Ultra Pure water system from Millipore (Milli-Q RG
and Milli-RO10) was used to generate water (H,O) with resis-
tivity of 18 M2 cm.

2.2. Solutions

Standard diluent solution was prepared with 50% ACN
and 50% H;0O (50:50 ACN: H20). Needle wash and valve
wash solutions used were standard diluent and 4:3:3 ratio
of ACN:IPA:H,0O with 0.1% FA. Solution of 10 mM ammo-
nium formate was prepared by adding 1.26 g of ammonium

formate to 2L of H,O. All solutions were stored at room
temperature.

2.3. LC-MS/MS conditions

A Sciex API14000 triple quadrupole MS system was equipped
with a Turbo Ionspray interface, binary pump and CTC-PAL
autosampler with an external valve wash system. Mass spec-
tral setting set to operate in positive-ion mode (ESI+) were:
voltage at 4500V, temperature at 550 °C, collision gas (N»)
was set at 4, curtain gas set at 40, ion source gases set at
60 and 50. The Thermo Fluophase PFP-reverse phase column
(50 mm x 2.1 mm; 5 pm particle size) was equilibrated with the
mobile phase (40% of 0.1%FA in ACN and 60% of 10 mM
ammonium formate solution) at 0.6 mL/min prior to analysis.
Injection sample volume was set to 10 L with 5 nL loop vol-
ume. The LC profiles were developed at ambient temperature
and the following gradient elution: 0—1.0 min, 40% of 0.1%FA in
ACN; 1.0-3.5 min, to 95% of 0.1% FA in ACN; 3.51-5.50 min,
back to 40% of 0.1% FA in ACN. IS-1 and IS-2 were used for
determination of REP and NAT, respectively. IS-3 [31] was used
for simultaneous detection and quantitation of all other drugs
of interest. Retention times for all compounds and their cor-
responding MS transitions developed in the selective reaction
monitoring (SRM) mode are summarized in Table 1.

2.4. Preparation of standard and quality control (QC)
solutions

Individual stock standards for all compounds were prepared
by weight at 1.0 mg/mL concentrations and at 1000 ng/mL in
MeOH. Mixed working standard solutions at eight levels were
prepared in standard diluent. Standards and QC samples were
made from separate stock solutions. Standards were prepared
over a range of 2.0-1000 ng/mL for MET, REP, GLY, PIO and
ROS, 4.0-2000 ng/mL for GLI, and 10.0-5000 ng/mL for NAT.
Three levels of mixed working QC solutions were prepared for
all analytes. A mixed working IS solution was prepared con-
taining IS-1 and IS-2 at 100 ng/mL and IS-3 at 1000 ng/mL in
standard diluent. All standards were stored at 4 °C when not in
use.

Table 1

Chromatographic and SRM transitions data for four classes of hypoglycemic drugs and three IS compounds

Full name Abb. RT (min) Transition

Analyte Analyte Q1 (precursor); m/z Q3 (product ion); m/z
Metformin MET 0.5 130 71
Glipizide GLI 0.8 446 321
Glyburide GLY 2.5 494 369
Repaglinide REP 3.7 453 230
Repaglinide-ethyl-d5 IS-1 3.7 458 230
Nateglinide NAT 1.8 318 166
Nateglinide-phenyl-d5 1S-2 1.8 323 125
Pioglitazone PIO 2.1 357 134
Rosiglitazone ROS 1.7 358 135
N/A 1S-3 1.5 390 156

Abb., abbreviation; RT, retention time; N/A, not applicable.
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2.5. Sample extraction and analysis

Prior to fortification and extraction, a pool of control blank
monkey plasma was vortexed and centrifuged at ambient tem-
perature. A Tecan Genesis Freedom 200 equipped with a
robotic manipulator arm, TeVacS vacuum system, Eppendorf
thermomixer, and an 8-tip liquid handling arm equipped with
disposable tip adapters was used in an automated protein precip-
itation sample extraction procedure. A Strata™ Impact protein
precipitation plate coupled with a 96-deep-well (collection) plate
was placed inside a vacuum manifold on the Tecan. Initially,
200 wL of acetonitrile was added to the protein precipitation
plate. This was followed by the addition of the appropriate
volume of standard diluent, 20 wL. of monkey plasma and the
appropriate amount of the IS solution. Preparation of standard
and QC samples was based on 200 pL of ACN, 10 L of mixed
IS working solution, 20 L of blank monkey plasma and 10 L
of appropriate mixed standard or QC working solution. The
protein precipitation plate was then vortexed for 65 s and vac-
uum was applied to facilitate filtration. The filtrate was collected
into the 96-deep-well collection plate and 10 pL of filtrate was
injected to the LC-MS/MS system.

2.6. Accuracy and precision assessments

The intra-day accuracy and precision assessment was based
on five individual calibration curves and five sets of QC samples.
A valid QC set was defined as duplicate samples at concentra-
tions at the low end (<3 times LLQ), approximate to arithmetic
middle and the upper end (>75% of upper limit of quantita-
tion, ULQ) of the intended calibration curve established for each
analyte. An acceptable intra-day assessment for standard curves
was reached when the mean calculated value at each standard
concentration was 100 £ 15% the theoretical value while the pre-
cision (expressed as coefficient of variation, %CV) was not to
exceed 15% (20% at LLQ). An acceptable intra-day assessment
for QC samples was reached when the mean calculated value at
each QC concentration was 100 &= 15% of the theoretical value
with precision not exceeding 15%.

Inter-day accuracy and %CV assessments were based on a 3-
day validation and established for QCs and LLQ. A specific and
predefined QC set and LLQ from each day were used to assess
inter-day accuracy (determined by comparing the found concen-
tration vs. the nominal value) and %CV. An acceptable inter-day
assessment was reached when the mean calculated accuracy of
the QCs was 100 = 15% and precision did not exceed 15%. Cri-
teria for acceptable inter-day mean accuracy at the LLQ was
100 % 20% with precision not exceeding 20%.

2.7. Sample matrix effects

Matrix effect was defined as the suppression or enhancement
of ionization of analytes due to the presence of co-eluting matrix
ions during LC/MS/MS analysis. A matrix factor (MF) was
defined as the quantitative measure of matrix effects for each
analyte in monkey plasma. MF was defined for each analyte
of interest (and IS) as the peak area ratio between the analyte

response when present in the matrix versus the analyte response
in solvent (diluent) following the sample extraction procedure
(see MF calculation).That is:
(Peak Area of Analyte in Presence of Matrix)
(Peak Area of Analyte in Solvent)

MF(analyte) =

MF for each compound was normalized with corresponding IS
response with the following expression:

MF of Analyte
MF of IS

Ion-suppression was considered to be taking place with an
obtainable MF of less then 1.0 and ion-enhancement was con-
sidered for MF higher then 1.0. MF was considered acceptable
as long as the IS normalized value was 0.8—1.2 or expressed as
an accuracy of 100 £ 20%.

MEF(S normalized) =

2.8. Extraction efficiency (recovery) and sample dilution

Extraction efficiency was expressed in terms of recovered
concentration of analyte and IS added to a biological matrix
prior to extraction (recovery QC) vs. concentration obtained
with a biological sample where analyte and IS were added fol-
lowing extraction (reference QC). All analyses were performed
in triplicate for each analyte at three concentrations based on
mixed working solutions. Percent drug recovery with corre-
sponding %CV was determined for each plasma sample fortified
with all analytes of interest. All samples were prepared with
Tecan robotics. Reference QC samples were extracted based on
a 20 pL blank monkey plasma procedure as described above.
After filtration of the extracted blank plasma sample, 10 uL of
an appropriate mixed QC solution and 10 p.L IS mixed working
solutions were added. The plate was vortexed, sealed and sample
analyzed by LC-MS/MS.

2.9. Sample dilution

The process of assaying a partial volume of a sample prepared
ata concentration above the ULQ (sample dilution) was assessed
with the specified method utilizing Tecan robotics. Sample dilu-
tion for a 20-fold double dilution assessment was performed in
triplicate for blank monkey plasma fortified with all analytes at
a concentration above ULQ and diluted twice with additional
blank monkey plasma. Acceptable criteria were set for the accu-
racy of the mean concentration to 100+ 15% of the nominal
value with the %CV not to exceed 15%.

2.10. Stability

Stability assessments (defined as the resistance to change in
concentration of an analyte in plasma under specific conditions)
such as short-term temperature stability (STS), freeze—thaw sta-
bility (FTS) and final matrix (FM) stability were performed for
all analytes.

STS and FTS determinations were based on analyte response
of abiological matrix stability sample (BSS) prior to freezer stor-
age versus analyte response for a BSS sample stored at —70 °C.
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BSS samples were prepared at two levels of concentration, low
(<5 times LLQ) and high (>70% of the ULQ). An acceptable
BSS sample had a %CV not exceeding 15% on the day of sample
preparation (defined as Day 0). The mean of the Day 0 calcu-
lated values based on measured concentrations of the BSS’s for
each analyte was used as the reference sample concentration
for subsequent stability assessments. Triplicate BSS samples at
each concentration were removed for analysis 24 h following
specified storage. STS was assessed at each concentration for
each analyte following a 5h thaw at room temperature. The
FTS was assessed by performing three freeze—thaw cycles for
each low and high sample concentration. Stability of all sam-
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ples was considered acceptable if the accuracy of the mean of
each analyte at each concentration was within +25% as com-
pared to the reference sample concentration of the Day 0 BSS
samples.

The FM sample was defined as the final extract of a bio-
logical sample fortified with all analytes of interest and IS that
has undergone all sample preparation procedures. FM stability
of all analytes and IS was determined in triplicate at two lev-
els of concentration as compared to QC samples, lower end
(<3 times LLQ) and the upper end (=75% of ULQ) of the
intended calibration curve. FM samples were prepared by Tecan
robotics as described in the QC sample preparation procedure
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Fig. 2. Extracted-ion chromatograms for seven analytes and three IS compounds extracted from fortified monkey plasma. The concentration of each analyte was as
follows: 100 ng/mL for IS-1 and IS-2, 1000 ng/mL for IS-3, 800 ng/mL GLI, 2000 ng/mL for NAT, 400 ng/mL for all other compounds. Transitions are shown with

corresponding chromatograms.
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Table 2
Intra-day assay accuracy and precision for LLQ and ULQ (n=5)
Analyte name LLQ ULQ
Concentration (ng/mL) % Accuracy % CV Concentration (ng/mL) % Accuracy % CV
MET 1.00 98.7 10.7 500 92.1 2.96
GLI 2.00 99.0 2.97 1000 102 2.60
GLY 1.00 100 14.5 500 102 2.72
REP 1.00 98.9 6.55 500 101 1.90
NAT 5.00 100 9.92 2500 103 2.72
PIO 1.00 101 5.76 500 100 3.46
ROS 1.00 99.4 3.31 500 98.7 2.27
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Fig. 4. Extracted-ion chromatogram for a monkey plasma LLQ sample based on a 20 pL plasma volume.
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and allowed to remain in the 96-deep-well collection plate in
the LC autosampler for at least 24 h. FM samples were injected
onto the instrument and analyzed with a freshly prepared set of
analytical reference standards (standard curve and two sets of
QCs). The FM assessment was considered acceptable when the
accuracy of the mean calculated concentration at each level for
each analyte was £15%. The FM stability interval was defined
as the time between when the samples were placed onto the LC
autosampler to the time when the last FM sample was injected
for analysis.

3. Results and discussion
3.1. LC-MS/MS analysis

Seven different structurally diverse oral drugs for the
treatment of Type-2 diabetes and three IS compounds were suc-
cessfully separated from the solvent front and chromatographed
within a 5.5min LC run. Retention times for all analytes are
summarized in Table 1. Extracted-ion SRM chromatograms for
working standards of all analytes in monkey plasma (concentra-
tion of 800 ng/mL for GLI, 2000 ng/mL for NAT, and 400 ng/mL
for all other analytes) are shown in Fig. 2. Signal intensity for all
analytes in monkey plasma was found to be optimal in a posi-
tive mode of ESI. The Q1 mass spectrum of each analyte showed
protonated molecular ions [M + H]* at m/z values summarized in
Table 1. The product-ion spectrum for each analyte (Fig. 3) when
present in its individual stock solution at 1000 ng/mL showed
high abundance fragments at m/z of 71, 321, 369, 230, 166, 134
and 135 for MET, GLI, GLY, REP, NAT, PIO, and ROS, respec-

tively. The SRM transitions (Q1 — Q3) for all analytes and IS
compounds chosen for monitoring are listed in Table 1 and are in
agreement with previously published work on GLI, ROS, MET,
PIO, NAT and REP [25-28]. As seen from the selected m/z
transitions of PIO and ROS, 357 — 134 and 358 — 135, respec-
tively, chromatographic separation of these two compounds was
favored in order to avoid any possible cross-channel interfer-
ence. Baseline separation as well as appropriate peak shape and
sensitivity was achieved using a Thermo Fluophase PFP reverse
phase column and the 5.5 min gradient method (see Section 2
for details).

3.2. Method selectivity and matrix effects

Method selectivity towards endogenous monkey plasma
matrix was tested in three different lots of blank plasma and no
interferences were observed at the SRM for all analytes tested.
Blank matrix sample and IS blank monkey plasma sample were
prepared and included as a part of each calibration curve. In
addition to the selectivity samples, five sets of blank and IS
blank samples were extracted and analyzed during intra-day
assessment. Method selectivity and acceptability of blank matrix
samples was evaluated based on a determination of whether a
significant interference was found in each analyte’s SRM trace.
Selectivity and blank matrix samples were considered to be
acceptable if no discernible peak at the retention time of each
analyte was observed or if the height and area response of a dis-
cernible peak was less than 20% of the height and area response
of the closest, in run sequence, LLQ standard. For all seven ana-
lytes and IS’s, no endogenous peaks that would interfere with

Table 3

Intra-day assay accuracy and precision for QC samples (n=10)

Analyte Mean concentration (ng/mL) % Accuracy % CV

(A) Level 1: 3.00 ng/mL for MET, GLY, REP, PIO and ROS. GLI at 6.00 ng/mL and NAT at 15.0 ng/mL
MET 3.08 103 6.87
GLY 2.93 97.6 5.35
REP 3.03 101 4.76
PIO 2.90 96.8 5.10
ROS 2.98 99.3 5.63
GLI 5.52 92.1 5.52
NAT 13.5 90.0 5.73

(B) Level 2: 150 ng/mL for MET, GLY, REP, PIO and ROS. GLI at 300 ng/mL and NAT at 750 ng/mL
MET 145 96.4 2.34
GLY 143 95.2 2.94
REP 151 101 0.944
PIO 146 97.2 3.46
ROS 148 98.9 2.83
GLI 275 91.7 2.22
NAT 666 88.8 2.56

(C) Level 3: 375 ng/mL for MET, GLY, REP, PIO and ROS. GLI at 750 ng/mL and NAT at 1880 ng/mL
MET 343 91.5 2.11
GLY 366 97.7 2.14
REP 374 99.6 1.39
PIO 362 96.5 3.10
ROS 367 97.9 2.16
GLI 701 93.5 143
NAT 1690 90.0 2.73
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compound quantitation were detected. Evaluation of IS blank
plasma samples suggested that no interferences were present
from the IS’s that could contribute to the analyte m/z chan-
nels. Extracted-ion chromatograms for all analytes in monkey
plasma obtained at the LLQ (for exact LLQ concentrations refer
to Table 2) are shown in Fig. 4.

Potential suppression or enhancement of ionization of ana-
lytes due to the presence of matrix ions during MS analysis
(matrix effect) is a known concern with fast LC-MS/MS sys-
tems [32]. Thus, this effect was evaluated with positive ESI-MS
and quantitatively reported in terms of the MF (as described pre-
viously) for all analytes at three levels of QC concentrations and
normalized to the corresponding IS response. The mean value
of the MF (IS normalized) was determined across three levels
of concentration for each analyte of interest. The resulting MF
values ranged from 88.2 to 118% for all seven hypoglycemic
drugs. Data suggested that in the present assay no significant
matrix effects were observed at the retention times for any of
the compounds analyzed in monkey plasma [25-26]. The present
analytical method was considered reliable.

3.3. Calibration curves, LLQ and ULQ

Linearity of instrument standard response was determined
for each compound with eight different concentration calibra-
tion standards. Calibration curves were constructed by plotting
individual analyte peak area ratio as normalized to their corre-
sponding IS vs. concentration and fitting these data in regression
analysis. Linear regression with a weighing factor of the recipro-
cal of the concentration squared (1/x%) was applied for all drugs
of interest. Intra-day assay accuracy and precision at each ana-
lyte’s LLQ and ULQ levels based on a five-curve analytical run
(standards were prepared in five replicates and analyzed) are
shown in Table 2. The mean accuracy for LLQ ranged between
98.7 and 101% and for ULQ 92.1-103%, with the %CV range
of 3.31-14.5% and 1.90-3.46%, respectively. All values met the
required acceptance criteria as specified previously.

3.4. Accuracy and precision

Table 3 summarizes intra-day accuracy and precision assess-
ments for all the analytes at three levels of QC concentrations.
QC samples were prepared at 3.00 (Level 1), 150 (Level 2)
and 375 ng/mL (Level 3) for MET, GLY, REP, PIO and ROS;

Table 4
Inter-day assay accuracy and precision for QC samples (n=6)

Analyte Mean concentration (ng/mL); Level 1 % Accuracy % CV

MET 2.93 97.7 3.37
GLY 2.97 99.0 4.35
REP 3.04 101 5.28
PIO 2.79 93.0 5.88
ROS 2.90 96.6 7.67
GLI 5.89 98.2 4.39
NAT 13.9 92.7 9.49
Analyte Mean concentration (ng/mL); Level 2 % Accuracy % CV
MET 142 94.6 10.2
GLY 146 97.1 4.57
REP 155 104 2.57
PIO 153 102 10.6
ROS 152 101 3.82
GLI 288 95.9 3.10
NAT 693 92.5 3.46
Analyte Mean concentration (ng/mL); Level 3 % Accuracy % CV
MET 350 93.3 5.35
GLY 372 99.3 2.71
REP 379 101 2.52
PIO 366 97.6 6.39
ROS 366 97.6 3.53
GLI 709 94.5 2.94
NAT 1720 91.7 3.21

Evaluation was based on a 3-day validation. One set of QCs from each day
at each level of concentration was used for calculations. Levels 1, 2 and 3 are
defined as in Table 3.

at 6.00, 300 and 750 ng/mL for GLI; and at concentrations of
15.0, 750 and 1880 ng/mL for NAT. The coefficient of varia-
tion (%CV) ranged 4.76-6.87%, 0.994-3.46% and 1.39-3.10%
for the three levels of QC concentrations, respectively. The
overall mean intra-day accuracy of all QC concentrations
for all analytes ranged from 88.8 to 103% (Table 3). Inter-
day accuracy and precision assessments for all analytes are
summarized in Tables 4 and 5. Two QC samples at each
concentration level for each analyte were selected from an
individual run performed with the 3-day validation assessment
in order to determine the inter-day accuracy and precision.
Results show that %CV ranged from 2.57 to 10.6% and accu-
racy ranges from 91.7 to 104%, for all QC samples. Inter-day
accuracy and %CV were also determined at the LLQ and
are reported in Table 5. All data showed that the method

Table 5
Inter-day accuracy and precision at LLQ (n=3)
Analyte name LLQ

Nominal concentration (ng/mL) Mean concentration (ng/mL) % Accuracy % CV
MET 1.00 0.941 94.1 6.32
GLY 1.00 0.996 99.6 2.28
REP 1.00 1.01 101 4.87
PIO 1.00 1.02 102 1.49
ROS 1.00 0.993 99.3 0.201
GLI 2.00 2.04 102 4.95
NAT 5.00 5.27 105 6.48
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Table 6
Mean absolute recovery of drugs for Type-2 diabetes extracted from 20 pL of
monkey plasma

Analyte Recovery (%) % CV
MET 89.7 6.86
GLY 93.8 11.8

REP 94.2 10.2

PIO 88.6 8.55
ROS 89.0 6.75
GLI 86.2 5.09
NAT 93.1 9.20

All values were obtained in triplicate at three levels of QC concentrations. For
QC concentrations used for each analyte refer to Table 3.

was acceptable for intra-day and inter-day validation assess-
ments.

3.5. Stability

Stability assessments under different conditions [freeze—thaw
(FT) and short-term (ST) room temperature as well as the
final matrix (FM) stability] were established for all analytes
present in monkey plasma. The analytes were considered sta-
ble in biological matrix for FT and ST when +25% of the
reference concentration of the biological matrix stability sam-
ple at Day O concentration was detected. All compounds were
found to be stable at room temperature for at least Sh (STS)
in monkey plasma with mean accuracy range of 90.5-108%
and %CV of 0.157-9.34%. All analytes were stable in mon-
key plasma after three FT cycles with mean accuracy range of
91.4-110% and %CYV of 1.05-7.56%. Stability of analytes dur-
ing FM assessment was considered acceptable when 85-115%
of the initial analyte concentration could be detected. All ana-
lytes were proven to be stable in the final filtrate solution for at
least 24 h at room temperature with accuracy ranging between
87.8 and 105% and %CV ranging between 1.04 and 7.56%.
All stability assessments met the acceptance criteria for a valid
bioanalytical method.

3.6. Recovery

Table 6 shows the recovery (extraction efficiency) of all seven
hypoglycemic drugs from monkey plasma following the protein
precipitation extraction procedure. Three concentration levels
were tested as specified for the preparation of QC samples. The
overall absolute recovery of the analytes ranged from 86.2 to
93.8% with %CYV ranging from 5.09 to 11.8%. The data suggest
that the extraction efficiency and uniformity met the parameters
required for a valid bioanalytical method.

4. Conclusion

The LC-MS/MS method described in this study provided for
a fast and reliable multi-drug quantitation approach for seven
oral hypoglycemic drugs in a biological matrix. The reported
method was shown to be precise and sensitive with an obtainable

LLQrange of 1.0-5.0 ng/mL, and validated based on most of the
criteria discussed in U.S. Food and Drug Administration Center
for Drug Evaluation and Research (FDA/CDER) guidelines for
Bioanalytical Method Validation (May, 2001).
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