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Abstract

A sensitive liquid chromatographic-electrospray ionization mass spectrometric method was developed and validated for fast determination
of glibenclamide in human plasma. After deprotienation with methanol, centrifugation, evaporation to dryness and dissolving in mobile phase,
samples were separated using a Hypersil-Keystone C18 reversed-phase column (150 mm× 2.1 mm ID, 5�m), together with a mobile phase
containing of acetonitrile–10 mM ammonium acetate (55:45, v/v), 0.2% acetic acid and 0.1% trifluoracetic acid. Glibenclamide and its internal
standard, glipizide, were measured by electrospray ion source in positive selective ion monitoring mode. The method demonstrated linearity
from 1 to 400 ng/mL(r = 0.998). The limit of quantification for glibenclamide in plasma was 1 ng/mL with good accuracy and precision.
The recovery of the method was over 91.5%. Intra- and inter-day precision ranged from 3.42 to 5.57 and 7.49 to 8.64% (RSD), respectively.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Glibenclamide (Fig. 1) is a sulfonylurea-type oral antidi-
abetic agent widely used for treatment of hyperglycemia in
patients with type-II non-insulin dependent diabetes mel-
litus. It is rapidly and completely absorbed from the gas-
trointestinal tract. Sulfonylureas of the first generation used
in human therapy have been almost completely substituted
by those of more potent second generation for which much
lower dosage was required. Diagnosis of hypoglycemic
crises of unknown origin includes testing the possibility
that the patient has taken a sulfonylurea drug.

Many analysis methods have been developed for mea-
surement of glibenclamide in plasma such as HPLC cou-
pled with UV detection[1–7], HPLC with fluorescence de-
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tection[8,9], capillary electrophoresis[10,11] and LC–MS
[12–15]. HPLC with UV or fluorescence detection meth-
ods were not suitable for pharmacokinetic studies in human
plasma after administration of therapeutic doses of gliben-
clamide since they did not have sufficient sensitivity and
specify. HPLC–MS has become the popular analytical tool
of the pharmacokinetic study for its high sensitivity and
selectivity. The advent of atmospheric pressure ionization
(API) mass spectrometry has revolutionized the analysis of
drugs and metabolites in biological samples. With their ease
of coupling directly with HPLC, high sensitivity and suit-
ability for a wide range of analytes, including polar involatile
molecules, an API source is an ideal interface to mass spec-
trometry.

The aim of present study was therefore to develop and
validate a sensitive LC–MS method for determining gliben-
clamide in human plasma. An LC–single quadrupole mass
spectrometry system with an electrospray ionization source
was used for the quantification of glibenclamide using
0.2 mL plasma sample. The utility of the methodology was
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Fig. 1. Structures of glibenclamide and glipizide (IS).

demonstrated by analyzing plasma samples from selected
subject participating in pharmacokinetic study. This method
was sensitive, specific, rapid and accuracy, and adequate to
provide pharmacokinetic concentration–time profile.

2. Experimental

2.1. Reagents and chemicals

Glibenclamide and glipizide were purchased from the
China Supervise Institute of Drug and Biological Prepara-
tion (Beijing, China). All solvents were HPLC grade and
were obtained from Dikma (Scarorough, USA). Trifluo-
racetic acid (TFA) was purchased from Merck (Darmstadt,
Germany). Other reagents were of analytical grade, and all
water used was Milli-Q grade (Millipore, Bedford, MA,
USA).

2.2. Equipment

The HPLC system consisted of a Shimaduz LC-10Advp
pump, an SCL-10Advp system controller, a CTO-10Avp
column oven, an FCV-10Alvp low pressure gradient unit, a
DGU-14A degasser and an SPD-M10Avp diode array de-
tector (Shimaduz, Kyoto, Japan). The samples were dried
on a Savant drier (USA). The mass spectrometer was an
LCMS-2010 single quadrupole equipped with electrospray
ionization interface (Shimaduz). The data were collected and
processed using LCMSSolution software.

2.3. Chromatographic conditions

Chromatographic separations were performed using
a Thermo Hypersil-Keystone Hypurity C18 (150 mm×
2.1 mm, 5�m) analytical column. The oven tempera-
ture was set at 40◦C. The mobile phase consisted of

acetonitrile–10 mM ammonium acetate (55:45, v/v) con-
taining 0.2% acetic acid and 0.1% (v/v) TFA and was
isocratically eluted at a flow rate of 0.2 mL/min. The wave-
length of the SPD-M10Avp diode array detector was set at
200–350 nm.

2.4. Mass spectrometer conditions

An LCMS-2010 quadrupole mass spectrometer was in-
terfaced with an electrospray ionization (ESI) probe. The
temperatures were maintained at 250, 250, and 200◦C for
the probe, CDL, and block, respectively. The voltages were
set at 4.5 kV,−50 V, 25 V, 150 V, and 1.6 kV for the probe,
CDL, Q-array 1, 2, 3 bias, Q-array radio frequency (RF) and
detector, respectively. The flow rate of nebulizer gas was
4.5 L/min. The ions of selection monitoring were decided by
positive scanning fromm/z 100–600. For the quantification
of glibenclamide, the analysis was carried out in selection
ion monitoring in positive ion mode atm/z 446 (glipizide,
IS) and 494 (glibenclamide).

Tuning of mass spectrometer was performed with the help
of autotuning function of LCMSSolution software (Version
2.02) using tuning standard solution (polypropylene glycol).
Optimization and calibration of mass spectrometer were
achieved with autotuning.

2.5. Preparation of stock solutions, calibration standard
and quality control samples

A stock solution of glibenclamide at concentration of
100�g/mL was prepared in methanol. This solution was fur-
ther diluted with methanol to give serial concentrations of 4,
8, 20, 40, 200, 400, 800 and 1600 ng/mL of glibenclamide
to obtain calibration solutions. The internal standard (glip-
izide) was also prepared as a stock solution (1 mg/mL) in
methanol and was further diluted with methanol to give a
concentration of 100 ng/mL and used for all analyses. The
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Fig. 2. ESI–MS positive ion scanning spectra of glibenclamide and glipizide (IS). Chromatographic conditions—column: Thermo Hypersil-Keystone
Hypurity C18 (150 mm× 2.1 mm, 5�m), oven temperature: 40◦C, mobile phase: acetonitrile–10 mM ammonium acetate (55:45, v/v) containing 0.2%
acetic acid and 0.1% (v/v) TFA, flow rate: 0.2 mL/min. Mass spectrometer: ESI source, positive scanm/z: 100–600, temperature—probe: 250◦C, CDL:
250◦C, block: 200◦C, voltages—capillary: 4.5 kV, CDL:−50 V, Q-array 1, 2, 3 bias: 25 V, Q-array RF: 150 V, detector: 1.6 kV. Nebulizer gas flow rate:
4.5 L/min.

calibration curve samples were freshly prepared by adding
50�L of calibration solutions and 50�L of internal stan-
dard solution to 0.2 mL of blank plasma to yield concentra-
tions of 1, 2, 5, 10, 50, 100, 200 and 400 ng/mL of gliben-
clamide. The quality control (QC) samples were prepared by
adding 50�L of calibration solutions to 0.2 mL lank plasma
to form concentrations of 1, 50 and 400 ng/mL of gliben-
clamide, and the amount of internal standard added was as
same as the calibration curve samples. The further process-
ing of both calibration curve samples and quality control
samples was as described inSection 2.6. All standard stock
solutions were prepared once a month and stored at 5◦C.

2.6. Sample preparation

A plasma sample (0.2 mL) was placed in a 1.5 mL Eppen-
dorf tube. After the addition of 50�L of a 100 ng/mL solu-
tion of internal standard, the tube was briefly vortexed and
0.2 mL of methanol was added into the tube. After vortexing
for 30 s, the tube was centrifuged at 12 000 rpm for 10 min
at 5◦C and the supernatant was transferred to another clear
Eppendorf tube. The extract was evaporated to dryness in a

Speed Vacplus Model vacuum drier. The residue was redis-
solved with 100�L of mobile phase, vortexed for 30 s and
centrifuged at 12 000 for 5 min, and 5�L of supernatant was
injected onto the analytical column.

2.7. Precision, accuracy, linearity and recovery

The precision and recovery of the method were estimated
by replicating analysis(n = 5) of QC samples at concen-
trations 1, 50 and 400 ng/mL. Intra-day precision was eval-
uated by analyzing QC samples five times over 1 day, while
inter-day precision was evaluated by analyzing QC sam-
ples in five different days. For checking the accuracy of the
method, human plasma after administration of glibenclamide
spiked with standard solutions was assayed. The accuracy
was estimated by comparing the concentrations from spiked
plasma samples with assayed concentration. The calibra-
tion curve was constructed by plotting the peak area ratios
of glibenclamide to internal standard against glibenclamide
concentrations. The unknown sample concentrations were
calculated from the regression equation of the calibration
curve.
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3. Results and discussion

3.1. Selection of HPLC and MS conditions

To select an appropriate ionization mode in LC–MS anal-
ysis, the mass spectra were measured in ESI and APCI
mode using injection glibenclamide and internal standard
solutions. In both ionization modes, the base peak inten-
sity of positive ion was higher than those of negative ion.
Fig. 2shows the positive ion mass spectra of glibenclamide
and internal standard by ESI scanning fromm/z 100 to
600. Therefore, the ESI positive ion mode was selected
in this study. Maurer et al.[14] screened the antidiabet-
ics of the sulfonylurea-type in plasma by APCI-mass spec-
trometry. The limits of detection and quantification were 2
and 10 ng/mL, respectively. Those of our experiment, how-
ever, were 0.5 and 1 ng/mL, respectively. This sensitivity
was also higher than Magni’s[13]. This shows that the po-
lar groups (three amino groups) in glibenclamide molecule
were easily ionized by ESI mode than APCI mode. So the
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Fig. 3. Selective and total ion chromatograms of glibenclamide and its IS. Positive ion monitored atm/z 446 (glipizide, IS), 494 (glibenclamide): (A)
mobile phase containing 0.2% of TFA; (B) mobile phase containing 0.1% of TFA; other conditions as inFig. 2.

sensitivity of glibenclamide in ESI mode was higher than
APCI. Hsieh and Selinger[15] determined glibenclamide
in human serum by HPLC–MS with ionspray source inter-
face, and a high limit of quantification (10 ng/mL) was re-
ported in his method. This high limit of quantification can-
not meet with the need of quantification in lower plasma
concentration of glibenclaminde after administration of low
dosage.

The separation and ionization of glibenclamide were
affected by the components of mobile phase. The amino
groups of glibenclamide molecule were easily protonized
in stronger acidic mobile phase before entering the ioniza-
tion ambient (chamber). The protonated amino groups of
different position in the molecule have the different chro-
matographic behavior on the column. Thus several peaks
with samem/z were observed in the mass spectrum (Fig.
3A) in stronger acidic mobile phase. When the acidity of
mobile phase was appropriate, the only specified amino
group can be protonated in column, while other amino
groups were not protonated before entering the ionization
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ambient. So the single peak occurred in the mass spectrum
(Fig. 3B). The retention times of glibenclamide and IS were
also affected by the acidity of mobile phase, and they were
decreased with increasing acidity of mobile phase. The
sensitivity of glibenclamide was improved by increasing
acidity of mobile phase because of raising the rate of ioniza-
tion. The acidity over 0.1% of TFA and 0.2% of acetic acid
in mobile phase, however, can bring about multi-peaks of
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Fig. 4. Total ion chromatograms of blank plasma (A), blank plasma spiked with standard and IS (B) and human plasma sample after administration of
glibenclamide (C). Positive ion monitored atm/z 446 and 494; other conditions as inFig. 2.

glibenclamide and IS (Fig. 3A). Thus the concentrations of
0.1% of TFA and 0.2% of acetic acid in mobile phase were
appropriate for separation and ionization of glibenclamide.
Fig. 4 shows the total ion chromatograms of blank plasma,
blank plasma spiked with glibenclamide and internal stan-
dard, and plasma sample after administration of gliben-
clamide. A typical UV (260 nm) chromatogram extracted
from human plasma is shown inFig. 5. Much interference
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Fig. 5. UV chromatogram of human plasma sample after administration of glibenclamide. Simultaneously monitored at 260 nm with mass spectrometer.
Chromatographic conditions as inFig. 2.

Table 1
Precision and recovery for glibenclamide of quality control sample in human plasma(n = 5)

Nominal concentration (ng/mL) Mean found concentration (ng/mL) Recovery (%) Precision (RSD, %)

Intra-day
1 1.06 106.0 5.57

50 45.97 91.5 3.42
400 377.12 94.3 5.39

Inter-day
1 1.02 102.0 8.15

50 46.72 93.1 7.49
400 378.20 94.6 8.64

was observed in the present conditions, thus UV detec-
tor was not good selectivity for the analysis of glibencla-
mide.

3.2. Linearity

The calibration curve of glibenclamide was linear over
the range from 1 to 400 ng/mL with the correlation coeffi-
cient of 0.998. The data demonstrates acceptable accuracy,
reproducibility and good fit to the non-weighted regression
lines. The calibration curve had the regression equation of
y = 0.2771+ 0.08423x, wherey is the peak area ratio of
glibenclamide to internal standard,x the concentration of
glibenclamide.

Table 2
Accuracy for glibenclamide of plasma samples spiked with standard solutions(n = 5)

Sample concentration (ng/mL) Added concentration (ng/mL) Mean found concentration (ng/mL) Error (%) RSD (%)

9.6 1 10.8 1.9 5.48
9.6 50 56.8 −4.7 4.36
9.6 300 301.2 −2.7 4.75

3.3. Precision, accuracy and recovery

Both the intra- and inter-day precisions of the method
were determined by analysis of replicates(n = 5) of QC
samples containing known concentrations of 1, 50 and
400 ng/mL of glibenclamide. The precision of the method
was described as relative standard deviation (RSD) among
each assay. The accuracy of the method was evaluated
by analysis human plasma after administration of gliben-
clamide spiked with standard solutions. The accuracy was
described as a percentage error of measured concentrations
versus nominal concentrations and the RSD, respectively.
Precision and accuracy were calculated at each concentra-
tion. Recovery was determined by comparing found con-
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centrations with nominal concentrations of glibenclamide in
QC samples. The mean absolute recoveries of glibenclamide
ranged from 91.5 to 106.0% between 1 and 400 ng/mL
of glibenclamide. The results were shown inTables 1
and 2.

4. Conclusions

A fast, sensitive, specific LC–ESI–MS method for de-
termination of glibenclamide in human plasma was de-
veloped and validated. Significantly lower limit of quan-
tification (1 ng/mL) was achieved in plasma, compared
with the previously published methods. The steps of
sample preparation were uncomplicated using 0.2 mL
plasma sample. The method has been successfully applied
to the pharmacokinetics studies and produced satisfac-
tory results demonstrate that the method is reproduci-
ble.
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