
S

S
p

F
a

b

a

A
R
R
1
A
A

K
H
M
P
L
H

1

i
w
c
[
d
t
i
a
d
p

b
[
t
n
h
t
t

0
d

Journal of Pharmaceutical and Biomedical Analysis 52 (2010) 149–154

Contents lists available at ScienceDirect

Journal of Pharmaceutical and Biomedical Analysis

journa l homepage: www.e lsev ier .com/ locate / jpba

hort communication

imultaneous quantitation of hydrochlorothiazide and metoprolol in human
lasma by liquid chromatography–tandem mass spectrometry

eng Gaoa, Mengliang Zhanga, Xiangyong Cuia, Zhonghua Wanga, Yantong Suna,b, Jingkai Gua,∗

Research Center for Drug Metabolism, College of Life Science, Jilin University, Changchun 130021, China
School of Pharmaceutical Sciences, Jilin University, Changchun 130021, China

r t i c l e i n f o

rticle history:
eceived 30 September 2009
eceived in revised form
0 December 2009
ccepted 11 December 2009
vailable online 21 December 2009

a b s t r a c t

A rapid and sensitive method for the simultaneous quantitation of hydrochlorothiazide (HCT) and meto-
prolol (MET) in human plasma based on liquid chromatography–tandem mass spectrometry (LC–MS/MS)
has been developed and validated. MS/MS detection involved switching the electrospray ionization (ESI)
mode during chromatography from negative to detect HCT and its internal standard (I.S.) 5-bromouracil
to positive to detect MET and its I.S. tramadol. Sample preparation by liquid–liquid extraction with
diethyl ether–dichloromethane (60:40, v/v) was followed by chromatography on a Venusil MP-C18 col-
eywords:
ydrochlorothiazide
etoprolol

harmacokinetics
C–MS/MS
uman plasma

umn using methanol–ammonium acetate (10 mM)–formic acid (pH 3.4) (50:50:0.05, v/v/v) at a flow rate
of 0.8 mL/min. The method was linear in the concentration range 3–1000 ng/mL for both HCT and MET
using 100 �L human plasma. Intra- and inter-day precisions (as relative standard deviation) for HCT were
2.9–3.9% and 3.9–4.7%, respectively and for MET were 2.4–4.1% and 4.7–6.2%, respectively. Accuracies (as
relative error) were ±3.8% and ±2.6% for HCT and MET, respectively. The assay was successfully applied
to a pharmacokinetic study involving a single oral dose of a combination tablet (25 mg HCT, 50 mg MET)

in healthy volunteers.

. Introduction

Hydrochlorothiazide (HCT) is one of the oldest thiazide diuret-
cs used to treat hypertension. It is often prescribed in combination

ith other antihypertensive drugs such as �-blockers, angiotensin-
onverting enzyme inhibitors, or angiotensin II receptor blockers
1]. A combination dosage form of HCT with the �1-selective (car-
ioselective) �-blocker, metoprolol (MET) [2], is more effective
han either drug alone in the management of hypertension and
s effective in patients unresponsive to monotherapy with either
gent [3,4]. Despite widespread use, a method for the simultaneous
etermination of HCT and MET suitable for application to clinical
harmacokinetic (PK) studies has not been reported.

For the determination of MET in human plasma, several methods
ased on high performance liquid chromatography (HPLC) with UV
5] and fluorescence [6] detection, gas chromatography-mass spec-
rometry [7] and LC–MS/MS [8] have been published. Similarly, a

umber of methods for the determination of HCT in human plasma
ave been developed based on HPLC with UV or diode array detec-
ion [9,10] and LC–MS/MS [11,12]. In terms of the combination,
he main problem is that HCT (an acidic drug) is ionized efficiently

∗ Corresponding author. Tel.: +86 431 85619955; fax: +86 431 85619955.
E-mail address: gujk@mail.jlu.edu.cn (J. Gu).

731-7085/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2009.12.012
© 2009 Elsevier B.V. All rights reserved.

only in the negative ion mode whereas MET (a basic drug) has much
higher ionization efficiency in the positive ion mode. This demands
a method involving switching of the ionization mode during a chro-
matographic run and the use of an internal standard (I.S.) for each
analyte.

In this article, a rapid and sensitive LC–MS/MS method for the
simultaneous quantitation of HCT and MET in human plasma is
described. The method combines simple sample preparation with
good specificity and sensitivity and a short run time. The method
has been successfully applied to a PK study of a combination tablet
containing HCT 25 mg and MET 50 mg.

2. Experimental

2.1. Chemicals and reagents

Hydrochlorothiazide and metoprolol tartrate (purity > 99.0%) as
well as 5-bromouracil (BRU) and tramadol hydrochloride (TRA)
(purity > 99.5%) were purchased from the National Institute for
the Control of Pharmaceutical and Biological Products (Beijing,

China). Tablets containing both drugs were supplied by TaiHua
Pharmaceutical Co., Ltd. (Harbin, China). Methanol (HPLC-grade)
was purchased from Fisher Scientific (Fair Lawn, NJ, USA). All other
chemicals were of analytical grade and used without further purifi-
cation. Distilled water, prepared from demineralized water, was

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:gujk@mail.jlu.edu.cn
dx.doi.org/10.1016/j.jpba.2009.12.012
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sed throughout the study. Heparinized blank (drug-free) human
lasma was obtained from the Changchun Blood Donor Service
Changchun, China).

.2. Instrumentation

HPLC was carried out on an Agilent 1100 system (Agilent Tech-
ologies, Palo Alto, CA, USA) consisting of a vacuum degasser, a
inary pump and an autosampler. An API 4000 triple-quadrupole
ass spectrometer (Applied Biosystems Sciex, Ontario, Canada)

quipped with a Turbo IonSpray ionization (ESI) source was used
or mass analysis and detection. Data acquisition and integration
ere controlled by Applied Biosystems Analyst Software (Applied
iosystems/MDS SCIEX, version 1.3).

.3. LC–MS/MS conditions

Chromatography was performed on a Venusil MP-C18 column
100 mm × 4.6 mm, 5 �m) maintained at 35 ◦C using a mobile phase
f methanol–ammonium acetate (10 mM)–formic acid (pH 3.4)
50:50:0.05, v/v/v) at a flow rate of 0.8 mL/min. The column eluant
as split 1:1 (v/v) so that approximately 0.4 mL/min entered the
ass spectrometer. The electrospray interface heater was set to on
ode and IonSpray Voltage was set at −3500 V for negative ioniza-

ion and 4000 V for positive ionization. Curtain gas, Gas 1 (GS1) and
as 2 (GS2) (all nitrogen) were set to 10, 50 and 40 units, respec-

ively, and the source temperature was 500 ◦C. MS parameters

ere optimized to obtain maximum sensitivity at unit resolution.

recursor to product ion transitions subject to multiple reaction
onitoring (MRM) with associated declustering potentials (DPs,

V) and collision energies (CEs, eV) were: in the negative ion mode
CT m/z 296.1 → 269.0, DP −65, CE −27; BRU m/z 188.8 → 78.8, DP

Fig. 1. Full-scan product ion mass spectra of [M−H]− ions of (A) H
iomedical Analysis 52 (2010) 149–154

−38, CE −55; in the positive ion mode MET m/z 268.3 → 116.2, DP
66, CE 26; TRA m/z 264.3 → 58.2, DP 27, CE 41. The pause time was
set at 10 ms and the dwell time at 200 ms.

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

All solutions were prepared in methanol–water (50:50, v/v) and
kept refrigerated at 4 ◦C when not in use. Stock solutions of HCT
(1 mg/mL) and MET (1 mg/mL) were used to prepare mixed stan-
dard solutions containing 3, 10, 30, 100, 300, and 1000 ng/mL of
both HCT and MET. Low, medium and high QC solutions containing
9, 100, and 800 ng/mL of both HCT and MET were prepared indepen-
dently in the same way. A working I.S. solution containing 2 �g/mL
BRU and 1 ng/mL TRA was also prepared.

2.5. Sample preparation

An aliquot of plasma (100 �L) was placed in a 10 mL glass tube
followed by 50 �L I.S. solution and 100 �L methanol–water (50:50,
v/v) (or a standard or QC solution of HCT and MET). The mixture
was vortexed for 30 s and then subject to liquid–liquid extrac-
tion (LLE) with 3.0 mL diethyl ether–dichloromethane (60:40, v/v).
After shaking for 10 min and centrifuging at 3500 × g for 5 min, the
organic phase was transferred to another tube and evaporated to
dryness at 40 ◦C under a gentle stream of nitrogen. The residue was
reconstituted in 100 �L mobile phase and 20 �L injected into the
LC–MS/MS system.
2.6. Assay validation

Assay validation was performed according to FDA guidelines
[13]. Linearity was assessed by construction of three independent

CT and (B) BRU and of [M+H]+ ions of (C) MET and (D) TRA.
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alibration curves based on peak area ratios of analyte-I.S. for six
piked plasma samples (3–1000 ng/mL) on three separate days. Cal-
bration curves were analyzed by weighted linear regression (1/x2).
ccuracy [as relative error (R.E.)] and intra- and inter-day precision

as relative standard deviation (R.S.D.)] were assessed by assay of
ix replicate QC samples (9, 100 and 800 ng/mL) on three differ-
nt days. The lower limit of quantitation (LLOQ) was defined as
he lowest concentration with signal/noise >5, precision ≤ 20% and
ccuracy ±20%. Recovery was calculated by comparing peak areas
f QC samples with those prepared by spiking the upper organic
ayer of extracted blank plasma with the corresponding QC solu-
ions.

Matrix effects of HCT and MET were evaluated by comparing
he peak areas of post-extraction blank plasma spiked at concen-
rations of QC samples with the areas obtained by direct injection of
orresponding standard solutions. Matrix effects for the I.S. BRU and

RA were evaluated in the similar way. Stability in human plasma
as assessed after three freeze–thaw cycles, storage for 30 days at
20 ◦C and storage at room temperature for 6 h. Stability in mobile
hase on storage in plastic autosampler vials under autosampler
onditions for 12 h was also assessed.

ig. 2. Typical MRM chromatograms of (I) HCT and (II) BRU (2 �g/mL) in human plasma
ample from a human volunteer 1.5 h after oral administration of a combination tablet co
iomedical Analysis 52 (2010) 149–154 151

2.7. PK study

After a 12 h fast, 10 healthy male volunteers received a single
combination tablet containing HCT (25 mg) and MET (50 mg) with
200 mL water. Blood samples (4 mL) were collected by venepunc-
ture into heparinized tubes prior to the dose and at 0.25, 0.5,
1, 1.5, 2, 3, 4, 6, 8, 9, 10, 12 and 24 h after the dose. Following
centrifugation (3000 × g for 10 min), plasma samples were stored
in polypropylene tubes at −20 ◦C and analyzed within 1 month.
Non-compartmental PK parameters were calculated using TopFit
version 2.0 [14].

3. Results and discussion

3.1. LC–MS/MS conditions
BRU was chosen as the I.S. for HCT since, being an acid with
a similar pKa value (8.0 vs 8.8 for HCT), it was expected to give
similar recovery on LLE and MS/MS response in the negative ion
mode. TRA was chosen as the I.S. for MET for the same expecta-

: (A) blank plasma; (B) blank plasma spiked with 3.0 ng/mL HCT; and (C) a plasma
ntaining HCT 25 mg and MET 50 mg.
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ion of a base (pKa 9.4 vs 9.7 for MET) in the positive ion mode.
ull-scan mass spectra of each analyte and I.S. were acquired in
oth positive and negative ion modes for both ESI and atmospheric
ressure chemical ionization (APCI) by direct infusion of the respec-
ive standard and working solutions. ESI provided better ionization
han APCI. MET and TRA ionized in both positive and negative ion

odes but had much higher ionization efficiencies in the positive
on mode. HCT and BRU ionized in the negative ion mode only as
reviously observed for HCT [7,12]. The product ion mass spectra
f the [M−H]− ions of HCT and BRU and the [M+H]+ ions of MET
nd TRA are shown in Fig. 1.

In optimizing the response of the selected precursor/product
on combinations, it was found that MET had at least 50 times
igher ion abundance than HCT at the same concentration.
herefore, for simultaneous quantitation of the two analytes,
t was necessary to optimize the overall experimental condi-
ions based mainly on the response of HCT. Although this means
ome of the source parameters are not optimum for MET, the
ssay retains good sensitivity for MET because of its high ion-

zation response. The I.S. behaved similarly to their respective
nalytes.

Evaluation of mobile phases containing various combinations
f acetonitrile, methanol, 10 mM ammonium acetate and water
howed that methanol produced stronger signals than acetonitrile

ig. 3. Typical MRM chromatograms of (I) MET and (II) TRA (1 ng/mL) in human plasma:
ample from a human volunteer 1.5 h after oral administration of a combination tablet co
iomedical Analysis 52 (2010) 149–154

with no solvent-clustered ions. The inclusion of 10 mM ammonium
acetate enhanced MS response without increasing matrix effects
and produced more symmetrical peaks. Peak shape was also
improved through the use of 0.1% formic acid to adjust the mobile
phase pH and by increasing the flow rate. A number of C18 columns
were evaluated and Venusil MP-C18 gave the best chromatogra-
phy with a flow rate of 0.8 mL/min. Under these conditions, HCT
and BRU co-eluted at 1.74–1.82 min and MET and TRA co-eluted
at 2.44–2.46 min compared to a t0 of approximately 1.1 min
(Figs. 2 and 3). The cycle time of the assay was 3.0 min and
included a switch from the negative to the positive ion mode at
2.1 min.

3.2. Sample preparation

Sample preparation by simple protein precipitation and LLE
were evaluated. Protein precipitation gave poor peak shape and sig-
nificant matrix effects. LLE with diethyl ether, hexane, ethyl acetate,
dichloromethane and their combinations was evaluated. A mix-

ture of diethyl ether and dichloromethane (60:40, v/v) at a relative
volume of 3 mL to 100 �L plasma gave efficient extraction of both
analytes and I.S. with minimal interference and without the need
for pH adjustment despite the difference in acid–base properties of
the analytes and I.S.

(A) blank plasma; (B) blank plasma spiked with 3.0 ng/mL MET; and (C) a plasma
ntaining HCT 25 mg and MET 50 mg.
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Table 1
Accuracy and precision for the analysis of HCT and MET in human plasma (data are based on assay of 6 replicates on three different days).

Concentration (ng/mL) R.S.D. (%) R.E. (%)

Spiked Mean calculated Intra-day Inter-day

HCT 9.00 8.66 3.4 4.2 −3.8
100 97.4 2.9 3.9 −2.6
800 787 3.9 4.7 −1.6

3
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MET 9.00 9.03
100 102.6
800 777

.3. Assay validation

.3.1. Selectivity and matrix effects
Figs. 2 and 3 show typical MRM chromatograms of a blank

lasma sample, a plasma sample spiked with HCT and MET at
he LLOQ (3 ng/mL for both analytes) and a plasma sample from

healthy volunteer 1.5 h after the oral administration of the
ombination tablet. There was no significant interference from
ndogenous substances observed at the retention times of the ana-
ytes or I.S.

In studies of matrix effects, peak area ratios for low, medium,
nd high QC samples were 97.3 ± 1.6%, 94.5 ± 0.8%, and 96.1 ± 2.4%
espectively for HCT and 93.5 ± 2.2%, 96.3 ± 1.9%, and 92.8 ± 1.5%
espectively for MET. The results for BRU and TRA were 98.7 ± 1.8%
nd 97.7 ± 1.0%, respectively. The results indicate that ion suppres-
ion or enhancement due to the plasma matrix was consistent and
ould not interfere with the quantitation of analytes.

.3.2. Linearity and LLOQ
The assay was linear over the concentration range

–1000 ng/mL for both HCT and MET. Typical equations of
alibration curves are as follows:
CT : y = 0.00385x + 0.00155 r = 0.9980

ET : y = 0.00246x + 0.00106 r = 0.9983

able 2
tability data of HCT and MET in human plasma and processed QC samples (n = 3).

Storage conditions Drug C

Sp

Room temperature for 6 h HCT
1
8

MET
1
8

Freezing for 30 days at −20 ◦C HCT
1
8

MET
1
8

Three freeze/thaw cycles HCT
1
8

MET
1
8

Processed QC samples under autosampler conditions HCT
1
8

MET
1
8

3.4 4.7 0.4
2.4 6.2 2.6
4.1 5.6 −2.1

where y represents the analyte I.S. peak area ratio and x represents
the plasma concentration of the analyte. LLOQ was 3 ng/mL for both
HCT and MET and was adequate for clinical PK studies following oral
administration of therapeutic doses.

3.3.3. Precision and accuracy
Table 1 summarizes the accuracy and precision data. The intra-

and inter-day precisions for HCT sand MET were ≤4.7% and ≤6.2%
at each QC level. The accuracy was ±3.8% for HCT and ±2.6% for
MET.

3.3.4. Recovery and stability
The mean recoveries of HCT in low, medium and high QC sam-

ples were 93.5 ± 4.9%, 97.2 ± 2.7% and 96.3 ± 3.3%, respectively and
of MET were 81.5 ± 4.9%, 84.4 ± 1.9% and 84.3 ± 0.4%, respectively.
Mean recoveries of BRU and TRA were 94.9 ± 3.1% and 97.8 ± 2.5%,
respectively. The data show that the simple LLE procedure effi-
ciently extracts all four compounds from human plasma.

Table 2 summarizes stability data and shows there were no
stability-related issues that might cause problems in application
of the assay to PK studies.
3.4. PK study

The validated method was successfully applied to quantitate the
concentrations of HCT and MET in human plasma samples after oral

oncentration (ng/mL) R.S.D. (%) R.E. (%)

iked Mean calculated ± SD

9.00 8.76 ± 0.16 1.8 −2.6
00 97.7 ± 1.7 1.7 −2.3
00 788 ± 7 0.9 −1.5

9.00 8.56 ± 0.29 3.4 −4.9
00 95.6 ± 1.9 2.0 −4.4
00 776 ± 21 2.7 −3.0

9.00 8.72 ± 0.14 1.6 −3.2
00 93.8 ± 3.5 3.8 −6.2
00 732 ± 30 4.2 −8.5

9.00 8.48 ± 0.24 2.9 −5.7
00 91.5 ± 2.0 2.2 −8.5
00 743 ± 35 4.8 −7.2

9.00 8.75 ± 0.18 2.0 −2.8
00 95.6 ± 3.2 3.4 −4.4
00 779 ± 8.0 1.0 −2.7

9.00 8.12 ± 0.78 9.6 −9.8
00 92.6 ± 2.6 2.8 −7.4
00 747 ± 45 6.0 −6.6

9.00 8.92 ± 0.12 1.4 −0.9
00 98.5 ± 1.3 1.3 −1.5
00 793 ± 4 0.5 −0.9

9.00 8.58 ± 0.26 3.0 −4.6
00 95.9 ± 4.0 4.1 −4.1
00 778 ± 20 2.6 −2.7
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Fig. 4. Mean plasma concentration–time curves for HCT and MET in healthy volun-
teers after a single oral administration of a tablet containing 25 mg HCT and 50 mg
MET (data are means ± SD, n = 10).

Table 3
PK parameters for HCT and MET in healthy volunteers after a single oral admin-
istration of a tablet containing 25 mg HCT and 50 mg MET (data are means ± SD,
n = 10).

Parameters HCT MET
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[

[

[
H.J. Lee, J. Roh, Influence of CYP2D6*10 on the pharmacokinetics of metoprolol
in healthy Korean volunteers, J. Clin. Pharm. Ther. 33 (2008) 567–573.
Tmax (h) 2.30 ± 0.80 1.63 ± 0.62
Cmax (ng/mL) 216 ± 54 117 ± 43
AUC0–∞ (ng ×h/mL) 1690 ± 402 957 ± 617
t1/2 (h) 7.93 ± 1.21 4.42 ± 1.25

dministration of a tablet containing 25 mg HCT and 50 mg MET.
he plasma concentration–time profiles are illustrated in Fig. 4 and
orresponding PK parameters are summarized in Table 3. For HCT,
he time to reach maximum plasma concentration (Tmax) and the
limination half-life (t1/2) were similar to values previously deter-
ined for HCT given alone as a single oral 12 mg dose [12] and as

n oral 25 mg dose at steady state [15]. In the latter case, the max-
mum plasma concentration (Cmax) was similar to our value and
he AUC0–12 was consistent with our value of AUC0–∞. For MET,
max and t1/2 were similar to values for MET given alone as a sin-
le oral 100 mg dose to a group of CYP2D6 poor metabolisers [16].
owever, our values of Cmax and AUC0–∞ are lower than predicted
ased on linear PK possibly reflecting a greater proportion of faster
etabolisers in our healthy volunteers. Our PK results do not reveal

ny evidence for a drug–drug interaction between HCT and MET
onsistent with the results of previous studies [4,17].
. Conclusions

A simple and sensitive LC–MS/MS method for the simultaneous
uantitation of HCT and MET in human plasma has been developed
nd validated. Despite using an internal standard for each analyte,

[

iomedical Analysis 52 (2010) 149–154

the method retains the advantages of a simple sample preparation
step and a short run time through switching the ionization mode
during a chromatographic run. The method has been successfully
applied to a clinical PK study of HCT and MET administered in a
combination tablet.
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