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bstract

A sensitive, simple and highly selective liquid chromatography/tandem mass spectrometry (LC/MS/MS) method was developed and evaluated
o determine simultaneously the concentrations of pseudoephedrine and cetirizine in human plasma. The chief benefit of the present method is the

inimal sample preparation, as the procedure is only one-step protein precipitation. Two drugs were separated on a C8 column and analyzed by
C/MS/MS using positive electrospray ionisation (ESI). The method had a chromatographic run time of 12.0 min and a linear calibration curve
ver the concentration range of 1.0–800 ng/ml for pseudoephedrine and 1.0–400 ng/ml for cetirizine, respectively. The lower limit of quantification

f the two drugs was 1.0 ng/ml, respectively. The intra- and inter-batch precisions were less than 9.7%. The method described herein has been
rst used to reveal the pharmacokinetic characters in healthy Chinese volunteers treated with oral administration of different dosages of cetirizine
ihydrochloride and controlled-released pseudoephedrine hydrochloride compound tablet, and approached the influence of a standard meal on the
xtent and rate of absorption of the combination tablet.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Cetirizine dihydrochloride, is the carboxylated metabolite
f hydroxyzine, and has high specific affinity for histamine
1-receptors. Pseudoephedrine hydrochloride, which is a sym-
athomimetic drug acts directly on alpha-adrenergic receptors.

Extended-release of pseudoephedrine/cetirizine tablet for-
ulations twice- or once-daily have been marketed in the Bel-

ium since 1997. The twice-daily tablet consists of cetirizine
ihydrochloride 5 mg in an immediate-release coating and pseu-
oephedrine hydrochloride 120 mg, of which 60 mg is in an
mmediate-release coating and 60 mg is in a barrier-protected
ore. To reveal the pharmacokinetic characters of two compo-
ents at the combinatorial condition and direct the reasonable

sage of the drug, an effective, accurate and rapid method to
etermine both cetirizine and pseudoephedrine in biologic flu-
ds should be developed.

∗ Corresponding author. Tel.: +86 25 83271301.
E-mail address: fengfang1@hotmail.com (F. Feng).
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To date, no analytical methods have been reported for simul-
aneous determination of the two drugs in pharmaceutical prepa-
ations and in biological samples. Various analytical methods
ave been reported to determine them, respectively.

Many methods exit for pseudoephedrine quantification in
uman plasma including HPLC with ultraviolet (HPLC-UV)
1,2] and GC [3]. A liquid chromatography–tandem mass spec-
rometry [4,5] was reported to determine the plasma level
f pseudoephedrine, but the extraction recovery was all less
han 80%. For cetirizine, HPLC-UV [6] and GC [7], TLC
8] were reported. Recently, a hydrophilic interaction liquid
hromatographic–tandem mass spectrometric method (HILIC-
S/MS) [9,10] and a column switching HPLC method [11] were

eported to determine cetirizine in human plasma. The former
chieved a lower limit of quantization (LLOQ) of 1 ng/ml, but
he sample preparation was tedious, as solid phase extraction
as used. The latter provided a LLOQ higher than 10 ng/ml,
nd the chromatographic run time for one sample was a little
onger (about 23 min).

Considering the huge numbers of the sample, building a
imple, sensitive, rapid and accurate method to be convenient

mailto:fengfang1@hotmail.com
dx.doi.org/10.1016/j.jchromb.2006.08.026
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o pharmacokinetic research was necessary. In this study, a
C–MS/MS method with selected-reaction monitoring (SRM)
ode was first developed for simultaneous assay of the two drugs

n human plasma samples. This assay method was simple, sen-
itive, stable and relatively rapid, without any tedious procedure
pproached the LLOQ as the literature in the following section.

. Experimental

.1. Reagents and materials

Pseudoephedrine hydrochloride (98% purity), cetrizine dihy-
rochloride (99% purity) and phenylalanine hydrochloride
internal standard (I.S.)](>98% purity) were supplied by Jiangsu
nstitute for Drug Control (Nanjing, China). Methanol was
PLC/Spectro grade and purchased from Merck Company

Darmstadt, Germany). Other chemicals were all of analytical
rade and were used as received. Water was purified by redistil-
ation before use.

.2. Instrumentation

A Thermo Finnigan TSQ Quantum Ultra tandem mass spec-
rometer equipped with electrospray ionization (ESI) source
San Jose, CA, USA), a Finnigan surveyor LC pump and an
utosampler was used for LC–MS/MS analysis. Data acquisition
as performed with Xcalibur 1.1 software (Thermo-Finnigan,
an Jose, CA, USA). Peak integration and calibration were car-
ied out using LC Quan software (Thermo-Finnigan).

.3. Chromatographic condition

A Lichrospher C8 column (5 �m, 250 mm × 4.6 mm i.d.,
anbang Co., Huaian, China) was used for all of the chro-
atographic separations. A two-solvent gradient elution was

erformed, with a flow rate of 1.0 ml/min. The solvent A was
ater with 0.13% formic acid, and solvent B was methanol. The
obile phase composition started at 45% solvent A and 55%

olvent B, then was being increased linearly to 70% solvent B
n 2 min, and then being held for 8 min. The column was equili-
rated at 45% solvent A and 55% solvent B for 2 min before the
econd injection was initiated. The total period for one sample
as about 12 min. The column temperature was maintained at
5 ◦C.

Mass spectrometric analysis was performed in the positive
on mode (ESI+) and set up in the selected reaction monitoring
SRM) mode. Nitrogen was used as the sheath gas (35 psi) and
he auxiliary gas (5 psi). The capillary temperature was 350 ◦C,
nd the spray voltage was 4000 V. Collision induced dissocia-
ion (CID) studies were performed and argon was used as the
ollision gas with a collision cell gas pressure of 1.5 mTorr. The
ollision energy was 18 eV. On the basis of the full-scan MS
nd MS/MS spectra of the drug, the most abundant fragment

on was selected and the mass spectrometer was set to monitor
he transition m/z 166.04 → 147.99 for pseudoephedrine, m/z
89.07 → 200.91 for cetirizine and 152.02 → 134.06 for inter-
al standard. The scan time for each analyte was set to 0.5 s.
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d
p
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.4. Preparation of stock and sample solution

The stock solutions of pseudoephedrine and cetirizine were
repared by dissolving the accurately weighed reference com-
ound in water to give a final concentration of 50 �g/ml sep-
rately. The solutions were then serially diluted with water to
btain standard working solutions. Stock solutions of I.S. was
repared in methanol at the concentration of 100 �g/ml and
iluted to 80 ng/ml with methanol. All the solutions were then
tored at 4 ◦C and were brought to room temperature before use.

.5. Sample preparation

0.8 ml I.S. solution (80 ng/ml) was added to 200 �l plasma in
1.5 ml test tube. The samples were immediately vortexed for
min and centrifuged at 3000 rpm (revolutions per minute) for
0 min. 0.8 ml of the supernatant layer was transferred to another
lean test tube, and centrifuged at 1,6000 rpm for another 10 min.
wenty microlitres of the clean supernatant was directly injected
nto the LC/MS/MS for analysis. The chromatographic eluent
as diverted to waste for 1.0 min after each sample injection in
rder to keep the ion source as clean as possible.

.6. Calibration and quality control samples

Calibration standard solutions were prepared by spiking
lank human plasma with standard solutions to give concen-
rations of 1.024/1.032, 2.048/2.046, 5.120/5.160, 10.24/10.32,
1.20/25.80, 102.4/51.60, 204.8/103.2, 409.6/206.4, and
19.2/412.8 ng/ml for pseudoephedrine and cetirizine. Quality
ontrol (QC) samples, which were used both in pre-study val-
dation and during the pharmacokinetics study, were prepared
eparately to give concentrations of 2.048/2.048, 102.4/51.60,
nd 819.2/412.8 ng/mL of pseudoephedrine and cetirizine.

.7. Method validation

The method was validated for selectivity, accuracy, precision,
ecovery, calibration curve range, and stability according to the
S FDA [12]. The selectivity was investigated by preparing and

nalyzing six individual human blank plasma samples at the
LOQ.

Linearity was assessed by analyzing pseudoephedrine
1.024–819.2 ng/ml) and cetirizine (1.032–412.8 ng/ml) in
uman plasma. Calibration curves were analyzed by weighted
inear regression (1/y, y: concentration of the analytes) of
ssayed peak areas ratios versus nominal drug concentrations.

Accuracy and precision were assessed by determining QC
amples at three concentration levels (five samples each) on three
ifferent validation days. The precisions were determined as the
SD (%), and the accuracies were expressed as percentages of

he nominal concentrations. The criteria used to assess the suit-
bility of precision and accuracy was as follows: the RSD should

ot exceed 15% and the accuracy should be within 85–115%.

The absolute recoveries were evaluated for both pseu-
oephedrine and cetirizine by comparing peak areas of the
recipitated samples with peak areas of the direct injection of
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Fig. 1. Mass spectra and structures of the two analytes and I.S. (A) pseu-
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he pure authentic standard solutions dissolved in the methanol
t three QC levels.

The stability of the analytes in stock solution was determined
y placing the stock solutions in the refrigerator (4 ◦C) for a
eek. And the stability of the analytes in human plasma under
ifferent temperature and timing conditions was evaluated at
hree QC levels. The long-term stability was assessed after stor-
ge of the test samples at −20 ◦C for five days. The thaw-freeze
tability was determined after five thaw-freeze cycles (−20 to
0 ◦C) on consecutive days. The extraction storage stability was
ssessed by placing QC samples being precipitated at −20 ◦C for
ve days and analyzed. The results were compared with those
C samples freshly prepared, and the percentage concentration
erivation was calculated.

.8. Pharmacokinetic study

The validated LC–MS/MS assay was applied to Phase-I phar-
aceutics study in five female and five male healthy adult

olunteers received oral administration. The study was approved
y the Ethics Committee. All the volunteers who were selected
fter completing a thorough medical, biochemical and physical
xamination gave informed consent after they were explained
he aims and risks of the study.

The pharmacokinetic experiment was containing two parts
wo-way crossover designs containing oral administration of
ingle-dosage and different fasted and fed states.

Crossover 1, after an overnight fast (10 h), the volunteers took
he assigned tablet orally with 200 ml of water. The volunteers
ere treated with an oral dose of one tablet, and with an oral
ose of two tablets after 1 week washout period. Regular stan-
ardized low-fat meals were not provided until 4 h after dose
dministration; water intake was allowed after 2 h.

Crossover 2, the effect of a standard meal on the pharma-
okinetics of one tablet was evaluated. After an overnight fast
10 h), for fed treatment, volunteers took one tablet after a stan-
ard breakfast whereas for the fasting treatment, volunteers took
ne tablet without breakfast and continued to fast for 4 h more.
here was a 7-day drug-free period between the two treatments.

Following the drug administration, venous blood samples
5 ml) were collected into heparinized tubes according to the fol-
owing schedule: immediately before administration and 0.17,
.25, 0.33, 0.5, 0.75, 1.0, 2.0, 3.0, 4.0, 5.0, 8.0, 10.0, 13.0,
4.0, and 34.0 h after dosing. Blood samples were centrifuged
t 1500 g for 10 min to obtain the plasma. The plasma samples
ere labeled and kept frozen at −30 ◦ until analysis.
Pharmacokinetic parameters were determined from the

lasma concentration-time data. An analysis of log-transformed
nd non-transformed PK parameters was done using BAPP2
rocedures.

. Results and discussion
.1. MS conditions selection

For the optimization of MS conditions, each of the ana-
ytes and I.S. was directly introduced into MS detector using

n
1
p

oephedrine mother ion: m/z 166.04; daughter ion: m/z 134.06. (B) Cetirizine
other ion: m/z 389.07; daughter ion: m/z 200.91. (C) I.S. mother ion: m/z

52.02; daughter ion: m/z 134.06.

SI ionization and parameters such as sheath gas, the auxil-
ary gas, collision induced dissociation and the collision energy
ere investigated to increase the detection sensitivity of pseu-
oephedrine, cetirizine and I.S.
Because three of the compounds were of weak base, domi-
antly protonated molecules [M + H]+ in full scan spectra at m/z
66.04, m/z 389.07 and m/z 152.02 were observed. Fig. 1 dis-
lays the structures and the mass spectrum of [M + H]+ ions from
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3.4.5. Recovery and stability
Table 2 shows the recovery (extraction efficiency) of pseu-

doephedrine and cetirizine from human plasma following

Table 1
Intra-, inter-batch precision and accuracy for analytes the in human plasma (in
pre-study validation, n = 3 days, five replicates per day)

Concentration (ng/ml) RSD (%) Relative error (%)

Added Found Intra-batch Inter-batch

Pseudoephedrine
2.048 2.000 6.65 9.70 2.34

102.4 107.4 4.67 5.39 4.88
819.2 811.8 2.46 3.78 0.90
08 M. Ma et al. / J. Chroma

hree compounds. Pseudoephedrine gave an intense product ion
t m/z 147.99, formed by losing [−OH]. Cetirizine showed an
ntense ion at m/z 200.91 corresponding to the loss of [CH
Ph)Cl] group from [M + H]+ ion. Phenylalanine (I.S.) showed
major fragment ion at m/z 134.06 corresponding to a neutral

oss of water. These major fragment ions at m/z 147.99, m/z
00.91 and m/z 134.06 were chosen in the SRM acquisition for
seudoephedrine, cetirizine and I.S., respectively.

.2. Chromatographic conditions optimization

It is critical to optimize chromatographic conditions to obtain
ood selectivity, high sensitivity, quick speed and symmetrical
eak shape. Various compositions of mobile phase were there-
ore, tried ae first by varying the percentages of organic solvent.
t was found that under isocratic elution mode, an inverted peak
lways existed just before that of pseudoephedrine and that the
eak made the baseline separation difficult, therefore, accurate
easurement of pseudoephedrine area is impossible. To find the

ause and avoid the overlaying of the two peaks, different vol-
mes of methanol (as protein precipitant) or proper amounts of
ormic acid were added to black plasma to match its composition
o the mobile phase,in a better manner but little improvement was
bserved. The disappearance of the inverted peak when water
tead of blank plasma was used as analyte suggests that ana-
ytes coming from plasma contain certain kinds of compounds
hat reduce MS response. Various gradient conditions were then
xperimented and the best combination was selected to get base-
ine separation and symmetry peak shape.

.3. Preparation of plasma samples

de Jager et al. [13] reported that protein precipitation for ceti-
izine can get a more satisified recovery than that of liquid–liquid
xtraction and that the latter was complex and time-consuming
1,14]. In this study, a one-step protein precipitation procedure
as adopted to simplify the sample preparation and the treat-
ent could provide LLOQ lower than 1.0 ng/ml for both of the

nalytes. The selected protein precipitant was methanol because
f satisfactory efficiency in precipitating and less ion suppres-
ion compared with those observed with acetonitrile, ethanol
nd acetone.

.4. Method validation

.4.1. Selectivity
The LC/MS/MS method has high specificity because only

fragment ion derived from the [M + H]+ ion of the analytes
f interest was monitored. The selectivity toward endogenous
lasma matrix components was assessed in six different batches
f human plasma samples by analyzing blanks and spiked sam-
les at LLOQ levels. Endogenous peaks at the retention time of
he analytes were not observed for any of the plasma batches

valuated. This indicated no significant direct interference in
he SRM channel for the analytes at the expected retention
ime. Fig. 2 shows the typical chromatograms of a blank plasma
ample, a blank plasma sample spiked with pseudoephedrine,

C

4
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etirizine at the LLOQ and I.S., and a plasma sample from a
ealthy volunteer 2 h after an oral administration. Typical reten-
ion times for pseudoephedrine, cetirizine and I.S. were 3.2, 7.7,
nd 3.2 min, respectively. The total run time was about 12 min.

.4.2. Matrix effects
Matuszewski et al. [15] reported that matrix components,

hich co-elute with analytes, may adversely affect the repro-
ucibility of analyte ionization in a mass spectrometer’s elec-
rospray source. For pseudoephedrine, cetirizine and I.S., the

ean peak area from the six different samples sources had rel-
tive error of 2.3–5.6%, 3.6–4.8% and 3.2–5.1%, respectively
ompared with those from standard solutions. It was indicated
hat no endogenous substances significantly influenced the ion-
zation of the analytes.

.4.3. Linearity of calibration curves and lower limits of
uantification

The typical calibration curves for cetirizine and pseu-
oephedrine were Y = 139.23X − 3.3452 (correlation coeffi-
ient, r = 0.9996) and Y = 107.22 X − 1.4467 (r = 0.9998),
espectively, Y: concentration in ng/ml, X: ratios of ceti-
izine/pseudoephedrine peak area to that of I.S.).

The limit of quantization was 1.0 ng/ml (n = 6) for pseu-
oephedrine and 1.0 ng/ml for cetirizine, and an acceptable
ccuracy of ±15% and a precision below 15% were obtained.
his level was selected with respect to expected concentrations
f the samples from the pharmacokinetic study.

.4.4. Precision and accuracy
Intra- and inter precision was assessed from the results of

Cs. The mean values and RSD for QCs at three concentration
evels were calculated over three validation days by using a one-
ay analysis of variance (ANOVA). The intra- and inter-batch
recision and accuracy data for cetirizine and pseudoephedrine
re summarized in Table 1. Intra-batch precision ranged between
.46–6.65% and 2.5–5.99% and the inter-batch precision were
etween 3.78–9.70% and 3.90–7.66% separately.
etrizine
2.046 2.031 5.99 7.66 0.73

51.60 50.53 3.60 5.48 2.07
12.8 395.2 2.46 3.90 4.62
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ig. 2. Chromatograms of (A) blank plasma sample;(B) plasma sample spiked w
lasma sample 0.5 h after oral dose of one tablet. I.S. (I), pseudoephedrine (II),

ethanol precipitation. The absolute recoveries were shown to
e consistent, precise and reproducible.
The results of stability experiments showed that signifi-
ant degradation occurred at −20 ◦C for 5 days and after five
reeze-thaw cycles. The accuracy values at three QC levels of
seudoephedrine and cetirizine were within ±15%. The stock

t
s
s
r

eudoephedrine (1 ng/ml), cetirizine (1 ng/ml) and I.S. (64 ng/ml); (C) volunteer
etirizine (III) in human plasma samples.

olutions in water were stable at 4 ◦C for a week. The methanol
olution of I.S. (80 ng/ml) was proved stable at room tempera-

ure for more than 12 h and at 4 ◦C for a week. There was no
ignificant degradation under the conditions described in this
tudy and these results indicated that analytes were stable under
outine laboratory conditions.
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Table 2
Recovery data for analytes in human plasma (n = 5)

Added concentration (ng/ml) Recoverya (mean ± SD, %) RSDb (%)

Pseudoephedrine
2.048 96.24 ± 8.26 8.59

102.4 91.95 ± 4.11 4.48
819.2 95.81 ± 2.05 2.13
Cetrizine

2.046 92.87 ± 7.11 7.66
51.60 93.78 ± 4.69 5.01

412.8 90.32 ± 1.91 2.11
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Table 3
Comparison of mean pharmacokinetic parameters of single- and multiple- oral
dosage administration (n = 10)

Parameter One tablet Two tablets

Mean SD Mean SD

Pseudoephedrine
AUC (h ng/ml) 4441.74 755.12 10404.74 1634.49
Cmax (ng/ml) 350.36 57.33 701.83 57.30
Tmax (h) 4.0 0.8 4.2 0.8
t1/2 (h) 5.37 0.52 6.11 0.92

Cetrizine
AUC (h ng/ml) 1099.77 255.49 2372.24 625.73
Cmax (ng/ml) 167.06 47.17 323.20 77.16
Tmax (h) 0.7 0.5 0.7 0.5
t1/2 (h) 6.76 1.82 6.17 1.39

Table 4
Comparison of mean pharmacokinetic parameters under the fasted and fed con-
ditions (n = 10)

Parameter Fasted Fed

Mean SD Mean SD

Pseudoephedrine
AUC (h ng/ml) 4637.30 570.01 4384.13 488.69
Cmax (ng/ml) 352.99 42.98 378.74 42.18
Tmax (h) 4.2 0.8 4.2 0.8
t1/2 (h) 5.44 0.58 4.94 0.61

Cetrizine
AUC (h ng/ml) 1232.47 194.18 1153.21 207.26
Cmax (ng/ml) 173.70 35.47 122.97 15.15
RSD = relative standard deviation.
b Mean relative error = (overall mean assayed concentration − added concen-

ration)/added concentration ×100.

.4.6. Application of the method to a pharmacokinetic
tudy in healthy volunteers

The proposed method was applied to the determination of
lasma concentrations and the pharmacokinetic parameters of
he combination table were first reported in Chinese people.

The mean plasma concentration-time curve of oral admin-
stration is shown in Fig. 3A The comparison of corresponding
harmacokinetic parameters is listed in Table 3. The AUC, Cmax
re showing linear between one tablet and two tablets; Tmax and
1/2 were not statistically different for the two drugs. And the
alculated pharmacokinetic parameters of pseudoephedrine and
etrizine are in agreement with literature separately [13,16].

Fig. 3B shows the profiles of the mean concentration of pseu-
oephedrine and cetrizine in fed and fasted states. The collected
harmacokinetic parameters are listed in Table 4. The results of
ur study demonstrated that the presence of standard meal had

o effect on absorption of pseudoephedrine, which was the same
s the former report [16,17]. The mean pharmacokinetic param-
ters of cetirizine had no significant statistical differences except
or Cmax and Tmax which reduced 30% and delayed 2.4 h in the

ig. 3. Mean plasma concentration-time curve of pseudoephedrine and cetrizine
t different conditions of administration. (n = 10).

f
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w
t
l
T
a

R

Tmax (h) 0.6 0.2 3.0 1.3
t1/2 (h) 5.88 0.79 5.84 0.73

ed state. That means standard meal slightly reduce the rate but
ot the extent of cetirizine absorption. These results agree with
reviously published reports [18,19], and the present method is
n excellent analytical option for quantifying pseudoephedrine
nd cetrizine in human plasma.

. Conclusions

A LC–MS/MS method to determine simultaneously the con-
entration of pseudoephedrine and cetrizine in human plasma
as developed. The presented was then successfully applied for

he evaluation of Phase-I pharmacokinetic study and the col-
ected parameters were first reported in healthy Chinese people.
he result proved that the method is sensitive, highly selective
nd stable.
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