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bstract

A new sensitive and selective liquid chromatography coupled with mass spectrometry (LC/MS/MS) method for quantification of loratadine (LOR)
nd its active metabolite descarboethoxyloratadine (DSL) in human plasma was validated. After addition of the internal standard, metoclopramide,
he human plasma samples (0.3 ml) were precipitated using acetonitrile (0.75 ml) and the centrifuged supernatants were partially evaporated under
itrogen at 37 ◦C at approximately 0.3 ml volume. The LOR, DSL and internal standard were separated on a reversed phase column (Zorbax
B-C18, 100 mm × 3.0 mm i.d., 3.5 �m) under isocratic conditions using a mobile phase of an 8:92 (v/v) mixture of acetonitrile and 0.4% (v/v)
ormic acid in water. The flow rate was 1 ml/min and the column temperature 45 ◦C. The detection of LOR, DSL and internal standard was in MRM
ode using an ion trap mass spectrometer with electrospray positive ionisation. The ion transitions were monitored as follows: 383 → 337 for LOR,

11 → (259 + 294 + 282) for DSL and 300 → 226.8 for internal standard. Calibration curves were generated over the range of 0.52–52.3 ng/ml
or both LOR and DSL with values for coefficient of determination greater than 0.994 by using a weighted (1/y) quadratic regression. The lower
imits of quantification were established at 0.52 ng/ml LOR and DSL, respectively, with an accuracy and precision less than 20%. Both analytes

emonstrated good short-term, long-term, post-preparative and freeze-thaw stability. Besides its simplicity, the sample treatment allows obtaining
very good recovery of both analytes, around 100%. The validated LC/MS/MS method has been applied to a pharmacokinetic study of loratadine

ablets on healthy volunteers.
2006 Elsevier B.V. All rights reserved.
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. Introduction

4-(8-Chloro-5,6-dihydro-11H-benzo[5,6]-cycloheptal[1,2-
]-pyridin-11-ylidine)-1-piperidinecarboxylic acid ethyl ester
loratadine) is a long acting tricyclic antihistamine with selec-
ive peripheral histamine H1-receptor antagonist activity that is
sed for relief of symptoms of seasonal allergies and skin rash
Fig. 1). Among the second-generation antihistamines, lorata-
ine is free from sedation at recommended dosages. Following

n oral administration of 10 mg tablet, loratadine (LOR) is
apidly absorbed and reaches peak concentration (Tmax) at 1.3 h.
or its major active metabolite, descarboethoxyloratadine, the
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o
m
f
A
p

[

731-7085/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2006.08.013
max is 2.5 h [1]. Descarboethoxyloratadine or desloratadine
DSL) would be expected to produce results similar to LOR
nd other nonsedating antihistamines. The elimination half-life
f LOR is 8–14 h, and that of DSL 17–24 h. An oral dose of
oratadine (20 mg) leads to maximum plasma concentrations of
nly 11 and 10 ng/ml for LOR and DSL, respectively [2].

In view of these facts, the analytical method for LOR and
SL determination in human plasma has to be very sensitive

nd in the case of a large number of samples, the development
f a chromatographic method suitable for this kind of analysis
ust take into account not only a sensitive procedure, but also a

ast one, and as much as possible a simple sample preparation.

n HPLC–MS or GC–MS method offers the solution from these
oints of view, in many cases.

Loratadine and desloratadine in plasma were studied by GC
3,4] or HPLC methods with UV [5] or fluorescence detec-

mailto:silsta@yahoo.com
dx.doi.org/10.1016/j.jpba.2006.08.013
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ig. 1. Chemical structures of loratadine, desloratadine and metoclopramide
internal standard).

ion [6–9], with a sufficient lower limit of quantification for
he purpose of study, by applying liquid–liquid or solid phase
xtraction. HPLC with MS detection was extensively used in
he past years for the sensitive quantification of LOR and DSL
10–18], with a very low limit of quantification obtained mainly
fter liquid–liquid extraction of analytes.

Taking into account these facts, the aim of the present study
as to develop a fast HPLC/MS/MS method able to quantify

oratadine and desloratadine in human plasma after oral admin-
stration of a therapeutic dose of loratadine after a simple step
f extraction. Finally, the developed and validated method was
pplied for bioequivalence investigation of two medicinal prod-
cts containing 10 mg loratadine.

. Experimental

.1. Reagents

Loratadine and desloratadine were reference standards from
orepen Lab. Limited, India. Metoclopramide hydrochloride

MTC) (Fig. 1) was the internal standard (European Pharma-
opoeia standard). Acetonitrile, methanol and formic acid were
erck products (Merck KgaA, Darmstadt, Germany). Distilled,

eionised water was produced by a Direct Q-5 Millipore (Mil-
ipore SA, Molsheim, France) water system. The human blank
lasma was supplied by the Local Bleeding Centre Cluj-Napoca,
omania.

.2. Standard solutions

Two stock solutions of loratadine and desloratadine, respec-

ively, with concentration of 2.5 mg/ml were prepared by dis-
olving appropriate quantities of reference substances (weighed
n an Analytical Plus balance from Ohaus, USA) in 10 ml
ethanol. Two working solutions were then obtained for each

2

w
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ubstance by diluting specific volumes of stock solution with
lasma. Then these were used to spike different volumes of
lasma blank, providing finally eight plasma standards with
he concentrations ranged between 0.52 and 52.3 ng/ml, equally
or loratadine and desloratadine. Accuracy and precision of the
ethod was verified using plasma standards with concentrations

f 0.52, 1.68, 10.47 and 20.94 ng/ml loratadine and deslorata-
ine, respectively. Quality control samples (QC) of 1.68, 10.47
nd 20.94 ng/ml analytes were used during clinical samples anal-
sis. The internal standard solution was prepared by sequential
ilution of a stock solution of metoclopramide in acetonitrile
1 mg/ml) to reach a concentration of 3.65 ng/ml. This solution
as used for precipitation of plasma proteins.

.3. Chromatographic and mass spectrometry systems and
onditions

The HPLC system was an 1100 series model (Agilent Tech-
ologies) consisted of a binary pump, an in-line degasser, an
utosampler, a column thermostat and an Ion Trap VL mass
pectrometer detector (Brucker Daltonics GmbH, Germany).
hromatograms were processed using QuantAnalysis software.
he detection of LOR, DSL and internal standard was in MRM
ode using an ion trap mass spectrometer with electrospray pos-

tive ionisation. The ion transitions were monitored as follows:
83 → 337 for LOR, 311 → (259 + 294 + 282) for DSL and
00 → 226.8 for internal standard. Chromatographic separation
as performed at 45 ◦C on a Zorbax SB-C18 100 mm × 3 mm,
.5 �m column (Agilent Technologies), protected by an in-line
lter.

.4. Mobile phase

The mobile phase consisted of a mixture of water containing
.4% formic acid and acetonitrile (92:8, v/v), each component
eing degassed, before elution, for 10 min in an Elma Transsonic
00/H (Singen, Germany) ultrasonic bath. The pump delivered
he mobile phase at 1 ml/min.

.5. Sample preparation

Standard and test plasma samples were prepared as follows
n order to be chromatographically analyzed. In a test tube of
.5 ml, 0.3 ml plasma and 0.75 ml acetonitrile containing inter-
al standard (3.65 ng/ml metoclopramide as base) were added.
he tube was vortex-mixed for 10 s (Vortex Genie 2, Scien-

ific Industries) and then centrifuged for 6 min at 6000 rpm (204
igma centrifuge, Osterode am Harz, Germany). The super-
atant was transferred in a glass centrifuge tube and evaporated
t 37 ◦C under nitrogen to approximate 0.3 ml. The final solution
as transferred to an autosampler vial and 10 �l were injected

nto the HPLC system.
.6. Validation

As a first step of method validation [19–21], specificity
as verified using six different plasma blanks obtained from
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case of desloratadine, the sum of ions from MS spectrum (m/z
259, 294, 282) was chosen for quantification because the detec-
tion is about 40% more sensitive that the case based only on ion
m/z 259.
54 L. Vlase et al. / Journal of Pharmaceutica

ealthy human volunteers who had not previously taken any
edication.
The concentration of analytes was determined automati-

ally by the instrument data system using the internal standard
ethod. Calibration was performed using singlicate calibra-

ion standards on five different occasions. The calibration curve
odel was determined by the least squares analysis. The applied

alibration model was y = c + bx + ax2, weight 1/y (1/y) quadratic
esponse, where y, area ratio and x, concentration ratio. Dis-
ribution of the residuals (%difference of the back-calculated
oncentration from the nominal concentration) was investigated.
he calibration model was accepted, if the residuals were within
20% at the lower limit of quantification (LLOQ) and within
15% at all other calibration levels and at least two-third of

he standards meet this criterion, including highest and lowest
alibration levels.

The lower limit of quantification was established as the lowest
alibration standard with an accuracy and precision less than
0%.

The within- and between-run precision (expressed as coeffi-
ient of variation, CV%) and accuracy (expressed as relative dif-
erence between obtained and theoretical concentration, bias%)
f the assay procedure were determined by analysis on the same
ay of five different samples at each of the lower (1.68 ng/ml),
edium (10.47 ng/ml) and higher (20.94 ng/ml) levels of the

onsidered concentration range and one different sample of each
n five different occasions, respectively. The selected concen-
ration values are relevant in practice taking in account to the
act that the reported maximum concentration levels of either
oratadine or its metabolite are not greater that 8–10 ng/ml at
sual oral doses (20 mg loratadine) [1,2].

The relative recoveries at each of the previously three lev-
ls of concentration and limit of quantification were measured
y comparing the response, relative to the internal standard, of
he treated plasma standards with the response of standards in
olvent with the same concentration of analytes and internal
tandard as the plasma sample.

The stability of the analytes in human plasma was inves-
igated in three ways, in order to characterize each operation
uring the process of bioequivalence studies: room-temperature
tability (RTS), post-preparative stability (PPS) in the autosam-
ler, freeze-thaw stability (FTS) and long-term stability (LTS)
elow −20 ◦C. For all stability studies, plasma standards at
ow (1.68 ng/ml both LOR and DSL) and high concentrations
20.94 ng/ml both LOR and DSL) were used. Four plasma
tandards at each of the two levels were prepared and let at
oom temperature 4 h before processing (RTS study). Other four
airs were prepared, immediately processed and stored in the
utosampler (25 ◦C) of the HPLC system (PPS study). The sam-
les were injected after 10 h, the expected longest storage time
f the samples in autosampler before injection. For the freeze-
haw stability, aliquots at the same low and high concentrations
ere prepared. These samples were subjected to three cycles

f freeze-thaw operations in 3 consecutive days. After the third
ycle, the samples were analyzed against calibration curve of
he day. The mean concentration calculated for the samples sub-
ected to the cycles and the nominal ones were compared. For

F
i
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ong-term stability, in the first validation day, there were injected
nd analyzed four samples at each of low and high concentra-
ions, and values were calculated against calibration curve of the
ay. Other two sets with the same plasma concentrations were
tored in freezer below −20 ◦C and analyzed together with cal-
bration samples after 5 months. The values were calculated
gainst calibration curve of the day and the mean values for the
tored samples and nominal concentrations were compared. The
equirement for stable analytes was that the difference between
ean concentrations of the tested samples in various conditions

nd nominal concentrations had to be in ±15% range.

.7. Clinical application and in-study validation

The validated method was applied in a bioequivalence study
f two dosage forms—tablets containing 10 mg loratadine. The
ollecting times were 0, 0.25, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10,
2, 24, 48 h after oral administration of 40 mg loratadine. The
ccuracy and precision of the validated method was monitored to
nsure that it continued to perform satisfactorily during analysis
f volunteer samples. To achieve this objective, a number of
C samples prepared in duplicate at three concentration levels
ere analyzed in each assay run and the results compared with

he corresponding calibration curve. At least 67% (four out of
ix) of the QC samples should be within 15% of their respective
ominal values; 33% of the QC samples (not all replicates at the
ame concentration) can be outside ±15% of the nominal value.

. Results and discussions

No significant interference at the retention time of LOR
7 min) and DSL (3.2 min) was observed in different plasma
lank samples chromatograms (Figs. 2 and 3) due to the speci-
city of selected signals (Fig. 4). It is well known that an
dvantage of the ion trap over the triple quadrupole is the sensi-
ility in scan mode. This allows adding multiple fragments from
n MS spectrum in order to improve the overall signal. In the
ig. 2. Chromatograms of a plasma blank containing metoclopramide (MTC,
nternal standard).
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Fig. 3. Chromatograms of the LLOQ plasma standard with 0.52 ng/ml deslo-
ratadine (DSL) and 0.52 ng/ml loratadine (LOR), metoclopramide (MTC) being
the internal standard.
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Table 2
Between-run precision and accuracy for loratadine and desloratadine (n = 5)

cnominal

(ng/ml)
Mean cfound (ng/ml) (±S.D.) CV% Bias%

LOR DSL LOR DSL LOR DSL

0.52 0.52 (0.10) 0.53 (0.03) 19.23 5.66 0.00 1.92
1.68 1.69 (0.19) 1.73 (0.09) 11.24 5.20 0.59 2.98
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solvent evaporation, without significant matrix effect in compar-
ison with Naidong et al. results [16] obtained by applying this
sample pretreatment. Besides its simplicity, that sample treat-
ment allows obtaining a very good recovery of both analytes

Table 3
Results of the stability studies (n = 4)

RTS PPS FTS LTS

cnominal

(ng/ml)
1.68 20.94 1.68 20.94 1.68 20.94 1.68 20.94

Bias%,
LOR

2.61 −5.43 −2.61 −2.24 7.66 0.14 7.43 −2.79

Bias%,
DSL

−9.05 −1.12 −13.82 −5.54 −0.51 −8.12 −2.00 −8.78

T
W

c

1
2

ig. 4. Product ion mass spectra of the internal standard metoclopramide (MTC),
/z 300.1, desloratadine (DSL), m/z 311.0 and loratadine (LOR), m/z 383.0.

The applied calibration curves models proved to be accurate
ver the concentration range 0.52–52.3 ng/ml, with a correlation
oefficient greater than 0.998, for both analytes. The residuals
ad no tendency of variation with concentration.

The method had within- and between-run accuracy and pre-
ision (Tables 1 and 2), in agreement to international regulations
egarding bioanalytical methods validation [19–21]. The lower

imit of quantification was established at 0.52 ng/ml LOR and
SL, respectively, with accuracy and precision less than 20%

Tables 1 and 2).

R
(
t

able 1
ithin-run precision, accuracy and recovery for loratadine and desloratadine (n = 5)

nominal (ng/ml) Mean cfound (ng/ml) (±S.D.) CV%

LOR DSL LOR D

0.52 0.52 (0.10) 0.54 (0.05) 19.23
1.68 1.46 (0.20) 1.64 (0.17) 13.69 1
0.47 9.46 (0.75) 9.88 (0.73) 7.93
0.94 20.13 (2.07) 20.41 (2.43) 10.28 1
0.47 10.50 (0.70) 10.60 (0.32) 6.67 3.02 0.29 1.24
0.94 20.88 (0.61) 21.33 (1.22) 2.92 5.72 −0.28 1.86

The recovery was consistent and reproducible, either for LOR
nd DSL (Table 1).

The analytes proved their stability under various conditions
Table 3), the bias% of found concentration being less than 15%,
he maximum accepted value for method’s accuracy.

The validated method was verified during analysis of clinical
amples from a bioequivalence study of two medicines con-
aining 10 mg loratadine. The method continued to perform in
erms of accuracy, in each analytical run not more than two
ut of six QC samples being outside of ±15% nominal value,
ut not all two at the same concentration. Figs. 5 and 6 show
ypical chromatograms of the plasma sample from a volunteer
nd concentration profiles of LOR and DSL obtained after oral
dministration of 40 mg loratadine, respectively.

In comparison with previously published HPLC–MS meth-
ds, the sensitivity of the proposed method (LLOQ of
.52 ng/ml) is not better as those in which liquid–liquid
10–13,15,16,18] or solid-phase extraction [14,16,17] was
pplied (Table 4). But the main advantage is the simple sam-
le preparation by protein precipitation, followed by a partial
TS, room temperature stability (22 ◦C, 4 h); PPS, post-preparative stability
22 ◦C, 10 h); FTS, freeze-thaw stability (three freeze-thaw cycles); LTS, long-
erm stability (−20 ◦C, 5 months).

Bias% Recovery% (±S.D.)

SL LOR DSL LOR DSL

9.26 0.00 3.85 116.6 (18.0) 113.5 (10.0)
0.37 −13.09 −2.38 90.3 (13.2) 107.4 (10.8)
7.39 −9.65 −5.64 97.8 (7.4) 107.2 (7.5)
1.91 −3.87 −2.53 102.2 (14.9) 107.0 (11.5)
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Table 4
Analytical characteristics of reported HPLC methods with MS detection for the determination of loratadine and desloratadine in plasma

References Column Mobile phase constituents
and flow (ml/min)

Pretreatment/
extractiona

LOQ (ng/ml) Run time
(min)

Observation

Sun et al. [10] C18 Acetonitrile–water–acetic acid,
gradient mode, 0.2 ml/min

LL 0.05 LOR 11 DSL not determined

Salem et al. [11] Phenyl Acetonitrile–water–formic acid,
0.2 ml/min

LL 0.1 LOR ? DSL not determined

Chen et al. [12] C18 Acetonitrile–ammonium acetate,
gradient mode, 0.2 ml/min

LL 0.2 LOR ? DSL not determined

Naidong et al. [13] Silica Acetonitrile–water–trifluor-acetic
acid, 0.5 ml/min

LL 0.01 LOR, 0.025 DSL 3

Yang et al. [14] C8 Acetonitrile–ammonium acetate,
0.25 ml/min

SPE 0.025 DSL 6 3-Hidroxy-DSL determined

Zhang et al. [15] C8 Acetonitrile–water–formic acid,
0.5 ml/min

LL 0.2 LOR, 0.2 DSL ?

Naidong et al. [16] Silica Acetonitrile–water–formic acid,
gradient mode, 0.5 ml/min

LL, SPE, PP 0.2 LOR 4 DSL not determined

Yang et al. [17] ? ? SPE 1.0 LOR, 1.0 DSL ? Rat, rabbit, mouse plasma
Sutherland et al. [18] C18 Acetonitrile–water–formic acid,

gradient mode, 0.3 ml/min
LL

a LL, liquid–liquid extraction; SPE, solid-phase extraction; PP, protein precipitatio

Fig. 5. The plasma sample chromatograms obtained from a healthy volunteer at
1.5 h after oral administration of 40 mg loratadine. Concentrations are 1.95 ng/ml
desloratadine (DSL) and 3.01 ng/ml loratadine (LOR), metoclopramide (MTC)
being the internal standard.

Fig. 6. Concentration profile of loratadine (�) and desloratadine (�) after oral
administration of 40 mg loratadine.
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[

0.1 LOR, 0.1 DSL 7

n.

nd, as far as we are aware, this is the first reported method for
imultaneous analysis of LOR and DSL in human plasma after
rotein precipitation and partial evaporation of extract.

. Conclusions

The proposed method provides accuracy and precision for
uantitative determination of loratadine and desloratadine in
uman plasma after oral administration of 40 mg loratadine. The
imple sample preparation by protein precipitation and selected
ignals for monitoring allowed a specific and efficient analysis
f a large number of plasma samples, making the method more
roductive and thus more cost effective.

eferences

[1] K. Parfitt (Ed.), The Complete Drug Reference, 32nd ed., Pharmaceutical
Press, Martindale, 1999, 413.

[2] J. Hilbert, E. Radwanski, R. Weglein, V. Luc, G. Perentesis, S. Symchowicz,
N. Zampaglione, J. Clin. Pharmacol. 27 (1987) 694–698.

[3] R. Johnson, J. Christensen, C.C. Lin, J. Chromatogr. B. Biomed. Appl. 657
(1994) 125–131.

[4] J. Martens, J. Chromatogr. B. Biomed. Appl. 673 (1995) 183–188.
[5] P.K. Kunicki, J. Chromatogr. B. Biomed. Sci. Appl. 755 (2001) 331–335.
[6] D. Zhong, H. Blume, Pharmazie 49 (1994) 736–739.
[7] H. Amini, A. Ahmadiani, J. Chromatogr. B 809 (2004) 227–230.
[8] X.J. Xu, E.X. Shang, F.R. Qiu, G.G. Mao, B.R. Xiang, Yao Xue Xue Bao

39 (2004) 123–126.
[9] O.Q.P. Yin, X. Shi, M.S.S. Chow, J. Chromatogr. B 796 (2003) 165–172.
10] J. Sun, G. Wang, W. Wang, S. Zhao, Y. Gu, J. Zhang, M. Huang, F. Shao,

H. Li, Q. Zhang, H. Xie, J. Pharm. Biomed. Anal. 39 (2005) 217–224.
11] I. Salem, J. Idrees, J.I. Al Tamimi, J. Pharm. Biomed. Anal. 34 (2004)

141–151.
12] J. Chen, Y.Z. Zha, K.P. Gao, Z.Q. Shi, X.G. Jiang, W.M. Jiang, X.L. Gao,

Pharmazie 59 (2004) 600–603.

13] W. Naidong, T. Addison, T. Schneider, X. Jiang, T.D.J. Halls, J. Pharm.

Biomed. Anal. 32 (2003) 609–617.
14] L. Yang, R.P. Clement, B. Kantesaria, L. Reyderman, F. Beaudry, C. Grand-

maison, L. Di Donato, R. Masse, P.J. Rudewicz, J. Chromatogr. B. Analyt.
Technol. Biomed. Life Sci. 792 (2003) 229–240.



l and

[

[

[

[

[

[

Drug Products—General Considerations, Rockville, USA, March 2003,
http://www.fda.gov/cder/guidance/index.htm.

[21] U.S. Department of Health and Human Services, Food and Drug Admin-
L. Vlase et al. / Journal of Pharmaceutica

15] Y.F. Zhang, X.Y. Chen, D.F. Zhong, Y.M. Dong, Acta Pharmacol. Sin. 24
(2003) 715–718.

16] W. Naidong, H. Bu, Y.L. Chen, W.Z. Shou, X. Jiang, T.D.J. Halls, J. Pharm.
Biomed. Anal. 28 (2002) 1115–1126.

17] L. Yang, T.D. Mann, D. Little, N. Wu, R.P. Clement, P.J. Rudewicz, Anal.
Chem. 73 (2001) 1740–1747.
18] F.C.W. Sutherland, A.D. de Jager, D. Badenhorst, T. Scanes, H.K.L. Hundt,
K.J. Swart, A.F. Hundt, J. Chromatogr. A 914 (2001) 37–43.

19] The European Agency for the Evaluation of Medicinal Products. Note for
Guidance on the Investigation of Bioavailability and Bioequivalence, Lon-
don, UK, July 2001 (CPMP/EWP/QWP/1401/98).
Biomedical Analysis 44 (2007) 652–657 657

20] U.S. Department of Health and Human Services, Food and Drug Admin-
istration, Center for Drug Evaluation and Research. Guidance for Indus-
try. Bioavailability and Bioequivalence Studies for Orally Administered
istration, Guidance for Industry—Bioanalytical Method Validation, May
2001.

http://www.fda.gov/cder/guidance/index.htm

	Determination of loratadine and its active metabolite in human plasma by high-performance liquid chromatography with mass spectrometry detection
	Introduction
	Experimental
	Reagents
	Standard solutions
	Chromatographic and mass spectrometry systems and conditions
	Mobile phase
	Sample preparation
	Validation
	Clinical application and in-study validation

	Results and discussions
	Conclusions
	References


