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Abstract

A fast and sensitive HPLC–MS/MS method, utilizing atmospheric pressure chemical ionization, for the determination of
fexofenadine in human plasma is described. A deuterated analog, d6-fexofenadine is used as the internal standard (IS). Plasma
samples are prepared using 96-well solid phase extraction with plates containing Waters Oasis HLB sorbent. The analytes are
chromatographed on a Restek Ultra IBD column (3.2 mm× 50 mm, 3�m) using a mobile phase consisting of a mixture of
90% acetonitrile and 10% 10 mM ammonium acetate buffer and 0.1% formic acid. Quantitation of the analyte is based on
the response from the multiple reaction monitoring of the precursor to product ion pairs for fexofenadine (m/z 502 → 466)
and d6-fexofenadine (m/z 508 → 472). The assay has been validated over the concentration range of 1–200 ng/ml based on
the analysis of 0.5 ml aliquots of plasma. Within-day assay accuracy was between 97 and 102% of nominal, while within-day
precision was better than 3.5% CV at all points on the standard curve. Analyte extraction recovery was better than 70% over
the range of the standard curve. The method was found to be suitable for the analysis of human plasma samples obtained 24 h
following the administration of a single 60 mg dose of fexofenadine.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

P-glycoprotein (P-gp), a transmembrane protein, is
an ATP-dependent efflux transporter that is increas-
ingly recognized for its involvement in the disposition
of many drugs[1,2]. Intestinal P-gp, which is believed
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to function in a protective role in the body, pumps
xenobiotics back to the gut lumen, thus reducing drug
absorption from the gastrointestinal tract. The pres-
ence of P-gp in the blood–brain barrier prevents sub-
strate drugs from entering the central nervous system.

Modification of P-gp activity, by induction or inhi-
bition, has been reported to be the mechanism respon-
sible for several drug–drug interactions[3,4].

Fexofenadine (Fig. 1), a non-sedating antagonist
of the histamine H1-receptor, is known to be a sub-
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Fig. 1. Chemical structures of fexofenadine (I) and d6-fexofenadine (II).

strate of P-gp[5,6]. Fexofenadine undergoes minimal
metabolism in vivo[5], thus making it a potential
probe for investigating the effect of co-administered
drug candidates on intestinal P-gp. For example, the
increased plasma levels of fexofenadine that resulted
following co-administration with erythromycin or ke-
toconazole[7,8] were attributed to the inhibition of
intestinal P-gp by the co-administered compounds.

To support pharmacokinetic studies in which a
single dose of fexofenadine is administered as a
probe of P-gp activity, a sensitive, rapid and reli-
able method for quantitating fexofenadine in human
plasma is required. Published methods using fluo-
rescence detection[9,10] have limits of quantitation
(LOQ) at about or above 5 ng/ml which may not
be sufficiently sensitive to support single dose stud-
ies. An LC–MS assay with an improved LOQ of
0.5 ng/ml was recently reported[11]. However, this
method required chromatography under gradient con-
ditions. In addition, the run-time of this assay was
10 min, which is relatively long for an HPLC–MS
procedure. Finally, the sample preparation utilized
discrete C18 SPE cartridges, a procedure that is not

generally considered high-throughput or amenable to
automation.

Presented here is a simple and rapid HPLC–MS/MS
assay for the determination of fexofenadine in human
plasma. Half milliliter aliquots of plasma are prepared
using solid phase extraction in the 96-well format, a
technique that is much more efficient than the use of
individual extraction cartridges. Use of this methodol-
ogy permits the extraction of 96 samples in under 1 h.
Extracted samples are analyzed under isocratic HPLC
conditions. The run time is 4 min and the LOQ of the
assay is 1.0 ng/ml.

2. Experimental

2.1. Materials

Fexofenadine and d6-fexofenadine were purchased
from Toronto Research Chemicals (North York, On-
tario, Canada). Acetonitrile, methanol (Omnisolv
HPLC grade) and ammonium hydroxide (GR) were
from EM science (Gibbstown, NJ). Glacial acetic
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acid (A.C.S. reagent) was obtained from Fisher Sci-
entific (Pittsburgh, PA). Formic acid (A.C.S. reagent)
and ammonium acetate (99.9%) were purchased from
Aldrich (Milwaukee, WI). Drug-free heparinized
plasma was from SeraCare (Oceanside, CA). Waters
Oasis HLB (10 mg) solid phase extraction 96-well
plates were supplied by Waters (Milford, MA).

2.2. Instrumentation

The HPLC–MS/MS system consisted of a Perkin-
Elmer (Norwalk, CT) 200 series LC pump, a Varian
(Walnut Creek, CA) Prostar 430 96-well autosampler,
and an API 3000 triple quadrupole tandem mass spec-
trometer equipped with a heated nebulizer interface
(PE Sciex, Thornhill, Canada).

2.3. Chromatographic conditions

The mobile phase consisted of acetonitrile (ACN)–
ammonium acetate (10 mM)–formic acid (90:10:0.1,
v/v/v) and was filtered through a nylon membrane
(0.20�m) prior to use. An Ultra IBD (3.2 mm ×
50 mm, 3�m) column from Restek (Bellefonte, PA)
was used with a flow rate of 0.5 ml/min. The run time
was 4 min.

2.4. Mass spectrometric conditions

The mass spectrometer was connected to the HPLC
system via a heated nebulizer interface. Positive ions
were generated by atmospheric pressure chemical ion-
ization (APCI). Nebulizer (nitrogen) pressure was set
at 60 psi and the temperature of the probe was set at
450◦C. Operational parameters for the MS/MS detec-
tion were optimized using the automated procedures
incorporated into the instrument control software. The
MS was operated under unit mass resolution. The de-
tection of the analytes was based on the multiple reac-
tion monitoring (MRM) of the protonated molecules
(M+H)+ and their major collision-induced fragments
(m/z 502→ 466 for fexofenadine andm/z 508→ 472
for d6-fexofenadine). The dwell time for both chan-
nels was 450 ms.

2.5. Preparation of standards

Stock solutions of fexofenadine and d6-fexofenadine
(10�g/ml) were prepared in ACN–water (50:50,

v/v). A series of dilutions with ACN–water (50:50,
v/v) was made from the stock solution of fexofe-
nadine to give working standards at the following
concentrations of fexofenadine: 0.02, 0.04, 0.1, 0.2,
0.4, 1.0, 2.0, and 4.0�g/ml. The stock solution of
d6-fexofenadine was diluted with ACN–water (50:50,
v/v) to make a working internal standard (IS) solution
(0.4�g/ml).

Plasma standards were prepared by spiking 25�l
of each working standard to 0.5 ml of drug-free
plasma. The resulting standards were used to quan-
titate samples ranging in concentration from 1 to
200 ng/ml.

Quality control (QC) plasma samples at concentra-
tions of 2.5, 25, and 150 ng/ml of fexofenadine, re-
spectively, were prepared by adding 1 ml of 0.25, 2.5,
and 15.0�g/ml stock solution of fexofenadine, respec-
tively, to 100 ml volumetric flasks, and filling the flask
to volume with control human plasma. Aliquots (1 ml)
of the resulting plasma were transferred to 3.6 ml Nunc
cryotubes and stored at−20◦C.

2.6. Sample preparation

Half milliliter aliquots of plasma samples were
spiked with 25�l of the working internal standard so-
lution and were diluted with 0.5 ml of acetate buffer
(0.1 M, pH 4.0). Of the resulting solution, 0.5 ml of
each sample were loaded to the wells of a Waters
Oasis HLB (10 mg) 96-well plate, previously condi-
tioned with 1 ml aliquots of methanol, water, and ac-
etate buffer (pH 4.00). Following sample application,
plate wells were washed with 1 ml aliquots of water.
The drug and the internal standard were eluted from
each extraction well with 250�l of mobile phase. A
20�l aliquot of the final extract was injected into the
HPLC–MS/MS system.

2.7. Data acquisition and analysis

Data acquisition and analyses were performed using
Analyst software (PE-Sciex). Standard curves were
constructed by plotting the peak area ratios of fexofe-
nadine to internal standard versus the concentration of
fexofenadine. Unknown sample concentrations were
calculated from the equationy = mx+b as determined
by the weighted (1/x2) linear regression analysis of the
standard curve.
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2.8. Extraction recovery and assessment of the
matrix effect on ionization

Extraction recovery and the effect of the sample
matrix on ionization were evaluated for fexofenadine
using standards spiked at concentrations of 2, 20, and
200 ng/ml fexofenadine in five different lots of control
plasma.

Recovery of the extraction was determined by com-
paring the absolute peak areas of the standards in hu-
man plasma extracted to control plasma extracted in
the same manner and then spiked post extraction with
the same concentration of the drug and internal stan-
dard.

Matrix enhancement/suppression of ionization was
evaluated by comparing the absolute peak areas of
control plasma extracted and then spiked with a known
amount of drug, to neat standards injected directly in
the same reconstitution solvent.

3. Results and discussion

3.1. MS/MS detection

Precursor ions for fexofenadine and IS were deter-
mined from Q1 spectra obtained during the infusion
of neat solutions, via the heated nebulizer source,
into the mass spectrometer operated in the positive
ionization mode with the collision gas off. Under
these conditions, protonated molecules atm/z 502
and 508 were predominately observed for fexofe-
nadine and IS, respectively. Each of the precursor
ions was subjected to collision induced dissociation
in order to determine the resulting product ions.
The full product spectra of the protonated molec-
ular ion of fexofenadine and IS (Fig. 2) indicated
that the two most prominent ions resulted from the
loss of either one or two fragments withm/z 18 (m/z
484 and 466 for fexofenadine,m/z 490 and 472 for
d6-fexofenadine), which are most likely attributable
to the loss of one or two molecules of water from
the parent compound. To optimize the detection of
the analytes, the operational parameters of the tan-
dem mass spectrometer were optimized based on
response from the MRM channels for fexofena-
dine (m/z 502 → 466) and d6-fexofenadine (m/z
508→ 472).

3.2. Chromatographic conditions

Several analytical columns were screened in an ef-
fort to identify one which yielded sharp symmetrical
peaks for the analytes with a mobile phase contain-
ing a relatively high organic solvent content. Expe-
rience has shown that these criteria are critical with
respect to maximizing assay sensitivity. The use of a
Restek Ultra IBD column with a mobile phase con-
sisting of 90% acetonitrile and 10% 10 mM ammo-
nium buffer with 0.1% formic acid at a flow rate of
0.5 ml/min was found to provide adequate retention
and good peak shape for fexofenadine and its deuter-
ated internal standard. It is interesting to note that the
Ultra IBD column was found to exhibit pseudo-normal
phase behavior; that is, retention of fexofenadine was
found to increase with increasing mobile phase ace-
tonitrile content. The pseudo-normal phase behavior
that the Ultra IBD column exhibited allowed the an-
alytes to be chromatographed with adequate reten-
tion using a mobile phase containing 90% acetonitrile.
The high content of organic component in the mo-
bile phase enhanced the efficiency of ionization for
MS/MS detection. The proper choice of sample injec-
tion solvent was critical to ensure reproducible chro-
matography under these conditions. To ensure consis-
tent retention and optimal peak shape, samples were
injected in the HPLC mobile phase. Analyte and inter-
nal standard eluted with a retention factor (k′) of 2.8
under these conditions, with the deuterated internal
standard eluting slightly before the unlabeled analyte.
The average peak width at the half height was about
0.2–0.3 min.

3.3. Sample preparation

To ensure reproducible chromatographic behavior
for analyte and internal standard, it was desirable to
identify solid phase extraction conditions that allowed
the analytes to be eluted from the solid phase extrac-
tion plate with mobile phase. The use of a Waters Oa-
sis HLB 96-well plate for the solid phase extraction
was found to efficiently extract both analytes from
plasma and met the criteria that mobile phase could
be used directly as the eluant. The wash of the extrac-
tion plate with water alone was found to provide suf-
ficient sample clean-up, while eliminating any sample
loss.
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Fig. 2. Product ion mass spectra of fexofenadine (A) and d6-fexofenadine (B).
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3.4. Evaluation of analyte “cross-talk”

The “cross-talk” between channels used for mon-
itoring both analytes was evaluated by the analysis
of human plasma samples containing fexofenadine at
the highest concentration on the standard curve and/or
internal standard at the concentration used in the as-
say and monitoring the response in all other chan-
nels used for quantification. No response was observed
from fexofenadine to d6-fexofenadine (IS) or from
d6-fexofenadine (IS) to fexofenadine.

3.5. Assay selectivity

No peaks eluting at the retention times of the analyte
or internal standard were detected in samples from five
lots of human control plasma that were processed in
accordance with the assay procedure. Representative
chromatograms from a sample of control plasma and a
plasma standard containing 2 ng/ml fexofenadine and
20 ng/ml are shown inFigs. 3 and 4, respectively.

3.6. Linearity

The coefficient of regression of the weighted
least-square (1/x2) regression calibration curve ob-
tained by plotting the ratio of the peak areas of the
analyte to the that of the internal standard versus ana-
lyte concentration was typically greater than 0.99 over
the concentration range 1–200 ng/ml in plasma. The
use of the weighted least-square regression resulted in
less than 10% deviation between the nominal standard
concentrations and experimentally determined stan-
dard concentrations calculated from the regression
equations.

3.7. Extraction recovery and assessment of the
matrix effect on ionization

Results of these assessments are shown inTable 1.
Analyte recovery averaged approximately 73% over
the standard curve range of the assay. A small abso-
lute enhancement of ionization was observed in the
control extracts to which analyte was added relative
to analyte injected in mobile phase. The enhancement
might be due to the presence of non-detectable en-
dogenous compounds in the urine extract affecting the
ionization of the analyte. However, since a stable iso-

Table 1
Extraction recovery and assessment of matrix effects on ionization
during the determination of fexofenadine in human plasma

Standard concentration
in plasma (ng/ml)

Mean extraction
recoverya

(%, n = 5)

Ionization
enhancementb

(%, n = 5)

2 74.6 123.0
20 72.5 126.8

200 72.7 129.8
20c 74.1 139.8

a Extraction recovery was calculated by dividing the mean peak
area of analyte spiked before extraction by the respective mean
peak area of analyte spiked after extraction and multiplying by 100.

b Matrix effect was calculated by dividing the mean peak area
of analyte spiked after extraction by the mean peak area of the
neat analyte standard and multiplying by 100.

c Internal standard.

tope labeled internal standard was used in the assay,
this effect would not be expected to affect the assay, as
it should be compensated for by the internal standard.
Lack of a relative matrix effect is confirmed by the
excellent intra-day precision results (CV under 3.5%
at all concentrations,Table 2) that were obtained us-
ing standard samples prepared in five different lots of
control plasma.

3.8. Assay precision and accuracy

An assessment of intra-day variability was con-
ducted by analyzing standard curve samples (n = 5
at each concentration) over the calibration range of

Table 2
Intra-day precision and accuracy data for the assay of fexofenadine
in five lots of human plasma

Nominal
concentration
(ng/ml)

Mean analyzed
concentration
(ng/ml, n = 5)

Accuracya

(%)
Precisionb

(%)

1.0 1.01 101.3 1.6
2.0 1.95 97.7 1.3
5.0 5.00 100.0 2.1

10.0 10.01 100.1 2.5
20.0 19.76 98.8 2.7
50.0 50.32 100.6 1.3

100.0 101.5 101.5 3.4
200.0 200.0 100.0 1.4

a Expressed as [(mean observed concentration)/(nominal con-
centration)] × 100.

b Coefficient of variation of peak area ratios.
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Fig. 3. Representative HPLC–MS/MS chromatogram of control human plasma. (A) Fexofenadine channel and (B) internal standard channel.
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Fig. 4. Representative HPLC–MS/MS chromatogram of a standard sample containing 1 ng/ml fexofenadine and 20 ng/ml internal standard.
(A) Fexofenadine channel and (B) internal standard channel.
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Fig. 5. Representative HPLC–MS/MS chromatogram of a plasma sample obtained from a subject 24 h following the administration of a
single 60 mg dose of fexofenadine to which internal standard was added at a concentration of 20 ng/ml. The concentration of fexofenadine
in the sample was equivalent to 3.92 ng/ml. (A) Fexofenadine channel and (B) internal standard channel.
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Table 3
Assessment of freeze–thaw (F/T) stability of fexofenadine in hu-
man plasma

Nominal
concentration
(ng/ml)

Control found
concentration, meana

(ng/ml, n = 3)

3 F/T cycles found
concentration, meana

(ng/ml, n = 3)

2.50 2.43 (4.0) 2.43 (1.9)
25.0 24.7 (2.6) 23.2 (3.5)

150.0 142.3 (0.8) 139.7 (1.5)

a Numbers in parentheses are coefficients of variation (%CV).

1–200 ng/ml. These samples were prepared in five dif-
ferent lots of control plasma. The resulting assay pre-
cision and accuracy data are presented inTable 2. The
intra-day precision of the assay, as measured by the co-
efficient of variation (%CV) was≤3.4% for all points
on the calibration curve. Assay accuracy was found to
be within 2.3% of the nominal for all standards.

3.9. Quality control samples

Quality control samples containing fexofenadine
were prepared at concentrations of 2.5 ng/ml (low
QC), 25 ng/ml (middle QC) and 150 ng/ml (high QC).
These samples were then frozen at−20◦C. Two qual-
ity control samples at each level were analyzed with
each batch of clinical samples.

3.10. Freeze–thaw stability

Quality control samples (n = 3 at each concentra-
tion) were subjected to freeze–thaw cycles consisting
of a thaw to reach room temperature (≥4 h), vortex-
ing, and then refreezing (−20◦C) at least overnight
and repeating for 3 cycles. Samples exposed to only 1
freeze–thaw cycle were used as the control samples.
Results of the analysis are presented inTable 3. The
results for the samples that were subjected to addi-
tional freeze–thaw cycles were within 6% of the con-
trols, indicating that fexofenadine in the samples was
stable toward repeated freeze–thaw cycles.

3.11. Assay application

The described assay has been successfully em-
ployed to quantitate fexofenadine in human plasma

samples obtained from a volunteer following the
administration of single 60 mg doses of the drug.
A representative chromatogram of a plasma sam-
ple obtained 24 h following the administration
of a 60 mg dose of fexofenadine is shown in
Fig. 5.

4. Conclusion

The described method has been found suitable for
the analysis of fexofenadine in human plasma sam-
ples obtained following the administration of single
60 mg doses. As such, the method is useful for as-
sessing drug interactions between fexofenadine and
co-administered medications. Sample preparation uti-
lizes solid-phase extraction in the 96-well format,
which is adaptable to high throughput automation. A
stable labeled analog of fexofenadine is employed as
internal standard; use of the stable label internal stan-
dard was found to adequately compensate for matrix
effects on ionization.

References

[1] M.F. Fromm, Int. J. Clin. Pharmacol. Ther. 38 (1999) 69–
74.

[2] R.B. Kim, B.F. Leake, E.F. Choo, G.K. Dresser, S.V. Kubba,
U.I. Schwarz, et al., Clin. Pharmacol. Ther. 70 (2001) 188–
199.

[3] M.F. Fromm, R.B. Kim, C.M. Stein, G.R. Wilkinson, D.M.
Roden, Circulation 99 (1999) 552–557.

[4] D. Leveque, S. Wisniewski, F. Jehl, J. de Pharmacie Clinique
20 (2001) 219–223.

[5] M. Cvetkovic, B. Leake, M.F. Fromm, G.R. Wilkinson, R.B.
Kim, Drug Metab. Dispos. 27 (1999) 866–871.

[6] S. Drescher, E. Schaeffeler, M. Hitzl, U. Hofmann, M.
Schwab, U. Brinkmann, M. Eichelbaum, M.F. Fromm, Br. J.
Clin. Pharmacol. 53 (2002) 526–534.

[7] F.E. Simons, K.J. Simons, Clin. Pharmacokinet. 36 (1999)
329–352.

[8] K. Simpson, B. Jarvis, Drugs 59 (2000) 301–321.
[9] J.E. Coutant, P.A. Westmark, P.A. Nardella, S.M. Walter, R.A.

Okerholm, J. Chromatogr. 570 (1991) 139–148.
[10] S. Surapaneni, S.K.W. Khalil, J. Liq. Chromatogr. 17 (1994)

2419–2428.
[11] U. Hofmann, M. Selier, S. Dreacher, M.F. Fromm, J.

Chromatogr. B 766 (2002) 227–233.


	Determination of fexofenadine in human plasma using 96-well solid phase extraction and HPLC with tandem mass spectrometric detection
	Introduction
	Experimental
	Materials
	Instrumentation
	Chromatographic conditions
	Mass spectrometric conditions
	Preparation of standards
	Sample preparation
	Data acquisition and analysis
	Extraction recovery and assessment of the matrix effect on ionization

	Results and discussion
	MS/MS detection
	Chromatographic conditions
	Sample preparation
	Evaluation of analyte "cross-talk"
	Assay selectivity
	Linearity
	Extraction recovery and assessment of the matrix effect on ionization
	Assay precision and accuracy
	Quality control samples
	Freeze-thaw stability
	Assay application

	Conclusion
	References


