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Abstract

A sensitive enantioselective high-performance liquid chromatographic (HPLC) method has been developed for the
simultaneous determination of plasma concentrations of (− )(R)- and (+ )(S)-chlorpheniramine (CP) and their
metabolites, desmethyl-chlorpheniramine (DCP), didesmethyl-chorpheniramine (DDCP) and chlorpheniramine N-ox-
ide (CPNO). Enantioselective separations were achieved on a �-cyclodextrin chiral stationary phase (CYCLOBOND
I 2000™) with a mobile phase consisting of diethylamine acetate (0.25%, pH 4.4):methanol:acetonitrile {85:7.5:7.5,
(v/v/v)} and a flow-rate of 0.5 ml/min. For CP, the enantioselectivity (�) of the separation was 1.12 with a resolution
factor (Rs) of 1.17. The method was validated for CP by using mass spectroscopy detection (MSD). Concentrations
of each enantiomer could be measured down to 125 pg/ml from a 1-ml plasma sample. Extracted calibration curves
were linear from 0.13 to 50.00 ng/ml for each enantiomer. The method was applied to samples from two clinical
studies. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Chlorpheniramine maleate (CP) (Fig. 1) is a
histamine H1-receptor antagonist, which is often
found as an ingredient of ‘over-the counter’ treat-
ments to alleviate symptoms of the common cold
and allergic conditions. Its worldwide popularity
as an antihistamine is based on effectiveness, low
cost (as a generic) and tolerability with little or no
side effects. CP is a chiral drug that is marketed as
the racemic mixture of (− )(R)-CP and (+ )(S)-
CP, although it has long been known that the
clinical activity is mainly associated with the (S)-
enantiomer [1].

A number of achiral and chiral methods have
been reported for the analysis of CP in saliva,
plasma or urine. These include assays based on
high performance liquid chromatography (HPLC)
utilizing UV detection [2,3] and pre-column
derivatization followed by fluorescence detection
[4] or gas chromatography with nitrogen phos-
phorous detection [5] and mass spectrometric de-
tection [1]. However, enantioselective pharmaco-
kinetic studies of rac-CP have been limited due to
low therapeutic blood levels, which have made
separation and detection of the drug and its
metabolites difficult [1,2,6].

As part of a clinical study of the metabolism
and disposition of CP, a sensitive and direct ana-
lytical method has been developed to determine
the plasma concentrations of (R)-CP and (S)-CP
as well as their metabolites, desmethyl-chlorpheni-
ramine (DCP), didesmethyl-chorpheniramine
(DDCP) and chlorpheniramine N-oxide (CPNO),
Fig. 1. The method utilizes a limited volume of
human plasma (�1 ml), liquid/liquid extraction,
enantioselective separation on a �-cyclodextrin
chiral stationary phase (CSP) and mass spectro-
metric detection using single ion monitoring.

The assay was validated for (R)- and (S)-CP
before being applied to the analysis of samples
from two clinical studies. The first study ad-
dressed the issue that, previously, most clinical
studies were performed using only male subjects.
Thus, the pharmacokinetics of (R)- and (S)-CP
were determined in males and females after single
and chronic dosing. In addition, although wide
inter-patient variability in CP plasma half life

(t1/2) has been noted [1,6], there is little informa-
tion regarding the cytochrome P450 (CYP) en-
zymes involved in the formation of the two main
metabolites of CP, DCP and DDCP. One possible
CYP involved in the N-demethylation of CP is
CYP2D6. The participation of this enzyme in the
metabolic clearance of CP was addressed by in-
cluding subjects whose genotype indicated that
they were either genetically slow CYP2D6 metab-
olizers or genetically fast CYP2D6 metabolizers.

2. Experimental

2.1. Chemicals and reagents

(R,S)-chlorpheniramine maleate (Cat. No.
3025), (+ )(S)-chlorpheniramine maleate (Cat.
No. C4915) and diethylamine (SigmaUltra, Cat.
No. D0806) were purchased from Sigma (St.
Louis, MO). Small amounts of the metabolites
desmethyl-chlorpheniramine, didesmethyl-chlor-
pheniramine and chlorpheniramine-N-oxide, as
well as (R)-chlorpheniramine maleate, were sup-
plied by Schering-Plough (Kenilworth, NJ). Ace-
tonitrile (J.T. Baker, HPLC grade) and glacial
acetic acid (J.T. Baker, HPLC grade) were ob-
tained from Fisher Scientific (Jessup, MD), while
methanol (EM Science, HPLC grade) and diethyl
ether (Burdick and Jackson, HPLC grade) were
purchased through VWR (Bridgeport, NJ). Liq-
uid nitrogen for the mass spectrometer detector
was supplied by MG Industries (Jessup, MD).
Out-dated pooled drug-free human plasma was
received from the Blood Bank at Georgetown
University Hospital (Washington, DC).

2.2. Apparatus

The analytical system consisted of a Series 1100
LC/MSD (Agilent Technologies, Palo Alto, CA)
equipped with a vacuum de-gasser (G1322A), a
binary pump (1312A), an autosampler (G1313A),
a thermostated column compartment (G1316A)
and a mass selective detector (G1946A) supplied
with atmospheric pressure ionization electrospray
(API-ES). The system was interfaced to a 250
Mhz Kayak XA computer (Hewlett-Packard,
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Palo Alto, CA) using ChemStation software
(Hewlett-Packard, rev. A.06.03).

2.3. Chromatographic conditions

The enantioselective separation of (R)- and (S)-
CP and their metabolites was performed on a
CYCLOBOND I 2000™column (�-cyclodextrin,
250×4.6 mm i.d., 5 �) supplied by Advanced
Separation Technologies (ASTEC, Whippany,
NJ). The mobile phase consisted of 0.25% diethy-
lamine (pH adjusted to 4.4 with glacial acetic
acid) modified with a pre-mixed 1:1 (v/v) solution
of acetonitrile–methanol delivered at a flow-rate
of 0.5 ml/min. The buffer to modifier ratio was
85:15, v/v and the column temperature was kept
at 15 °C.

The MSD was set for selective ion monitoring
(SIM) at 275.1 m/z for CP, 262 m/z for DCP, 247
m/z for DDCP and 307 m/z for CPNO, with a
drying gas flow-rate of 13.0 l/min. The nebulizer
pressure was adjusted to 30 psig, with the drying
gas temperature at 350 °C. For maximum sensi-
tivity, the fragmentor was set to 70 and the capil-
lary voltage to 2800 V. In order to decrease the
risk of contaminating the source of the MSD, the
MSD was off-line with the effluent by-passed to
the waste for the first 14 min of each run.

The resolution factor (Rs) and enantioselectivity
factor (�) were calculated under the above-de-
scribed conditions.

2.4. Study sample collection

Eight healthy volunteers, ranging in age from
22 to 28 years old, participated in a study (No.
354-92) at the Georgetown University Clinical
Research Center. Six of the volunteers (three male
and three female) had previously been character-
ized as extensive metabolizers for drugs metabo-
lized by CYP2D6, while the remaining two
volunteers (one male and one female) were poor
metabolizers.

The study consisted of a randomized crossover
trial, in which each of four study periods was
separated by a 3-week washout. For both Phase I
and II, a single 8 mg oral dose of rac-CP was
taken on the morning of day-1 for that phase.

However, for Phase II, in addition to the 8-mg
dose of rac-CP, 50 mg of quinidine sulfate, an
inhibitor of CYP2D6 activity, was taken every 6 h
for 2 days prior to the study day and continued
every 6 h thereafter, until the final blood sample
was collected. Phase III and IV followed the same
regime, but subjects received 4 mg (+ )(S)-CP
either with (III) or without (IV) quinidine sulfate.

Following administration of the drug, blood
samples were collected at fixed times over a period
of 60 h. After collection, the blood samples were
centrifuged and the resulting plasma samples were
stored at −80 °C until time of analysis.

A second study (No. 223-92) concerning
chronic oral dosing of rac-CP was also com-
pleted. Each subject received a single oral dose of
placebo, 2 mg rac-CP every 6 h or 4 mg rac-CP
twice daily for 6 days. Blood samples were col-
lected at various intervals on day-1 and day-6 of
the study. The study group consisted of both
males and females (ten) and all phenotyped for
their CYP2D6 metabolic pathway prior to begin-
ning the study. After separation of the plasma
from the heparinized blood samples, the plasma
was stored at −80 °C until time of analysis.

2.5. Preparation of stock solutions

A concentrated stock solution of rac-CP, 1.0
mg/ml as the free base, was prepared in ethanol,
placed in a capped polypropylene tube, wrapped
in aluminum foil and stored at −20 °C. Spiking
solutions for the calibration curve and quality
control samples (QCs) were made by serial dilu-
tions with de-ionized water starting with the con-
centrated stock. The spiking standards were also
placed in capped polypropylene tubes, wrapped in
aluminum foil and stored at −20 °C.

Aqueous solutions of the metabolites were
chromatographed separately to confirm their mass
and retention times. In addition, aqueous stan-
dards of the separate enantiomers of CP were run
to determine their elution order.

2.6. Preparation of calibration cur�e and quality
control standards

Calibration and QC standards were prepared
daily by adding 50 �l of a 20-fold concentrated
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spiking solution to 950 �l drug-free plasma. The
original 8-point calibration curve ranged from
0.05 to 5.00 ng/ml for each enantiomer with QC
standards at 0.13 ng/ml as the low quality control
(LQC), 1.25 ng/ml as the medium quality control
(MQC) and 3.75 ng/ml as the high quality control
(HQC) for each enantiomer. A second calibration
curve, to accommodate higher concentrations of
the drug, was cross-validated. This 9-point curve
extended from 0.13 to 50.00 ng/ml for each enan-
tiomer with additional QC standards at 2.50
(LQC), 12.50 (MQC) and 25.00 ng/ml (HQC) for
each enantiomer. These QC stands encompassed
the actual range of results from the clinical
studies.

2.7. Extraction procedure

Sample extraction was performed using a
modified version of a previously reported
procedure [3]. To 15-ml conical polypropylene
capped tubes, 1 ml portions of patient samples
or spiked plasma standards (950 �l drug-free
plasma plus 50 �l aqueous spiking solution) was
added. The resulting solutions were made
alkaline by the addition of 50 �l sodium
hydroxide (1.0 M), briefly vortex-mixed and 3
ml aliquots of diethyl ether were added. The
resulting mixtures were vortex mixed for 1 min,
centrifuged at 835×g (4 °C) for 10 min, placed
in a dry ice–acetone bath for 5 min and the
non-frozen upper organic layers decanted into
clean 15-ml conical polypropylene capped tubes
containing 100 �l acetic acid (0.5%). CP was
back-extracted from the organic phase into an
acidic aqueous layer by following a procedure
similar to that described above, i.e. vortex
mixing for 1 min, centrifuging at 835×g (4 °C)
for 10 min, freezing the lower aqueous layers
before discarding the ether layers. The
remaining aqueous solutions were allowed to
remain in a fume hood for several hours or
until the odor of ether was no longer evident.
The solutions were transferred to 200-�l
polypropylene autosampler vials and 75 �l
aliquots were injected onto the chromatographic
system.

2.8. Validation: lower calibration cur�e

The intra- and inter-day validation studies for
precision and accuracy were performed in tripli-
cate with QC standards at 0.13, 1.25 and 3.75
ng/ml for each enantiomer. The analyses were
carried out over a period of 5 days for the inter-
day validation. Duplicate calibration curves were
analyzed daily. The curves were constructed, typi-
cally, by plotting the (R)-CP or (S)-CP peak area
against the concentration of the each enantiomer.

Extraction efficiency (% recovery) of rac-CP
was determined by comparing peak areas for the
QC standards to the peak areas resulting from the
chromatography of replicate aqueous standards
containing the equivalent final concentrations.

Accuracy was determined by comparing the
observed concentrations of the QC standards cal-
culated from the calibration curve to their nomi-
nal concentrations.

Specificity was demonstrated by screening five
different batches of pooled plasma for possible
interference caused by endogenous substances.

2.9. Cross �alidation: extended cur�e

The intra- and inter-day validation studies for
precision and accuracy were performed in tripli-
cate with QC standards at 2.50, 12.50 and 25.00
ng/ml for each enantiomer. The analyses were
carried out over a period of 3 days for the inter-
day validation. Extended calibration curves were
analyzed daily in triplicate.

Accuracy was determined as described above.

3. Results and discussion

3.1. Method de�elopment

Previous approaches to the enantioselective
HPLC resolution of (R)- and (S)-CP and the
metabolites, involved the use of an ovomucoid
CSP [7] and an amylose Tris (3,5-dimethylphenyl-
carbamate) CSP (the Chiralpak AD CSP) [2,6],
both with UV detection. The ovomucoid CSP was
not efficient enough to reach the necessary sensi-
tivity, while the Chiralpak AD CSP was used in
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an achiral–chiral coupled column method in nor-
mal phase mode. In order to achieve sufficient
sensitivity, the sample size had to be increased to
3 ml plasma. In addition, CP and DCP could not
be separated from each other under the same
chromatographic conditions and separate injec-
tions with different mobile phases had to be
utilized.

�-Cyclodextrin has been used in the enantiose-
lective resolution of rac-CP in the form of a chiral
additive in HPLC [8] and CE [9,10] or as a chiral
stationary phase in capillary GC [1]. While all of
these approaches produced some enantioselective
separation of rac-CP, none were able to achieve
sufficient chiral resolution and sensitivity to per-
mit quantification of the plasma levels of (R)- and
(S)-CP and their metabolites after a single dose of
ras-CP. These results suggested that an enantiose-
lective assay for rac-CP could be based upon the
use of a �-cyclodextrin CSP and a liquid chro-
matographic-mass spectrometer (LC-MS) system.
This would produce the enantioselectivity and
sensitivity required for the clinical assay.

The LC-MS approach was chosen since the
previously reported assays using UV detection
were not sufficiently sensitive to monitor the an-
ticipated therapeutic levels using 1 ml of plasma
[2,3]. The use of benzyl chloroformate as a
fluorescent derivatizing agent has been reported to
achieve a lower limit of achiral detection of 0.1
ng/ml in whole blood [4]. However, sample prepa-
ration was extremely complicated and time-con-
suming, reducing the applicability of this method
to a large clinical study. Another approach to the
determination of CP concentration is post-column
photolysis followed by electrochemical detection
[11,12]. This method produced a slight increase in
sensitivity relative to UV detection, but the differ-
ence was not enough to detect low levels of CP
nor was it selective enough to eliminate interfer-
ence from endogenous substances in the plasma
extract. LC-MS proved to be the best approach
for our bioanalytical problem with the optimum
detection obtained using single (or selective) ion
monitoring at 275.1 m/z for CP, 262 m/z for
DCP, 247 m/z for DDCP and 307 m/z for CPNO.

A near baseline separation of (R)-CP and (S)-
CP was achieved on the �-cyclodextrin CSP using

a mobile phase composed of sodium acetate
modified with acetonitrile, UV detection and high
concentrations of aqueous standards. For transi-
tion to LC-MS, the buffer was changed to ammo-
nium acetate. Unfortunately, the ammonium ion
had a detrimental effect on the column, producing
a rapid and irreversible degradation of the ob-
served enantioselectivity. An alternative was the
use of aqueous organic base, such as triethylamine
(TEA) or diethylamine (DEA), with glacial acetic
acid to adjust the pH. DEA was chosen since it
was less damaging to the MS and its concentra-
tion was optimized to produce the best chro-
matography at the lowest DEA concentration. To
prevent any long-term deterioration of sensitivity
due to the use of DEA, the system (without a
column) was washed thoroughly with
methanol:1% formic acid, 10:90 (v/v).

In the optimization process, acetonitrile was
replaced by methanol, since the acetonitrile sup-
pressed ionization and decreased the sensitivity of
the method. Substituting methanol for acetonitrile
increased the overall sensitivity of the assay, but
drastically decreased the observed chiral separa-
tion of (R)-CP and (S)-CP. Using methanol in the
mobile phase reduced � from 1.12 to 1.10 and
lowered RS from 1.27 to 0.81.

The optimum mobile phase composition in this
system was DEA [0.25%, pH 4.4]:methanol:
acetonitrile {85:7.5:7.5, (v/v/v)}. Under these con-
ditions, enantioselective resolutions were obtained
for CP, DCP and DDCP in �20 min (see Table
1 and Figs. 2, 3). The enantiomers of the N-oxide
were not resolved, as only a single very small peak
appeared. As illustrated by Table 1 and Figs. 2
and 3, while the enantioselective resolutions of CP
and its de-methylated metabolites were achieved,
the compounds were significantly overlapped.
This problem was solved with the use of single ion
monitoring, since there were no overlaps in the
mass spectra of the compounds at the m/z values
chosen for the monitoring.

Under the above-described chromatographic
conditions, the method was stable and repro-
ducible. During the course of a year, over 1500
plasma extracts, standards and patient samples
were analyzed on a single column with little or no
change in Rs or � factors.
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3.2. Validation

The primary objective of the clinical study was
the determination of the plasma pharmacokinetics
of (R)-CP and (S)-CP. Therefore, the method was
validated for the quantification of these two com-
pounds in human plasma. In addition, while there
were sufficient quantities of the CP for the valida-
tion, only small samples of the metabolites were
available. Therefore, the CP metabolites were
used to establish the specificity of the method and
to demonstrate that a qualitative determination of
the metabolites could be accomplished, but the
quantitative accuracy of the method was not vali-
dated for these compounds.

3.3. Extraction efficiency (% reco�ery)

The values for percent of recoveries are shown
in Tables 2 and 3. The extraction efficiencies were
�80.2% and 79.5% for (R)-CP and (S)-CP, re-
spectively, for the extended curve.

3.4. Linearity and detection limits

Calibration curves, where y represents the peak
area of CP while x represents the concentration of
CP calibration standards in ng/ml, were generated
by weighted (1/x) least squares linear regression.
The equation used to describe the linear relation-
ship between peak area and (R)-CP concentra-
tions from 0.13 through 50.00 ng/ml was
y= (1.9×105) x+ (−2.1×104). For (S)-CP the
equation was y= (1.9×105) x+ (−2.8×104).
Both curves were linear through the full range of
0.13 through 50.00 ng/ml with correlation coeffi-
cients (r2)�0.991. The above results were based
on 14 replicates of a 9-point calibration curve.

The lower limit of quantification (LLOQ) is the
concentration of the drug, in the matrix, which
could be determined with a percentage accuracy
within acceptable limits (80–100%). The LLOQ
for both enantiomers of CP was 0.25 ng/ml per
enantiomer. In contrast, the lower limit of detec-
tion was defined as the concentration of the com-
pound at which the signal versus noise ratio (S/N)
was equal to 3. For each enantiomer, the LLOD
was equal to 0.13 ng/ml.

3.5. Accuracy and precision

Accuracy and precision of the method were
evaluated from triplicate QC standards repeated
for 5 days for the lower curve (see Table 2) and
triplicate QC standards for the extended curve
repeated for 3 days (see Table 3). Accuracy was
�90.4% for R-CP or 91.0% for S-CP for the
extended calibration curve. Precision for both in-
ter- and intra-day QC standards was measured by
%CV. For the lower curve, the results were �6.2
and 11.2 for (R)-CP and (S)-CP, respectively (see
Table 2). The results for the extended curve were
�11.8 and 10.9 for (R)-CP and (S)-CP, respec-
tively (see Table 3).

Table 1
Summary of chromatographic parameters for enantiomeric
separations

Compound k �1 � Rs

CP 2.49 1.12 1.17 (�0.14)*
(�0.32)* (�0.02)*
2.29CPNO
(�0.09)*

2.16 0.77 (�0.17)*DDCP 1.07
(v0.20)* (�0.02)*

1.66 (�0.03)*2.09DCP 1.16
(�0.01)*(�0.15)*

* n=3.
Chromatographic conditions: column, CYCLOBOND I
2000™ 250×4.6 mm i.d.; mobile phase, 0.25% diethylamine
acetate (pH 4.4) and acetonitrile–methanol (1:1, v/v), 85:15
(v/v); flow-rate, 0.5 ml/min; column temperature, 15 °C; and
detection, see Section 2.2 for details.

Fig. 1. Structure of CP and its metabolites.
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Fig. 2. Representative chromatograms of (A) a pre-dose sample from subject number 008 enrolled in study number 354-92; (B) a
spiked plasma sample (3.75 ng/ml per enantiomer); and (C) subject number 008 at 1 h on day-6 of study number 354-92. The scale
of the y-axis is the same on all three chromatograms. Column, CYCLOBOND I 2000™ 250×4.6 mm i.d.; mobile phase, 0.25%
diethylamine acetate (pH 4.4) and acetonitrile–methanol (1:1, v/v), 85:15 (v/v); flow-rate, 0.5 ml/min; column temperature, 15 °C;
and detection, see Section 2.2 for details.

A representative chromatogram of drug-free
plasma extracts is shown in Fig. 2(A). The absence
of any interfering peaks at the same retention times
of (R)- or (S)-CP was proof of the specificity of this
method for rac-CP.

3.6. Application

Clinical samples from the GCRC supported
study were analyzed by this method. A set of QCs,
in triplicate, was run with each sequence of samples.
Initially, it was anticipated that the plasma levels
for the separate enantiomers would be in the range
of 0.13–5.00 ng/ml. However, it quickly became
apparent that many of the plasma levels for the
drug would be higher, so the method was adjusted
to include a single extended calibration curve
covering the full range from 0.13 to 50.00 ng/ml.
All calculations for the clinical study were based on
the extended calibration curve.

Although we were unable to quantify the
metabolites, the MS was programmed to monitor
for all three along with CP. In fact, plasma samples
from several patients had small peaks at the reten-
tion times and with the masses that corresponded
to those of the metabolite standards (see Fig. 3).

A plasma concentration– time curve for a volun-
teer receiving CP without (A) or with (B) quinidine
sulfate is presented in Fig. 4(A,B). Fig. 5 represents
the results from the chronic dosing study. Fig.
5(A,B) show the time-concentration levels of a
volunteer receiving 2 mg rac-CP 6 times daily on
day-1 and on day-6 of the study. For Fig. 5(C,D),
the time-concentration profile shows the same vol-
unteer after receiving 4 mg rac-CP twice daily. The
results are from day-1 and day-6. The data from the
study of the effect of quinidine on the pharmacoki-
netic parameters of CP indicate that the coadmin-
istration of quinidine to fast CYP2D6 metabolizers
reduced the oral clearance from 0.54�0.08 to
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Fig. 3. Representative chromatograms of (A) CPNO, (B) DDCP, (C) DCP and (D) CP from a single subject (No. 008) at 1 h on
day-6 of study number 354-92. See Fig. 2 and Section 2.2 for details of chromatographic conditions.

Table 2
Summary of validation statistics for calibration curve ranging from 0.125 to 5.0 ng/ml per enantiomer

HQCMQCLQC

S R SR S R

1.25 3.750.125 3.751.250.125Conc. CP (ng/ml)

Intra-day
3N 33 33 3
1.16 3.5 3.531.18Mean 0.130.13
0.02 0.25 0.27S.D. 0.00 0.00 0.01
1.5 7.01 7.643.33% CV 1.89 1.46

Inter-day
15 15 15 14 1415N
0.13 1.2 1.18 3.56 3.540.13Mean

0.04 0.07 0.060.04S.D. 0.010.01
11.17 3.62 3.38 2.06 1.62% CV 6.22

94.41 95.01104.94 94.45101.77 96.15Accuracy (%)
80.42Recovery (%) 80.1583.60 79.5284.20 80.77
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Table 3
Summary of validation statistics for calibration curve ranging from 0.25 to 50 ng/ml per enantiomer

LQC MQCLLOQ HQC

S R S RR S R S

Conc CP (ng/ml) 0.25 0.25 2.5 2.5 12.5 12.5 25.0 25.0

Intra-day
1 3 3N 31 3 3 3

Mean 0.28 0.27 2.25 2.41 12.11 12.19 26.06 26.51
S.D. 0.03 0.15 0.26 0.02 0.19 0.25

1.21 6.25 2.17 0.19% CV 0.73 0.94

Inter-day
6 9 9 76 7N 7 7

0.24Mean 0.27 2.26 2.27 12.56 12.05 26.25 24.64
0.03S.D. 0.02 0.27 0.25 0.79 0.61 0.58 2.77

6.30 11.75 10.90 6.3012.16 5.05% CV 2.21 11.23

107.87 90.44Accuracy (%) 90.9897.67 100.46 96.41 105.00 98.54
84.18 84.57 93.68 99.66Recovery (%) 99.99 95.76

Fig. 4. Representative plasma concentration-time profile of subject number 008 in study number 354-92 during (A) Phase I (without
quinidine) and Phase II (with quinidine). Subject received a single 8 mg dose of CP per day for both phases of study; see Section
2.4 for further details of study.

0.29�0.39 l/h/kg (P�0.05) and prolonged the
half-life from 18.0�2.0 to 29.3�2.0 h (P�
0.001) [13]. The results suggest that the CYP2D6
play a role in CP pharmacokinetics in humans.

Acknowledgements

The authors would like to thank T. Beesley and

his staff at ASTEC for their generosity with both
information and materials. We are also grateful to
both Susan Soileau and Doug Orth of Agilent
Technologies for their invaluable help. Funding
for the method development, validation and the
analysis of clinical samples was provided by the
General Clinical Research Center (GCRC) of
Georgetown University Medical Center, Washing-
ton DC, USA.



K.M. Fried et al. / J. Pharm. Biomed. Anal. 27 (2002) 479–488488

Fig. 5. A plasma concentration– time curve of subject number 004 from study number 223-92 in (A) Phase A1, (B) Phase A6, (C)
Phase C1 and (D) Phase C6. Patients in Phase A received 4 mg CP every 12 h, while in Phase C, patients received a 2 mg dose of
CP every 6 h. Results are shown for day-1 and day-6 for both dosages; see Section 2.4 for details of study parameters.
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