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Abstract

A single-solvent extraction step high-performance liquid chromatographic method is described for quantitating zolpidem
in rat serum microsamples (50 ml). The separation used a 2.1 mm I.D. reversed-phase OD-5-100 C column, 5 mm particle18

size with an isocratic mobile phase consisting of methanol–acetonitrile–26 mM sodium acetate buffer (adjusted to pH 2.0
with 40% phosphoric acid) containing 0.26 mM tetrabutylammonium phosphate (13:10:77, v /v /v). The detection limit was
3 ng/ml for zolpidem using an ultraviolet detector operated at 240 nm. The recovery was greater than 87% with analysis
performed in 12 min. The method is simple, rapid, and applicable to pharmacokinetic studies of zolpidem after administering
two intravenous bolus doses (1 and 4 mg/kg) in rats.  1999 Elsevier Science B.V. All rights reserved.
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1. Introduction response, rather than concentration–effect relations.
Dose–response relations are influenced by the rela-

Zolpidem, an imidazopyridine derivative, is a tion of dose to the resulting serum or plasma
nonbenzodiazepine hypnotic agent which binds concentrations (i.e., pharmacokinetics) and by the
selectively to the benzodiazepine v -subtype in the relation between concentration and effect (i.e., phar-1

central nervous system [1,2]. It has been shown to be macodynamics). Integration of pharmacokinetics and
effective in inducing and maintaining sleep in adults pharmacodynamics permits the partition of the phar-
[3,4]. Zolpidem has been extensively studied in macokinetic and pharmacodynamic components in
animal research using various behavioral paradigms drug action. To implement this approach, it is
for a better understanding of its pharmacological essential to use a sensitive and precise analytical
effects; however, the analysis was limited to dose– method to determine the concentration of zolpidem

in biological fluids.
A number of gas chromatographic and high-per-*Corresponding author. Tel.: 11-732-445-2543; fax: 11-732-

formance liquid chromatographic (HPLC) methods445-5147.
E-mail address: CLau@rci.rutgers.edu (C.E. Lau) have been described for zolpidem in serum or plasma

0378-4347/99/$ – see front matter  1999 Elsevier Science B.V. All rights reserved.
PI I : S0378-4347( 99 )00376-X



300 Q. Wang et al. / J. Chromatogr. B 734 (1999) 299 –305

[5–13]. Of the HPLC methods, the sensitivity of Synthelabo Recherche (Bagneux, France); their
zolpidem is higher with fluorimetric detection than chemical structures are shown in Fig. 1. Mazindol
with UV detection [5,7,11–13]. The aim of the was supplied by Hoffmann-La Roche (Nutley, NJ,
present study was to develop a rapid, simple, and USA). HPLC-grade methanol, acetonitrile, chloro-
sensitive microsample (50 ml) HPLC-UV method for form, and sodium acetate were purchased from
determination of the serum concentration–time pro- Fisher (Springfield, NJ, USA). The 1 M borate–
file of zolpidem in rats. Sample size is critical when sodium carbonate–potassium chloride buffer (pH
the animal species used is small, especially when 9.0) was prepared by the method of de Silva and
repeated blood sampling is necessary to trace tempo- Puglisi [15]. All other chemicals were reagent grade.
ral changes in drug levels in individual animals. No Zolpidem hemitartrate and its two metabolites (I
attempt was made to analyze metabolites of zol- and II) as well as mazindol were dissolved in
pidem because they were not pharmacologically methanol individually to make 1 mg/ml stock base
active [14]. The convenience of our method is solution. Dilutions of the 1 mg/ml zolpidem stan-
facilitated by use of a single-solvent extraction dard were used to make the working standards
procedure and the commercially available 2.1 mm (0.025, 0.05, 0.1, 0.25, 0.5, 1.0. and 2.0 mg/ml). The
I.D. column. The major advantage is the approxi- internal standard, mazindol, was diluted and used at
mately fivefold increase in sensitivity using the 2.1 a concentration of 2 mg/ml.
mm I.D. column in comparison with that for a 4.6 The HPLC analyses were performed using an
mm I.D. column at constant injection volume. An isocratic mobile phase consisting of methanol–ace-
added advantage is the reduction in solvent con- tonitrile–26 mM sodium acetate buffer (adjusted
sumption by up to 80% compared to that of the 4.6 to pH 2.0 with 40% phosphoric acid) containing
mm I.D. column. This method is hereby applied to 0.26 mM tetrabutylammonium phosphate (13:10:77,
evaluate the pharmacokinetics of zolpidem following v/v /v). Mobile phases were degassed and filtered
intravenous (i.v.) zolpidem administration. through a Solvent Filtration Apparatus (Alltech,

Deerfield, IL, USA). The flow-rate was set at 0.3
ml /min and normally operated at a pressure of 101

2. Materials and methods bar (1450 p.s.i.).

2.1. Instrumentation 2.3. Sample preparation

The HPLC system consisted of a Perkin Elmer Standards and serum samples were prepared as
250 binary LC pump, and a 785A programmable previously described [16,17]. Briefly, a 25 ml volume
absorbance UV detector with a detector cell volume of the internal standard (mazindol, 2 mg/ml) and 50
of 12 ml, operated at 240 nm (Applied Biosystems, ml working serum standard were added to a 15 ml
Foster City, CA, USA). The separation was per- conical centrifuge tube. Borate buffer (1 M, pH 9.0,
formed at room temperature on an OD-5-100 C 100 ml) was added and the solution was mixed well.18

column, 100 mm32.1 mm I.D., 5 mm particle size One ml of chloroform was added, and the sample
(Separation Methods Technologies, Newark, DE, mixture was vortex-mixed for 1 min and centrifuged
USA) with a 2 mm Rheodyne precolumn filter for 5 min at 1100 g. To ensure vigorous mixing for
(Cotati, CA, USA). The data were collected using a extraction of alkalized zolpidem and mazindol to the
PE Nelson 900 series interface, Turbochrom 4.1 organic solvent, the 1.15 ml sample mixture rose to 2
software (Perkin Elmer) and an IBM-type pentium cm below the rim of the 15 ml conical centrifuge
microcomputer workstation. tube during vortex mixing. The organic layer was

carefully transferred to a 5 ml conical centrifuge tube
2.2. Reagents and standards and evaporated to dryness in an evaporator (Pierce,

Rockford, IL, USA) at 408C under nitrogen. The
Zolpidem hemitartrate, metabolites I (SL84.0589- residue was resuspended in 50 ml of mobile phase,

10) and II (SL84.0853-10) were obtained from and 20 ml was injected onto the column. Samples for
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Fig. 1. Chemical structures of zolpidem and its two metabolites (metabolite I and II).

serum drug analysis were prepared identically except was flushed with 0.9% saline containing 30 units of
that standards were not added. heparin per ml and sealed with fishing line when not

in use.
2.4. Extraction recovery The animals were allowed to recover for at least 2

days from the jugular vein catheterization prior to the
The assay recoveries of zolpidem were assessed at drug administration series. Zolpidem hemitartrate

concentrations of 0.025, 0.5, and 1.0 mg/ml. Six was dissolved in 0.9% NaCl solution. Animals
replicates of each zolpidem concentration were ex- received i.v. bolus doses of zolpidem (1, and 4
tracted according to the method described above and mg/kg) via the jugular vein catheter. Drug doses of
were computed using the following equation: zolpidem were expressed in terms of the salt and
Recovery5(peak height extract) /(mean peak height were corrected to zolpidem base for the calculation
direct injection)3100%. of the pharmacokinetic parameters. Each drug dose

was separated by 3–5 days in random order. All
2.5. Zolpidem administration and blood sampling injections were given in a volume of 1 ml /kg body

weight; zolpidem solution was delivered in 15 s. To
Five male, albino, virus-free Sprague-Dawley rats ensure drug solution was completely administered,

from HSD (Indianapolis, IN, USA), held to 80% of 0.3 ml of 0.9% saline was delivered in 15 s to wash
its normal, adult starting weight, 382 g, were used. out the catheter. Serial blood samples (100 ml) were
Right jugular vein cannulation and blood sampling individually collected in microcentrifuge tubes (0.6
have been described previously [18]. The catheter ml) following i.v. 1 mg/kg zolpidem administration
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at 5, 10, 15, 20, 30, 45, 60, 90, 120, 180, and 240 respectively. The half-life (t ) for the distribution1 / 2

min postinjection. An additional blood sample at 360 or elimination phase and volume of distribution for
min was obtained for the 4 mg/kg dose. Blood the central compartment (V ) were calculated by thec

samples were centrifuged for 10 min at 13 700 g. equations: t 50.693/a or b and V 5Dose/(A11 / 2 c

The clear supernatant (i.e., serum) was separated and B). The area under the serum drug concentration–
transferred to a clean tube, and stored frozen until time curve (AUC ) was calculated by the follow-02`

analysis. Experiments were executed in accordance ing equation: AUC 5A /a 1B /b. Total clearance02`

with the Guide for the Care and Use of Laboratory (Cl) was then defined as Dose /AUC .02`

Animals (National Institute of Health Publ. No. 85-
23, revised 1985).

3. Results and discussion2.6. Pharmacokinetic analysis

3.1. Method evaluationPharmacokinetic analysis was performed using the
SAAM II software system [19] (SAAM, Seattle, WA,

Fig. 2 shows chromatograms of a serum blank1997). The data were described by an open two-
containing no interfering peaks, a spiked serumcompartment model for zolpidem and fit to the
sample containing a working standard (0.1 mg/ml),following equation:
and a representative rat serum sample (50 ml)

2a t 2b t obtained 90 min following 4 mg/kg zolpidem ad-C 5 A e 1 B ep
ministration. Zolpidem is known to be stable in

where C is the total serum drug concentration at biological samples when stored long-term at 2208C,p

time t; the terms A and B are the extrapolated zero or short-term at higher temperatures (e.g., room,
intercepts; and a and b represent the apparent first- 378C), and during the liquid–liquid extraction pro-
order distribution and elimination rate constants, cedure [5,6,12]. An unknown metabolite (peak 3)

Fig. 2. Chromatograms of (A) serum blank, (B) serum containing 0.1 mg/ml zolpidem and 2 mg/ml mazindol, (C) a 50 ml rat serum sample
obtained 90 min after 4 mg/kg zolpidem administration.
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Table 2was identified in the serum sample. The analysis is
Relative retention times (k9) of other drugs for possible interfer-performed in 12 min.
ence with zolpidem

We used the internal standard method to calibrate
Compound k9and evaluate the unknown samples. Both within-day

and between-day precisions established at three Theophylline 0.76
b-Hydroxyethyltheophylline 0.99different concentrations (0.025, 0.5, and 1.0 mg/ml)
Caffeine 1.44for zolpidem were high as indicated by the co-
Metabolite I of zolpidem 1.49

efficients of variation, which ranged from 2.43% to N-Desmethylclozapine 1.56
2.85% and from 3.12% to 7.09%, respectively (Table Clozapine 2.05
1). Table 1 also shows the accuracy of zolpidem, Benzoylecgonine 2.39

Benzoylnorecgonine 2.70defined as the deviation between the true and mea-
Unknown zolpidem metabolite 3.22sured values expressed in percent.
Oxazepam 3.69

Calibration curves for zolpidem are linear within Cocaine 4.15
the ranges (0.025, 0.05, 0.1, 0.5, 1.0, and 2.0 mg/ml) Norcocaine 5.32
examined. The linear regression equation was: y 5 Metabolite II of zolpidem 5.90

Zolpidem 6.933.172(60.038)x 2 0.133(60.025). The correlation
Chlordiazepoxide 7.46coefficient and the coefficient of variation of the
Cocaethylene 9.59

slopes for the regression lines were 0.999 and 0.98%, Alprazolam 10.79
respectively, with the intercept close to zero. The Clonazepam 10.94
limit of detection for zolpidem was 3 ng/ml with Mazindol(internal standard) 11.17

Midazolam 11.22signal-to-noise ratio of 3:1. The mean extraction re-
a-Hydroxylmidazolam 16.26coveries for the internal standard was 87.89(61.97)
Flurazepam 26.22

and for zolpidem at 0.025, 0.5, and 1.0 mg/ml were Barbital N.D.
90.37(61.90), 91.32(66.84), and 87.44(62.78), in- Diazepam N.D.
dicating that a small volume of extraction solvent, 1 Pentobarbital N.D.

Hexobarbital N.D.ml of chloroform, was sufficient for recovery of
zolpidem from serum samples. N.D.5peak not observed within 30 min.

All the compounds listed in Table 2 did not
interfere with the determination of zolpidem. Al- cocaethylene could be used as an alternative internal
though metabolites I and II of zolpidem were eluted standard for zolpidem (Table 2). Inasmuch as the
(Table 2), our liquid–liquid extraction procedure was metabolites of zolpidem are more polar than the
unable to extract these two metabolites from serum parent drug, the retention times of those metabolites
samples. A column-switching HPLC method, which were shorter than that of the parent drug using
does not require any sample preparation, has been reversed-phase HPLC systems [12]. Therefore, we
reported for the determination of these two metabo- chose to use a compound that was eluted later than
lites in biological fluids [12]. Chlordiazepoxide or zolpidem as an internal standard such as mazindol to

Table 1
Precision and accuracy data for zolpidem in serum by HPLC

Within-day (n56) Accuracy Between-day (n55) Accuracy
(%) (%)

aConcentration C.V. Concentration C.V.
(mean6SD) (%) (mean6SD) (%)
(mg/ml) (mg/ml)

0.02560.001 2.43 100.0 0.02560.001 4.75 100.0
0.50060.014 2.85 100.0 0.50160.036 7.09 100.2
1.00260.025 2.48 100.2 0.99260.031 3.12 99.2

a C.V.: coefficient of variation.
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avoid any possible interference for the determination pharmacokinetic parameter values described zol-
of zolpidem resulting from the interaction of the pidem concentration–time profiles well for the two
polar metabolites with an internal standard that was doses, indicating linear kinetics in the dose range
eluted earlier than zolpidem. used (Table 3). The observed (filled symbols) and

predicted (solid lines) serum zolpidem concentra-
3.2. Zolpidem pharmacokinetics tion–time profiles for a representative animal are

shown in Fig. 3B. The distribution and terminal
Fig. 3A shows the mean serum zolpidem con- elimination half-lives for zolpidem herein reported

centration–time profiles after i.v. 1 and 4 mg/kg were consonant with data obtained in rats by a HPLC
zolpidem administration. Zolpidem decreased biex- method with fluorimetric detection [14]. We detected
ponentially following drug administration. One set of a peak at the relative retention time of 3.22 min in all

Fig. 3. Serum zolpidem concentration–time profiles (left y-axis) and profiles of peak-height ratios of unknown metabolite and internal
standard (right y-axis) after i.v. bolus 1 and 4 mg/kg zolpidem administration: (A) mean(6S.E.) for the five animals; (B) observed (filled
symbols) and predicted (solid lines) values of zolpidem for a representative animal.
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