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SIMULTANEOUS DETERMINATION OF
DIAZEPAM AND ITS METABOLITES IN
PLASMA BY HIGH-PERFORMANCE
LIQUID CHROMATOGRAPHY

P FERNANDEZ, I. HERMIDA, A. M. BERME]O,
M. L()PEZ-RIVADULLA, A. CRUZ, AND L. CONCHEIRO
Department of Legal Medicine
Service of Forensic Toxicology
Faculty of Medicine
University of Santiago de Compostela, Spain

ABSTRACT

A reversed phase high-performance liquid
chromatographic method (HPLC) for the simultaneous
determination of diazepam and its three active
metabolites, nordazepam, oxazepam and temazepam, in
plasma was proposed. The compounds were isolated by
solid-phase extraction. The chromatographic mobile
phase was metanol-water (55:45, v/v) at a flow rate of
1 mL/min. UV detection was performed concurrently at
240 and 254 nm.

INTRODUCTION

Since the introduction of chlordiazepoxide in

1960 and diazepam a year later into psychiatric drug

therapy and General Medicine, the benzodiazepines (BZD)
2587
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have become the most widely employed psychoactive
drugs (1-4). The reasonable tolerance to them, easy
administration by diverse routes, 1low cost and 1low
toxicity have led to a steady increase in their abuse,
accidents with children and use by the drug-dependent

population.

Diazepam and Vits metabolites are usually
assayed by chromatography. Gas-Liquid Chromatography
(GLC) ,via different detection systems, column packings
and/or extraction procedures, 1is a versatile technique
in the analytical-toxicological investigation of these
drugs (5-8). High-Performance Liquid Chromatography
(HPLC) also offers the advantages of easy sample
handling and volatile derivatives are not required for
analysis. Separation and assay of BZD’s and their
hydrolysis products have been performed using various
HPLC techniques (9-13). UV Spectrophotometry is the

most widely used detection method for these compounds.

This paper describes the application of
reversed-phase HPLC for the simultaneous determination
of diazepam and its three active metabolites in plasma
which was pre-treated by a solid-phase extraction

process in RP-18 columns.
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MATERIALS
Drug Standards:

Diazepam and Nordazepam were
supplied by Roche S.A. (Madrid, Spain), Temazepam by
Europharma (Madrid, Spain), Oxazepam by Alonga
S.A.(Madrid,Spain) and Carbamazepine, used as internal
standard, by Geigy (Barcelona, Spain). The
concentration of BZD and carbamazepine standard
solutions were 1 mg/mL of methanol. The working
solutions (10 pg/mL) were prepared by adding 0.1 mL of

standard solution to 10 mL of mobile phase.

Reagents:
Methanol was HPLC grade and obtained from
Merck. Sodium carbonate was reagent grade and also

obtained from Merck. Milli Q distilled water.

Apparatus:

Waters HPLC system comprising manual
inyector, 125 x 4 mm stainless steel analysis column
packed with 5 pm Lichrospher 100 RP-18 (Merck), Waters
501 pump, Waters 490 programmable multiwavelength UV
detector, Professional 350 Digital Computer (for

recording) and Interface Module.

As mobile phase, Methanol-Milli Q water
mixture (55:45, v/v) was pumped isocratically at 1
mL/min and a pressure of 2,000-2,200 psi. UV detection

was carried out at 240 and 254 nm simultaneously.
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METHOD

Calibration procedure

BZD’s isolated: The BZD working solutions
were diluted appropriately to give three series of
solutions of concentrations 0.1, 0.2, 0.5, 1.0, 1.5,
2.0 and 2.5 pg/mL of mobile phase (therapeutic range),
to which carbamazepine was added as internal standard
(1 pg/mL). Samples (25 pL) of each solution were
injected into the liquid chromatograph. Mean
calibration curves were plotted as the peak-area ratio

(BZD/carbamazepine) against BZD concentration.

BZD’s in mixture: 1In the same way three
series of solutions containing a mixture of all four
BZD’s studied were prepared. Samples (25 ML) were
injected into the 1liquid chromatograph and mean

calibration curves were obtained as above.

Extraction procedure

Samples of drug-free plasma were mixed with
appropriate aliquots of the BZD working solutions to
give solutions containing either diazepam or one of its
three metabolites of concentration 1 pg/mL. Solid-phase
extraction of the BZD’s was performed using an Adsorbex
SPU~-Sample Preparation Unit and a 100 mg RP-18 column
(Merck). The column was activated by washing with 2 x 1

mL of methanol followed by 2 x 1 mL of water. 100 pL of
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0.1 M Na CO, was then added. A BZD-spiked plasma sample

3
(0.5 mL) was applied to the column, washed with 2 x 1
nL of water and then dried by passing methanol (50 pL)
through it. The BZID’s were eluted by successive
addition of 200 and 100 ulL of methanocl and evaporated
to dryness under a stream of Nitrogen. The dried
extract was dissolved in 250 pL of internal standard
solution (1 pg/mL of mobile phase). Finally, a sample
(25 pL) was injected into the chromatograph. The sample

would contain 0.050 pg of BZD if extraction were 100%.

The appropriate mean calibration curve was
used to calculate the amount of BZD extracted and
hence, by comparison with the theoretical amount , the

recovery.

For simultaneous assay of diazepam and its
metabolites, solutions in drug-free plasma were
prepared containing 1 pg/mL and 2 pg/mL of each BZD and
subjected to the extraction procedure previously
described. At the first case redissolution of the dried
extract and sample injection were carried out as for
the BZD’s isolated. At the second case the dried
extract was redissolved in 400 puL of the carbamazepine
solution (1 pg/mL) and a sample (25 puL) was injected
into the chromatograph. If extraction were complete the

sample would contain 0.0625 pg of each BZD.
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Recoveries were calculated as already
described, using the calibration curves plotted for the
four compounds studied dissolved together in mobile

phase.

The reproducibility of the method was studied
by making replicate measurements in four plasma samples
of each BZD obtained by the extraction technique
described (BZD’s isolated . 1 pg/mL; BZD’s in
mixture, 1 and 2 pg/mL). Coefficients of variation were

calculated.

RESULTS AND DISCUSSION

The HPLC system described gave a good
separation of diazepam and its metabolites with
retention times of 13.30 min (diazepam), 10.53 min
(nordazepan), 7.92 mnmin (temazepam) and 6.59 min
(oxazepam). Carbamazepine was chosen as the internal
standard because it gave a good response at the working
wavelengths and did not interfere in the analysis of

the compounds (4.65 min retention time).

The regression data obtained for the four
drugs, studied individually and simultaneously, at the
two wavelengths (240 and 254 nm) are shown in Table 1.
In the range studied (0.1-2.5 pg/mL) linear correlation

was always good between the peak-area ratios
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(BZD/carbamazepine) and the concentrations of each

compound.

Responses to the B2ZD’s individually and
simultaneously, for the same concentrations, correlated
strongly as shown by the correlation coefficients and

the analysis of variance of the regression (Table 2).

The results obtained on a blank plasma
extract showed the practical absence on interfering
substances. Four replicate extractions were performed
on each of the four individual BZD-spiked plasma
solutions (1 pg/mL). The mean recoveries obtained were
acceptable in the case of diazepam, nordazepam and
temazepam and lower in the case of oxazepam (Table 3).
Lastly, extraction was performed on four solutions of
plasma spiked ( 2 pg/mL) with all four BZD’s, obtaining
individual chromatograms (Figure 1). The calculated
mean recoveries had similar values to those achieved

for BZD’s individually (Table 3).

Reproducibility of the method was acceptable,
as shown by mean coefficients of variation 1less than

3.5%.

Good 1linearity was obtained at both working
wavelenghts; nevertheless, 240 nm was considered as the

best of the two since the sensitivity of the method was
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Figure 1: Chromatogram of the BDZ mixture, after extraction
of plasma. A= 240 nm. (a) 1 pg/mL (b) 2 pg/mL

* c: carbamazepine O: oxazepam t: temazepam

n: nordazepam d: diazepam

improved, showing as a greater response in the
chromatogram.

In conclusion, the reversed-phase HPLC
method proposed is sensitive, rapid, easily

reproducible and can be applied to plasma, which makes
it a good choice for monitoring patients being treated

with BZD’s or in the case of diazepine poisoning.
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