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benzodiazepines in forensic samples by HPLC with photo-diode zodiazepines such as oxazepam and chlordiazepoxide (7). The
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above-mentioned reasons resulted in a still-increasing popularity
of HPLC for screening and quantitation of benzodiazepines in bio-

ABSTRACT: A high-performance liquid chromatographic
samples. Very often, however, the described procedures deal with(HPLC) method has been developed for the analysis of several
the determination of only a single benzodiazepine and its metabo-benzodiazepines and some of their metabolites in blood, plasma

and urine. The method included a liquid-liquid extraction with n- lites (8–10). In simultaneous determinations of different benzodi-
hexane:ethylacetate, a gradient elution on a C8 reversed phase col- azepines, single wavelength detection and identification of the
umn with a non-electrolyte eluent and a photo diode array detection. eluting peaks based only on their retention behavior is very com-
This allowed a rapid detection, a purity check, and identification

mon (11–13). In postmortem matrices, however, numerous com-as well as quantitation of the eluting peaks. The detection limit was
pounds do interfere in the chromatogram, leading to false positive10 to 30 ng and the limit of quantitation was 0.05 mg/mL, using 1

mL of blood, plasma or urine. The procedure is applied routinely results. To obtain more reliable peak identification criteria, addi-
in forensic toxicological analyses involving blood, stomach content, tional information is necessary and more specific detection modes
urine and organ samples. About 30 positive cases are reported. The are recommended.avoidence of the use of an electrolyte buffer in the eluent resulted

High-performance liquid chromatography (HPLC) combinedin a robust procedure, free of technical problems and of long rinsing
with photo diode array detection is an extremely valuable solutionperiods, suitable for routine use in forensic toxicology analysis

involving blood, urine, stomach content and tissue samples. as additional spectral information is obtained that is necessary for
the identification of the eluting peaks (14). In this way, photo diode

KEYWORDS: forensic science, forensic toxicology, benzodiaze- array detection is already applied for screening at multiple drug
pine, benzophenone, photo diode array detection, hydrolysis, high- intoxicated cases (15–17). However, in the latter procedures, and
performance liquid chromatography also in a recent application to the analysis of benzodiazepines them-

selves (18), eluents always contain buffer salts that very often are
known to cause technical problems such as crystal formation inBenzodiazepine drugs have hypnotic, anticonvulsant and tran-
connecting tubing and in the detector cell as well as damage toquilizing properties (1) and are frequently encountered in emer-
the pump seals.gency toxicology screening, drugs-of-abuse testing and forensic

We developed an HPLC procedure based on gradient elutionmedicine examinations. Several analytical techniques for the isola-
and a reversed phase column using an eluent without any electro-tion and quantitation of benzodiazepines in biosamples have
lyte buffer. The effluent is monitored by photo diode array detec-already been published. These procedures have been reviewed by
tion with multi-wavelength, allowing both identification andSioufi and Dubois (2). Both thin-layer chromatography (TLC) and
quantitation of different benzodiazepines simultaneously in clinical

the immunoassay approach remain extremely useful for a first rapid
or forensic samples.

screening. However, both techniques lack high specificity and in
the case of immuno-analysis there is no discrimination between Materials and Methods
parent drug and metabolites (3–5). On the other hand, gas chroma-
tography (GC) with flame-ionization (GC/FID) or mass-spectro- Apparatus
metric detection (GC/MS) are much more sensitive and specific

A high-pressure gradient system was used, consisting of a HPbut they require complex equipment and derivatization procedures
1090M liquid chromatograph and a HP 1040A diode array detector,
a Rheodyne injector equipped with a 50-mL loop and a HP 79994A
HPLC workstation (Hewlett Parkard, Palo Alto, CA). The column1 Laboratoy of Toxicology, University of Ghent, Ghent, Belgium.

2 Veria Medical Center, Veria, Greece. was a 100 mm 2 3 mm inside diameter Chromsep glass column
3 Present address: Department of Organic Chemistry, University of packed with ChromSpher C8, 5 mm (Cat. No. 28262) protected

Ghent, Ghent, Belgium. by a 10 mm 2 2.0 mm inside diameter reversed phase guard* This study was supported by the Algemeen Bestuur van de Ontwikkel-
column (Cat. No. 28141), all from Chrompack (Antwerp, Bel-ingssamenwerking of Belgium (Grant No. 118603).
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Reagents An enzymatic digestion method was used for identification and
quantification of the parent compounds from the benzodiazepine

All solvents and chemicals were of the highest grade from differ- glucuronide or its conjugate usually present in urine. A 1 mL por-
ent manufacturers: isopropylamine (99%) from Acros (Geel, Bel- tion of urine was hydrolyzed at pH 5 by incubating with 0.1 mL
gium); methanol, n-hexane and ethylacetate from Romil Chemicals of b-glucuronidase crude solution at 378C for 12 h in a water-
Ltd. (Loughborough, England); HPLC grade water from Prosan bath. The sample was then mixed with 2 mg triazolam (as internal
(Gent, Belgium); hydrochloric acid from UCB (Gent, Belgium) standard), and alkalined by adding 0.5 mL of 1 M K2CO3. Further
and potassium carbonate, potassium hydroxide from Merck AG sample treatment was the same as the extraction procedure of the
(Darmstadt, Germany). The enzyme b-glucuronidase (EC 3.2.1.31 blood sample.
G0876) crude solution was purchased from Sigma Chemical Co.
(St. Louis, MO).

Method EvaluationBenzodiazepines used in the experiment were pure chemicals
offered by Hoffmann-LaRoche (Basel, Switzerland and Brussel,
Belgium), Upjohn (Kalamazoo, MI) and Fluka Chemie (Bornem, Calibration and Linearity—Calibration samples are prepared in
Belgium). The blank blood and plasma were provided by the blood blank blood, plasma and urine by addition of the appropriate
bank of the university hospital (Gent, Belgium). amount of the respective benzodiazepines (maximum 2.00 mg/mL).

Triazolam (20 mL of a 100 mg/mL methanolic solution) and alpra-
Stock Solutions zolam (20 mL of a 270 mg/mL methanolic solution) are used as

internal standards for the different samples. The calibration sam-All benzodiazepine and benzophenone stock solutions were pre-
ples are processed in the same way as the unknown samples. Cali-pared in methanol (1 mg/mL), stored at 48C and were found to be
bration curves are obtained by plotting the peak height ratio of thestable for several months. The working solutions were prepared
analyte to that of the internal standard against the concentrationby appropriate dilution of the stock solution with methanol:water,
of the respective benzodiazepines. The calibration curves are easily50;50 (v/v).
obtained by the use of the workstation-based least-square regres-
sion method.Chromatographic Conditions

The gradient elution consisting of methanol(A)-water containing Extraction Recovery—Extraction recovery is evaluated by com-
0.125% (v/v) isopropylamine (B) was applied with the following paring the slope of the calibration curve of the spiked sample with
profile: 0 to 2 min, 30% A; 2 to 3 min, from 30 to 43% A; 3 to that obtained from the serial amounts of standard spiked in extrac-
4 min, from 43 to 45% A; 4 to 5 min, from 45 to 48% A; 5 to tion solvent. For the acid hydrolysis of urine samples, the yield
6.5 min, 48% A; 6.5 to 8.5 min, from 48 to 60% A; 8.5 to 10 min,
from 60 to 75% A and 10 to 17 min, 75% A at a flow rate of 0.7
mL/min resulting in an average back pressure of 130 bar. The
monitoring wavelength was set at 230 nm, bandwidth 10 nm, for
the benzodiazepine determination and at 235 nm, bandwidth 10
nm, for the benzophenone detection with a reference wavelength
at 550 nm, bandwidth 100 nm.

Sample Preparation Procedure

A 1 mL aliquot of whole blood, plasma or another biological
matrix (homogenized stomach content, liver, or kidney) was taken
for the analysis. To each aliquot, 2 mg triazolam was added as
internal standard and a minimum of 0.5 mL 1 M K2CO3 was used
to bring the sample under alkaline conditions. The extraction was
performed with an 8 mL n-hexane: ethylacetate (7;3, v/v) mixture
by rotary mixing for 2 min and then vortex mixing for 0.5 min.
After centrifuging (5 min, 2000 rpm), the upper (organic) layer
was transferred into a conical tube and evaporated to dryness under
a gentle stream of nitrogen at 408C. The residue was reconstituted
in a 100 mL methanol: water (50;50, v/v) mixture and then centri-
fuged to become clear. If necessary, the sample may further be
filtered with a syringe filter (Hewlett Packard, Part No. 5061-3366)
prior to its injection into the chromatographic system.

A urine sample (1 mL) was acidified with 1.3 mL of 37% HCl
and screw-stoppered. The hydrolysis step took place at 1108C on
an aluminum block for 1 h. Thereafter, the sample was cooled
down, and the pH was adjusted to 9 by addition of 10 M KOH FIG. 1—Representative chromatogram of standards (0.5 mg): 1 4 7-

aminoflunitrazepam; 2 4 nitrazepam; 3 4 bromazepam; 4 4 flunitra-and 5.4 mg of alprazolam was added as internal standard. The
zepam; 5 4 oxazepam; 6 4 triazolam; 7 4 nordazepam; 8 4 diazepam;alkaline sample was extracted with 8 mL n-hexane by vortexing
9 4 camazepam; 10 4 clotiazepam; 11 4 flurazepam; 12 4 medazepam;for 1 min. The organic layer was then evaporated to dryness under 13 4 clonazepam; 14 4 3-OH-flunitrazepam; 15 4 lorazepam; 16 4

a flow of nitrogen in a water-bath (408C) and reconstituted with alprazolam; 17 4 lormetazepam. Chromatographic conditions are given
in the text.100 mL methanol-water (50;50, v/v) mixture.
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TABLE 1—Retention time of benzodiazepines and benzophenones.

of transformation of benzodiazepine to benzophenone has to be internal standard. There is about a three-minute delay in this pro-
considered; for instance, the yield of diazepam converted com- gramming elution when the concentration of solvent is changed,
pletely to 2-aminomethyl-5-chloro-benzophenone is 86.3% by which is estimated by the change of head pressure of column.
weight. The quantitative evaluation is carried out in whole blood, plasma

and urine using ten benzodiazepines: 7-amino-flunitrazepam, flun-
Sensitivity and Precision—The detection limit is estimated from itrazepam, nitrazepam, bromazepam, oxazepam, nordazepam,

samples spiked with decreasing benzodiazepine concentration and diazepam, camazepam, flurazepam amd medazepam. The urine
is the injected amount which results in a peak with a height equiva- sample was treated with both acidic hydrolysis and enzymatic
lent to three times the standard deviation of the mean blank (n 4 hydrolysis. The instrumental detection limit of these benzodiaze-
10) (19). pines is 10 to 30 ng. The lower limit of quantitation is 0.05 mg/mL

Within-day and day-to-day coefficients of variation are deter- (50 ppb). Bromazepam, flunitrazepam and flurazepam have rela-
mined by replicate analysis of an aliquot of a sample either in the tively the worst sensitivities in the detection and this may be
same run (within-day) or on separate days (day-to-day). improved by the use of a monitoring wavelength at 242, 224 and

225 nm, respectively. The presented analytical procedure proved
Results and Discussion to be linear (squared correlation coefficient r2 . 0.99, n 4 7∼9)

in the examined range (0.05 to 2.0 mg/mL) for all benzodiazepinesFigure 1 shows representative HPLC chromatograms obtained
and their correspondent bezophenones: MAFB, ABBP, ANB,for a mixture of benzodiazepine standards and metabolites. The
MNFB, ACB, MACB and Alk-CFB (for the abbreviations seegradient elution on the reversed phase column with the eluent con-
Table 1). Samples containing amounts of a benzodiazepine overtaining isopropylamine allowed the separation of several benzodi-

azepines and their metabolites together with triazolam as the the working range are reanalyzed using a smaller sample aliquot.
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Extraction of the samples with a mixture of n-hexane: Ethylace- detector, however, provides additional information about the peak
purity and structure of the eluting compound. It also provides thetate is preferred because it results in higher recoveries and in less

interfering peaks than with diethylether or chloroform as extrac- possibility to quantitate every compound with the most suitable
wavelengths. For example, the use of 373 nm instead of 235 nmtion solvents (18). Furthermore, this mixture allows vortex-mixing

without gel formation and the layers can easily be separated by for quantitation of MNFB (see Table 1, Fig. 4-I) easily eliminates
the interference of impurities extracted from urine without decreas-centrifugation. For the extraction of benzophenones, pure n-hexane

was used to decrease the extraction of hydrophilic impurities in ing absorption intensity.
In more than 30 toxicological cases benzodiazepines were foundurine and to help obtain cleaner extracts. The recoveries of benzo-

diazepines are summarized as: 62.2∼105.1% (n 4 10, SD 4 to be positive (Table 3). In ten cases, more than one benzodiazepine
was detected, for example, bromazepam with lormetazepam or5.54∼9.44) for plasma, 74.6∼96.1% (n 4 10, SD 4 6.44∼12.13)

for whole blood and 48.8∼106.1% (n 4 6, SD 4 3.72∼7.54) for diazepam or clorazepate, and diazepam with clorazepate. For the
postmortem examination, urine, blood and some organs are nor-urine treated by enzymatic hydrolysis. The recoveries of benzophe-

nones are 60.1∼109.8% (n 4 10, SD 4 4.76∼12.72). mally suitable for the analysis. The ratio of the benzodiazepine
concentration in urine to blood is especially useful for calculatingThe within-day and day-to-day coefficients of variation (CV,

%) are evaluated by spiking 0.25 or 1.5 mg of benzodiazepines in the approximate time of poisoning. Acid hydrolysis is the usual
digestion method of a urine sample, resulting in the conversion of aplasma, blood and urine. The obtained values are: within-day CVs

for plasma 3.3∼8.9% (n 4 10), blood 1.8∼8.9% (n 4 10), urine benzodiazepine to benzophenone. The disadvantage is that a parent
compound is sometimes difficult to be confirmed (Table 1). Enzy-2.5∼6.5 (n 4 6) and day-to-day CVs for plasma 4.4∼9.5% (n 4

10), blood 2.2∼9.9% (n 4 10), urine 3.2∼8.4% (n 4 6). The matic hydrolysis is an additional method to help identify benzodi-
azepine in urine (22).respective CVs for urine treated by acidic hydrolysis are 4.3∼12.2

and 6.6∼12.9. Figures 3 and 4 show representative examples of the application
of the photo diode array detector in the identification of benzodi-The analysis of blank blood specimens indicated that the co-

extracted endogenous impurities were not interfering with the ben- azepines in a urine sample pretreated with both acid hydrolysis and
enzymatic hydrolysis. In this forensic case, the only informationzodiazepines (Fig. 2). In urine, after enzymatic hydrolysis, the

impurities were eluting before the benzodiazepines. The benzodi- available was that the patient, Mr. V. H., had taken probably four
RohypnolR (flunitrazepam) pills. Indeed, MNFB (benzophenoneazepines and some drugs chromatographed on the C8 column are

listed in Tables 1 and 2, with the retention times and the absorption of flunitrazepam and 3-OH-flunitrazepam) was determined (Fig.
3-I, peak a; Fig. 4-I) in his urine sample after acidic hydrolysis,wavelengths at alkaline environment.

Identification of an eluting peak, based on the retention time together with ACB (benzophenone of nordazepam, oxazepam,
chlordiazepoxide and clorazepate) and MACB (benzophenone ofand on the assumption that this peak is composed of only one

single compound, is very weak. The use of a photo diode array medazepam, diazepam, temazepam, camazepam and ketazolam).
By enzymatic hydrolysis, their parent benzodiazepines were found
to be nordazepam, oxazepam, diazepam and temazepam. Flunitra-
zepam or 3-OH-flunitrazepam was not detected by this method,
but 3-OH-flunitrazepam was determined (0.72 mg/mL urine) by
running another published program (22). Thus, only the 3-hydroxy
metabolite of flunitrazepam was found in the urine sample, which
meant that flunitrazepam was almost completely metabolized.
Temazepam and oxazepam were identified by comparison of their
TR and ultraviolet (UV) spectra and quantitated by re-extracting
and chromtographing with correspondent standards. Figure 4-II
shows one of the examples.

Triazolam and alprazolam are used as internal standards in
blood, plasma and urine analysis. During acidic hydrolysis they
do not degrade. They may alternatively be used depending on
which one of them is positive in the sample.

Conclusions

As compared with other high-performance liquid chromato-
graphic procedures for the determination of benzodiazepines, the
presented method, based on a nonsalted eluent, is simpler and less
subject to technical problems such as filter obstruction and pump
piston damage. Also, the well-known long rinsing of the chromato-
graphic system, to eliminate crystal deposit in connecting tubing
and in the detector cell, was avoided.

Another remarkable point is the very low limit of quantitation
FIG. 2—Chromatograms of spiked blood (top) and blank blood (bot- (few ppb), which is much lower than the therapeutic range of the

tom): 1 4 7-aminoflunitrazepam; 2 4 nitrazepam; 3 4 bromazepam; 4 benzodiazepines (except flunitrazepam, for which method (22) is
4 flunitrazepam; 5 4 oxazepam; 6 4 triazolam; 7 4 nordazepam; 8 used) in plasma, allowing the method to be used also for therapeutic4 diazepam; 9 4 camazepam; 10 4 clotiazepam; 11 4 flurazepam; 12

drug monitoring samples.4 medazepam. Each peak is due to 0.05 mg/mL; except for peak 6 (2
mg/mL) and peak 12 (2 mg/mL). Conditions are given in the text. The filtration of the dirty extract prior to its injection into the
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TABLE 2—Retention time and UV absorption wavelength of drugs.
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TABLE 3—Results of analysis for benzodiazepine in blood and urine samples.

FIG. 3—Chromatograms of urine sample from a toxicological case. Left, after acid hydrolysis of: (A) Drug-free urine spiked with correspondent
benzodiazepines (2.0 mg/mL). 1 4 ABBP; 2 4 alprazolam (internal standard); 3 4 ANB; 4 4 MNFB; 5 4 ACB; 6 4 MACB; 7 4 Alk-CFB; 8 4
MAFB. (B) urine sample of patient (1 mL). Peak identification: a 4 MNFB (0.61 mg/mL); b 4 ACB (2.64 mg/mL); c 4 MACB (0.88 mg/mL). Right,
after enzymatic hydrolysis: (A) drug-free urine spiked with following benzodiazepines (2.0 mg/mL). 1 4 7-aminoflunitrazepam; 2 4 nitrazepam; 3 4
bromazepam; 4 4 flunitrazepam; 5 4 triazolam (internal standard); 6 4 nordazepam; 7 4 diazepam; 8 4 flurazepam. (B) Urine sample of patient
(1 mL). Peak identification: a 4 nordazepam (1.21 mg/mL); b 4 diazepam (0.11 mg/mL); c 4 temazepam (0.71 mg/mL); d 4 oxazepam (0.30 mg/mL).
Conditions are given in the text. For the abbreviations see Table 1.
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