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ABSTRACT: A high-performance liquid chromatographic
(HPLC) method has been developed for the analysis of severa
benzodiazepines and some of their metabolites in blood, plasma
and urine. The method included a liquid-liquid extraction with n-
hexane:ethylacetate, a gradient elution on a C8 reversed phase col-
umn with anon-electrolyte eluent and a photo diode array detection.
This alowed a rapid detection, a purity check, and identification
aswell as quantitation of the eluting peaks. The detection limit was
10 to 30 ng and the limit of quantitation was 0.05 wg/mL, using 1
mL of blood, plasma or urine. The procedure is applied routinely
inforensic toxicological analysesinvolving blood, stomach content,
urine and organ samples. About 30 positive cases are reported. The
avoidence of the use of an electrolyte buffer in the eluent resulted
inarobust procedure, free of technical problemsand of long rinsing
periods, suitable for routine use in forensic toxicology anaysis
involving blood, urine, stomach content and tissue samples.

KEYWORDS: forensic science, forensic toxicology, benzodiaze-
pine, benzophenone, photo diode array detection, hydrolysis, high-
performance liquid chromatography

Benzodiazepine drugs have hypnotic, anticonvulsant and tran-
quilizing properties (1) and are frequently encountered in emer-
gency toxicology screening, drugs-of-abuse testing and forensic
medicine examinations. Several analytical techniquesfor theisola-
tion and quantitation of benzodiazepines in biosamples have
aready been published. These procedures have been reviewed by
Sioufi and Dubois (2). Both thin-layer chromatography (TLC) and
theimmunoassay approach remain extremely useful for afirst rapid
screening. However, both techniques lack high specificity and in
the case of immuno-analysis there is no discrimination between
parent drug and metabolites (3—5). On the other hand, gas chroma-
tography (GC) with flame-ionization (GC/FID) or mass-spectro-
metric detection (GC/MS) are much more sensitive and specific
but they require complex equipment and derivatization procedures
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(6). In addition, the GC process can decompose thermol abile ben-
zodiazepines such as oxazepam and chlordiazepoxide (7). The
above-mentioned reasons resulted in a still-increasing popularity
of HPL C for screening and quantitation of benzodiazepinesin bio-
samples. Very often, however, the described procedures deal with
the determination of only a single benzodiazepine and its metabo-
lites (8—10). In simultaneous determinations of different benzodi-
azepines, single wavelength detection and identification of the
eluting peaks based only on their retention behavior is very com-
mon (11-13). In postmortem matrices, however, numerous com-
pounds do interfere in the chromatogram, leading to false positive
results. To obtain more reliable peak identification criteria, addi-
tional information is necessary and more specific detection modes
are recommended.

High-performance liquid chromatography (HPLC) combined
with photo diode array detection is an extremely vauable solution
as additional spectral information is obtained that is necessary for
theidentification of the eluting peaks (14). Inthisway, photo diode
array detection is already applied for screening at multiple drug
intoxicated cases (15—17). However, in the latter procedures, and
alsoinarecent application to the analysis of benzodiazepinesthem-
selves (18), eluents always contain buffer salts that very often are
known to cause technical problems such as crystal formation in
connecting tubing and in the detector cell as well as damage to
the pump seals.

We developed an HPLC procedure based on gradient elution
and a reversed phase column using an eluent without any electro-
lyte buffer. The effluent is monitored by photo diode array detec-
tion with multi-wavelength, alowing both identification and
quantitation of different benzodiazepines simultaneously inclinical
or forensic samples.

Materials and Methods
Apparatus

A high-pressure gradient system was used, consisting of a HP
1090M liquid chromatograph and aHP 1040A diode array detector,
aRheodyne injector equipped with a50-p.L loop and aHP 79994A
HPL C workstation (Hewlett Parkard, Palo Alto, CA). The column
was a 100 mm X 3 mm inside diameter Chromsep glass column
packed with ChromSpher C8, 5 uwm (Cat. No. 28262) protected
by a 10 mm X 2.0 mm inside diameter reversed phase guard
column (Cat. No. 28141), al from Chrompack (Antwerp, Bel-
gium).
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Reagents

All solvents and chemicalswere of the highest grade from differ-
ent manufacturers: isopropylamine (99%) from Acros (Geel, Bel-
gium); methanol, n-hexane and ethylacetate from Romil Chemicals
Ltd. (Loughborough, England); HPLC grade water from Prosan
(Gent, Belgium); hydrochloric acid from UCB (Gent, Belgium)
and potassium carbonate, potassium hydroxide from Merck AG
(Darmstadt, Germany). The enzyme B-glucuronidase (EC 3.2.1.31
G0876) crude solution was purchased from Sigma Chemical Co.
(St. Louis, MO).

Benzodiazepines used in the experiment were pure chemicals
offered by Hoffmann-LaRoche (Basel, Switzerland and Brussel,
Belgium), Upjohn (Kalamazoo, MI) and Fluka Chemie (Bornem,
Belgium). The blank blood and plasmawere provided by the blood
bank of the university hospital (Gent, Belgium).

Sock Solutions

All benzodiazepine and benzophenone stock solutions were pre-
pared in methanol (1 mg/mL), stored at 4°C and were found to be
stable for several months. The working solutions were prepared
by appropriate dilution of the stock solution with methanol:water,
50:50 (v/v).

Chromatographic Conditions

Thegradient elution consisting of methanol (A)-water containing
0.125% (v/v) isopropylamine (B) was applied with the following
profile: 0 to 2 min, 30% A; 2 to 3 min, from 30 to 43% A; 3 to
4 min, from 43 to 45% A; 4 to 5 min, from 45 to 48% A; 5 to
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 aiquot of whole blood, plasma or another biological
matrix (homogenized stomach content, liver, or kidney) was taken
for the analysis. To each aliquot, 2 g triazolam was added as
interna standard and a minimum of 0.5 mL 1 M K,CO; 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 40°C. The residue was reconstituted
ina100 pL methanol: water (50:50, v/v) mixture and then centri-
fuged to become clear. If necessary, the sample may further be
filtered with asyringefilter (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% HCI
and screw-stoppered. The hydrolysis step took place at 110°C 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
and 5.4 pg of aprazolam was added as internal standard. The
alkaline sample was extracted with 8 mL n-hexane by vortexing
for 1 min. The organic layer was then evaporated to dryness under
a flow of nitrogen in a water-bath (40°C) and reconstituted with
100 pL methanol-water (50:50, v/v) mixture.

An enzymatic digestion method was used for identification and
quantification of the parent compounds from the benzodiazepine
glucuronide or its conjugate usually present in urine. A 1 mL por-
tion of urine was hydrolyzed at pH 5 by incubating with 0.1 mL
of B-glucuronidase crude solution at 37°C for 12 h in a water-
bath. The sample was then mixed with 2 g triazolam (as interna
standard), and akalined by adding 0.5 mL of 1 M K,CO;. Further
sample treatment was the same as the extraction procedure of the
blood sample.

Method Evaluation

Calibration and Linearity—Calibration samples are prepared in
blank blood, plasma and urine by addition of the appropriate
amount of the respective benzodiazepines (maximum 2.00 p.g/mL).
Triazolam (20 pL of a100 pwg/mL methanolic solution) and apra-
zolam (20 pL of a 270 wg/mL methanolic solution) are used as
internal standards for the different samples. The calibration sam-
ples are processed in the same way as the unknown samples. Cali-
bration curves are obtained by plotting the peak height ratio of the
analyte to that of the internal standard against the concentration
of the respective benzodiazepines. The calibration curvesare easily
obtained by the use of the workstation-based |east-square regres-
sion method.

Extraction Recovery—Extraction recovery is eval uated by com-
paring the slope of the calibration curve of the spiked sample with
that obtained from the serial amounts of standard spiked in extrac-
tion solvent. For the acid hydrolysis of urine samples, the yield
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FIG. 1—Representative chromatogram of standards (0.5 ug): 1 = 7-
aminoflunitrazepam; 2 = nitrazepam; 3 = bromazepam; 4 = flunitra-
zepam; 5 = oxazepam; 6 = triazolam; 7 = nordazepam; 8 = diazepam;
9 = camazepam; 10 = clotiazepam; 11 = flurazepam; 12 = medazepam;
13 = clonazepam; 14 = 3-OH-flunitrazepam; 15 = lorazepam; 16 =
alprazolam; 17 = lormetazepam. Chromatographic conditions are given
in the text.
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TABLE 1—Retention time of benzodiazepines and benzophenones.
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Benzodiazepine Tr {min) Benzophenone Abbreviation Tr

(min)

Alprazolam 9.7 | nochange” 97
Bromazepam 7.3 | 2-(2-amino-5-bromo-benzoyl)-pyridine ABBP 9.6
Brotizolam 10.2 - - -
Camazepam 1.7 [ 2-methylamino-5-chioro- MACB 12.9
Chlordiazepoxide 109 | 2-amino-5-chloro- ACB 11.9
Clobazam 9.3 - - -
Clorazepate 1.9 | 2-amino-5-chloro- ACB 119
Clotiazepam 121 - - -
Clonazepam 5.6 | 2-emino-5-nitro-2'-chloro- ANCB 10.6
3-hydroxyl-clonazepam 23 - - -
7-amino-clonazepam 19 — - -
Cloxazolam 1.8 - - -
Diazepam 11.4 | 2-methylamino-5-chioro- MACB 129
Flunitrazepam 85 | 2-methylamino-5-nitro-2'-fluoro- MNFB 11.2
Desmethyl-7-amino- 2.4 | 2,5-diamino-2"-fluoro- DAFB 35
7-amino- 5.3 | 2-methylamino-5-amino-2fluoro- MAFB 6.8
7-acetamido-3-hydroxyl- 55 | 2-methylamino-5-amino-2'fluoro- MAFB 6.8
3-hydroxyl- 7.5 | 2-methylamino-5-nitro-2'-fluoro- MNFB 11.2
Desmethyl- 5.6 | 2-amino-5-niro-2-fluoro- ANFB 99
7-acetamido- 6.0 | 2-methylamino-5-amino-2fluoro- MAFB 6.8
7-acetamido-desmethyl- 40 | 25-diamino-2'-fluoro- DAFB 35
Flurazepam 12.4 | 2-diethylamino-ethylamino-5-chloro-2'-fluro- Alk-CFB 144
N-desalkyl-flurazepam 9.4 | 2-amino-5-chioro-2'-fluoro- ACFB 1.7
Ketazolam 10.2 | 2-methylamino-5-chloro- MACB 129
Lorazepam 89 | 2-amino-5,2'-dichioro- ADB 12.0
Lormetazepam 105 | 2-methylamino-5,2'-dichloro- MADB 12.8
Medazepam 129 | 2-methylamino-5-chioro- MACB 129
Nitrazepam 6.3 | 2-amino-5-nitro- ANB 106
Nordazepam 10.9 | 2-amino-5-chloro- ACB 118
Oxazepam 89 | 2-amino-5-chloro- ACB 1.9
Prazepam 12.4 | 2-cyclopropyl-methylamino-5-chloro- CMCB 145
Temazepam 10.5 | 2-methylamino-5-chioro- MACB 129
Triazolam 10.1 | no change” 10.1
a-hydroxyl-triazolam 85 — - -

" unchanged by this method

of transformation of benzodiazepine to benzophenone has to be
considered; for instance, the yield of diazepam converted com-
pletely to 2-aminomethyl-5-chloro-benzophenone is 86.3% by
weight.

Sensitivity and Precision—The detection limit is estimated from
samples spiked with decreasing benzodiazepine concentration and
istheinjected amount which resultsin apeak with aheight equiva-
lent to three times the standard deviation of the mean blank (n =
10) (19).

Within-day and day-to-day coefficients of variation are deter-
mined by replicate analysis of an aliquot of a sample either in the
same run (within-day) or on separate days (day-to-day).

Results and Discussion

Figure 1 shows representative HPLC chromatograms obtained
for a mixture of benzodiazepine standards and metabolites. The
gradient elution on the reversed phase column with the eluent con-
taining isopropylamine allowed the separation of severa benzodi-
azepines and their metabolites together with triazolam as the

internal standard. There is about a three-minute delay in this pro-
gramming elution when the concentration of solvent is changed,
which is estimated by the change of head pressure of column.
The quantitative evaluation is carried out in whole blood, plasma
and urine using ten benzodiazepines: 7-amino-flunitrazepam, flun-
itrazepam, nitrazepam, bromazepam, oxazepam, nordazepam,
diazepam, camazepam, flurazepam amd medazepam. The urine
sample was treated with both acidic hydrolysis and enzymatic
hydrolysis. The instrumental detection limit of these benzodiaze-
pinesis 10 to 30 ng. The lower limit of quantitation is 0.05 pwg/mL
(50 ppb). Bromazepam, flunitrazepam and flurazepam have rela-
tively the worst sengitivities in the detection and this may be
improved by the use of a monitoring wavelength at 242, 224 and
225 nm, respectively. The presented analytical procedure proved
to be linear (squared correlation coefficient r? > 0.99, n = 7[B)
in the examined range (0.05 to 2.0 p.g/mL) for all benzodiazepines
and their correspondent bezophenones: MAFB, ABBP, ANB,
MNFB, ACB, MACB and Alk-CFB (for the abbreviations see
Table 1). Samples containing amounts of a benzodiazepine over
the working range are reanalyzed using a smaller sample aiquot.
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Extraction of the samples with amixture of n-hexane: Ethylace-
tate is preferred because it results in higher recoveries and in less
interfering peaks than with diethylether or chloroform as extrac-
tion solvents (18). Furthermore, this mixture allows vortex-mixing
without gel formation and the layers can easily be separated by
centrifugation. For the extraction of benzophenones, pure n-hexane
was used to decrease the extraction of hydrophilic impurities in
urine and to help obtain cleaner extracts. The recoveries of benzo-
diazepines are summarized as. 62.2[1105.1% (n = 10, SD =
5.54[0.44) for plasma, 74.6[106.1% (n = 10, SD = 6.44(112.13)
for whole blood and 48.8[1106.1% (n = 6, SD = 3.72[17.54) for
urinetreated by enzymatic hydrolysis. The recoveries of benzophe-
nones are 60.1[1109.8% (n = 10, SD = 4.76[112.72).

The within-day and day-to-day coefficients of variation (CV,
%) are evaluated by spiking 0.25 or 1.5 g of benzodiazepinesin
plasma, blood and urine. The obtained values are: within-day CV's
for plasma 3.3[8.9% (n = 10), blood 1.8[B.9% (n = 10), urine
2.5[6.5 (n = 6) and day-to-day CVs for plasma 4.4[0.5% (n =
10), blood 2.2[0.9% (n = 10), urine 3.2(8.4% (n = 6). The
respective CVsfor urine treated by acidic hydrolysis are 4.3[112.2
and 6.6[112.9.

The analysis of blank blood specimens indicated that the co-
extracted endogenous impurities were not interfering with the ben-
zodiazepines (Fig. 2). In urine, after enzymatic hydrolysis, the
impurities were eluting before the benzodiazepines. The benzodi-
azepines and some drugs chromatographed on the C8 column are
listedin Tables 1 and 2, with the retention times and the absorption
wavelengths at alkaline environment.

Identification of an eluting peak, based on the retention time
and on the assumption that this peak is composed of only one
single compound, is very weak. The use of a photo diode array
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FIG. 2—Chromatograms of spiked blood (top) and blank blood (bot-
tom): 1 = 7-aminoflunitrazepam; 2 = nitrazepam; 3 = bromazepam; 4
= flunitrazepam; 5 = oxazepam; 6 = triazolam; 7 = nordazepam; 8
= diazepam; 9 = camazepam; 10 = clotiazepam; 11 = flurazepam; 12
= medazepam. Each peak is due to 0.05 ug/mL; except for peak 6 (2
pg/mL) and peak 12 (2 pwg/mL). Conditions are given in the text.

detector, however, provides additional information about the peak
purity and structure of the eluting compound. It also provides the
possibility to quantitate every compound with the most suitable
wavelengths. For example, the use of 373 nm instead of 235 nm
for quantitation of MNFB (see Table 1, Fig. 4-1) easily eliminates
theinterference of impurities extracted from urine without decreas-
ing absorption intensity.

In more than 30 toxicological cases benzodiazepines were found
to be positive (Table 3). In ten cases, more than one benzodiazepine
was detected, for example, bromazepam with lormetazepam or
diazepam or clorazepate, and diazepam with clorazepate. For the
postmortem examination, urine, blood and some organs are nor-
mally suitable for the analysis. The ratio of the benzodiazepine
concentration in urine to blood is especially useful for calculating
the approximate time of poisoning. Acid hydrolysis is the usual
digestion method of a urine sample, resulting in the conversion of a
benzodiazepineto benzophenone. The disadvantageisthat a parent
compound is sometimes difficult to be confirmed (Table 1). Enzy-
matic hydrolysisis an additional method to help identify benzodi-
azepine in urine (22).

Figures 3 and 4 show representative examples of the application
of the photo diode array detector in the identification of benzodi-
azepinesin aurine sample pretreated with both acid hydrolysis and
enzymatic hydrolysis. In this forensic case, the only information
available was that the patient, Mr. V. H., had taken probably four
Rohypnol® (flunitrazepam) pills. Indeed, MNFB (benzophenone
of flunitrazepam and 3-OH-flunitrazepam) was determined (Fig.
3-1, peak & Fig. 4-1) in his urine sample after acidic hydrolysis,
together with ACB (benzophenone of nordazepam, oxazepam,
chlordiazepoxide and clorazepate) and MACB (benzophenone of
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 pg/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 4-11
shows one of the examples.

Triazolam and aprazolam are used as interna 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
(few ppb), which is much lower than the therapeutic range of the
benzodiazepines (except flunitrazepam, for which method (22) is
used) in plasma, allowing the method to be used al so for therapeutic
drug monitoring samples.

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.

Compound Tr (min) AP rm AV i
Glipizidum 247 252, 298 278
Acetanilide 262 240
Nalorphine 343 252, 298 278
Guaiphesine 3.50 273 245
Naloxone 428 239(sh), 291 274
Ephedrine 6.09 257, 308 240
Trapridal 6.32 237, 285 n
Tryptamine 743 280(w) 248
Codeine 7.87 283, 240(s) 261
Hydrocodone 8.01 281 263
Oxycodone 8.09 281 263
Gliquidonum 8.50 256(sh), 314 282
Heroine 9.19 278 253
Ethylmorphine 953 283 265
Papaverine 9.83 239 258
Zolpidem 9.83 243, 315 270
Strychinine 10.55 254(w) 231
Nortilidine 10.68 258(s)

Dothiepine(oxide) 10.72 246(s)

Azaperone 11.44 249, 301 279
Cocaine 11.48 232
Tryptizol 11.51 239
Trazodone 1153 253, 276(s), 315(w) 234, 283
Ethylamphetamine 11.54 235, 287
Cinchonidine 11.55 227, (285, 300, 315)
Methapyrilene 11.67 243, 309
Quinine 11.76 232, 310(s), 279(s) 255, 302
X1C 11.76 235, 287 259
Cinconine 11.82 225, (283, 300, 315)

Haloperidol 12.06 245 233
Piritramid 1217

Pentazocine 12.32 281 262
Trimipramine 12.40 287 241
Tilidine 12.46

Pericyazine 12.50 272, 233 250
Propranolol 12.55 291(w) 247
Difenylamine 12.64 281 247
Depronal 12.82 258(s)

Bezitramide 12.85 280 247
Propafenone 12.85 248, 305 273, 231
Mianserin 13.19 282(s)

Etilefrine 13.27 270(w) 243
Anafranil 13.37 284(w) 251
Doxepine 13.48 293, 253(s) 274
Palfium 13.69

Triprolidine 13.78 238, 282 265
Dothiepine 13.99 230, 270(s) 301, 252, 292
Nozinan 14.69 256, 308 280
Pizotifen 15.07 230, 260(s)

Amitriptyline 18.87 239
(--trans-Us-THC 17.08 (275, 282) 265
Maprotiline 1873 273, 265 246
Nortriptyfine 16.56 240

Ap= peak wavelength. Av = valley wavelength. sh= shoulder peak.
w=wide peak. s=small peak. ()= group peak.
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TABLE 3—Results of analysis for benzodiazepine in blood and urine samples.

Parent | ____Concentration in blood{ug/mi) ____ TherapeuticToxic range™ | __ Concentration in urine (ugimi) __ | Excretion rate
benzodiazepine | No.Cases Mean Range (ng/ml plasmay) No.Cases  Mean Range in urine (%) *
Diazepam 7 0.42 0.16-1.01 | 05075 / 1530 10 242 0.33- 6.72 70
Nordazepam 1 0.43 0.10-096 | 0208 / 20 1" 39 0.22-12.54 -
Bromazepam 7 0.34 0.11-058 | 0.08-0.17 / 0.25-0.50 3 1.84 0.76- 2.75 70
Clonazepam 3 0.30 0.073-0.35 | 0.03-006 / 01
Nitrazepam 1 0.15 0.03-0.12 / 0205
Oxazepam 1 0.50 1-2 ! 35
Clobazam 1 0.37 0104 | —

Flurazepam 1 0.77 0.001-001 / — 1 40 60 %
Flurintrazepam 0.005-0.015/ 0.05 1 0.67 <1%*
Temazepam 1 0.71
" basedon [20]. ' based on[21]. *< 1% as unchanged drug.
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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 ug/mL). 1 = ABBP; 2 = alprazolam (internal standard); 3 = ANB; 4 = MNFB; 5 = ACB; 6 = MACB; 7 = AIk-CFB; 8 =
MAFB. (B) urine sample of patient (1 mL). Peak identification: a = MNFB (0.61 ug/mL); b = ACB (2.64 ug/mL); ¢ = MACB (0.88 ug/mL). Right,
after enzymatic hydrolysis: (A) drug-free urine spiked with following benzodiazepines (2.0 ug/mL). 1 = 7-aminoflunitrazepam; 2 = nitrazepam; 3 =
bromazepam; 4 = flunitrazepam; 5 = triazolam (internal standard); 6 = nordazepam; 7 = diazepam; 8 = flurazepam. (B) Urine sample of patient
(1 mL). Peak identification: a = nordazepam (1.21 ug/mL); b = diazepam (0.11 ug/mL); ¢ = temazepam (0.71 ug/mL); d = oxazepam (0.30 ug/mL).
Conditions are given in the text. For the abbreviations see Table 1.
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FIG. 4—Examples of peak identification of benzodiazepine and benzo-
phenone by photo diode array detection from a positive case (the same
asin Fig. 3): the UV spectra (A) and the first derivative UV spectra (B)
of MNFB (1) and temazepam (I) from standard (—) and urine sample

)

system was necessary to protect the column’s long life. It was
required also to change the guard column every 20 injections. The
retention behavior of each benzodiazepine by this elution program
was tested for stability (CV: 0.16 to 1.2%, n = 50). The column
could be used for more than 400 injections of sample extract and
still maintain its stable column efficiency.
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