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Abstract

A simple micellar liquid chromatographic (MLC) procedure is reported for the determination of several benzodiazepines
in serum: bromazepam, diazepam, flunitrazepam, halazepam, medazepam, nitrazepam, oxazepam and tetrazepam. Th
optimization studies have been made in,C and C columns, using solutions containing sodium dodecyl sulphate (SDS)
modified with butanol or pentanol as mobile phases. The method proposed for the determination of the benzodiazepines uses
a hybrid micellar mobile phase of 0.08 SDS—5% butanol-0.0M phosphate buffer (pH 7) at 2&, and UV detection
(230 nm) in a G; column. The serum samples were injected directly, without any pretreatment, and eluted in less than 22
min, in accordance with their relative polarities, as indicated by their octanol-water partition coefficients. The limits of
detection (ng mI* ) were within the ranges of 2—6 and 4—18 for aqueous and serum samples, respectively. Repeatability and
intermediate precision were tested for three different concentrations of the drugs, and RSD (%) was below 10 for most of the
assays. The MLC results were compared with those obtained from a conventional HPLC method using methanol-water 5:5
(v/v) which requires a previous extraction procedure.
O 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction benzodiazepines are characterized by the presence of
a phenyl ring fused to a partially saturated seven-

Benzodiazepines are used for their properties as membered ring with nitrogen at positions 1 and 4
anti-convulsants, anesthetics, anti-depressives, hyp- (Fig. 1).
notics, tranquillizers and sedatives [1,2]. Bromaze- The determination of benzodiazepines has been
pam, diazepam, flunitrazepam, halazepam, extensively studied because of the need to detect and
medazepam, nitrazepam, oxazepam and tetrazepam quantitate these drugs, especially in physiological
are the most frequently prescribed. Most of these fluids and tissues, in clinical or medico-legal studies

[3]. Originally, these drugs were determined by UV
*Corresponding author. Tel:+34-96-472-8093; fax:+34-96- spectro_me_try, but nowadays Conventlo_nal reversed-
472-8066. phase liquid chromatography (RPLC) with aqueous—
E-mail address estevej@exp.uji.e§). Esteve-Romero). organic mobile phases are routinely applied in the
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Fig. 1. Structure of the benzodiazepines.

analysis of serum, which requires complex sample
pretreatment for the removal of interferences and
extraction of the analytes. This work is tedious and
frequently leads to low and variable recoveries.
Liquid—liquid extraction can be performed using

solvents such as chloroform [4], hexane [5] or

dichloromethane [6,7]. In some cases solid-phase
extraction has also been reported [8,9]. Afterwards,
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the determination of benzodiazepines by RPLC is
performed in aqueous—organic mobile phases con-
taining methanol/water (5:5) [4], (6:4) [5], and
(65:35) [9], acetonitrile/methanol/water (25:22:3)
[10] and (3:2:5) [11] in a G; column, pH in the 5-7
range and detection around 240 nm, or acetonitrile/
water (8:2) in a cyanopropyl column [6]. An HPLC
method with acetonitrile/water in gradient (50—
70%) allows the selectivity in the determination of
some benzodiazepines in serum to be improved [7].

One interesting alternative to the agueous—organic
mobile phases is the use of solutions of surfactants
above the critical micellar concentration [12—14]. In
this technique, in addition to the formation of
micelles, the reversed-phase column packings are
covered with a layer of monomers of surfactant that
protects and modifies the underlying alkyl-bonded
silica phase. Since the solutes partition between three
phases, the chromatographic behaviour is more com-
plex than in traditional RPLC. A small amount of an
organic modifier is usually added to the mobile
phases to increase the elution strength and chromato-
graphic efficiencies. Some attractive advantages of
micellar mobile phases are that they allow the direct
injection of the serum samples, and are non-toxic,
non-flammable, biodegradable and economical, in
comparison to aqueous—organic solvents, and com-
pounds of diverse polarity can be analyzed under
isocratic conditions. The stable behavior of micellar
chromatographic systems permits the accurate pre-
diction of the retention, based on simple models
[15,186].

In our laboratory, micellar liquid chromatography
(MLC) has been demonstrated to be a useful tech-
nique in the control of benzodiazepines in pharma-
ceutical preparations [17,18] using sodium dodecyl
sulphate (SDS) mixed with an organic modifier like
butanol. In the literature, a column switching tech-
nigue was also reported for the extraction and
determination of benzodiazepines using micellar

mobile phases [19].

The purpose of this work was to develop an MLC
procedure with a mobile phase containing SDS and
butanol for the resolution of eight benzodiazepines
(bromazepam, diazepam, flunitrazepam, halazepam,
medazepam, nitrazepam, oxazepam and tetrazepam)

with direct injection of untreated serum samples,

using UV detection. The performance of MLC is
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compared with a conventional procedure using mix-
tures of methanol-water [4].

glass electrode. Serum samples were centrifuged
with a Sorvall RC-5B from DuPont Instruments
(Wilmington, DE, USA). UV spectra and absorbance
measurements were obtained with a Perkin-Elmer
UV-Vis-NIR spectrophotometer (Model Lambda 19;
Perkin-Elmer, Norwalk, CT, USA). Maximum wave-
lengths and molar absorptivities of the drugs are
given in Table 1.
An Agilent Technologies model 1100 chromato-
graph (Palo Alto, CA, USA) was used, equipped

2. Experimental
2.1. Chemicals and reagents

The benzodiazepines used in this study were:
bromazepam (Roche, Barcelona, Spain), diazepam

(Lasa Laboratorios, Barcelona), flunitrazepam,
halazepam (Schering Plough, Madrid, Spain),
medazepam, nitrazepam, oxazepam (Boehringer Ing-
elheim, Barcelona) and tetrazepam (Sanofi Winthrop,
Barcelona). The drugs were kindly donated by the
cited pharmaceutical laboratories. Stock solutions
containing 100.g ml~* were prepared by dissolving
the compounds in a few milliliters of methanol, with
the aid of an ultrasonic bath (Selecta, Model 617,
Barcelona). The water used was nanopure deionized
water (Barnstead, Sybron, Boston, MA, USA). The
serum samples in blank and with the drug used in
this work were provided by the Hospital Verge dels

with a quaternary pump, an autosampler and a UV—

visible detector set at 230 nm. The columns used for
the analysis were Eclipse XDBC-8 (Hewlett-Pac-
kaggm5particle size, 150 mixi4.6 mm 1.D.) and

a Kromagjl C (Scharlabm %particle size, 120

xdn® mm 1.D.). The flow-rate used was 1 ml

mih , and the injection volume was set ail.20
The chromatographic separations were made in a

thermostated module#1.2%. The signal was
acquired by a PC computer connected to the
chromatograph through an HP Chemstation. This
was also used for the measurement of peak prop-
erties. The dead time was determined as the mean

Lliris d’Alcoi (Alacant, Spain). Filtration of the
samples was always performed directly in the auto-
sampler vials through 0.4pm Nylon membranes of
13-mm diameter.

In the preparation of the mobile phases the
following reagents were used: sodium dodecyl sul- 2.3. Micellar liquid chromatographic method

value of the first significant deviation of the base line

in the chromatograms of the analytes. Optimization
of mobile phase composition was assisted by Mich-
rom software [16].

phate (99% purity, Merck, Darmstadt, Germany) as
the surfactant, and 1-butanol, 1-pentanol (Scharlau,
Barcelona, Spain) as modifiers, buffered to pH 7.0
with sodium dihydrogenphosphate (Panreac, Bar-
celona). After preparation, the mobile phases were

Blood samples were collected from patients who
were treated with the benzodiazepines. The serum
was centrifuged for 10 min at 3000 rpm, to be
injected directly without any other pretreatment in

filtered through 0.45:m Nylon membranes (Micron

Separations, Westboro, MA, USA). Methanol (Schar-

lab, Barcelona) was used in the preparation of the Table 1 _

aqueous—organic mobile phase and for conditioning V&S of logK, log P, maximum wavelengths and molar
. absorptivities of the benzodiazepines

the column. Potassium carbonate and chloroform

(Fluka, Bucks, Switzerland) were used in the ex- S°mpound log< log Po/w

Anm o g lmol tem™?t

traction procedure for the serum samples that were Bromazepam  2.9-11.0 2.05 240 28 900
injected in the aqueous—organic mobile phase. Diazepam 33 2.80 230 31000
Flunitrazepam 1.8 2.06 230 32 600

Halazepam NDA 4.47 226 36 500

2.2. Apparatus Medazepam 6.2 4.41 250 27 500
Nitrazepam 3.2-10.8 2.25 220 30 000

The pH of the mobile phases was measured with a Oxazepam 1.7-116 224 236 32000
Crison potentiometer (Model micropH 2001; Crison, Tetrazepam  NDA 32 227 23500

Barcelona), equipped with a combined Ag/AgCl/

NDA, no data available.
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the C,g column at 28C, using the optimum mobile
phase: 0.081 SDS—-5% butanol (v/v) at pH 7.0. The
same procedure was used when spiked serum sam-
ples were injected.

phases of SDS, and after the addition of the modi-
fiers methanol or propanol, even at high concen-

trations. Elution at appropriate retention times was
finally achieved by the addition of an alcohol with a
longer chain, such as butanol or pentanol, which
permits the elution of diverse hydrophobic com-
pounds [16,17,21-25].

The retention times and efficiencies of benzo-
diazepines increase when butanol and thg C col-
umn are used in comparison with pentanol angd C ,
respectively. Asymmetry factorsB(A) are in the

2.4. Aqueous—organic chromatographic method

For comparison purposes, the benzodiazepines
were extracted [4] by mixing 0.5 ml of the serum
with 200 ul of 1 M dipotassium carbonate and 3 ml
of chloroform and shaken for 2 min. The resulting )
mixture was centrifuged at 1200 rpm for 5 min and 'ange of 1-2 and 1-4 for all the mobile phases used
afterwards the organic layer was removed by drying " the G and G columns, respectively. For exam-
at 40°C under a stream of nitrogen. The residue was P/€ when bromazepam and halazepam (the most
reconstituted in 10Qul of mobile phase and 2@ hydrophilic and hydropho_b|c substances, respective-
was injected in the chromatographic system using a !Y) @ chromatographed in 0N SDS-4% butanol,

mobile phase with methanol/water 5:5 (v/v), pH 7.0. PH 7.0, the retention times), efficiencies ) and
B/A, were 5.0, 1700, 1.47 and 19.2, 2400, 1.04 in the

C,g column, or 3.32, 900, 1.87 and 15.2, 350, 2.73 in
the G, column. For the same two compounds, in 0.1
M SDS-4% pentanol, pH 7.@;, N and B/A, were

2.9, 900 and 2.41 and 9.9, 700, 2.05 in thg,C
column, or 1.8, 400, 3.72 and 6.8, 1850, 1.82 in the
o ) ) ) C, column.

. In acidic media the benzqdla;eplnes are hydrp— The peaks of diazepam and oxazepam, on the one
lized to benzophenone derivatives, and for this panq and those of halazepam and tetrazepam, on the
reason further experiments were carried out at pH oher could not be resolved with pentanol. Butanol

7.0, which is also mor.e suitable for the conservation was thus preferred to optimize the separation of the
of the chromatographic columns. eight drugs.

The protonation cons_tants of most of the s_elected The hydrophilic layer formed by the sulphate head
compounds are shown in Table 1, and two amd—basegroups of SDS above the surface of the silica

equilibria with logK,~11 and logk,~2—-3 have been ;4 ences the retention of the compounds [26]. The
reported [20]. In the presence of the anionic SDS hydroxyl groups on the silica surface play a less

mice'l!es,.we expect bth loig to increase, owing to important role in the separation as a result of SDS
stabilization of the positive charge of th'e protonated adsorption. Since the hydrophilic layer exists above
drugs. Thus, at pH 7.0, bromazepam, nitrazepam andye sjjica surface, the association kinetics, which is

oxazepam possess one positive charge; diazepameqnirolied primarily by the electrostatic interaction,

flunitrazepam and halazepam are in the neutral form; is aasier than ion-exchange processes involving the

and finally for medazepam and tetrazepam, the tWo gjjano| groups on the silica surface. Furthermore, the
forms could coexist in the micellar media. interaction of the protonated benzodiazepines with
the hydrophilic layer formed by SDS reduces the
penetration depth of the compounds into the bonded
phase. The net effect is an improvement in efficiency

3. Results and discussion

3.1. Sdection of pH conditions

3.2. Slection of the column and modifier

The polarities of benzodiazepines change within
the range of 2.05-4.47 for bromazepam and
halazepam, respectively. The retention of all the
benzodiazapines in a ;¢ and,C column was
excessive when eluted with pure micellar mobile

when a micellar mobile phase is employed since the
role of the silanol groups on the silica surface have
been diminished with respect to their participation in
the retention mechanism. This can explain the higher
values of the efficiencies obtained in pentanol for
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halazepam and medazepam, in comparison with the Michrom [16], which allowed the rapid and reliable
use of butanol. simulation of chromatograms based on equations that
describe the retention (such as Eq. (1)), and peak

3.3. Optimization of the mobile phase shape [27]:

The usual behavior in MLC is that when the h(t)=Hexp<—i (t —te)* ) @)
concentration of surfactant increases, the retention 2 s +[s,(t —tR)]?
time and efficiencies decrease and when the con-
centration of alcohol increases, retentions decreasewhereh(t) is the height at diverse timesi the peak
and efficiencies are enhanced. The elution strength height,t; the retention times, is a measurement of
was similar for butanol and SDS, in the 1-7% peak width at the maximum, and, a distortion
butanol and 0.05-0.181 SDS concentration ranges. factor. These coefficients were obtained from the
The accurate prediction of the retention behavior, values of retention time, efficiency and asymmetry
based on a checked model, can speed up the proces§ctor. The two latter parameters were interpolated
of finding the optimal composition of the mobile by weighting the inverse of the distance between the
phase, for a given compound. The following equa- Ppredicted and available experimental mobile phases.
tion has proved to be adequate to describe the With Michrom, the changes in the predicted re-
retention of many compounds in MLC with hybrid tention times with mobile phase composition can
mobile phases, with errors in the 2—4% range [27]: easily be observed owing to the high simulation
speed. It has been checked, for several groups of

Kas 1+ Koo . compounds, that the agreement between predicted
1+ Ky ¢+ Kapoo and experimental chromatograms is good.
k= 1+Kype @) The coefficients of the retention model given by
I+Kw Tk z [M] Eqg. (1) (Table 2) were calculated for each com-
ap1®P T Kapo @ . . .
pound, using the retention factors obtained for a set
wherek is the retention factor,M] and ¢ are the of seven mobile phases with SD§) @nd 1-butanol
concentrations of surfactant and modifier, respective- (%, v/v): 0.05-1, 0.05-7, 0.1-4, 0.15-1, 0.15-7,
ly; K,s andK,,, describe the association equilibria 0.075-3.2 and 0.1-2.5, all containing the phosphate
between the solute in bulk water and stationary phase buffer at pH 7.0. Peak positions and shapes were
or micelle, respectivelyKgp, Kupi, Kap, and Ky, then predicted, in the whole factor space. The
are constants that measure the relative variation in composition of the mobile phase giving any desired
the concentration of solute in bulk water and mi- retention time can easily be predicted using Eq. (1)
celles, due to the presence of modifier, and refer to a with the coefficients given in Table 2 for each
pure micellar solution (without modifier). substance.

On the basis of the selected pH, column and Fig. 2a shows the resolution diagram for the eight
modifier, an optimization study was carried out using benzodiazepines in serum samples. These com-
Table 2
Coefficients of Eqg. (1) used to predict the chromatographic behavior of the benzodiazepines
Compound Ks Kan Kyp X107 K, Kep K,

Bromazepam 445.2 10.06 1.00 —-277.3 1334 21168
Diazepam 186.9 0.20 1.12 -162.1 120.6 17 312
Flunitrazepam 65.0 0.021 6.60 -152.1 179.0 15212
Halazepam 153.5 0.0001 5.90 —-134.3 66.1 5711
Medazepam 241.1 0.002 3.17 —-119.3 27.7 2784
Nitrazepam 139.5 0.00056 6.66 —-199.5 14.6 408
Oxazepam 59.4 0.0066 4.92 —123.6 51.8 3728

Tetrazepam 175.0 0.022 5.38 —150.2 82.6 8538
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a

t, min t, min

Fig. 2. Resolution diagram for the separation of the eight benzodiazepines (a), predicted (b) and real chromatograms (c) for the optimum
mobile phase (0.081 SDS-5% butanol, pH 7). Compounds are: dead volume (dv), bromazepam (1), flunitrazepam (2), nitrazepam (3),
diazepam (4), oxazepam (5), tetrazepam (6), halazepam (7), and medazepam (8). Concentration of the benzodiazepines is'750 ng ml

pounds can be resolved in micellar mobile phases buffer) allowed the elution of the eight benzodiaze-
containing 0.05-0.083 of SDS and 4.5-7% of pine drugs in appropriate times. No shorter retention
butanol. The dead volume, which contains proteins times can be obtained by increasing the volume
and other unretained compounds of the serum, does fraction of butanol or the concentration of SDS. The
not overlap in any mobile phase with the first peak retention times (min) and efficiencies for the selected
corresponding to bromazepam. The low resolution mobile phase were the following: bromazepam (4.8,
observed in Fig. 2a is due to the overlapping of two 1750), flunitrazepam (6.6, 2700), nitrazepam (8.1,
pairs of substances, nitrazepam-diazepam and ox- 3050), diazepam (9.2, 2600), oxazepam (10.8,
azepam-tetrazepam. No other overlappings are ob- 2800), tetrazepam (12.8, 2500), halazepam (16.5,
served in the simulated chromatograms. 2400), medazepam (19.5, 2050). Determination of

It was found that a single mobile phase of 06 the eight benzodiazepines can be performed in 21
SDS-5% butanol at pH 7.0 (0.0M phosphate min. As observed, the drugs eluted in accordance
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with their relative polarities represented by their log Table 4

p (Table 1)_ Fig. 2b and ¢ shows the predicted Repeatabilities and intermediate precision (RSD8%6;10) ob-
o/w . . tained in the determination of the benzodiazepines eluted with

and regl chrpmatpgrams, respect_lvely, of the eight ; 5c'v1 sps_5% butanol, pH 7

benzodiazepines in a serum matrix.

Compound Repeatability Intermediate precision

3.4. Calibration C; C, Cs G G G
Bromazeparh 4.8 8.6 4.6 12.7 2.33 1.54
To determine the linearity of response of the Diazepani 30 43 81 48 111 164
system for the eight analytes, ten standard solutions E'Uln'trazer%arh 12-2 i-g 5131‘ 232, i-g é-ié

: alazepal . . . . . .
were prgpar_ed_ in water and serum,_and each WaSMedazepaﬁﬁ 11 29 13 57 4s o7
|nJected_ in triplicate. These were des_|gned to COVeT \jitrazepart 10 17 49 37 46 0.77
the anticipated ranges of concentration expected in oxazeparh 21 33 42 67 9.1 0.87
real serum samples obtained in the Hospital Verge Tetrazeparh 16 27 21 54 80  0.73
.. y ., 1 .

dels Lliris d’Alcoi: 150—1500 ng ml~ for diazepam, c,, C,, ¢, were 150, 200 and 250 for flunitrazepam and

medazepam and oxazepam, 50—250 for bromazepamfetrazepam.

halazepam and nitrazepam, and 50-500 for flunit- "c.. ¢, ¢ were 250, 500 and 1500 for flunitrazepam and
razepam and tetrazepam. Standard calibrations were'®trazepam. _
determined on 5 successive days. Table 3 shows thetetracé’epi%_% were 100, 250 and 500 for flunitrazepam and
regression calibration parameters obtained in water

and serum for the eight benzodiazepines when the 3.6. Repeatability and intermediate precision

peak areas were measured. The regression coeffi-

cients were always>0.999. Three test solutions in the plasma matrix were
prepared, according to the ICH Harmonised Tri-
3.5. Limits of detection partite Guideline, to assess the repeatability or intra-
assay precision and intermediate precision of the
The limits of detection (LODs) for the analytes assay for the eight analytes. The repeatability was
were determined by subjecting low concentrations of determined by assaying these three test solutions ten
the analytes to the proposed micellar liquid chroma- times in the same day. The intermediate precision
tography method. Limit of detection was estimated was the average of ten measurements of intra-assay
as the concentration resulting in a signal-to-noise values taken on 10 days over a 3-month period and
ratio of three (3-s criterion). Table 3 shows the made by different analysts and equipment, at three
LODs, which are in the 2—6 and 4-18 ng Thl different drug concentrations, within the therapeutic
ranges for water and serum samples, respectively. ranges. The results in Table 4 show how the relative
Table 3

Slope, intercept and correlation coefficientfor the calibration curves of the benzodiazepines, spiked in water and serum, eluted with 0.06
M SDS-5% butanol, pH 7

Compound Water Serum

Slope Intercept r LOD Slope Intercept r LOD
Bromazepam 83:82.7 —27.8+34.1 0.9998 2 85:82.0 —12.0+9.5 0.9997 10
Diazepam 159.91.5 —18.5+10.3 0.9996 3 16492.8 6.7-10.2 0.9997 10
Flunitrazepam 7062.6 —1.5+29.8 0.9993 3 71315 9.4+7.2 0.9999 9
Halazepam 78:10.83 -10.1+2.5 0.9999 5 84.89.6 37.9:19.6 0.9994 18
Medazepam 112:44.2 21.5-21.7 0.9999 6 111221 7.6:11.2 0.9999 11
Nitrazepam 92.1£0.79 —7.2+2.78 0.9997 2 8983.1 —4.1+21.2 0.9995 4
Oxazepam 148:80.82 —3.2+1.55 0.9999 2 158:26.7 —31.4+10.2 0.9998 7
Tetrazepam 15372.5 —14.8+27.7 0.9992 3 14891.4 —11.5+8.9 0.9995 10

Limits of detection (LOD) are given in ng mt
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Table 5

Determination of benzodiazepines in serum spiked sampled.Q) at three different concentrations (ngthl ) within the therapeutic range
of each substance

Compound Added Found
Cl CZ C3 Cl (\? %
Bromazepam 150 200 250 148.2.6 201.4c1.9 250t2.0
Diazepam 250 500 1500 24782 502.0:3.5 14495
Flunitrazepam 100 250 500 104:8.2 252.12.4 497.5:4.2
Halazepam 150 200 250 15%a.7 203.15.2 249.4:3.7
Medazepam 250 500 1500 246:8.9 505.3-6.2 15038
Nitrazepam 150 200 250 148:3.8 203.3:4.9 248.0:2.5
Oxazepam 250 500 1500 25%3.3 503.2£4.2 1505-7
Tetrazepam 100 250 500 103:9.6 254.2:5.1 502.9-3.8
standard deviations (RSD) were in the 0.4-12.7% unteers, were analyzed using the reported procedure.
range. No interfering peaks appear in the chromatograms
when inspected at the same retention times as the
3.7. Analysis of serum samples benzodiazepines.
Finally it can be concluded that our MLC method

To demonstrate the usefulness of this procedure, is simple, does not require any pretreatment of the
blank plasma samples were spiked with known sample and is able to accurately determine serum
amounts of each drug at three different concen- benzodiazepines at any concentration observed in
trations within their therapeutic range. The data clinical analysis.

obtained (Table 5) showed satisfactory recoveries for

the eight benzodiazepines. The accuracy of the MLC

method was also confirmed by comparison with the
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