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Abstract

Asimple, sensitive, selective, and reproducible reversed-phase high-performance liquid chromatographic (HPLC) method with UV detection
was developed for the determination of lorazepam (LZP) in human plasma, using oxazepam (OZP) as internal standard. LZP and OZP
were extracted from alkalinized (pH 9.5) spiked and clinical plasma samples using a single step liquid—liquid extraction with a mixture
of n-hexane—dichloromethane (70:30%; v/v). Chromatographic separation was performed on a reversSgiargBdvax RP analytical
column (150 mmx 4.6 mm i.d.; 4um particle size), using an agueous mobile phase (10 mMR@ buffer (pH 2.4)—acetonitrile; 65:35%,

v/v) delivered at a flow-rate of 2.5 ml/min. Retention times for OZP and LZP were 10.2 and 11.9 min, respectively. Calibration curves were
linear from 10 to 300 ng with correlation coefficient$)(better than 0.99. The limits of detection (LOD) and quantification (LOQ) were 2.5

and 10 ng/ml, respectively, using 0.5 ml samples. The mean relative recoveries at 20 and 300 ng/ml webe384.th= 6) and 72.4+ 5.9%

(n=7), respectively; for OZP at 200 ng the value was G8&28% (= 14). The intra-assay relative standard deviations (R.S.D.) at 20, 150

and 270 ng/ml of LZP were 7.8%, 9.8%% 7 in all cases) and 6.6% € 8), respectively. The inter-assay R.S.D. at the above concentrations
were 15.9%, 7.7% and 8.4% € 7 in all cases), respectively. Intra- and inter-assay accuracy data were within the acceptance interval of
+20% of the nominal values. There was no interference from other commonly co-administered anticonvulsant, antimicrobial, antipyretic,
and antimalarial drugs. The method has been successfully applied to a pharmacokinetic study of LZP in children with severe malaria and
convulsions following administration of a single intravenous dose (0.1 mg/kg body weight) of LZP.

Crown Copyright © 2005 Published by Elsevier B.V. All rights reserved.
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1. Introduction calemergenciesthatrequire prompttreatment. Acute seizures
are a clinical feature of severe malaria and other infections in
Acute seizures, particularly if prolonged status epilepticus children[1], and benzodiazepines are considered the drugs
(SE), are potentially life-threatening medical and neurologi- of choice for rapid termination of acute seizures and3E
In resource-poor countries, diazepam is routinely used as the
— standard first-line treatment for acute convulsions and SE,
* Corresponding author. Tel.: +254 20 2720163/2710672/2715160; . L . . . .
fax: +254 20 2711673, since it is widely available, cheap, and rapidly acting. How-
E-mail addressSndirangu@wtnairobi.mimcom.net (S.N. Muchohi). ever, it has several disadvantages: First, intravenous (i.v.)
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access is technically difficult in most resource-poor settings, [43]. However, most of these methods have various limi-
and plasma diazepam concentrations decline rapidly follow- tations, including time-consuming sample clean-up and/or
ing i.v. administration, leading to recurrence of seizures. derivatization stepg25,26,30] use of large sample vol-
Moreover, rectal administration of diazepam, which has beenumes &1 ml) [19,21,24,26,29,31,36,41inadequate sensi-
suggested as a practical alternative to i.v. administration tivity [31,32] and use of expensive solid phase extraction
under such settings, generally results in erratic absorptioncartridges[25,34-36] Though the combination of HPLC
and seizure recurreng8]. Second, administration of multi-  with MS offers the advantage of the separation power of
ple doses of diazepam is undesirable, especially in childrenHPLC with the sensitivity and specificity of MS for analy-
with severe malaria, due to accumulation and the potential sis of LZP, the technique is expensive and involves expen-
for fatal respiratory depressidd,5]. Third, intramuscular  sive equipment, which is not affordable for most non-
administration of diazepam results in incomplete and erratic research laboratories, particularly those in resource-poor
absorptior6]. countries.

Lorazepam (LZP) is an alternative benzodiazepinethathas We describe a relatively simple, sensitive and selective
several advantages over diazepam: following i.v. administra- HPLC-UV method for the determination of LZP in human
tion, it has a longer duration of action than predicted from plasma samples. The method was successfully applied to a
its half-life [7,8]. It prevents seizure recurrence for between pharmacokinetic study of LZP in children with severe malaria
2 and 72h[2,9]. Therefore, it can be used for both acute and convulsions following administration of a single i.v. dose
treatment and prophylaxis of seizures. It has been shown(0.1 mg/kg body weight) of LZP.
in a previous study to be better than diazepam for out-of-
hospital treatment of SIELO]. It has potent anticonvulsant
activity, and is effective in management of SE in both adults 2. Experimental
[7,11,12]and childrerj13], including those refractory to phe-
nobarbitone and phenytoifi4]. Although LZP is usually 2.1. Chemicals and reagents
administered i.v., due to its long duration of action, it would
help prevent the recurrence of convulsions in hospitalized Lorazepam (lot # 127F08281) was purchased from
patients. the Sigma Chemical Company (St. Louis, MO. USA).

The pharmacokinetics of LZP may be altered in chil- Oxazepam (internal standard (IS) was a gift from Dr
dren, and a few concentration-dependent side effects suchM.S. Lennard (University of Sheffield, UK). HPLC-grade
as respiratory depression have been reported in infants andrganic solvents (methanol, acetonitrile, dichloromethane,
children[15,16] The pharmacokinetics of LZP have notbeen n-hexane) and orthophosphoric acid were purchased from
described in African children, particularly those with falci- BDH Supplies Ltd. (Poole, England). Potassium dihy-
parum malaria, a common cause of seizures in sub-Saharamirogen orthophosphate (Anal8Rgrade) was also pur-
Africa [17]. LZP is extensively metabolized to its inactive chased from BDH. Distilled water was prepared as required
glucuronide conjugate, therefore only negligible amounts of using a Manesty Type S 75 water distiller (Manesty
free LZP are present in blood and excreted in ufib@]. Machines Ltd., Liverpool, UK), while deionized water
For pharmacokinetic studies in children with malaria, the was prepared in-house using Elga8t&-114 water deion-
ideal analytical method for LZP should be one that is sen- izer cartridges (The Elga Ltd., High Wycombe Bucks,
sitive enough to allow use of small quantities of biological England).
fluid (since large sampling volumes are both impractical
and not acceptable to parents/guardians), and fully selective?2.2. Standard stock solutions
to avoid interference from concurrently administered drugs,
such as other anticonvulsants, antimicrobials, antimalarials  Stock solutions (1 mg/ml) of LZP and OZP (IS) were pre-
and antipyretics/analgesics. pared by dissolving an appropriate amount of each compound

Several analytical methods have been published for thein methanol. The stock solutions were further serially diluted
quantification of LZP and/or its metabolite(s) in human with methanol to make working standard solutions at con-
(or animal) biological fluids or tissue organ extracts. These centrations of 100, 10 and 1 nd/for each compound. All
methods include gas chromatography (GC) with electron- the stock solutions were stored aR0°C, protected from
capture detection (GC-ECD)9-22] nitrogen—phosphorus  light (in amber sample vials) and used within three months.
detection (GC-NPD]19,23], mass spectrometry (GC-MS) A 0.5 M solution of sodium carbonate—sodium hydrogen car-
[24-26] and GC with negative ion chemical ionization bonate buffer (pH 9.5) was prepared by mixing equal volumes
MS (GC-MS/NICI) [27,28] or selected ion monitoring  of 0.5M aqueous solutions of sodium carbonate and sodium
MS (GC-MS/SIM)[28-30] High-performance liquid chro-  hydrogen carbonate. Potassium phosphate buffer (10 mM, pH
matography (HPLC) methods for quantification of LZP in 2.4) was prepared by transferring 12.36 ml of 1 M }30y
biological fluids have also been reported, with the choice of and 11.16 ml of 1M HPOy solutions into a 1000 ml vol-
detectors, including UV (HPLC-UV) or diode array detec- umetric flask, and making up the volume to the mark with
tor (HPLC-DAD)[31-42] and mass spectrometric detection distilled water.
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2.3. Chromatographic conditions aliquots (50Qul) of pooled drug-free human plasma, and a
fixed amount (200 ng) of the IS. The samples were analyzed
Chromatography was performed under isocratic condi- as described in the extraction procedure (SeQ@idphabove.
tions at ambient temperature (about°Zy. An isocratic Calibration curves were constructed by plotting peak area
delivery systemlgochron® LC; Spectra Physics, San Jose, ratios (PAR) of LZP to the IS against the known amounts LZP.
CA, USA) fitted with a Rheodyne (model 7125; Cotati, The results were analyzed by weightedxjlleast-squares

CA, USA) valve injector (5Qul loop) was used. Chro- linear regression to determine the slope, intercept, and corre-
matographic separation was achieved with a reversed-phaséation coefficient (2). Unknown concentrations of LZP were
phenyl column Bynerg® Max RP, 150 mmx 4.6 mm i.d., determined (by interpolation) with reference to the calibra-

4 um particle size; Phenomeng%, Macclesfield, Cheshire, tion line.
UK) coupled to a guard columriLiChrosphe® 100 RP-
18e, 10 mmx 4.6 mm i.d., 5um particle size; Merck, Darm-
stadt, Germany). The mobile phase consisted of a mixture
of potassium dihydrogen orthophosphate ¢Ri,) buffer
(10mM, pH 2.4) and acetonitrile (65:35%, v/v), and was
delivered in isocratic mode at a flow-rate of 2.5 ml/min, gen-
erating an operating backpressure of about 900 psi. Before
use, the mobile phase was degassed for 30 min in an ultra
sonic bath. The column effluent was monitored with a vari-
able wavelength UV-vis detector (modSpectraSerié®
UV100; Spectra Physics, San Jose, CA, USA) set at 220 nm.
Chromatographic peaks were recorded on a data integrato
(ChromJe? CH-1; Thermo Separation Products, San Jose
CA, USA).

2.6. Method validation

2.6.1. Quality control
Quality control (QC) plasma samples were prepared

by spiking drug-free human plasma (5ml) with vari-
ous quantities of LZP to vyield three different concentra-
tions, corresponding to the low (LQC =20 ng/ml), medium
(MQC=150ng/ml) and high (HQC=270ng/ml) levels.
Samples were aliquoted into cryovials and stored frozen
at —20°C for use with each analytical run. The results of
the QC samples provided the basis for accepting or reject-
"ing the run. At least four of the six QC samples had to
be within 20% of their respective nominal value. Two of
the six QC samples could be outside #20% of their
respective nominal value, but not at the same concentration

[44].

2.4. Sample preparation

The procedure was validated using spiked plasma aliquots
(0.5ml). Pooled human drug-free plasma was obtained
from healthy volunteer blood donors at a local blood 2.6.2. Assay precision and accuracy
bank (National Public Health Laboratories Service, Nairobi, ~ The precision and accuracy of the method were evaluated
Kenya) and stored frozen a20°C. Internal standard (OzP; by assaying QC samples at three different concentrations
200ng, 2Qul of a 10ngful solution) was added to 0.5ml  (Section2.6.1). Intra-assay precisionnfthin-day repeata-
aliquot of plasma (blank, standard or patient sample) in a bility) and accuracy were evaluated by analyzing &DO
15 ml borosilicate glass tube. The tubes were vortex-mixed aliquots of each of the QC samples<(7 for each level) on
for 10's. Acetonitrile (1 ml) was added and the tubes vortex the same day. Inter-assay precisidayto-day reproducibil-
mixed for 30s to precipitate the plasma proteins. Follow- ity) and accuracy were assessed by analyzing duplicates of
ing centrifugation (150& g; 5min), the clear supernatant €ach of the QC samples on seven different days. The con-
was decanted into another clean tube and basified withcentrations of the LZP in the quality control samples were
sodium carbonate—sodium hydrogen carbonate buffer (pH calculated using the dally calibration curves. Intra- and inter-
9.5; 0.5 ml), followed by vortex mixing for 10s. The samples assay precision were assessed by determining the relative
were extracted with a mixture ofhexane—dichloromethane standard deviations (R.S.D.), calculated from the ratio of
(70:30%, viv; 5ml) by mechanical tumbling of the mixture standard deviation (S.D.) to the mean, and expressed as a
(at speed 5) for 30 min on a Stu&TR4rotator drive (Stu- percentage.
art Scientific, Bedfordshire, UK), followed by centrifugation ~ Accuracy of the assay was determined at each level
(1500x g; 10 min) to separate the phases. The upper organicof the QC samples by comparing the difference between
phase was transferred to a clean glass tube and evaporatetl€ measured concentration and the corresponding nominal
to dryness in a water bath (3@) under a gent|e flow of concentration. ACCUracy was eXpressed as percentage error
white spot nitrogen gas (BOC Ltd., Nairobi). The residue (relative error, R.E.) [i.e., R.E. (%) =[(measured concentra-
was reconstituted in 190 of mobile phase, and an aliquot  tion —nominal concentration)/nominal concentration}00

(50l) was injected onto the HPLC column. (%)]. The following criteria were used to assess the suit-
ability of precision and accuracy: the R.S.D. value deter-
2.5. Preparation of calibration curves mined at each concentration level should not exceed 15%,

except at the limit of quantification, where it should not
Calibration curves were prepared by adding various exceed 20%; the accuracy value should be within 80-120%
amounts (10, 20, 50, 100, 150, 200 and 300 ng) of LZP to [44].
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2.6.3. Analytical recovery 3. Results and discussion

The analytical recovery (extraction efficiency) of the sam-
ple preparation procedure for LZP from human plasma 3.1. Chromatography
was assessed at low and high concentration levels of LZP.
Aliquots (500p.l) of drug-free plasma were spiked with LZP A representative chromatogram of an unextracted work-
(20 or 300 ng/ml) and 200 ng of the IS. The samples were ing solution (in mobile phase) containing 50 ng each of LZP
extracted according to the procedure described in Sectionand OZP (IS) is shown ifig. 1A. Fig. 1B shows the chro-
2.4. As controls, equivalent amounts of LZP and the IS matogram of an extracted blank human plasma spiked with
(200 ng) were added directly into the extracting organic sol- LZP (10 ng/ml) and IS (200 ng). Under the described chro-
vent (5 ml), followed by evaporation of the solvent in a water matographic conditions, OZP and LZP had retention times of
bath (37°C) under a gentle stream of white spot nitrogen. about 10.1 and 11.9 min, respectively. The chromatographic
The residue was then reconstituted in mobile phase (100 peaks were resolved to baseline throughout the calibration
and aliquots (5@.1) injected onto the HPLC chromatograph curve range (10-300 ng) studied.
as described above. Recovery was assessed by comparing
the chromatographic peak area ratios of LZP to IS of the 3.2. Sample preparation
extracted plasma standards to those obtained from equiva-
lent amounts of LZP and IS spiked directly into the organic ~ The sample preparation step used in this study involved
phase (corresponding to 100% recovery). The results wereonly a single-step, i.e., liquid—liquid extraction with a mixture
expressed as percentage recovery [i.e., recovery (%) = (pealof organic solventsrn-hexane—dichloromethane). This was
area of extracted analyte/peak area of non-extractedfoundto be the mostoptimal conditionfor sample preparation
analyte)x 100 (%)] as it resulted in a clean chromatogram. The IS corrected for

variation in the sample preparation step used.
2.6.4. Selectivity

The selectivity of the method was assessed by evalu- 3.3. Calibration curves
ating potential interference from various co-administered
drugs commonly used in the management of severe Calibration curves were constructed by plotting peak area
malaria and associated complications. Drug-free plasmaratios of LZP/IS against known amounts of LZP. A weighted
was spiked with therapeutic concentrations of such drugs (1/x) least-squares linear regression was used for calculation
which included anticonvulsants (diazepam, midazolam, phe- of calibration curves to account for unequal variances across
nobarbitone, phenytoin, fosphenytoin), antimicrobials (gen- the calibration range. Calibration curves for LZP were linear
tamicin, benzyl penicillin, chloramphenicol succinate and over the range (10-300 ng) studied. The regression equation
chloramphenicol base), antipyretics/analgesics (paracetafor LZP wasy=0.005k+ 0.018, and correlation coefficient,
mol and salicylate) and antimalarials (chloroquine, quinine, r2>0.997 f=11; R.S.D.=0.16%). The R.S.D. of the slope
proguanil, cycloguanil, pyrimethamine and sulfadoxine), fol- of the calibration curves was 6.3%.
lowed by extraction and analysis as described (Section
2.4) above. The retention times for these drugs under the 3.4. Method validation
chromatographic conditions for the LZP assay were deter-

mined. 3.4.1. Assay precision and accuracy

Intra- and inter-assay precision and accuracy data are
2.7. Application of the method in a pharmacokinetic shown inTable 1 The intra-assay R.S.D. at 20, 150 and
study of LZP in children 270ng/ml of LZP were 7.8%, 9.89% €7 in all cases) and

6.6% (= 8), respectively. The inter-assay R.S.D. atthe above
The validated method was used to evaluate the pharma-concentrations were 15.9%, 7.7% and 8.48& 7 in all
cokinetics of LZP in paediatric patients. Children with severe cases), respectively. Accuracy data were also determined and

malaria and convulsions were recruited (after obtaining eth- a|| |ay within the acceptance interval £20% of the nominal
ical approval from the Kenya Medical Research Institute values Table 9.

(KEMRI)/National Ethical Review Committee and informed

consent from the parents/guardians), and administered LZP3 4.2. Analytical recovery

(0.1 mg/kg;Ativar®, 4 mg/ml; Wyeth, UK), i.v. (as a slow The mean relative recoveries for LZP at 20 and 300 ng/m
bolus over 2 min). Venous blood samples (0.75 ml) were col- were 84.15.5% (=6) and 72.4:5.9% (1=7), respec-

lected into heparinized tubes pre-dose and at 10, 20, 30.tively. The mean relative recovery for OZP (IS) at 200 ng
40, 60min, and 2, 4, 6, 8, 12, 24, 36 and 48h after LZP was 68.2+ 6.8% (1=14).

administration. The plasma was separated by centrifugation

(1500x gfor 10 min) and stored frozen at20°C until anal- 3.4.3. Selectivity

ysis for unconjugated LZP. A concentration—time profile for The assay was found to be selective for LZP, and
one of the patients is reported. no interfering peaks were observed in the extracts of
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Fig. 1. (A) Chromatograms of standard solutions (in mobile phase) of lorazepam (LZP; 50 ng) and internal standard (oxazepam, OZP; 50 ng). ¢B) Extracte
blank human plasma spiked with LZP (10 ng/ml) and 200 ng of IS. (C) Extracted blank plasma from a child, spiked with 200 ng of IS. (D) Extracted plasma
sample obtained after 10 min following intravenous administration of a single dose of LZP (0.1 mg/kg) to a child with severe malaria and corndlsions, a

spiked with 200 ng IS. The estimated plasma concentration of unconjugated LZP was 54 ng/ml. Peaks: (1) injection event mark; (2) oxazepam, @ZP (IS); an

(3) lorazepam (LZP).

the different blank or patient plasma samples. Poten- doxine, proguanil, cycloguanil, and artesunate), analgesics
tial interferences by common drugs which are adminis- (acetaminophen and salicylate) or antimicrobials (chloram-
tered concurrently with LZP, such as antimalarials (chloro- phenicol and benzyl penicillin), were tested and could be
quine, desethylchloroquine, quinine, pyrimethamine, sulfa- excluded on the basis of different retention times.

Table 1

Intra- and inter-assay precision and accuracy of the assay for lorazepam (LZP) in plasma

Nominal concentration (ng/ml) No. of replicatey (

Estimated concentration (ng/ml); me#rs.D.

Precision (R.S.D.%)

Accuracy (R.E.%)

Intra-assay
20 7 213+ 1.7 7.8 8.7
150 7 167.5+ 16.5 9.8 13.6
270 8 292.1+ 19.2 6.6 13.1
Inter-assay
20 7 21.9+ 35 15.9 17.1
150 7 149.2+ 115 7.7 4.6
270 7 276.6+ 23.3 8.4 6.4

S.D.: standard deviation; R.S.D.: relative standard deviation; R.E.: relative error, calculated as [(estimated coneentratioal concentration)/nominal

concentration].
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Fig. 2. Semi-logarithmic plasma concentration—time profile of lorazepam (LZP) following administration of a single intravenous (i.v.) dogegpdf bt
(Ativar®; 4 mg/ml; Wyeth, UK) to a child.

3.4.4. Limits of detection and quantification GC-MS/NICI [27,28] or GC-MS/SIM [24,28,30] Sev-
The limit of detection (LOD), defined as the lowest con- eral HPLC methods with UV or diode array detection

centration yielding a signal-to-noise rati8, was 2.5 ng/ml [31-41,43]and mass spectrometric detect{d3] have also

The limit of quantification (LOQ), defined as the lowest con- been reported. Although GC methods are more sensitive

centration whose precision and accuracy values w&@% (with lower limits of quantification<2 ng/ml [28,43)) than
(n=6), excluding outliers, was 10 ng/ml. HPLC methods for measuring LZP, they involve lengthy
sample clean-up procedures, and require derivatization steps
3.5. Application of the method in a pharmacokinetic [25,26,30}0 increase the volatility of LZP, which is thermally
study of LZP in children unstable under GC conditiof&2,46] In addition, another 3-

hydroxy benzodiazepine (e.g., OZP) is required as a suitable
To demonstrate the clinical applicability of the assay IS, and thus, making assumption that the thermal-molecular
method, we have successfully used the method to quanti-rearrangement that occurs on the column is the same for both
tatively measure the concentrations of unconjugated LZP in LZP and the 1921], which may lead to poor reproducibility
plasma samples obtained from pediatric patients who wereof the assay22).
administered LZP (0.1 mg/kg) i.v. The chromatogram of = We have described a reversed-phase HPLC assay proce-
extracted plasma sample obtained from a child did not show dure with ultraviolet detection, for the selective, sensitive,
any interfering peaksH{g. 1C and D). The semi-logarithmic  accurate, and reproducible quantitative analysis of LZP in
plasma LZP concentration—time profile for one of the patients human plasma samples. Total run time was about 13 min.
is shown inFig. 2 Maximum plasma LZP concentration of A major advantage of the method over previous GC-ECD
54 ng/ml was achieved at 10 min after i.v. injection of LZP methods is that this method measures unchanged LZP rather
(0.1 mg/kg). than the product of on-column molecular rearrangement of
LZP; therefore, it is subject to less variability. The current
method is more sensitive than some of the reported HPLC
4. Discussion assayqg31,33] Egan and Abernethj41] have described a
HPLC method for determination of LZP concentrations in
LZP is a benzodiazepine that may be useful for ter- plasma that had a sensitivity of 2.5ng/ml, but it requires
mination of acute seizures and SE. Analytical methods a complex extraction procedure. Furthermore, most of the
for LZP in biological fluids are problematic, due to previously reported techniqudl,24,26,36,41,42hat had
the high sensitivity required to detect the low unconju- sensitivities higher than that achieved by the present method
gated blood (plasma/serum) LZP concentrations achievedrequired the use large sample volumesl (nl), which is
after the recommended doses, and the thermal instabil-not practical for pharmacokinetic studies in young children,
ity of the 3-hydroxybenzodiazepine ring. Previously pub- where taking large volumes of blood is ethically unaccept-
lished GC methods for the quantification of LZP and/or able. Though HPLC-MS technique offers the advantage
conjugated glucuronide metabolites in biological matter of the separation power of HPLC with the sensitivity and
(whole blood, plasma/serum urine, or brain) include GC- specificity of MS for analysis of LZP, it involves expen-
ECD [19-22,45] GC-NPD [19,23] GC-MS [25,26] and sive instrumentation, which may not be affordable for most
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non-research laboratories, particularly those in resource-poorReferences

countries.
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5. Conclusion

The HPLC analytical method for determination of LZP

in plasma presented here meets the criteria for routine ther-
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the rapidity, simplicity (single-step sample preparation proce-
dure), high sensitivity (LOQ, 10 ng/ml), and high selectivity
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