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A simple, sensitive, selective, and reproducible reversed-phase high-performance liquid chromatographic (HPLC) method with UV
as developed for the determination of lorazepam (LZP) in human plasma, using oxazepam (OZP) as internal standard. LZP
ere extracted from alkalinized (pH 9.5) spiked and clinical plasma samples using a single step liquid–liquid extraction with a
f n-hexane–dichloromethane (70:30%; v/v). Chromatographic separation was performed on a reversed-phaseSynergi® Max RP analytica
olumn (150 mm× 4.6 mm i.d.; 4�m particle size), using an aqueous mobile phase (10 mM KH2PO4 buffer (pH 2.4)–acetonitrile; 65:35%
/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 cur
inear from 10 to 300 ng with correlation coefficients (r2) better than 0.99. The limits of detection (LOD) and quantification (LOQ) wer
nd 10 ng/ml, respectively, using 0.5 ml samples. The mean relative recoveries at 20 and 300 ng/ml were 84.1± 5.5% (n= 6) and 72.4± 5.9%
n= 7), respectively; for OZP at 200 ng the value was 68.2± 6.8% (n= 14). The intra-assay relative standard deviations (R.S.D.) at 20
nd 270 ng/ml of LZP were 7.8%, 9.8% (n= 7 in all cases) and 6.6% (n= 8), respectively. The inter-assay R.S.D. at the above concentr
ere 15.9%, 7.7% and 8.4% (n= 7 in all cases), respectively. Intra- and inter-assay accuracy data were within the acceptance in
20% of the nominal values. There was no interference from other commonly co-administered anticonvulsant, antimicrobial, a
nd antimalarial drugs. The method has been successfully applied to a pharmacokinetic study of LZP in children with severe m
onvulsions following administration of a single intravenous dose (0.1 mg/kg body weight) of LZP.
rown Copyright © 2005 Published by Elsevier B.V. All rights reserved.
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. Introduction

Acute seizures, particularly if prolonged status epilepticus
SE), are potentially life-threatening medical and neurologi-
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cal emergencies that require prompt treatment. Acute sei
are a clinical feature of severe malaria and other infectio
children[1], and benzodiazepines are considered the d
of choice for rapid termination of acute seizures and SE[2].
In resource-poor countries, diazepam is routinely used a
standard first-line treatment for acute convulsions and
since it is widely available, cheap, and rapidly acting. H
ever, it has several disadvantages: First, intravenous
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access is technically difficult in most resource-poor settings,
and plasma diazepam concentrations decline rapidly follow-
ing i.v. administration, leading to recurrence of seizures.
Moreover, rectal administration of diazepam, which has been
suggested as a practical alternative to i.v. administration
under such settings, generally results in erratic absorption
and seizure recurrence[3]. Second, administration of multi-
ple doses of diazepam is undesirable, especially in children
with severe malaria, due to accumulation and the potential
for fatal respiratory depression[4,5]. Third, intramuscular
administration of diazepam results in incomplete and erratic
absorption[6].

Lorazepam (LZP) is an alternative benzodiazepine that has
several advantages over diazepam: following i.v. administra-
tion, it has a longer duration of action than predicted from
its half-life [7,8]. It prevents seizure recurrence for between
2 and 72 h[2,9]. Therefore, it can be used for both acute
treatment and prophylaxis of seizures. It has been shown
in a previous study to be better than diazepam for out-of-
hospital treatment of SE[10]. It has potent anticonvulsant
activity, and is effective in management of SE in both adults
[7,11,12]and children[13], including those refractory to phe-
nobarbitone and phenytoin[14]. Although LZP is usually
administered i.v., due to its long duration of action, it would
help prevent the recurrence of convulsions in hospitalized
patients.
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[43]. However, most of these methods have various limi-
tations, including time-consuming sample clean-up and/or
derivatization steps[25,26,30]; use of large sample vol-
umes (≥1 ml) [19,21,24,26,29,31,36,41]; inadequate sensi-
tivity [31,32]; and use of expensive solid phase extraction
cartridges[25,34–36]. Though the combination of HPLC
with MS offers the advantage of the separation power of
HPLC with the sensitivity and specificity of MS for analy-
sis of LZP, the technique is expensive and involves expen-
sive equipment, which is not affordable for most non-
research laboratories, particularly those in resource-poor
countries.

We describe a relatively simple, sensitive and selective
HPLC-UV method for the determination of LZP in human
plasma samples. The method was successfully applied to a
pharmacokinetic study of LZP in children with severe malaria
and convulsions following administration of a single i.v. dose
(0.1 mg/kg body weight) of LZP.

2. Experimental

2.1. Chemicals and reagents

Lorazepam (lot # 127F08281) was purchased from
the Sigma Chemical Company (St. Louis, MO. USA).
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The pharmacokinetics of LZP may be altered in c
ren, and a few concentration-dependent side effects
s respiratory depression have been reported in infant
hildren[15,16]. The pharmacokinetics of LZP have not b
escribed in African children, particularly those with fa
arum malaria, a common cause of seizures in sub-Sa
frica [17]. LZP is extensively metabolized to its inact
lucuronide conjugate, therefore only negligible amoun

ree LZP are present in blood and excreted in urine[18].
or pharmacokinetic studies in children with malaria,

deal analytical method for LZP should be one that is
itive enough to allow use of small quantities of biolog
uid (since large sampling volumes are both imprac
nd not acceptable to parents/guardians), and fully sele

o avoid interference from concurrently administered dr
uch as other anticonvulsants, antimicrobials, antimala
nd antipyretics/analgesics.

Several analytical methods have been published fo
uantification of LZP and/or its metabolite(s) in hum
or animal) biological fluids or tissue organ extracts. Th
ethods include gas chromatography (GC) with elec

apture detection (GC-ECD)[19–22], nitrogen–phosphoru
etection (GC-NPD)[19,23], mass spectrometry (GC–M

24–26], and GC with negative ion chemical ionizat
S (GC–MS/NICI) [27,28] or selected ion monitorin
S (GC–MS/SIM)[28–30]. High-performance liquid chro
atography (HPLC) methods for quantification of LZP
iological fluids have also been reported, with the choic
etectors, including UV (HPLC-UV) or diode array det

or (HPLC-DAD)[31–42], and mass spectrometric detect
xazepam (internal standard (IS) was a gift from
.S. Lennard (University of Sheffield, UK). HPLC-gra
rganic solvents (methanol, acetonitrile, dichlorometh
-hexane) and orthophosphoric acid were purchased
DH Supplies Ltd. (Poole, England). Potassium d
rogen orthophosphate (AnalaR® grade) was also pu
hased from BDH. Distilled water was prepared as requ
sing a Manesty Type S 75 water distiller (Mane
achines Ltd., Liverpool, UK), while deionized wa
as prepared in-house using Elgastat® C-114 water deion

zer cartridges (The Elga Ltd., High Wycombe Buc
ngland).

.2. Standard stock solutions

Stock solutions (1 mg/ml) of LZP and OZP (IS) were p
ared by dissolving an appropriate amount of each comp

n methanol. The stock solutions were further serially dilu
ith methanol to make working standard solutions at
entrations of 100, 10 and 1 ng/�l for each compound. A
he stock solutions were stored at−20◦C, protected from
ight (in amber sample vials) and used within three mon

0.5 M solution of sodium carbonate–sodium hydrogen
onate buffer (pH 9.5) was prepared by mixing equal volu
f 0.5 M aqueous solutions of sodium carbonate and so
ydrogen carbonate. Potassium phosphate buffer (10 mM
.4) was prepared by transferring 12.36 ml of 1 M KH2PO4
nd 11.16 ml of 1 M H3PO4 solutions into a 1000 ml vo
metric flask, and making up the volume to the mark w
istilled water.



S.N. Muchohi et al. / J. Chromatogr. B 824 (2005) 333–340 335

2.3. Chromatographic conditions

Chromatography was performed under isocratic condi-
tions at ambient temperature (about 25◦C). An isocratic
delivery system (Isochrom® LC; Spectra Physics, San Jose,
CA, USA) fitted with a Rheodyne (model 7125; Cotati,
CA, USA) valve injector (50�l loop) was used. Chro-
matographic separation was achieved with a reversed-phase
phenyl column (Synergi® Max RP, 150 mm× 4.6 mm i.d.,
4�m particle size; PhenomenexTM, Macclesfield, Cheshire,
UK) coupled to a guard column (LiChrospher® 100 RP-
18e, 10 mm× 4.6 mm i.d., 5�m particle size; Merck, Darm-
stadt, Germany). The mobile phase consisted of a mixture
of potassium dihydrogen orthophosphate (KH2PO4) buffer
(10 mM, 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 (modelSpectraSeries®

UV100; Spectra Physics, San Jose, CA, USA) set at 220 nm.
Chromatographic peaks were recorded on a data integrator
(ChromJet® CH-1; Thermo Separation Products, San Jose,
CA, USA).

2.4. Sample preparation
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aliquots (500�l) of pooled drug-free human plasma, and a
fixed amount (200 ng) of the IS. The samples were analyzed
as described in the extraction procedure (Section2.4) above.
Calibration curves were constructed by plotting peak area
ratios (PAR) of LZP to the IS against the known amounts LZP.
The results were analyzed by weighted (1/x) least-squares
linear regression to determine the slope, intercept, and corre-
lation coefficient (r2). Unknown concentrations of LZP were
determined (by interpolation) with reference to the calibra-
tion line.

2.6. Method validation

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

by spiking drug-free human plasma (5 ml) with vari-
ous quantities of LZP to yield three different concentra-
tions, corresponding to the low (LQC = 20 ng/ml), medium
(MQC = 150 ng/ml) and high (HQC = 270 ng/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 the±20% of their
r ation
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The procedure was validated using spiked plasma aliq
0.5 ml). Pooled human drug-free plasma was obta
rom healthy volunteer blood donors at a local blo
ank (National Public Health Laboratories Service, Nair
enya) and stored frozen at−20◦C. Internal standard (OZ
00 ng, 20�l of a 10 ng/�l solution) was added to 0.5 m
liquot of plasma (blank, standard or patient sample)
5 ml borosilicate glass tube. The tubes were vortex-m

or 10 s. Acetonitrile (1 ml) was added and the tubes vo
ixed for 30 s to precipitate the plasma proteins. Foll

ng centrifugation (1500×g; 5 min), the clear supernata
as decanted into another clean tube and basified
odium carbonate–sodium hydrogen carbonate buffer
.5; 0.5 ml), followed by vortex mixing for 10 s. The samp
ere extracted with a mixture ofn-hexane–dichlorometha

70:30%, v/v; 5 ml) by mechanical tumbling of the mixtu
at speed 5) for 30 min on a StuartSTR4rotator drive (Stu
rt Scientific, Bedfordshire, UK), followed by centrifugat
1500×g; 10 min) to separate the phases. The upper org
hase was transferred to a clean glass tube and evap

o dryness in a water bath (37◦C) under a gentle flow o
hite spot nitrogen gas (BOC Ltd., Nairobi). The resi
as reconstituted in 100�l of mobile phase, and an aliqu

50�l) was injected onto the HPLC column.

.5. Preparation of calibration curves

Calibration curves were prepared by adding var
mounts (10, 20, 50, 100, 150, 200 and 300 ng) of LZ
d

espective nominal value, but not at the same concentr
44].

.6.2. Assay precision and accuracy
The precision and accuracy of the method were evalu

y assaying QC samples at three different concentra
Section2.6.1). Intra-assay precision (within-day repeata
ility) and accuracy were evaluated by analyzing 50�l
liquots of each of the QC samples (n= 7 for each level) o

he same day. Inter-assay precision (day-to-day reproducibil-
ty) and accuracy were assessed by analyzing duplica
ach of the QC samples on seven different days. The
entrations of the LZP in the quality control samples w
alculated using the daily calibration curves. Intra- and in
ssay precision were assessed by determining the re
tandard deviations (R.S.D.), calculated from the rati
tandard deviation (S.D.) to the mean, and expressed
ercentage.

Accuracy of the assay was determined at each
f the QC samples by comparing the difference betw

he measured concentration and the corresponding no
oncentration. Accuracy was expressed as percentage
relative error, R.E.) [i.e., R.E. (%) = [(measured concen
ion− nominal concentration)/nominal concentration)× 100
%)]. The following criteria were used to assess the
bility of precision and accuracy: the R.S.D. value de
ined at each concentration level should not exceed

xcept at the limit of quantification, where it should
xceed 20%; the accuracy value should be within 80–1
44].
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2.6.3. Analytical recovery
The analytical recovery (extraction efficiency) of the sam-

ple preparation procedure for LZP from human plasma
was assessed at low and high concentration levels of LZP.
Aliquots (500�l) of drug-free plasma were spiked with LZP
(20 or 300 ng/ml) and 200 ng of the IS. The samples were
extracted according to the procedure described in Section
2.4. As controls, equivalent amounts of LZP and the IS
(200 ng) were added directly into the extracting organic sol-
vent (5 ml), followed by evaporation of the solvent in a water
bath (37◦C) under a gentle stream of white spot nitrogen.
The residue was then reconstituted in mobile phase (100�l)
and aliquots (50�l) injected onto the HPLC chromatograph
as described above. Recovery was assessed by comparing
the chromatographic peak area ratios of LZP to IS of the
extracted plasma standards to those obtained from equiva-
lent amounts of LZP and IS spiked directly into the organic
phase (corresponding to 100% recovery). The results were
expressed as percentage recovery [i.e., recovery (%) = (peak
area of extracted analyte/peak area of non-extracted
analyte)× 100 (%)]

2.6.4. Selectivity
The selectivity of the method was assessed by evalu-

ating potential interference from various co-administered
drugs commonly used in the management of severe
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3. Results and discussion

3.1. Chromatography

A representative chromatogram of an unextracted work-
ing solution (in mobile phase) containing 50 ng each of LZP
and OZP (IS) is shown inFig. 1A. Fig. 1B shows the chro-
matogram of an extracted blank human plasma spiked with
LZP (10 ng/ml) and IS (200 ng). Under the described chro-
matographic conditions, OZP and LZP had retention times of
about 10.1 and 11.9 min, respectively. The chromatographic
peaks were resolved to baseline throughout the calibration
curve range (10–300 ng) studied.

3.2. Sample preparation

The sample preparation step used in this study involved
only a single-step, i.e., liquid–liquid extraction with a mixture
of organic solvents (n-hexane–dichloromethane). This was
found to be the most optimal condition for sample preparation
as it resulted in a clean chromatogram. The IS corrected for
variation in the sample preparation step used.

3.3. Calibration curves

Calibration curves were constructed by plotting peak area
r ted
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n s of
alaria and associated complications. Drug-free pla
as spiked with therapeutic concentrations of such d
hich included anticonvulsants (diazepam, midazolam,
obarbitone, phenytoin, fosphenytoin), antimicrobials (g

amicin, benzyl penicillin, chloramphenicol succinate
hloramphenicol base), antipyretics/analgesics (para
ol and salicylate) and antimalarials (chloroquine, quin
roguanil, cycloguanil, pyrimethamine and sulfadoxine),

owed by extraction and analysis as described (Se
.4) above. The retention times for these drugs unde
hromatographic conditions for the LZP assay were d
ined.

.7. Application of the method in a pharmacokinetic
tudy of LZP in children

The validated method was used to evaluate the pha
okinetics of LZP in paediatric patients. Children with sev
alaria and convulsions were recruited (after obtaining

cal approval from the Kenya Medical Research Insti
KEMRI)/National Ethical Review Committee and inform
onsent from the parents/guardians), and administered
0.1 mg/kg;Ativan®, 4 mg/ml; Wyeth, UK), i.v. (as a slo
olus over 2 min). Venous blood samples (0.75 ml) were

ected into heparinized tubes pre-dose and at 10, 20
0, 60 min, and 2, 4, 6, 8, 12, 24, 36 and 48 h after
dministration. The plasma was separated by centrifug
1500×g for 10 min) and stored frozen at−20◦C until anal-
sis for unconjugated LZP. A concentration–time profile
ne of the patients is reported.
atios of LZP/IS against known amounts of LZP. A weigh
1/x) least-squares linear regression was used for calcu
f calibration curves to account for unequal variances a

he calibration range. Calibration curves for LZP were lin
ver the range (10–300 ng) studied. The regression equ
or LZP wasy= 0.0051x+ 0.018, and correlation coefficie
2 ≥ 0.997 (n= 11; R.S.D. = 0.16%). The R.S.D. of the slo
f the calibration curves was 6.3%.

.4. Method validation

.4.1. Assay precision and accuracy
Intra- and inter-assay precision and accuracy data

hown in Table 1. The intra-assay R.S.D. at 20, 150 a
70 ng/ml of LZP were 7.8%, 9.8% (n= 7 in all cases) an
.6% (n= 8), respectively. The inter-assay R.S.D. at the a
oncentrations were 15.9%, 7.7% and 8.4% (n= 7 in all
ases), respectively. Accuracy data were also determine
ll lay within the acceptance interval of±20% of the nomina
alues (Table 1).

.4.2. Analytical recovery
The mean relative recoveries for LZP at 20 and 300 n

ere 84.1± 5.5% (n= 6) and 72.4± 5.9% (n= 7), respec
ively. The mean relative recovery for OZP (IS) at 200
as 68.2± 6.8% (n= 14).

.4.3. Selectivity
The assay was found to be selective for LZP,

o interfering peaks were observed in the extract
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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) Extracted
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 convulsions, and
spiked with 200 ng IS. The estimated plasma concentration of unconjugated LZP was 54 ng/ml. Peaks: (1) injection event mark; (2) oxazepam, OZP (IS); and
(3) lorazepam (LZP).

the different blank or patient plasma samples. Poten-
tial interferences by common drugs which are adminis-
tered concurrently with LZP, such as antimalarials (chloro-
quine, desethylchloroquine, quinine, pyrimethamine, sulfa-

doxine, proguanil, cycloguanil, and artesunate), analgesics
(acetaminophen and salicylate) or antimicrobials (chloram-
phenicol and benzyl penicillin), were tested and could be
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 replicates (n) Estimated concentration (ng/ml); mean± S.D. Precision (R.S.D.%) Accuracy (R.E.%)

Intra-assay
20 7 21.3± 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± 3.5 15.9 17.1
150 7 149.2± 11.5 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 concentration− nominal 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.) dose (0.1 mg/kg) of LZP
(Ativan®; 4 mg/ml; Wyeth, UK) to a child.

3.4.4. Limits of detection and quantification
The limit of detection (LOD), defined as the lowest con-

centration yielding a signal-to-noise ratio≥3, was 2.5 ng/ml
The limit of quantification (LOQ), defined as the lowest con-
centration whose precision and accuracy values were≤20%
(n= 6), excluding outliers, was 10 ng/ml.

3.5. Application of the method in a pharmacokinetic
study of LZP in children

To demonstrate the clinical applicability of the assay
method, we have successfully used the method to quanti-
tatively measure the concentrations of unconjugated LZP in
plasma samples obtained from pediatric patients who were
administered LZP (0.1 mg/kg) i.v. The chromatogram of
extracted plasma sample obtained from a child did not show
any interfering peaks (Fig. 1C and D). The semi-logarithmic
plasma LZP concentration–time profile for one of the patients
is shown inFig. 2. Maximum plasma LZP concentration of
54 ng/ml was achieved at 10 min after i.v. injection of LZP
(0.1 mg/kg).

4. Discussion

LZP is a benzodiazepine that may be useful for ter-
m ods
f to
t ju-
g ieved
a tabil-
i ub-
l /or
c tter
( C-
E

GC–MS/NICI [27,28] or GC–MS/SIM [24,28,30]. Sev-
eral HPLC methods with UV or diode array detection
[31–41,43]and mass spectrometric detection[43] have also
been reported. Although GC methods are more sensitive
(with lower limits of quantification≤2 ng/ml [28,43]) than
HPLC methods for measuring LZP, they involve lengthy
sample clean-up procedures, and require derivatization steps
[25,26,30]to increase the volatility of LZP, which is thermally
unstable under GC conditions[22,46]. In addition, another 3-
hydroxy benzodiazepine (e.g., OZP) is required as a suitable
IS, and thus, making assumption that the thermal-molecular
rearrangement that occurs on the column is the same for both
LZP and the IS[21], which may lead to poor reproducibility
of the assay[22].

We have described a reversed-phase HPLC assay proce-
dure with ultraviolet detection, for the selective, sensitive,
accurate, and reproducible quantitative analysis of LZP in
human plasma samples. Total run time was about 13 min.
A major advantage of the method over previous GC-ECD
methods is that this method measures unchanged LZP rather
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
assays[31,33]. Egan and Abernethy[41] have described a
HPLC method for determination of LZP concentrations in
plasma that had a sensitivity of 2.5 ng/ml, but it requires
a f the
p
s thod
r
n ren,
w ept-
a tage
o nd
s n-
s ost
ination of acute seizures and SE. Analytical meth
or LZP in biological fluids are problematic, due
he high sensitivity required to detect the low uncon
ated blood (plasma/serum) LZP concentrations ach
fter the recommended doses, and the thermal ins

ty of the 3-hydroxybenzodiazepine ring. Previously p
ished GC methods for the quantification of LZP and
onjugated glucuronide metabolites in biological ma
whole blood, plasma/serum urine, or brain) include G
CD [19–22,45]; GC-NPD [19,23]; GC–MS [25,26] and
complex extraction procedure. Furthermore, most o
reviously reported techniques[21,24,26,36,41,42]that had
ensitivities higher than that achieved by the present me
equired the use large sample volumes (≥1 ml), which is
ot practical for pharmacokinetic studies in young child
here taking large volumes of blood is ethically unacc
ble. Though HPLC–MS technique offers the advan
f the separation power of HPLC with the sensitivity a
pecificity of MS for analysis of LZP, it involves expe
ive instrumentation, which may not be affordable for m
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non-research laboratories, particularly those in resource-poor
countries.

The minimal effective concentration of LZP for termi-
nation of seizures is about 30 ng/ml[7]. The maximum
plasma concentration of LZP of 54 ng/ml was achieved at
10 min after LZP (0.1 mg/kg) (Fig. 2) and the plasma con-
centration versus time profile was similar to previous studies
[7,47,48]. Thus, following a single i.v. injection of 5 mg
LZP in normal adults, Comer and Giesecke[48] found that
LZP concentration remained above 30 ng/ml for about 18 h,
whilst a mean plasma concentration of 47.6± 57.8 ng/ml was
achieved within 0.1 (0.08–1.02) h following administration of
a single i.v. dose (2 mg≡ 0.029 mg/kg) of LZP in 11 healthy
volunteers[49].

5. Conclusion

The HPLC analytical method for determination of LZP
in plasma presented here meets the criteria for routine ther-
apeutic drug monitoring or pharmacokinetic studies. The
advantage of the method over previously reported methods is
the rapidity, simplicity (single-step sample preparation proce-
dure), high sensitivity (LOQ, 10 ng/ml), and high selectivity
(no interferences from endogenous peaks or concurrently
administered drugs). The limits of detection and quantifica-
t ent of
t ular
u t in
y ust
b we
h phar-
m en
w
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tor
o ish
t both
o en-
t ya,
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N eir
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