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ARTICLE INFO ABSTRACT

Arfic{e history: An assay method for the determination of oltipraz, a candidate drug for the treatment of liver fibrosis
Received 30 May 2011 and liver cirrhosis, was developed in rat plasma using a fast-flow protein precipitation (FF-PPT) method
Accepted 20 June 2011

coupled with LC-MS/MS for quantification to reduce the labor and to improve the speed of analysis.
The applicability of the assay to pharmacokinetic studies was also evaluated. Oltipraz and ethyl-oltipraz,
an internal standard (IS), were analyzed by multiple reaction monitoring (MRM) at m/z transitions of

Available online 25 June 2011

g‘l"i’,w:’ards" 227 — 193 and 241 — 174, respectively. A lower limit of quantification (LLOQ) of 20 ng/mL was observed,
Ph;lr)mazcokinetics with alinear dynamic range from 20 to 4000 ng/mL (R > 0.997). The accuracy, precision, dilution, recovery,
LC-MS/MS and stability of the assay were deemed acceptable according to FDA guidelines. Oltipraz concentrations
FF-PPT were measured successfully in plasma samples up to 12 h post-dose in rats that had received an oral
Rats dose of 60 mg/kg. The findings indicate that the assay method is rapid and sensitive to oltipraz, showing

applicability for pharmacokinetics (PK) studies of oltipraz in other small animals, including rats.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Oltipraz [5-(2-pyrazinyl)-4-methyl-1,2-dithiol-3-thione] has
been developed by Rhone-Poulenc (Vitry Cedex, France) for ther-
apeutic applications in the treatment of schistosomiasis and has
been studied in terms of pharmacokinetics and toxicity for many
years in rats [1]. Recently, the therapeutic effect of oltipraz
was reported in rat model with liver cirrhosis induced by N-
nitrosodimethylamine [2]. Based on the results, the compound
is currently being evaluated in phase II clinical trials in South
Korea as a treatment for liver fibrosis and cirrhosis induced by
chronic hepatitis, types B and C [3]. Descriptions of several meth-
ods for determining concentrations of oltipraz in biological fluids
using HPLC have been published [4-6]. However, the retention
time of oltipraz tends to be relatively long (~5.8 min) with an
overall run time of ~14min. The amount of eluent required is
also relatively high (1.5 mL/min). Some of these reports did not
use internal standards, despite extraction steps, and the upper
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limits of quantification (~500 ng/mL) were not suitable for pharma-
cokinetic samples. Additionally, not all of the published methods
had been characterized in terms of long- and short-term stabil-
ity, and no report has been published on the quantification of
oltipraz with LC-MS/MS, despite the high sensitivity and substan-
tial role of LC-MS/MS in modern analytical methods. The current
study describes the development and validation of an analytical
assay for the quantitation of oltipraz in rat plasma using FF-PPT
[7-9] coupled with LC-MS/MS to increase throughput by shorten-
ing processing time and reducing the sample volume requirement
according to the guidelines of bioanalytical method validation pro-
vided by the FDA [10].

2. Experimental
2.1. Chemicals and reagents

Oltipraz (100% purity) and internal standard (IS) ethyl-oltipraz
(99% purity) were supplied by Cheiljedang Corporation (Seoul,
Republic of Korea). Acetonitrile (HPLC grade) and formic acid were
obtained from Honeywell, Burdick & Jackson (Phillipsburg, NJ, USA)
and from Fluka (Cambridge, MA, USA), respectively.
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2.2. Chromatographic and mass spectrometer operating
conditions

A HP 1100 HPLC system (Agilent Technologies, Santa Clara, CA,
USA) consisting of a binary pump, an online degasser, an autosam-
pler, and a column heater was used in the study. A reversed
phase Zorbax Eclipse XDB-C18 column (2.1 mm x 100 mm, 3.5 p.m;
Agilent Technologies) was used for the chromatographic sep-
aration of oltipraz and the IS. The mobile phase consisted of
acetonitrile-water—formic acid (70:30:0.25, v/v/v) at a flow rate of
0.2 mL/min. The injection volume was 10 L and the run time was
4 min. Mass spectrometric detection was performed with a Quat-
tro Micro quadrupole mass spectrometer (Waters, Milford, MA,
USA) equipped with an electro-spray ionization (ESI) source in the
positive-ion mode and operated in multiple reaction monitoring
(MRM) mode. The settings of the mass spectrometer for oltipraz and
IS were 3.5KkV for the capillary voltage, 30V for the cone voltage,
and 30V for the collision energy.

2.3. Standards and quality control (QC) samples

A set of oltipraz standard solutions and QC solutions were
obtained by successive dilutions of the stock solutions (500 j.g/mL
for oltipraz and 200 pg/mL for IS) with acetonitrile. A 5-p.L aliquot
of oltipraz standard solution was spiked into 35 L of blank rat
plasma, resulting in eight non-zero calibration standards (20, 100,
250, 500, 1000, 1500, 3600, and 4000 ng/mL). QC samples with
the oltipraz concentrations of 20, 60, 1000 and 3200 ng/mL were
prepared in blank plasma. A 40-p.L aliquot of thawed plasma or
QC samples was transferred to a Whatman Protein Precipitation
Unifilter Fast Flow (Whatman, Florham Park, NJ, USA). An aliquot
(5 uL) of the working internal standard solution at a concentration
of 1000 ng/mL and 200 L of acetonitrile were dispensed to each
well of the filter plate. The Whatman Unifilter was placed on top
of a vacuum manifold and a 96-well collection plate was placed at
the bottom of the manifold with a reduced pressure (18 in. of Hg).
The collection plate was then placed on an autosampler rack and
injected into the LC-MS/MS system. All of the samples were covered
with aluminum foil or processed under yellow light to minimize the
photodegradation of oltipraz.

2.4. Method validation

The selectivity of the analysis was evaluated using six differ-
ent lots of blank matrices (i.e., samples without oltipraz and IS),
zero samples (i.e., blank plasma with the IS), and the lower limit
of quantification (LLOQ). Calibration curves were constructed with
peak area ratios of oltipraz to internal standard versus nominal
concentration of oltipraz in plasma standards ranging from 20 to
4000 ng/mL. Three batches prepared on different days were used
to assess the precision and accuracy. The precision was defined as
the coefficient of variation at each concentration, and the accu-
racy was determined by calculating the difference between the
calculated and theoretical concentrations. Dilution testing was per-
formed with six replicates of QC samples at a concentration of
16,000 ng/mL, which were then diluted fivefold with blank rat
plasma. The relative recovery of oltipraz and IS were determined
by comparing mean peak areas of analytes added before extrac-
tion into the same six different sources with those of the analytes
added to neat solutions at three concentrations of 60, 1000, and
3200 ng/mL. The matrix effect was evaluated as the precision of the
peak areas of oltipraz and IS and the peak area ratios (oltipraz/IS)
in post-extraction samples. To determine the stability of the stock
solution, a set of oltipraz stock solutions was freshly prepared
and compared with a stock solution stored for 6h at 4°C. Addi-
tionally, the stability of oltipraz after three freeze-thaw cycles,

post-preparative stability of processed samples in an autosampler,
short-term (benchtop) stability, and long-term stability of the ana-
lyte in rat plasma were evaluated by analyzing QC samples. Analyte
was considered stable if the response of stored samples and fresh
samples, or measured analyte concentration and its corresponding
theoretical value, differed by less than 15%.

2.5. Application of the assay

Experimental protocols involving animals were reviewed by the
Institutional Animal Care and Use Committee (IACUC) of the Korea
Institute of Toxicology [11]. To assess the applicability of the assay
to pharmacokinetic studies in rats, oltipraz was administrated
orally as a suspension in 0.5% sodium carboxymethylcellulose at
a dose of 60 mg/kg. Blood samples (approximately 0.25 mL, each)
were collected into heparinized tubes via the tail vein at pre-dose
(0),0.25,0.5,1, 2,4, 8 and 12 h post-dose. Plasma was separated by
centrifugation (16,100 x g, 5min) and stored at -80°C until anal-
ysis. The plasma concentration versus time data for oltipraz was
analyzed with a non-compartmental method using the WinNon-
lin software (ver. 4.1; Pharsight, Mountain View, CA, USA). The
area under the peak corresponding to oltipraz concentration in the
plasma-time curve from time zero to the last quantifiable time-
point (AUCg_121,) was calculated by a linear trapezoidal method.
The maximum concentration (Cpax) of oltipraz and the time to
reach Cpmax (Tmax ) Were obtained directly from the profile of oltipraz
concentrations in the plasma [12].

3. Results and discussion
3.1. Mass spectra and chromatography

Preliminary optimization of the collision energy and cone volt-
age showed that the m/z227 — 193 and 241 — 174 transitions were
adequate for the detecting oltipraz and the IS, respectively (Fig. 1).
An optimized chromatographic run time of 3.5min per sample
yielded symmetric peaks for both oltipraz and IS with adequate
separation for quantitation.
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Fig. 1. The structures and product-ion spectra of (A) oltipraz and (B) ethyl-oltipraz,
the internal standard.
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3.2. Method validation

Chromatograms from six lots of the blank analyses contained
no endogenous peaks that co-eluted with any of the analytes or
internal standards. The LLOQ was 20 ng/mL with a signal-to-noise
ratio greater than 10 and 3.9% of the precision (CV). The calibra-
tion curves in rat plasma were linear from 20-4000 ng/mL with
a weighting factor of 1/x (y=4.909x — 11.8, r=0.997). QC samples
were analyzed to determine the intra-day and inter-day accuracy
and precision (Table 1). In dilution tests, samples exhibited an
accuracy and precision of 1.2% and 7.4%, respectively. The over-
all process efficiencies for oltipraz analysis were 55.7%, 57.3%, and
51.1% at concentrations of 60, 1000, and 3200 ng/mL, respectively,
and the percent recovery for the IS ranged from 40.4 to 50.4%.
As a measure of matrix effects, the precision in the peak areas
of oltipraz and the IS, and the peak area ratios (oltipraz/IS) in
post-extraction samples, were 6.4-8.5%, 4.4-5.6%, and 4.1-5.3%,
respectively. Collectively, these data show that the current sample
processing conditions yielded adequate recoveries with negligible
matrix effects for both oltipraz and the IS. In the stock solu-
tion stability of oltipraz and IS, the concentrations in the stored
sample were 99.2% and 99.9%, respectively. Benchtop stability,
post-preparative stability, long-term storage stability, and three
freeze-thaw cycles indicated that oltipraz was stable in rat plasma
under the handling and storage conditions used in this study
(Table 2).

Table 1
Precision and accuracy for oltipraz in rat plasma.
Batch Theoretical concentration (ng/mL)
LLOQ LQC MQC HQC
20 60 1000 3200
(A) Intra-day (n=6)
Mean conc. 21.0 59.2 968.3 32753
Precision (CV, %)? 6.6 1.8 0.9 2.0
Accuracy (RE, %)° 5.0 -1.4 -32 2.4
(B) Inter-day (n=18)
Mean conc. 61.6 991.7 32709
Precision (CV, %) 41 3.0 19
Accuracy (RE, %) 2.7 -0.8 2.2

3 CV (%)=standard deviation of the concentration/mean concentration x 100.
b RE (%) =(calculated concentration — theoretical concentration)/theoretical con-
centration x 100.

Table 2
Stability of oltipraz in quality control samples (n=6).
Batch Theoretical concentration (ng/mL)
60 1000 3200
(A) Benchtop stability at room temperature for 24 h
Mean conc. 55.9 909.0 2978.7
Precision (CV, %)? 34 43 4.8
Accuracy (RE, %)° -6.8 -9.1 -6.9
(B) Post-preparative stability at 10°C for 2 days
Mean conc. 66.2 1049.8 3400.9
Precision (CV, %) 29 7.3 4.0
Accuracy (RE, %) 10.3 5.0 6.3
(C) Freeze-thaw stability (3 cycles)
Mean conc. 549 872.7 2861.4
Precision (CV, %) 3.5 1.1 2.2
Accuracy (RE, %) -8.6 -12.7 -10.6
(D) Long-term stability at —80°C for 4 weeks
Mean conc. 52.5 2837.0
Precision (CV, %) 0.6 3.2
Accuracy (RE, %) -125 -11.3

2 CV (%)=standard deviation of the concentration/mean concentration x 100.
b RE (%) =(calculated concentration — theoretical concentration)/theoretical con-
centration x 100.
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Fig. 2. A temporal profile shows the plasma concentration of oltipraz in rats that
had received an oral dose of 60 mg oltipraz/kg (mean + standard deviation, n=3).

3.3. Applicability to pharmacokinetic studies

Oltipraz concentrations were readily measurable in all plasma
samples collected up to 12 h post-dose, indicating that the current
assay was adequate for determining the pharmacokinetic charac-
teristics of oltipraz (Fig. 2). The Cmax, Tmax, and AUCq_12, were
1596.8 +135.4ng/mL, 2.3+1.5h, and 11330.6 +1849.1 ngh/mL,
respectively.

4. Conclusions

An analytical assay for determining oltipraz levels in rat plasma
was developed and validated in terms of the selectivity, linearity,
accuracy, precision, dilution, recovery, matrix effects, and stabil-
ity. The assay boasts a limit of quantification of 20ng/mL and a
wide linear dynamic range from 20 to 4000 ng/mL, with a corre-
lation coefficient approaching unity. The assay features a simple
sample preparation procedure using a fast flow protein precipita-
tion (FF-PPT) method, a relatively short HPLC run time, and the
sensitivity and reliability required from pharmacokinetic studies.
Thus, this assay may be useful for analyses of oltipraz in the further
development of oltipraz as a new drug.
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