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ABSTRACT

A rapid, cost-effective and simple “RP-HPLC method with UV detection” was developed for the determination of zileuton
from human plasma. The method involved spiking human plasma and validation. Phenacetin (internal standard) and zileuton
samples were prepared using LLE in diethyl ether which was used as solvent for extraction. “HiQsil C18 column (250 mm*4.6
mm* 5 m) was used for separation with tetrahydrofuran: water (45:55, v/v) as mobile phase. The flow rate was set at 1-mL/min
and UV detection was done at 230 nm. Zileuton showed excellent separation from the internal standard and no interference
was observed in plasma samples. A linear calibration curve was obtained in the 500 to 10,000 ng/mL range. The relative error
(RE) and relative standard deviation (RSD) were found to be less than 15% for both within the run and between the runs.
At lower zileuton concentrations, “weighted least square regression with a weighting factor of 1/X was used to reduce the
heteroscedastic effect”. Extraction efficiency of LLE method was confirmed by the recovery of zileuton from samples. The
stability data showed that “zileuton was stable in human plasma for 6 hours at room temperature for 30 days at -20°C after
freeze thaw cycles”.
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INTRODUCTION 5-lipoxygenase inhibitory activity.'® 5-lipooxygenase is

Bioanalysis involves the quantitative assessment of biological ~ responsible for catalyzing the production of leukotrienes
molecules and xenobiotics.! Bioanalysis aims to determine from arachidonic acid. Leukotrienes trigger various biological
drugs in complex matrices sensitively and selectively with reactions that result in symptoms like edema, inflammation,
acceptable accuracy and precision.? Pharmacologic and bronchoconstriction in asthmatic patients’ airways, and mucus
pharmacokinetic investigations, which entail figuring out secretion. Zileuton reduces these symptoms through its specific
how medications are absorbed, distributed, metabolized, and ~ inhibitory activity."”'* Patients consuming the recommended
eliminated in humans and animals, have included estimation ~dose of 600 mg of zileuton exhibited a peak plasma
of substances from the biological fluids. Bioanalysis also concentration of 4.41 mg/L."° Numerous analytical techniques
involves the correlation between drug levels in blood tissue € reported in the literature for the quantitative estimation
and their pharmacologic effects (pharmacodynamics), of zileuton.?* There aren’t many bioanalytical techniques
which is an essential feature during drug development.’” available for determining zileuton in human plasma on its own
Sample pretreatment is an essential feature to prevent matrix ~ USing LC-MS." RP-HPLC* was used for the simultaneous
clogging despite the development of highly efficient analytical determination of “zileuton and its N-dehydroxylated metabolite
technologies.® Under such circumstances, LLE is a reliable from rat urine using micellar liquid chromatography®' and
and frequently applied approach for isolating analytes from plasma using HPLC™.' The HPLC procedures, however,
endogenous interfering molecules in aqueous biological

fluids.”'* Partitioning between the aqueous and organic HO\ O

phases, determines the separation in LLE.>! \ N—{
“Zileuton is an antiasthmatic drug which is chemically NHz

1-[1-(1-benzothiophen-2-yl) ethyl]-1-hydroxyurea” (Figure 1). S CH,

The drug is a racemate mixture of R (+) zileuton and S

(-) zileuton enantiomers which have approximately equal Figure 1: Chemical structure of zileuton.
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demand sophisticated sample preparation technology, such
as solid phase extraction. Although the LC-MS approach
outlines the use of LLE for sample preparation, the technology
is expensive, and the process involves an internal standard that
is less frequently used. As a result, the current study proposed
a straightforward, simple RP-HPLC-UV method based on LLE
for sample preparation and a universally accessible internal
standard for measuring zileuton from spiked human plasma.

EXPERIMENTAL

Equipment and Materials

HPLC system with variable wavelength programmable UV
detector and manual Rheodyne injector (20 L loop capacity)
was used to conduct the analysis. A quaternary pump from
Agilent 1200 series was used with HPLC system. The
sample was injected using a 50-L Hamilton injection syringe.
Chemstation (B.02.01) was used for data analysis. A gift
sample of pharmaceutical-grade zileuton was obtained from
MSN Labs Ltd. in Hyderabad, Andhra Pradesh, India. An
internal standard of phenacetin was acquired from Triveni
Chemicals Gujarat, India. Blank human plasma was purchased
from the KEM Hospital in Mumbeai, India’s National Plasma
Fractionation Centre. Pooled blank plasma was produced by
thoroughly combining plasma from six distinct sources. We
acquired all of our chemicals from Molychem in Mumbai,
India. Tetrahydrofuran and water used in the analysis were of
HPLC grade. Rest all other chemicals used in the investigation
were of AR quality. 0.45 pum nylon membrane filters were
purchased from “PCI Analytics Pvt. Ltd., Mumbai, India”.

Methods

Preparation of Standards for the Calibration Curve (CC)

1000 pg/mL stock solution of zileuton was prepared in
methanol. Stock was diluted with methanol to prepare working
standards at concentrations of 25, 50, 100, 200, 300, 400,
and 500 pg/mL. A total of 20 puL of these standard working
solutions was spiked to 1-mL aliquots of blank human plasma
to obtain CC standards with concentrations of 500, 1000, 2000,
4000, 6000, 8000 and 10000 ng/mL of zileuton.

Preparation of Quality Control (QC) Sample

The QC samples were prepared similar to CC standards.
“Three concentrations of samples were used in study which
included 1000 ng/mL for the lower quality control (LQC),
4000 ng/mL for the middle-quality control (MQC), and
8000 ng/mL for the higher quality control (HQC)”.

Preparation of Internal Standard Solution

In 1000 pg/mL of phenacetin stock was prepared in methanol.
The working standard of IS with a concentration of 250 png/mL
was prepared by diluting the stock solution with methanol.

Selection of LLE Solvent and Preparation of Sample

In I-mL of spiked human plasma samples and 20 pL. of working
standard solution of IS (250 pg/mL) were aliquoted in five
different glass tubes. The contents were mixed thoroughly for
1 minute using a cyclomixer. In 5 mL of LLE solvents such as

dichloromethane, chloroform, diethyl ether, ethyl acetate, and
n-hexane were added separately to each tube. The tubes were
inclined on a reciprocating shaker which was maintained at
100 strokes per minute for 40 minutes to achieve extraction.
The contents of the tube were then centrifuged for 15 minutes
at 4°C and 5000 rpm to achieve phase separation. four mL of
the organic layer from each tube was transferred to a separate
tube and dried under a nitrogen stream. “Each tube’s residue
was reconstituted in 250 pL of mobile phase and analyzed
under optimal chromatographic conditions”. The LLE solvent
that gave the maximum %extraction recovery of both zileuton
and IS was selected. Sample preparation and analysis were
performed in six replicates using the selected LLE solvent to
evaluate the reproducibility of extraction.

HPLC Analysis

“The analysis was performed on a HiQsil C18 column (250
mm x 4.6 mm, 5 pm, Great Denmow, Essex., UK), which was
protected by Hypersil BDS C18 guard column (20 x 4 mm).
The mobile phase consisted of a mixture of tetrahydrofuran:
water in the ratio of 45:55 (v/v) at a flow rate of 1-mL/min.
UV detection was carried out at 230 nm and the run time for
analysis was 10 minutes”.

Calibration Studies

Six replicates were used to analyze all CC standards. The
data on zileuton concentrations and area ratios to IS were
subjected to least square linear regression (unweighted and
weighted). “Using the regression equations, the interpolated
concentrations of the CC standards were calculated, and
each CC standard’s percentage relative error (%RE) was
determined. The calibration model that produced the lowest
total %RE for interpolated CC standard concentrations was
selected and used in the validation experiments”.

Validation Experiments

The developed bioanalytical method was validated in
accordance with the “US Food and Drug Administration’s
Industry Guidance”.32 The lower limit of quantification (LLoQ)
of 500 ng/mL was used to assess the procedure’s selectivity.
“The peak areas provided by blank plasma from six different

Table 1: Area ratio from calibration experiments on zileuton

CC no Amount of drug (ng/mL)  Area ratio (Mean £+ SD, n= 6)
1 500 0.345 £ 0.009

2 1000 0.574 +0.01

3 2000 1.267+0.015

4 4000 2.514+0.038

5 6000 3.770 £ 0.052

6 8000 5.139+0.079

7 10000 6.278 £0.114

Table 2: Blank responses and peak areas at LLoQ of zileuton
Sr. no  Blank response (mAU.sec)  Peak areas at LLOQ (mAU.sec)

1 6.15 42.41
2 5.87 45.69
3 6.43 40.18
4 5.69 44.39
5 5.99 43.41
6 6.32 41.23
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Table 3: Results of assessment of accuracy, precision, and % recovery of zileuton

Intra-day (n=5)

Inter-day (n=5)

Level Concentration added Mean concentration RSD Mean concentration RSD %,R ceovery
(ng/mL) found (ng/mL) RE (%) (%) found (ng/mL) RE (%) (%) @=5)

LQC 1000 1023.79 2.38 2.77 1059.68 5.97 4.65 78.45

MQC 4000 4217.89 5.45 6.45 3893.69 -2.66 2.78 79.02

HQC 8000 7883.61 -1.45 0.73 8315.61 3.95 3.01 76.98

IS - - - - - - - 80.21

sources were compared to the peak areas provided by LLoQ
samples for comparing the selectivity”. Analysis of LQC,
MQC, and HQC samples in five replicates over five days
was used to determine accuracy (within-run) and precision
(between-run). The zileuton concentration in the QC samples
was calculated by substituting the zileuton to IS area ratio
obtained from the QC sample analysis into the calibration
equation generated on the same day.

The stability of zileuton in human plasma was tested at room
temperature for 6 hours, at 20°C for a short period of time,
and in three freeze-thaw cycles. LQC and HQC samples
were used for stability evaluation, and all the analyses were
performed in five replicates. The samples were left for 6 hours
at room temperature to assess the stability of samples at room
temperature. “To assess the short-term stability the samples
were stored at -20°C for one month. To assess the freeze-thaw
stability, samples were frozen at -20°C for at least 24 hours.
The samples were allowed to thaw at room temperature”.
The concentration of zileuton was determined in stability
samples and the % nominal and % RSD values were calculated.

RESULTS AND DISCUSSION

The various chromatographic conditions were standardized
by conducting several trials with water containing different
mobile phases of acetonitrile/methanol/tetrahydrofuran in
different proportions. Sharp peaks with good resolution were
obtained with tetrahydrofuran: water (45:55, v/v) for both
standard and zileuton. LLE with different immiscible organic
solvents showed that diethyl ether was the best followed by
ethyl acetate for extraction of zileuton and IS. A summary of
the same is presented in Figure 2.
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Figure 2: Extraction recovery of zileuton and IS in different LLE
solvents.

After conducting several trials with mobile phases consisting
of water and different organic solvents (acetonitrile/
methanol/tetrahydrofuran) and in different proportions, the
chromatographic conditions were fine-tuned. Good peak
shape and resolution between zileuton and IS were obtained
with the mobile phase when LLE was performed using
different immiscible organic solvents. It was discovered
that diethyl ether followed by ethyl acetate extracted both
zileuton and IS substantially better than n-hexane, as shown
in Figure 2. Diethyl ether was selected as LLE solvent since
it gave adequate recovery for both zileuton and IS. The mean
extraction recovery with diethyl ether for zileuton was 79.13%,
while that for IS (phenacetin) was 81.36%.

Table 1 displays the area ratios obtained from calibration
experiments. During calibration experiments, there was an
increase in the area ratio of the standard deviation with increase
in the concentration of standards. “Weighted regression was
needed since the unweighted regression calibration model
produced heteroscedasticity and a high total% RE”.

“The use of a weighting factor of 1/X resulted” in an even
distribution of area ratios of CC standards across the calibration
zileuton reduces these symptoms through its specific inhibitory
activity the equation Y = 0.0003 X + 0.0062 was generated.

While performing validation experiments, the peak area
for the LLoQ samples was five times the peak areas afforded
by blank plasma obtained from six different sources (Table 2).
Thus, the selectivity of the method at the LLoQ of 500 ng/mL
was demonstrated. “Chromatogram corresponding to

Table 4: Results of stability studies for zileuton in human plasma (n=5)

LQC HQC

%Nominal RSD (%) %Nominal  RSD (%)
Stability at room temperature
2h 93.2 4.1 106.3 52
4h 105.5 6.9 97.3 8.1
6h 101.4 52 94.2 33
Stability at -20°C
10 days 91.4 8.7 102.8 11.1
20 days 89.3 33 105.3 5.2
30 days 93.6 8.9 107.6 6.6
Freeze thaw stability
Cycle 1 86.2 4.8 88.6 7.2
Cycle 2 94.1 6.6 90.7 6.9
Cycle 3 89.9 9.3 98.2 9.5
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Figure 3: Representative chromatogram of blank plasma extract
showing lack of significant interference at the retention times of
zileuton and IS, phenacetin.
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Figure 4: Representative chromatogram of MQC sample showing IS,
phenacetin (RT= 5.274 min) and zileuton (RT= 6.276 min)

unspiked plasma (Figure 3) does not show any interference
at the retention times” of zileuton and IS, phenacetin.
Figure 4 shows a chromatogram of the MQC sample. The
results of accuracy, precision, and recovery studies for zileuton
at “LQC, MQC, and HQC” and IS are represented in Table 3.
The evaluation of accuracy and precision showed that the %RE
for accuracy (within-run analysis) was between +15%, while
the % RSD for precision (between-run analysis) was less than
15%, in accordance with the US-FDA Guidance. Likewise, the
extraction recovery of zileuton at all three QC levels as well
as the recovery of IS was satisfactory and concordant with the
selected experimental conditions.

Table 4 shows the results of zileuton stability studies in
human plasma of LQC and HQC samples under different
stability conditions. The study revealed that the %nominal
concentration was between 85 and 115% and the %RSD was
less than 15%, which was in the acceptance criteria set by the
US-FDA. As a result, zileuton was discovered to be stable in
human plasma under the tested conditions. This indicated that
during actual bioanalytical study, the drug was unaffected in
the time lapse between sample withdrawal and actual analysis,
between sample preparation and chromatographic run and
in the event of temperature fluctuations during transit from
sample collection center and bio-analytical laboratory

CONCLUSION

The proposed HPLC-UV method for determining zileuton
in spiked human plasma via liquid-liquid extraction is fast,
inexpensive, and easy. The method involved use of easily
available chemicals, less expensive instrumentation and a
simple sample preparation technique. The method was found
to be linear in the concentration range of 500 to 10000 ng/mL.
Validation studies demonstrated that the method was selective
and showed acceptable precision, accuracy, %recovery and
stability. As a result, the method can be used to support bio-
availability and bioequivalence studies by routinely analyzing
zileuton from human plasma.
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