Tropical Journal of Pharmaceutical Research January 2015; 14 (1): 141-147

ISSN: 1596-5996 (print); 1596-9827 (electronic)
© Pharmacotherapy Group, Faculty of Pharmacy, University of Benin, Benin City, 300001 Nigeria.

All rights reserved.

Available online at http://www.tjpr.org

http://dx.doi.org/10.4314/tjpr.v14i1.20
Original Research Article

v

Development and Validation of Reverse Phase High
Performance Chromatography Method for Determination of
Olanzapine in Microsample Rat Plasma: Application to
Preclinical Pharmacokinetic Study

Fahad Pervaiz*, Mahmood Ahmad, Muhammad Usman Minhas and Muhammad
Sohail

Faculty of Pharmacy and Alternative Medicines, The Islamia University of Bahawalpur, 63100, Bahawalpur, Pakistan
*For correspondence: Email: fahad_bwp@yahoo.com; Tel: +92-3216805365; Fax: +92-62925556

Received: 7 October 2014 Revised accepted: 21 December 2014

Abstract

Purpose: To develop a sensitive and validated reverse phase-high performance liquid chromatographic
(RP-HPLC) method for quantification of olanzapine in micro-sample of rat plasma using UV detection.
Methods: A single oral dose of olanzapine (7 mg/kg) was given to overnight fasted rats (n = 6). Rat
plasma samples containing the drug were extracted by liquid-liquid extraction using a combination of
dichloromethane: n-hexane (80:20). A reverse phase chromatographic column C18 hypersil-BDS was
used for chromatographic separation with a mobile phase consisting of 50 mM phosphate buffer pH 5.5,
acetonitrile and methanol (50:30:20, v/v/v) pumped at a flow rate of 1.2 mli/min. Olanzapine was
measured using ultraviolet (UV) detection at 214 nm. The method was validated for precision and
accuracy.

Results: Separation of compounds of interest was not affected by endogenous interference. Good
linearity within the concentration range of 1 - 500 ng/ml in rat plasma was obtained with coefficient of
regression (r2) of 0.9986. Liquid-liquid extraction produced comparable recovery to solid phase
extraction. Retention time of olanzapine and internal standard (fluoxetine) was 5.0 and 13.4 min,
respectively. Lowest limit of quantification (LLOQ) was 1 ng/ml while inter-day and intra-day precision
was < 12.5 and 5.1 %, respectively. Accuracy of the method was between 94 and 105 % and the
variation of results between two analysts was not significant (p = 0.626). Mean maximum plasma
concentration (Cmax) of olanzapine was 412.7 ng/ml, time to attain maximum plasma concentration
(tmax) was 1 h and half life (t12) was 2.54 h.

Conclusion: The proposed method has been successfully validated for precision and accuracy that are
within the limits of U.S. Food and Drug Administration (FDA)'s guidance for bioanalyitcal assay
validation. The method was successfully applied to preclinical pharmacokinetic analysis of olanzapine in
rats.
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INTRODUCTION in the treatment of schizophrenia and bipolar

disorders [1,2]. Olanzapine has shown to have
Olanzapine is a thienobenzodiazipine derivative  affinity with dopamine D1 and D2, muscarinic
which is an atypical antipsychotic effectively used and serotonin 5HT2 receptors [3]. Plasma
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concentration of olanzapine has a correlation
with its clinical effects and also shown to have
individual variability in its pharmacokinetics [4,5].
Many drug interactions with olanzapine have also
shown to change the pharmacokinetics of
olanzapine [6].
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Figure 1: Chemical structure of olanzapine

Analysis of olanzapine from biological samples is
widely carried out by high performance liquid
chromatography (HPLC). Previous studies have
reported several HPLC methods employing
electrochemical, amperometric, ultraviolet and
mass spectroscopic detection [7-11]. The HPLC
method employed in the present study utilizes
ultraviolet detection for analysis and is
convenient, affordable, easily available and
requires less maintenance than other detection
methods. The method was applied to micro-
sample rat plasma because minimal amount of
blood can be withdrawn for a small animal like rat
for repeated blood sampling. Current method
was aimed to provide desired recovery and
sensitivity of assay by employing liquid-liquid
extraction procedure.

EXPERIMENTAL
Materials

Pure drug samples of olanzapine (2-methyl-4-(4-
methyl-1-piperazinyl)-10H

thieno[2,3][1,5]benzodiazepine) and flouxetine
were kindly provided by Miracle Pharmaceuticals
(Islamabad, Pakistan). HPLC-grade acetonitrile,
methanol and ethanol were obtained from Merck
(Germany) and used without further purification
or filtration. All other chemicals used were of
analytical grade or higher.

and

Chromatographic instrumentation

conditions

Chromatographic studies were performed on
Agilent separation module combined with solvent
delivery pump model 1100 (USA).
Chromatographic data was obtained by using
computerized integration software HP
ChemStation. A reverse phase chromatographic

column C18 hypersil-BDS (250 - 4.6 mm; i.d., 5
pUm) was used. The mobile phase consisted of 50
% phosphate buffer of 50mM maintained at pH
5.5- Acetonitrile-methanol  (50:30:20) (v/iviv)
which was run at the flow rate of 1.2 ml/min.
Mobile phase was filtered through 0.45 pm
membrane by vacuum filtration and degassed by
ultrasonicator prior to wuse. Detection of
olanzapine was carried out on an ultraviolet
detector at 214 nm.

Sample preparation

Quantification of olanzapine in micro-sample rat
plasma was carried out using a modified HPLC
method according to previously published HPLC
method by Dusci et al [12]. Olanzapine was
extracted from the rat plasma samples by using
liquid-liquid extraction. 0.1 ml of plasma was
taken in a 10 ml borosilicate glass tube, 10 ul of
internal standard (1.S.) solution (5 pg/ml of
fluoxetine) was added to biological sample. 300
pl of 0.1 M Na,CO3; and 5 ml solution of hexane:
dichloromethane (80:20) was added. The mixture
was shaken for 5 min on a vortex mixer then
centrifuged at 2000 g for 5 min. Supernatant from
this mixture was transferred to a 10 ml glass tube
and evaporated under the stream of nitrogen.
100 pl of mobile phase was added and mixed on
a vortex mixer. Fifty microliters of this sample
was injected to HPLC for analysis.

Preparation of stock solutions

Stock solutions of olanzapine and fluoxetine
were prepared at concentration of 1 mg/ml in
methanol. For preparation of working standard
solutions these stock solutions were further
diluted with methanol. For olanzapine, its
standard working solutions were 0.01, 0.05, 0.1,
0.5, 1.0, 2.0, 5.0 pg/ml. For fluoxetine, its
standard working solution was 5.0 pg/ml.

Method validation
Linearity

Standard calibration curves were prepared by
adding 10 pl of standard working dilutions of
olanzapine and fluoxetine to 0.1 ml drug free rat
plasma. Thus, corresponding plasma calibration
standards of concentration 1, 5, 10, 50, 100, 200,
500 ng/ml were obtained. Plasma calibration
standards were extracted by liquid-liquid
extraction as method described above. Standard
calibration curves were calculated by using peak
area ratio of olanzapine and that of fluoxetine as
function of olanzapine concentration in plasma.
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Recovery

Absolute recovery was calculated by comparing
the peak areas of compounds after liquid-liquid
extraction with same concentration of
compounds dissolved in mobile phase. To
determine absolute recovery, each measurement
was carried out in triplicate and computed as in
Eq1.

Recovery (%) = (Pe/Pu)100 .............cooeenee. (1)

where Pe and Pu are the peak area of extracted
and unextracted standards, respectively.

Assessment of
variability

intra-day and inter-day

Five different rat plasma samples were tested for
intra-day variability by using a single calibration
curve. Inter-day variability was tested on five
days by using five different rat plasma samples.
Standard calibration curve was constructed on
each day for analysis.

Determination of LLOQ and LOD

Lower limit of quantification (LLOQ) and lower
limit of detection (LOD) for plasma samples of
olanzapine was determined according to
standards of FDA’s guidance for industry for
bioanalytical method validation 2013 [13]. LLOQ
was determined by spiking the plasma with
lowest concentration of calibration curve with 20
% of precision and with 80-120 % of accuracy by
repeated analysis for five days.

Stability

Freeze and thaw stability was determined by
comparing freshly prepared QC samples with
freeze thawed samples. Three concentrations (5,
100, 500 ng/ml) were used for five cycles of
freeze thaw and analyzed in ftriplicates. Bench-
top stability for 24 h at room temperature,
stability for extracted sample for 24 h at room
temperature and long term stability for 100 days
at -30 °C was measured in three concentrations
(5, 100, 500 ng/ml) with six replicates.

Application to pharmacokinetic studies

Above method was applied for pharmacokinetic
evaluation of olanzapine in rats for preclinical
studies. The animal study was approved by
Pharmacy  Research  Ethics = Committee,
Department of Pharmacy, the Islamia University
of Bahawalpur (Ref. no. 101-2011/PREC). All
experiments were performed in accordance with

international guidelines for animal studies [14].
Sprague—Dawley rats (260 + 30 g) were housed
with free access to food and water. An oral single
dose of olanzapine (7 mg/kg) was given to
overnight fasted rats (n = 6) and blood samples
(0.5 ml) were collected from each rat at 0.5, 1, 3,
6, 12, 24 h via the tail vein. The blood samples
were centrifuged to separate the plasma which
was then stored in the dark at — 30 °C.
Pharmacokinetic parameters i.e. time to attain
maximum plasma concentration (T ax), maximum
plasma concentration (C...x), area under the
plasma concentration-time curve from zero hour
to last time point (AUC.s), area under the
plasma concentration-time curve from zero hour
to infinity (AUC.) and mean residence time
(MRT) were calculated using a software Thermo
Kinetica 5.0 (Thermo Fisher Scientific, USA).

Statistical analysis

The results are presented as mean = S.D,
percent relative standard deviation (% RSD) and
coefficient of variation (CV). The results were
analyzed for significant difference using
Student’s t-test and differences were considered
significant at p < 0.05. All statistical analyses
were performed using Microsoft Excel 2010
software.

RESULTS

Chromatographic separation

Different ratios of buffer, acetonitrile and
methanol were used to obtain the best
chromatographic conditions. Type of column and
pH of buffer was also optimized to get the better
sensitivity and  selectivity of  analysis.
Chromatograms of blank plasma and drug free
plasma spiked with 100 ng of olanzapine and
500 ng of fluoxetine (I.S) is illustrated in (Figure
2). Retention times of olanzapine and internal
standard (fluoxetine) were 5.0 and 13.4 min,
respectively.

Linearity and limit of quantification

Standard curve was established by taking ratio of
peak area of olanzapine and that of fluoxetine
(.S) as a function of olanzapine plasma
concentration. Excellent linearity with
concentration range 1-500 ng/ml in rat plasma
was obtained with coefficient of regression i.e., r’
= 0.9986. Lowest limit of quantification (LLOQ) in
rat plasma with acceptable precision and
accuracy (n=5, R.S.D.: 12.4 %, Deviation: -3 %)

Trop J Pharm Res, January 2015, 14(1): 143



Pervaiz et al

mAU ]

mAU— mAU-
25 25 ] 5 )
2 (a) 2 (b) (c)
4]
20 204 3
3 A
154 154
A 2]
B
10+ 10 14
5 5 0 1
11
0 0
T T T ] T T T T T
0 5 10 15 0 5 10 15 0 5 10 15
min min min

Figure 2: Chromatogram of rat plasma extract using UV detection at 214 nm. 2(a) = blank plasma; 2(b) = plasma
spiked with olanzapine 100 ng/ml (A) and fluoxetine 500 ng/ml (B); 2(c) = plasma sample taken from rat treated
with 7 mg/kg after 24 h and spiked with internal standard fluoxetine 50 ng/ml

was 1 ng/ml. Limit of detection was 0.5 ng/ml
with minimum signal to noise ratio of three.

Precision and accuracy

Inter-day and intra-day accuracy and precision
values for 1, 5, 10, 50, 100, 200, 500 ng/ml
plasma concentration are shown in (Table 1).
Five replicates were used to determine the Inter-
day and intra-day precision by calculating RSD
%. Inter-day and intra-day precision was found to
be lower than 12.5 and 5.1 %, respectively,
whereas accuracy of this method was between
94 % and 105 %. Variation between two analysts
was also determined by applying t-test. The
mean drug content determined by analysts 1 and

2 was 9943 * 0.12 and 99.37 + 0.30,
respectively. There was no significant difference
between these two results (p = 0.626).

Extraction recovery

A convenient single step liquid-liquid extraction
method was employed which provided a
comparable recovery to other methods
employing solid phase extraction (SPE).
Extraction recovery of olanzapine was measured
at 1, 50, 500 ng/ml and 500 ng/ml for fluoxetine
(I.S) using triplicate samples. Extraction
recoveries of olanzapine and internal standard
are shown in (Table 2).

Table 1: Inter-day and intra-day precision and accuracy of HPLC method for olanzapine in rat plasma

Concentration spiked Mean concentration SD RSD (%)? Accuracy (%)

(ng/ml) (calculated, ng/ml)

Inter-day (n=5)
1 1.05 0.13 12.4 105
5 4.92 0.08 1.7 98.4
50 47 3.46 7.4 94
100 97.70 4.68 4.8 97.7
200 201.1 0.85 0.4 100.6
500 484.4 28.94 6.0 96.9

Intra-day (n=5)
1 0.96 0.02 1.6 95.7
5 5.04 0.25 5.0 100.8
50 47.97 0.71 1.5 95.9
100 100.87 2.46 2.4 100.9
200 197.23 2.95 1.5 98.6
500 485.67 5.03 1.0 97.1

@ RSD values of normalized areas are the mean of three concentration levels of the

calibration curves; SD = standard deviation
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Table 2: Percentage  extraction recoveries  of
olanzapine and fluoxetine from rat plasma

Peak area
(meantSD, n=3)
Extracted Unextracted

Concentration
spiked (ng/ml)

Recovery
(%)°

Olanzapine
1 2.410.1 2.840.1 83
50 114.0+1.4  133.241.3 86
500 1177.4£31.0 1275.2£11.0 92
Fluoxetine (1.S)
500 446.2+2.9  508.2+3.0 88

® Recovery; mean values obtained from three
individual samples on three different days at three
concentration levels

Stability

Changes in stability for plasma samples stored at
-30 °C after 5 freeze thawing cycles is shown in
(Table 3). Bench-top stability and extracted
sample stability were measured at room
temperature and long term stability was

Application of validated method to

pharmacokinetic studies

Plasma concentration versus time curves after 7
mg/kg oral administration of olanzapine is shown
in Figure 3.

Non-compartmental pharmacokinetic parameter
were calculated by Kinetica 5.0 software
(Thermo Fisher Scientific, USA), which are
described in (Table 5). The mean C., of
olanzapine was 412.7 ng/ml, tn.x was 1 h and
half life (t1,2) was 2.54 h.

DISCUSSION

Using the current method the chromatographic
separation for micro-sample rat plasma was
made with reasonable retention times. Method
validation was performed, and precision and
accuracy of the developed method for
determining olanzapine in plasma is within the

measured at -30 °C as shown in (Table 4). limits established by FDA for bioanalytical
method [13].
Long term stability for olanzapine in plasma
sample at -30 °C was for a minimum of 100
days.
Table 3: Freeze thaw stability of plasma samples after 5 cycles (n = 3)
Cycle Concentration Mean stability sample cv Change (%)°
(ng/ml) (ng/ml) (%)*
1 5 4.93 2.1 14
100 98.4 35 -1.6
500 495.1 2.8 -0.98
2 5 4.91 6.1 -1.8
100 98.5 5.4 -1.5
500 492.3 3.8 -1.54
3 5 4.88 1.9 -2.4
100 91.9 6.5 -8.1
500 491.2 3.9 -1.76
4 5 4.81 24 -3.8
100 90.7 1.5 -9.3
500 486.4 4.1 -2.72
5 5 4.7 1.9 -6
100 90.3 34 -9.7
500 485.1 2.9 -2.98

@ CV = coefficient of variation; ° percent change in concentration at the end of the stability study

Table 4: Stability parameters of olanzapine plasma samples at different storage conditions (n = 6)

Stability variable Storage condition  Concentration Mean stability sample cv Chang_;e
(ng/ml) (ng/ml) (%)’ (%)
Bench top stability Room temperature 5 4.87 1.3 -2.6
for24 h 100 98 3.2 -2
500 493.5 0.9 -1.3
Long term stability At -30 °C for 100 5 4.81 5.3 -3.8
days 100 90.7 2.8 -9.3
500 485.6 3.7 -2.88
Extracted sample Room temperature 5 4.95 0.5 -1.0
stability for48 h 100 98.8 1.8 -1.2
500 498.9 2.8 -0.22
2 CV = coefficient of variation; ® percent change in concentration at the end of the stability study
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Figure 3: Mean plasma concentration-time plot after oral administration of 7 mg/kg of olanzapine in rats

Table 5: Non-compartmental pharmacokinetic parameters (mean + SD, n = 6) of olanzapine in rats after an oral
dose of 7 mg/kg

Drug Trnax Crnax Half life (t:2) AUC ot AUC.. MRT
(h) (ng/ml) (h) (ng.h/ml) (ng.h/ml) (h)
Olanzapine 1 412.7 £ 18.7 2.54 1956.7 + 119.2 1959.5+ 119.5 46

Tmax = time point for maximum plasma concentration, Cnax: maximum plasma concentration, AUC .t = area
under the plasma concentration-time curve from zero hour to last time point, AUC. = area under the plasma
concentration-time curve from zero hour to infinity, MRT = mean residence time
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