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Development of a validated high-performance liquid chromatographic
method for the determination of Lurasidone in pharmaceuticals

Sakine ATILA KARACA, Duygu YENICELI UGUR

ABSTRACT

A new, rapid and simple HPLC method for determination of
Lurasidone in its tablets has been developed and validated.
Lurasidone and internal standard (Chlorpromazine) was
separated on a Zorbax XDB C8 column (4.6 x 50 mm, 3.5
pum particle size) set at 40°C and quantified by ultraviolet
detection at 230 nm. The mobile phase was phosphate buffer
(pH:3, 20 mM): acetonitrile: methanol (55:10:35, v/v/v) with a
flow rate of 1.2 mL/min. Retention times of Chlorpromazine
and Lurasidone was 4.73 and 6.89 minutes, respectively. The
method was found linear over the concentration range of 0.5-50
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pg/mL Lurasidone. Limit of detection and quantification values
for Lurasidone was 0.1295 and 0.4317 ug/mL, respectively. The
intra- and inter day precisions were less than 2% and the mean
recoveries were 100.32%, which indicated that the method
was precise and accurate. All other validation parameters were
found within acceptable limits. The validated method has been
successfully applied for determination of Lurasidone in its
tablets.

Keywords:  Lurasidone;  high  performance  liquid

chromatography; tablet analysis; validation.

1. Introduction

Lurasidone (LUR) is a benzothiazol derivative (Figure la)
belonging to second-generation antipsychotics class. It is used
for the treatment of schizophrenia and bipolar depression.
Although its mechanism of action is not fully understood,
it is believed that the efficacy of LUR is mediated mainly
through antagonist activity at the dopamine D2, and the
5-hydroxytryptamine (5-HT, serotonin) receptors: 5-HT2A
and 5-HT7 [1]. LUR demonstrated both antipsychotic and
antidepressant action. Despite its side effects like higher rates
of akathisia, parkinsonism and hyperprolactinemia, it has
relatively lower risk for developing sedation or overweight/
obesity [1]. LUR is available as tablets under the brand name
of Latuda.

Several chromatographic methods have been described for
the quantification of LUR including spectrometry [2-5],
TLC [6], HPTLC [7, 8], GC/MS [9], HPLC [8, 10-15] and
LC/MS [16-21]. The goal of this study was the development
of a new HPLC method for determination of LUR in its
tablets. Although there are some previous HPLC methods
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developed for this purpose (Table 1), they allow analysis at
a narrow concentration range. Also internal standard was
not used in any of these methods except one HPLC method
[10]. Developed method has a wide concentration range, low
quantification limit and a comparable retention time. Besides
advantageously from other methods an internal standard
was employed to improve the precision of the analysis. It
was validated according to the International Conference on
Harmonization guideline [22] and applied for the analysis of
tablets.

2. Results
2.1. Method optimization

Chromatographic conditions were optimized using different
analytical columns, mobile phase compositions, mobile phase
flow rates, injection volumes and column temperatures.
During optimization studies, a solution containing 50 pg/
mL LUR was used. At the beginning of work, Zorbax Eclipse
XDB-C8 column (4.6 x 50 mm, 3.5 um particle size) and
Zorbax Eclipse Plus C18 column (4.6 x 100 mm, 3.5 pm
particle size) were tried as stationary phase. First column was
chosen because it provided shorter analysis time with better
peak morphology. Next, different mobile phase compositions
containing water, acetonitrile and methanol were tested.
However, due to high resolution times and poor peak

symmetry, it was decided to use buffer solutions in mobile
phase. Mobile phases containing phosphate buffer (pH 3)
and acetate buffer (pH 4 and 5) were tried. As expected LUR,
which is a weakly basic compound, eluted faster when mobile
phase is more acidic. So phosphate buffer (pH 3) was selected
and after testing different concentrations (10, 20 and 30 mM),
20 mM was selected as optimum buffer concentration. After
all this steps, mobile phase composition was determined
as phosphate buffer (pH:3, 20 mM): acetonitrile: methanol
(55:10:35, v/v/v). Different flow rates between 0.7-1.2 mL/
min were tested and shorter retention times with appropriate
peak shapes were observed at a flow rate of 1.2 mL/min.
Injection volume was set at 2 uL considering the volume
of the column. The influence of column temperature was
investigated at 30, 35, and 40°C and it was set at 40°C due
to reduced retention time with increasing temperature.
230 nm, the wavelength at which maximum absorbance is
observed, was determined by a spectrum taken with diode
array detector. Chlorpromazine (CLP), Carbamazepine and
Quetiapine were analyzed at optimized conditions to decide
internal standard. CLP (Figure 1b) was selected because its
retention time (4.73 minutes) was close to LUR with a good
resolution (4.95) and its retention and tailing factors (10.23
and 1.08, respectively) were appropriate. A chromatogram
of LUR and CLP obtained at optimum chromatographic
conditions is provided in Figure 2. The system suitability
parameters are summarized in Table 2.

Table 1. Comparison of the HPLC methods developed for the determination of LUR in tablets.

Retention time of Lurasidone

Linearity for Lurasidone Quantification limit of Lurasidone

Reference (min) (ug/mL) (ug/mL)
8] 7.39 0.1-4.5 0.005
[10] 5.30 5-25 1.82
[11] 5.60 30-225 0.23
[12] 4.33 10-50 0.1980
[13] 333 10-60 0.75
[14] 5.43 2.5-15.0 0.2999
[15] 391 43 2.193
Present method 6.89 0.5-50 0.4317
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Figure 1. Chemical structures of LUR (a) and CLP (IS) (b).
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Figure 2. Chromatogram of LUR (25.00 pg/mL) and CLP (IS) (10.00 pg/mL) at optimum conditions.

2.2. Method validation

Validation studies were carried out according to the
International Conference on Harmonization guideline
Q2(R1) [22]. The method was validated for linear range,
accuracy, precision, detection and quantification limits,
specificity and robustness.

Linearity of the method was investigated in the range of
0.5-50 ug/mL LUR. Three calibration sets consisting of
seven points in this concentration range were prepared and
analyzed three times on three consecutive days. Linearity was
evaluated by linear regression analysis using the least squares
regression method and the results are summarized in Table 3.

Precision and accuracy studies were carried out by analyzing
quality control solutions at three concentration levels of
1, 4 and 50 pg/mL LUR. Analyzes were performed seven
times on three consecutive days. Precision of the method
was expressed as relative standard deviation (RSD%) and
accuracy was expressed as percentage recovery values. As

seen in Table 4 intra- and inter day RSD% values were lower
than 1%, recovery values were between 98-102%.

The accuracy of the method was also evaluated by analyzing
the extracts of tablets spiked with 1, 4 and 50 pg/mL LUR. As
seen in Table 5, RSD% values were found lower than 2% and
recovery values were between 98-102%.

The detection and quantification limits of the method were
calculated based on the signal-to-noise ratio and were found
0.1295 and 0.4317 pg/mL, respectively.

Specificity of the method was evaluated by peak purity factor
which was obtained from Agilent Chemstation. The purity
factors of standard solution and tablet extraction solution
(999.996 and 999.964, respectively) were found within the
calculated threshold limit.

No interference caused by tablet excipients was observed
in the chromatograms during tablet analysis, indicating the
specificity of the method.
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Table 2. System suitability parameters (n=7, 4.00 ug/mL).

Parameter Observed value Requested value
Retention time (min) 6.977
Retention factor (k) 15.56 2-10
Tailing factor (T) 1.04 <2
Resolution (Rs) 6.35 >2
Theoretical number of plates (N) 4752 >2000
Relative standard deviation (%) of retention time 0.03 <1
Table 3. Linearity data for 0.5-50 ug/mL LUR.
Intra-day Inter-day
(Day I, n=7) (Whole days, n=21)
Slope, mean + standard deviation 0.0845 + 0.0004 0.0852 +0.0003
Intercept, mean + standard deviation -0.0234 + 0.0077 -0.0284 + 0.0067
Coefficient of determination (r?) 0.9999 0.9997

0.0836 - 0.0854

0.0846 - 0.0859

95% confidence limits of slope

Table 4. Precision and accuracy for 1.00, 4.00, and 50.00 pg/mL LUR.

Added Measured Precision Accuracy
Concentration concentration Relati
(ug/mL) (ug/mL) Standard € ZWZ Recovery
deviation standar (%)
deviation (%)
1.00 0.9965 0.0033 0.3329 99.65
ig:;_fiy—ﬂ 400 39313 0.0063 0.1591 98.28
50.00 50.6662 0.0796 0.1571 101.33
1.00 1.0083 0.0101 0.9995 100.83
Inter-day
(Whole days, n=21) 4.00 3.9443 0.0353 0.8938 98.61
50.00 50.7635 0.1286 0.2534 101.53

The robustness of the method was investigated by introducing
small deliberate changes in chromatographic conditions. For
this purpose, minor changes were made in organic mobile
phase composition, pH and buffer concentration, flow rate,

column temperature, and detector wavelength and analysis

of 4 pg/mL LUR were performed three replicated in the
altered conditions. Modified conditions, recoveries and
system suitability parameters observed in these conditions
were given in Table 6. As seen in the table, all recovery values
were between 98-102%.
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2.3. Application of the method to tablets and found tablet contents and recovery values were given in

0,
The developed method was applied successfully for the Table 7. Recovery values close to 100% and chromatograms

quantification of LURin its tablets. Tablet solutions containing without interferences demonstrated the applicability of the

1, 4, and 50 pg/mL LUR were analyzed seven times. Labeled method for the tablet analysis.

Table 5. Accuracy in tablet extracts for 1.00, 4.00, and 50.00 ug/mL LUR (n = 7).

Added Measured

. ) Standard Relative standard deviation Recovery
Concentration Concentration .
deviation (%) (%)
(pg/mL) (ug/mL)
1.00 1.0112 0.0187 1.8509 101.12
4.00 4.0114 0.0230 0.5740 100.29
50.00 50.9438 0.2662 0.5225 101.89
Table 6. Robustness for 4.00 ug/mL LUR (n = 3).
Parameter Recovery (%) Retention time (min) Numberpciittehseoretlcal Tailing factor
1.1 98.85 £ 0.40 7.618 £0.013 4838 + 23 1.01 £ 0.00
Flow rate
(mL/min) 13 100.29 +0.17 6.424+0.011 4630 + 24 1.00 +0.01
38 100.47 £0.25 7.271 £ 0.006 4750 £ 7 1.04 £0.02
Column temperature
() ) 101.35 + 0.06 6612+ 0.016 4580 £ 86 1,03 +0.01
228 101.36 £ 0.50 7.013 £0.012 4775+ 22 1.00 £ 0.01
Detector wavelength
(nm) 232 98.57 +0.15 6.858 + 0.004 4366+ 34 1,03 +0.01
o 8 99.63 £ 0.02 9.085 £ 0.008 3827 + 96 1.05 £ 0.00
The percentage of acetonitrile
0
(%) 12 101.72 £ 0.06 4.654 + 0.005 3657 +99 1.04 £ 0.00
The percentage of methanol 33 99.77 £0.13 8.280 + 0.008 3856 + 44 1.04 £ 0.01
0
(%) 37 101.44 £ 0.06 5.138 £ 0.009 3883 + 55 1.02 £ 0.01
18 100.55 + 0.30 7.852 £ 0.007 4140 £ 34 1.04 £ 0.01
Buffer concentration (mM)
22 100.46 £ 0.04 7.093 + 0.002 4040 £ 75 1.03 £0.00
2.9 98.65 + 1.27 6.730 + 0.045 3962 + 52 1.03+£0.01
pH
3.1 100.43 £ 0.08 7.396 + 0.004 4838 £ 23 1.04 £0.00
Table 7. Assay results of LUR in tablets.
Relative
) Labeled amount (mg/ Founded amount Recovery standard
Formulation .
tablet) (mg/tablet) (%) deviation
(%)
Tablets (brand name 37 37.13 £ 043 100.36 117

Latuda)
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3. Conclusion

HPLC is a common analytical technique used for the
routine analysis of pharmaceutical products. In this study
a new, rapid and simple liquid chromatographic method
for determination of LUR has been developed. Developed
method was validated and successfully applied for tablet
analysis. Suggested method can be reliably used in routine
analysis of pharmaceutical products.

4. Materials and Methods
4.1. Materials

LUR and CLP were purchased from MedChemExpress
(USA) and Sigma Aldrich (Germany), respectively. All
solvents were HPLC grade from Sigma Aldrich (Germany).
Potassium dihydrogen phosphate and phosphoric acid were
from Merck (Germany). Latuda tablets (each containing 37
mg LUR) were purchased from Takeda Pharma (Germany).

4.2. Preparation of standard solutions

Stock solutions of LUR and CLP at 1 mg/mL were prepared in
methanol using LUR hydrochloride and CLP hydrochloride,
respectively. Stock solutions were stored at -20°C and further
dilutions to obtain calibration and quality control solutions
were made in methanol. Calibration solutions were prepared
by serial dilution containing 0.5, 1, 2, 4, 10, 25, 50 pg/mL
LUR. Quality control solutions were prepared at three
concentrations of 1, 4, 50 ug/mL. All calibration and quality
control solutions were included 10 pg/mL CLP.

4.3. Sample preparation

Stock solutions of LUR tablets at 1 mg/mL were prepared in
methanol. For this purpose, Latuda tablets (each containing
37 mg LUR) were weighted and powdered in a mortar.
Appropriate amount powder was dissolved in methanol.
This mixture was sonicated for 30 minutes and centrifuged
at 4000 rpm for 10 minutes. Supernatant was separated and
used to prepare sample solutions containing 1, 4 and 50 pg/
mL LUR and 10 pug/mL CLP.

4.4. Instrumentation and chromatographic conditions

The HPLC system was an Agilent 1290 Infinity LC system
(Agilent, Germany) consisting of a binary pump, a degasser,
an autosampler, a thermostated column compartment, and a

diode array detector. Separation was performed on a Zorbax
XDB C8 column (4.6 x 50 mm, 3.5 pm particle size) set at
40°C. The mobile phase was phosphate buffer (pH:3, 20
mM): acetonitrile: methanol (55:10:35, v/v/v) with a flow rate
of 1.2 mL/min and injection volume of 2 uL. The compounds
were quantified by ultraviolet detection at 230 nm.

4.5. Software

Microsoft Excel and GraphPad Prism 6 were employed for
calculations. The peak area ratio [peak area of LUR /peak
area of internal standard (CLP)] was used for calculations.
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