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ABSTRACT
A reproducible stability indicating Reverse Phase-HPLC method for the quantification of Enzalutamide in
pharmaceuticals was developed and validated. Chromatography was done on Agilent 1260 series with SB-C-18, 100x4.6
mm, 2.7um column with Mobile phase 0.1% Acetic acid in Water: Acetonitrile (45:55 v/v) and 1 ml/min as a flow rate.
Enzalutamide was detected at 235 nm UV wavelengths maximum. This method established with linearity coefficient
value of 0.99 and the percentage recovery was found to be 99.3%. This method was proven with LOD and LOQ findings of
0.002162 ng/ml and 0/006485 ng/ml respectively. The drug was degraded in alkaline, oxidative and water degradation
conditions and the percentage degradation values were 89.36, 97.09 and 96.96 % respectively. There was less
degradation of drug when exposed to acid and UV conditions. The developed technique will be useful in the routine
analysis of Enzalutamide bulk drug.
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INTRODUCTION

Enzalutamide was chemically designated as 4 -(3 -(4 -cyano-3- (trifluoromethyl) phenyl) -5, 5- dimethyl -
4-ox0-2- thioxoimidazolidin-1-yl) -2-fluoro-N-methylbenzamide having molecular formula of
C21H16F4N402S and molecular weight 464.44 g/mol. It is used in the treatment of prostate cancer, which
act as competitive inhibitor of androgen receptor and helps in different stages of signalling pathway of
cancer. Enzalutamide acts on androgens like dihydrotestosterone and testosterone. In also inhibits the
binding of AR to DNA and AR-tocoactivator proteins. Enzalutamide is classified as second generation
nonsteroidal antiandrogen as it has significantly pronounced antiandrogen activity than first generation
drugs. It also acts as W741C-mutant AR antagonist. Its available marketed formulation is Xtandi capsules
[1-6]. Literature survey of drug revealed that very few analytical procedures on LC-MS/MS, UV and RP-
HPLC were reported for the analysis of enzalutamide [7-10]. The present research work is carried out to
develop a sensitive, precise and accurate stability indicating method for the quantification of
Enzalutamide in bulk drug.
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Fig 1. Structure of Enzalutamide
MATERIAL AND METHODS

Chemicals

Enzalutamide was received as a gift sample from Cipla Pharmaceuticals, India. All the HPLC grade
chemicals were used for analysis.

Instrumentation

Agilent 1260 Series system was used which is equipped with quaternary pump, auto sampler unit, online
degasser, column oven and PDA detector. All the data was processed and monitored by LC SOLUTION
software.

Chromatographic conditions:
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All optimized chromatographic conditions are described in Table 1

Table 1. Optimized HPLC chromatographic conditions of Enzalutamide

System Agilent 1260 Series

Mobile Phase 0.1% Acetic acid in Water: Acetonitrile (45:55 v/v)
Flow rate 1 ml/min

Column SB-C-18, 100 x 4.6 mm, 2.7 um, Agilent

Oven Temperature 40 degree Celsius

Wavelength of detection 235 nm

Back Pressure Observed 133-134 bar

Total run time 6 min

Average retention time 2.91 min

Mobile Phase preparation

It was processed by mixing HPLC grade acetonitrile, acetic acid and water. The resultant mobile phase
sonicated for 10 to 15 mins for degasification and filtered through 0.45 micron filter paper [11-12].
Protocol for Standard Solution

Accurately weighed about 10 mg of Enzalutamide was transferred to a 10 ml volumetric flask and drug
was dissolved in methanol completely, then the final volume was made up to 100 ml using methanol.
Chromatogram was obtained as per optimized chromatographic conditions (table 1)

Method validation

The developed and optimized technique was validated for linearity, accuracy, solution stability, limits of
detection (LOD), limits of quantitation (LOQ), intra and intraday precision compliance with ICH validation
parameters [13-18].

Linearity & range

Linearity was determined by preparing different concentrations of drug [19]. Stock solution of
concentration 1000pg/ml was diluted to get the different concentrations 10 pg/ml, 20ug/ml, 40pg/ml, 60
pg/ml, 80 pg/ml and 100 pg/ml. Concentration of 20ul each was then injected in the column and the
chromatograms were obtained. A graph of Area under curve vs. concentration was then plotted to obtain
calibration curve. Equation, slope, intercept and regression coefficient (R?) were determined from
obtained calibration curve.

Accuracy

% recovery was determined to find out method accuracy. In a preweighed drug solution, a known amount
of drug was added & chromatogram was recorded as per the optimized chromatographic conditions.
Solution stability

Stability of solution was determined by analyzing the standard drug solution after storage for 24 hrs at
laboratory conditions.

Precision

Precision represents the measurement of the degree of reproducibility of test results for the developed
analytical method. It is of two types, repeatability (intra-day precision) and intermediate precision (inter-
day precision). The precision of the method was evaluated for 12pug/ml, 50pg/ml, 95ug/ml. For intra-day
precision, sets of three replicates of above concentration were analyzed on the same day and for inter-day
precision, sets of same replicates were analyzed on multiple days [20-22].

Limit of Detection (LOD) [23-24]

The limit of detection (LOD) is the lowest concentration that can be detected but not appreciably
quantified. LOD is calculated from the formula:

LOD =3.30/s

Where, o = standard deviation of the response

S = slope of the calibration curve.

Limit of Quantification (LOQ) [23-24]

It is lowest concentration of a compound that is practicable to be determined by means of a given
analytical procedure. LOQ is calculated from formula:

LOQ =100/s

Where,

o = standard deviation of the response

S = slope of calibration curve

Forced degradation studies

Forced degradation studies were carried out with acid, alkaline, oxidative, water and ultra violet (UV)
degradations on drug. The drug sample was processed by exposing to above stress conditions and the
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peak purity was determined from the obtained chromatograms, which indicates that the technique was
effectively separated the degrade compounds from the standard [25-28].

Acid degradation

0.125 mg of Enzalutamide pure drug was transferred in to a 10 ml volumetric flask. Drug was dissolved in
5 ml of 0.1 N Hydrochloric acids and solution was exposed to 80°C temperature in a hot water bath for 2
hours. The resulting solution was filtered through 0.22 micrometer filter paper and analyzed by
optimized chromatographic conditions [16, 29-30].

Alkali degradation

0.125 mg of Enzalutamide pure drug was transferred in to a 10 ml volumetric flask. Drug was dissolved in
5 ml of 0.1 N sodium hydroxide and solution was exposed to 80°C temperature in a hot water bath for 2
hours. The resulting solution was filtered through 0.22 micrometer filter paper and analyzed by
optimized chromatographic conditions [16, 29-30].

Oxidative degradation

0.125 mg of Enzalutamide pure drug was transferred in to a 10 ml volumetric flask. Drug was dissolved in
5 ml of 10% H202 and solution was exposed to 80°C temperature in a hot water bath for 2 hours. The
resulting solution was filtered through 0.22 micrometer filter paper and analyzed by optimized
chromatographic conditions [16, 29-30].

Water degradation

0.125 mg of Enzalutamide pure drug was transferred in to a 10 ml volumetric flask. Drug was dissolved in
5 ml of distilled water and solution was exposed to 80°C temperature in a hot water bath for 2 hours. The
resulting solution was filtered through 0.22 micrometer filter paper and analyzed by optimized
chromatographic conditions [31].

UV-degradation

2 mg of Enzalutamide was accurately weighed and placed in clean petridish. Then the petridish was kept
under a UV chamber for 2 hours by maintaining 30 cm distance. The drug was exposed to UV. After 2hrs,
the UV lamp was switched off. 20ug/ml concentration was processed by serial dilution with diluent. The
resulting solution was filtered through 0.22 micrometer filter paper and analyzed by optimized
chromatographic conditions [32].

RESULT AND DISCUSSION

A typical chromatogram of Enzalutamide

Based on the results obtained from screening studies, C18 column and 0.1% Acetic acid in Water:
Acetonitrile (45:55 v/v) was selected for the analysis of Enzalutamide. The applied chromatographic
conditions permitted a good separation of Enzalutamide with a short retention time of 2.91 min.
Linearity & range:

The proposed method was found linear in the range of 10pg/ml-100pg/ml with an equation y = 73769x-
32114 and (R?) of 0.999.

0 = r 8000000 y=73769x - 32114
' R2£0.999
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Fig.2.A typical chromatogram of Enzalutamide Fig.3.Calibration curve of Enzalutamide
Precision:

The % R.S.D values for intra and inter day precision studies were found less than 2 %, which indicates
that the method was found to be precise.
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Table 2. Intraday and Interday precision of Enzalutamide

Co-efficient of % Co-efficient of
Mean conc. SD. SEm e .
Conc. Variation Variation

(ng/ml) Intra Inter Intra Inter Intra Inter Intra Inter Intra Inter
day day day day day day day day day day

12 11.30333 | 11.13667 | 0.168028 | 0.105987 | 0.097011 | 0.061192 | 0.014865 | 0.009517 | 1.4865 | 1.4865

50 48.0696 48.0696 | 0.407216 | 0.237286 | 0.235106 | 0.136997 | 0.008471 | 0.004936 | 0.8471 | 0.8471
95 90.39603 | 90.39603 | 0.317262 | 0.272149 | 0.183171 | 0.157126 | 0.00351 | 0.003011 | 0.351 0.351

Accuracy

Accuracy should be determined across the specified range of 98-102 %. The % accuracy was found within
the specified limits.

LOD and LOQ

The determination of LOD and LOQ was based on the standard deviations of the responses and slopes of
obtained calibration curves (n = 3) as per ICH guidelines Q2 (R1). The LOD and LOQ values were
0.002162 ng/ml and 0.006485 ng/ml respectively.

Robustness

The results indicate no significant changes occur with changing the chromatographic conditions such as
flow rate and wavelength. This indicates that the developed method was found to be robust.

Ruggedness

The results obtained were not affected and was same as the original results. This confirms ruggedness of
developed method.

System suitability study

System suitability tests are having importance in liquid chromatographic methods. Retention time,
number of theoretical plates and peak area were calculated for standard solutions. The values for
retention time, number of theoretical plates and peak area obtained from system suitability study were
found to be 2.91 min, 12470 and 720022 respectively. The data was within acceptable limits.

Forced degradation studies

The Enzalutamide was subjected to stress conditions in various ways to observe the rate and extent of
degradation that is likely to occur in the course of storage or after administration of drug into the body.
This is one type of accelerated stability studies that helps us determining the degradation of the drug that
is likely to occur after long time storage or within a very short time when compared with real time or long
term stability studies. The various degradation pathways studied are acid hydrolysis, basic hydrolysis, UV
degradation, water and oxidative degradation. Enzalutamide was stable when exposed to 0.1N HCL and
UV light which is indicated by less degradation.
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Fig.4. HCL mediated degradation
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Fig.6.Hydrogen peroxide mediated degradation Fig.7.Water mediated degradation
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Fig.8.Degradation under UV light
CONCLUSION
RP-HPLC method was developed for Enzalutamide bulk drug. The chromatographic condition for
optimized method was found to consisting of column SB-C-18, 100x4.6 mm, 2.7um. Mobile phase was
0.1% Acetic acid in Water: Acetonitrile (45:55 v/v). The retention time were found to be 2.91 min. The
proposed methods were found to comply with ICH guidelines. This method can be further employed in
future for the routine determination of Enzal in bulk drug.
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