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ABSTRACT

Introduction: Highly specific, selective and accurate liquid chromatography/tandem mass spectrometry (LC-MS/MS) technique
was desirable for the assessment of apalutamide in human plasma.

Research Scholar, Career Point University, Kota, Rajasthan-325003, India; *Research Supervisor, Career Point University, Kota,
Rajasthan-325003, India.

Aims: To develop and validate LC-MS/MS method for the analysis of apalutamide in human plasma.

Methodology: Drug and internal standard were extracted utilizing liquid—liquid extraction was performed using ethyl acetate.
Reversed phase high performace liquid chromatography (RP-HPLC) was carried out using Inertsil (50x4.6 mm i.d., 5 ym) C,,
analytical column with a simple isocratic mobile phase composed of 0.1% formic acid and acetonitrile, (20:80, v/v). Detection
was executed on a triple quadrupole mass spectrometer retaining electrospray ionization method, operating in multiple reaction
monitoring (MRM), with the transitions of m/z 478.09— 447.05, m/z 445.14 — 267.12 for apalutamide, canagliflozin, respec-
tively, in the positive ionization mode. The linearity was processed a concentration range of 300—-12000 ng/mL for the analyte.

Results: The method was validated in accordance with the FDA guidelines for bioanalytical method. All obtained recoveries
were higher than 93.0% while the accuracy was in the range of -4.32 to 2.45% of relative error and the relative standard devia-
tion was below 4.21% for all investigated drugs by the proposed method.

Conclusion: The validated method has highly sensitive and nice recoveries values from plasma, utilized for the bioequivalence
and pharmacokinetic studies.
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INTRODUCTION in the ligand bounding domain of receptor with the IC 50
of 16 nM.*7 On bounding, drug prevents ARsignalling, ob-

Apalutamide drug chemically titled as 4-[7-[6-cyano-5 -(tri-  g¢rycts DNA bounding, and inhibits AR-mediated gene tran-

fluoromethyl) pyridin-3-yl] -8-oxo -6-sulfanylidene-5, 7-di-
azaspiro[3.4]octan-5-yl] -2-fluoro-N-methylbenzamide. Its
chemical formula and molecular mass are C, H .F,N.O,S
and 477.435 g/mol respectively (Figure 1). This drug is
marketing in the brand of Erleada, belongs to NSAA (non-
steroidal antiandrogen) medicine. It is utilized in manage-
ment of cancers of prostate.!”* specifically, this drug utilized
in combination with castration to treat NM-CRPC (non-
metastatic castration-resistant prostate cancer). It is taken by
oral route. Persistent androgen receptor(AR) beckoning is
routine process of CRPC(castration-resistant prostate can-
cer), ascribed to ARgene magnification, ARgene mutation,
amplified AR countenance or improved androgen synthesis
in prostate cancers. Drug acts against AR and bound-site

scription. It damages translocation of AR from cytoplasm to
nucleus. Then decreases concentration of AR obtainable to
react with androgen response-elements (AREs). Upon man-
agement with this drug, AR was not employed to the DNA
promoter-regions.”!?
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Figure 1: Structure of apalutamide.
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Literature review on apalutamide reveals that three analyti-
cal approaches on high performance liquid chromatography
and liquid chromatography-tandem mass spectrometry'>'®
were reported for the estimation of apalutamide in plasma,
API and formulations. Present work was aimed to develop
a highly specific, selective and accurate LC-MS/MS tech-
nique was desirable for the assessment of apalutamide in hu-
man plasma.

MATERIALS AND METHODS

Reagents and chemicals

The standards of apalutamide (purity :99.51%) and canagli-
flozin (purity :99.82%) used as internal standard (IS) were
gained from the MSN Labs, Hyderabad, India. Methanol
and acetonitrile of HPLC purity were acquired from Merck,
Mumbeai, India. Deionized water was produced by a Milli-Q
water system (Millipore, MA, USA).

LC-MS/MS system and its conditions

The LC-MS/MS system consisting of an Agilent/1200 lig-
uid chromatographic instrument with a binary pump-SL
and an Agilent/6460 triple-quadrupole mass spectrometer
with electrospray ionization (ESI) source (CA, USA). Chro-
matographic data was processed by a MassHunter version
B.01.04 software. Inertsil (50x4.6 mm i.d., 5 um) C, analyt-
ical column with a simple isocratic mobile phase composed
of 0.1% formic acid and acetonitrile, (20:80, v/v). Detection
was executed on a triple quadrupole mass spectrometer re-
taining electrospray ionization method, operating in multi-
ple reaction monitoring (MRM), with the transitions of m/z
478.09— 447.05, m/z 445.14 — 267.12 for apalutamide,
canagliflozin, respectively, in the positive ionization mode.
The flow rate of 0.80 mL/min and collision energy of 20 eV
were utilized in the chromatographic elution. The injection
volume and auto-sampler temperatures were set to 10 pL and
5.0 °C respectively. MS/MS analysis was controlled using
multiple reaction monitoring (MRM) scan modes. The MS/
MS setting parameters were set as follows: source tempera-
ture, 450 °C; capillary voltage, 6.0 kV; nebulizer gas pres-
sure, 50 psi and drying gas (N,) flow, 10 L/min.

Protocol for standard and quality controls

1.0 mg/mL individual stock solutions of apalutamide and IS
were prepared in 90% acetonitrile in water (diluent) sepa-
rately. The stock solution of apalutamide was then serially
diluted with diluent to obtain the working solutions. The IS
working solution of 300 ng/mL was also processed by dilut-
ing the IS stock solution with diluent. All the solutions were
kept at -20 °C and brought to room temperature before use.

Calibration standard standards of apalutamide (300, 850,
2100, 4000, 6000, 8000, 10000 and 12000 ng/mL) were ob-

tained by spiking the appropriate working solutions to blank
plasma. Quality control (QC) samples at low, medium and
high concentrations (840, 6000 and 9000 ng/mL) were pre-
pared separately in the similar manner.

Protocol for sample preparation

A 100 pL aliquot of plasma sample was located in a 10 mL
plastic tube followed by addition of 125 uL of IS working
solution was then added to all samples except the blank sam-
ples. The mixture was extracted with 5.0 mL of diethyl ether
by vortex-mixing at a high speed for 5.0 min and shaking for
20 min. Thereafter, the samples were centrifuged at 5.0 °C
for 15 min at 5000 rpm. The upper organic layer was trans-
ferred to clean glass tubes and evaporated to dryness under a
gentle stream of nitrogen. The dry residue was reconstituted
with 100 uL of mobile phase and a 10puL aliquot was injected
into the LC-MS/MS system for analysis.

Analytical method validation

The analytical method was validated to meet the acceptance
criteria of the Food & Drug Administration (FDA) guide-
lines. 13

RESULTS AND DISCUSSION

Mass spectrometry

When the neat solution of apalutamide was infused a precur-
sor ion of m/z 478.09 was observed in the positive ionization
mode. Upon fragmentation of the precursor ion, fragments of
m/z 451.08, 449.06 and 447.05 were detected. Fragment of
apalutamide ion with m/z 447.05 was detected with the great-
est intensity. Due to commercial unavailability of the stable
isotope labeled IS we have explored several possibilities and
chose canagliflozin as a proper IS. Under the optimal condi-
tions, the MRM transitions of m/z 478.09— 447.05 for apal-
utamide, and m/z 445.14 — 267.12 for IS were monitored.

Selectivity and specificity

No interference peak was detected for apalutamide and IS
from plasma samples. The typical chromatograms of blank
plasma and plasma spiked with 300 ng/mL of apalutamide
(LLOQ level) and IS were shown in Fig. 2. The retention
times of apalutamide and IS were approximately 0.71 min
and 1.18 min, respectively.'s

Linearity of calibration curves and sensitivity
Calibration curves were processed for each batch analysis
in the concentration ranges of 300-12000 ng/mL for apalu-
tamide in plasma (Table 1). The mean regression equation
obtained for apalutamide was: y = 0.0037 x + 0.0081 (n = 6)
for apalutamide, where y is the ratios of analytes to IS and x
is the plasma concentrations. '™
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Figure 2: Representative chromatograms of apalutamide A) Blank and B) LLOQ samples.

The LLOQ of the analyte was set to 300 ng/mL with precision
and accuracy less 3.54% and the S/N values were more than 10.

Table 1: Calibration standards for apalutamide.

CS-ID Concentration Mean? (ng/mL) %RSD %RE

(ng/mL)
CS-1 300 203.01 2.85 2.33
CS-2 850 816.07 3.16 3.98
CS—3 2100 2029.54 2.98 3.35
CS-4 4000 4035.40 3.94 -0.89
CS-5 6000 5967.29 1.81 0.56
CS-6 8000 8135.99 2.73 -1.69
CS-7 10000 10139.96 118  -1.399
CS-8 12000 12225.72 2.55 -1.88

a:6 replicates; RSD: Relative standard deviation; RE: Relative

Error

Precision, accuracy and recovery

Intra-day and inter-day precision and accuracy are shown
in Table 2 and Fig. 3. Intra-day precision ranged from
2.41% to 4.21% (RSD) for apalutamide, while the accuracy
was within —4.32 to 2.45% of relative error. Similarly, for
the inter-day experiments, the precision varied from 1.96%
to 4.25% (RSD) for apalutamide, while the accuracy was
within -2.77 to 4.37% of relative error. This proved that
the method was accurate and precise over the range of the
assay. 2

The mean recoveries of apalutamide ranged from 93.81%
to 104.62% at three QC levels (Table 3). The simple lig-
uid-liquid extraction procedure showed that apalutamide
and the IS (97.94%) were excellently recovered in plas-
ma. '8

Table 2: Intra- and inter-day precision and accuracy of the LC-MS/MS method to determine apalutamide in

conc. (ng/

mL)

300
840
6000

9000

plasma (n = 3 days, 6 replicates per day).
Spiked

Intra-day (n = 6)

Measured conc.
(mean + SD: ng/mL)

286.03+3.49

800.97+9.77
5720.94%69.77
8581.45+104.65

Precision
(RSD %)

2.41

4.21
2.86

3-54

Inter-day (n =6 x 3)

Accuracy Measured conc. Precision Accuracy
(RE %) (mean + SD: ng/mL) (RSD %) (RE %)
-1.97 313.95%13.95 3.54 1.54
2.45 879.06+39.06 4.21 -2.51
—-4.32 6279.07+279.06 2.54 -2.77
—2.441 0418.61+£418.61 1.96 4.37

RSD: Relative standard deviation; RE: relative error.
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Figure 3: Representative chromatograms apalutamide at A) LQC B) MQC and C) HQC levels.

Table 3: Extraction recovery rates of analytes.

Concentration level X Y % Recovery % Mean recovery %RSD
LQC 10996 10715.6 97.45 98.63 4.55
MQC 82891 77760.05 93.81

HQC 119920 125460.3 104.62

IS 86003 8423134 97.94

X, mean recoveries of unextracted samples; Y, mean recoveries of extracted samples.

Matrix effects

The results of matrix effects are shown in Table 4. The cor-
responding peak area ratios of the analyte/IS dissolved with
blank plasma extracts to those dissolved with mobile phase

ranged from 94.85% to 103.34% for apalutamide at LQC
level and 95.72% to 104.08% at HQC level. These results
suggested that the matrix effects of the analytes were negli-
gible under the present LC-MS/MS conditions. '*-? 22
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LQC
peak area in peak area in
absence of matrix presence of
matrix

1 818 788
2 821 809
3 798 816
4 853 873
5 831 808
6 793 752
Mean
+SD
% RSD

Table 4: Matrix effect for apalutamide at LQC and HQC levels.

HQC
Matrix peak area in peak area in
factor absence of presence of
matrix matrix
96.42 8814 8585 97.41
98.62 9028 8697 96.34
103.34 8395 8774 98.64
102.44 9026 9337 103.45
97.24 9034 9402 104.08
94.85 8944 8561 95.72
98.651 99273
3.142 3.62
3.185 3.651

RSD: Relative standard deviation; SD: standard deviation.

Stability tests

The stability of apalutamide was tested after subjecting the
QC samples to different storage conditions. The applied con-
ditions includes short term stability at room temperature for
8 h, long term stability after storage at —20 °C for 30 day,
three complete freeze-thaw cycles (freezing at —20 °C for
12 h) and the processed sample (extract) stability after 24 h

Table 5: The stability data of apalutamide.

at 4 °C. The stability results of QC samples at plasma and
processed sample are listed in Table 5. The calculated accu-
racies for apalutamide determination were within the range
0f'94.67%—-102.21% of the nominal concentration which lies
within the acceptable range. As a result, apalutamide was
deemed to be stable under different studied storage condi-
tions. 1>

Storage condition LQC 840 ng/mL MQC 6000 ng/mL HQC 9000 ng/mL
Accuracy Precision Accuracy Precision Accuracy Precision
(Mean%) (RSD%) (Mean%) (RSD%) (Mean%) (RSD%)
30 day at —20 °C 95.61 2.56 94.67 1.56 95.23 2.18
Extract, 24 h at 4 °C 98.74 1.83 102.34 2.94 08.48 3.84
Room temp., 8 h 97.63 2.46 95.93 2.35 101.34 2.45
3 freeze-thaw cycles 102.21 3.52 96.35 3.72 97.91 3.16
RSD: Relative standard deviation.
CONCLUSION ACKNOWLEDGEMENT

A specific and validated LC-MS/MS technique was devel-
oped for the estimation of apalutamide drug in human plasma.
Validation process was in compliance with FDA guidelines
and the procedure was Ecofriendly, precise and sensible with
LLOQ at 300 ng/mL and rapid with total run time equals 3.5
min. The intra-day and inter-day accuracies were within —4.32
to 4.37% of relative error and the relative standard deviation
of precision was less than 4.21%. The drug was sufficiently
stable under different analytical conditions. LLE method was
optimized for apalutamide extracting from plasma with mean
percent recoveries of 97.45% by utilizing the canagliflozin as
an internal standard. The validated method has highly sensi-
tive and nice recoveries values from plasma, utilized for the
bioequivalence and pharmacokinetic studies.
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