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ABSTRACT: Bazedoxifene acetate represents a promising
new treatment for osteoporosis. LC-MS SIR (Selective ion recording)
mode, the shortest runtime method, was developed and validated for the
trace level quantification of two potential genotoxic impurities, i.e.,
Impurity-A (1 — Benzyloxy — 4 - nitrobenzene) and Impurity — B (4-
benzyloxy-2-bromopropiophenone) in Bazedoxifene acetate drug
substance. The concentration limits of both genotoxic impurities were
calculated a limit of 75ppm based on the concept of TTC (threshold of
toxicological concern) and MDD (maximum daily dosage, which is
20mg/day for Bazedoxifene acetate drug substance). The mobile phase
used for the method was 10mM Ammonium acetate and acetonitrile in
the ratio of (30:70) v/v with isocratic mode elution at flow rate
0.6mL/min, stationary phase used as X-Bridge C18 (50x4.6) mm, 3.5um
and run time was 5 minutes. The Impurities were quantified by using MS
detector SIR mode (Selective ion recording) at m/z of 230.12 and 319.01
for Impurity-A and Impurity-B, respectively. The detection limit (DL)
was 1.4 ppm for both Impurity-A and Impurity-B. The quantification
limit (QL) for Impurity-A was 3.0ppm, and Impurity-B was 3.1ppm,
respectively. The method was found to be linear, from 3.0 ppm to 111.0
ppm for Impurity-A and 3.1 ppm to 112.4 ppm for Impurity-B. The
method was found to be Specific, Precise, Linear, and Accurate.

INTRODUCTION:

Chemical name was 1 - [[4 - [2 -
—azepin — 1 - yl) ethoxy] phenyl] methyl] — 2 - (4-
hydroxyphenyl) — 3 — methyl - 1H - indol-5-ol

monoacetate (salt).

Bazedoxifene

acetate
(Hexahydro - 1H

Bazedoxifene is a selective estrogen receptor
modulator (SERM) used to treat moderate to severe
vasomotor symptoms in  menopause and
osteoporosis alone or in combination with
conjugated estrogens.
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Impurity-A  (1-Benzyloxy-4-nitrobenzene)  and
Impurity-B  (4-benzyloxy-2-bromopropiophenone)
will arise during synthesis of Bazedoxifene Acetate

DOI:

This article can be accessed online on
WWW.ijpsr.com

drug substance. ROS of Bazedoxifene Acetate is
shown in Fig. 2. The structure and chemical names
of Impurity-A and Impurity-B are shown in Fig. 1.
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Impurity-A and Impurity-B are confirmed as
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genotoxic impurities based on the
available literature . The trace level impurities of
Impurity-A  and Impurity-B  present in the
Bazedoxifene drug substance or drug product may
cause severe harmful effects on human health. The
concentration limit of genotoxic impurities,
Impurity-A, and Impurity-B was calculated based
on TTC ¥ and maximum daily dose . Impurity-
A and Impurity-B each must to be controlled at
below 75ppm.

potential

The literature survey review shows some research
work related to Bazedoxifene Acetate 6-9 related
substances  using  high-performance  liquid
chromatographic methods. Based on the literature
survey analytical method not available for

E-ISSN: 0975-8232; P-ISSN: 2320-5148

LC-MS SIR mode method developed and validated
% for the determination of trace level quantification
of Impurity-A and Impurity-B in Bazedoxifene
Acetate drug substance.

Quantitative structure-activity relationship (QSAR)
analysis was carried out for all the raw materials,
reagents, intermediates, impurities, and reagents
used in the process of Bazedoxifene Acetate drug
substance to identify the Mutagenic impurities. We
have found that Impurities A and B are mutagenic
due to certain electrophilic moieties within a
chemical structure. Both compounds are mutagenic
and DNA-reactive, i.e., Impurity-A is the
intermediate of Bazedoxifene Acetate, and
Impurity-B is process impurity due to hydrolysis of

accurately quantifying Impurity-A and Impurity-B  the intermediate. Following illustration below
at ppm levels. This work aims to develop and  shows.
validate a highly Sensitive, accurate, and selective
OuN : BnO o
0
0
Impurity-A Impurity-B
1-Benzyloxv-4-nitrobenzene 4-benzyloxy-2-bromopropiophenone

FIG. 1: STRUCTURES OF MUTAGENIC IMPURITIES
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FIG. 2: SYNTHETIC ROUTE OF BAZEDOXIFENE ACETATE DRUG SUBSTANCE
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Generation of Impurity-A  (1-Benzyloxy-4-
nitrobenzene): Impurity-A will generate due to
compound-4 & Benzyl chloride reaction
conditions. There is a probability of containing a
trace level of Compound-4 in Compound-5 as per
synthetic route and there is a favorable reaction
condition for formation of Impurity-A & It will
generate in the preparation of Compound-6 from
Compound-5. Aromatic nitro compounds are
known as mutagenic compounds. It also supports
mutagenic assessment. The overall call is Positive
due to reasonable alerting in DEREK and Case
ultra-assessment.
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FIG. 3: SCHEMATIC REPRESENTATION FOR
IMPURITY-A FORMATION

Generation of Impurity-B  (4-benzyloxy-2-

bromopropiophenone):

The process for

the
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preparation of compound-7 consists of Compound-
3 as an intermediate i.e., Impurity-B. It will carry
over impurity to Bazedoxifene acetate. Based on
mutagenic assessment, Overall call is Positive due
to reasonable alerting in DEREK and a possible
alkylating reaction at the carbon of the alpha-
position of carbonyl group.

Material and Methods / Experimental Details /
Methodology:

MATERIALS AND METHODS: Solvent
Acetonitrile (LC-MS grade) was used for the
experimentation procured from Fisher chemicals.
Ammonium acetate (LC-MS grade) reagent used
for mobile phase preparation procured from Sigma
Aldrich. . Purified water was collected from Mill-Q
plus water purification system. Standards of
Impurity-A  (1-Benzyloxy-4-nitrobenzene) CAS
No: 1145-76-2 and Impurity-B (4-benzyloxy-2-
Bromo-propiophenone) CAS No: 35081-45-9
procured from TCI Chemicals. The mass spectra of
Impurity-A and Impurity-B are shown in Fig. 4 and
Fig. 5, respectively. Mass spectra were obtained by
using waters UPLC H-Class connected to XEVO
TQ MS/MS detector connected with Electrospray
ionization (ESI) source positive mode.
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FIG. 4: MASS SPECTRA OF IMPURITY-A: [M+H]": 230
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FIG. 5: MASS SPECTRA OF IMPURITY-B: [M+H]+: 319
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METHODOLOGY:

Mobile Phase used for this method as 10mM
Ammonium Acetate in Water: Acetonitrile
(30:70) % v/v and diluent used for samples and
standard preparation - Acetonitrile: Water (70:30)
% Viv.

Preparation of Standard Solution: Weighed
about 38mg of Impurity-A and Impurity-B,
transferred in a 50 mL volumetric flask, and
dissolved with diluents (Stock-1).

Pipette out 1.0mL from Stock-1 into
100mLvolumetric flask and makeup to the mark
with diluents (Stock-2). Further transferred 5.0mL
of stock-2 solution into 100mL volumetric flask
and make up to the mark with diluents (Standard
solution).

Preparation of Sample Solution: Weighed about
200mg of Bazedoxifene Acetate drug substance
sample transferred into 20 mL volumetric flask,
dissolved, and makeup to the mark with diluent.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

LC-MS Operating Conditions: Experimentation
performed by using Water’s Acquity UPLC H-
Class connected to XevoTQ MS/MS detector with
ESI Source (Electron spray ionization). The
stationary phase was used as X-Bridge C18
(50x4.6mm), 3.5um column to separate the
Impurity-A, Impurity-B and Bazedoxifene Acetate.
The chromatographic method developed in the
isocratic mode of elution with Mobile phase 10mM
Ammonium acetate: Acetonitrile (30:70) %v/v with
a flow rate of 0.6mL/min and a runtime of 5
minutes.Column oven temperature was maintained
at 35°C and autosampler temperature was
maintained at 5°C with an injection volume of
10pL. A triple quadrupole MS equipped with a
positive electron spray ionization (ESI) source was
used in the SIR (Selective ion recording) mode.
The equipment was set with a Capillary voltage
3.0kV, Source temperature 150°C, Desolvation
temperature  500°C, Desolvation Gas flow
1000L/hr, and Cone gas flow 50L/hr.

TABLE 1: IMPURITY-A AND IMPURITY-B SIR MODE CONDITIONS

S. no. Analyte Parent(m/z) Dwell(s) Cone voltage (V)
1 Impurity-A 230.13 0.161 24
2 Impurity-B 319.19 0.161 24

Method Validation: The method validation study
was conducted as per ICH Q2 (R2) guideline for
the optimized LC-MS method, and the study was
performed for specificity, precision, the limit of
detection (LOD), Limit of quantification (LOQ),
Linearity and Accuracy parameters. The linearity
study was conducted by preparing and analyzing
six different levels of concentration in the range of
3.0 ppm to 110.9 ppm for Impurity-A and 3.1 ppm
to 112.4 ppm for Impurity-B. The values of Slope,
Y-intercept, and Correlation coefficient were
reported from the linearity study. The limit of
detection (LOD) and quantification was established
based on the signal-to-noise ratio method. The
detection Limit (DL) value for Impurity-A was
14ppm, and Impurity-B was 1.4ppm. The
quantification Limit (QL) for Impurity-A was 3.0
ppm and for Impurity-B was 3.1 ppm. Performed
Precision at LOQ and Accuracy at LOQ to prove
LOQ concentration was Accurate and precise.
Method precision was conducted by preparing a
100% level spiked sample solution of Bazedoxifene
Acetate drug substance containing concentration
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75pp meached Impurity-A and Impurity-B and
reported the %Relative standard deviation (%RSD)
of the content of Impurity-A and Impurity-B. The
method's accuracy was proved by adding known
amounts of Impurity-A and Impurity-B to the
Bazedoxifene Acetate drug substance sample at
50%, 100%, and 150% levels and calculated %
recovery.

RESULTS AND DISCUSSION:

Method Development and Optimization: The
LC-MS method's aim in this study is to develop a
specific, sensitive, precise and Accurate analytical
method for quantifying Impurity-A and Impurity-B
in Bazedoxifene Acetate drug substance with a
short runtime method. Method development was
initiated using various acidic mobile phases (such
as formic acid, trifluoroacetic acid, diflouoroacetic
acid, ammoniumformate) and basic mobile phases
(Ammonia solution, Ammonium bicarbonate)
mixed with organic modifiers such as Acetonitrile
and methanol isocratic mode elution have been
tested. In acidic and basic mobile phase conditions
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Gaussian curve peak shape was not observed. So,
the experiment was conducted using 10 mM
ammonium acetate at neutral pH using the C18
stationary phase. Finally, separation of Impurity-A,
Impurity-B, and Bazedoxifene Acetate drug
substance was achieved by using stationary phase
as X-Bridge C18(50x4.6) mm, 3.5um (Make:
Waters). Gaussian curve peak shapes were
observed in 10mM Ammonium acetate(Mobile
phase-A) and Acetonitrile (Mobilephase-B) in the
ratio of (30:70)v/v in the isocratic mode elution
with a flow rate of 0.6 mL/min and very short
runtime as 5Sminutes. Impurity-A, Impurity-B and
Bazedofiene drug substance peaks are eluted within
5 minutes of runtime.

Optimization of MS/MS Conditions: MS
Conditions optimization started by using an
electron spray ionization (ESI) source in positive
mode. SIR (Single ion recording) mode shows high
sensitivity due to parent ion response. Injected
standard solution of Impurity-A, observed it's
[M+H]" at m/z 230.13, showed a significant
response at Cone voltage 24V. Similarly injected, a
standard solution of Impurity-B observed its

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Validation Results of the Method: The LC-MS
method for trace level quantification of Impurity-A
and Impurity-B in Bazedoxifene Acetate drug
substance was validated per ICH Q2 (R2)
guidelines. The method was evaluated for its
specificity, Sensitivity, LOD (limit of detection),
LOQ (Limit of quantification), Linearity,
Accuracy, and Precision

Specificity: Specificity isthe ability to measure
accurately and specifically the analyte of interest in
the presence of other components that may be
expected to be present in the sample matrix.

Specificity was performed by injecting the
individual impurity standards Impurity-A and
Impurity-B, each at about 75ppm level concerning
20mg/mL analyte concentration, Bazedoxifene
Acetate drug substance at 0.5mg/mL, spiked
sample solution of Bazedoxifene Acetate drug
substance containing Impurity-A and Impurity-B
Table 2.

TABLE 2: SPECIFICITY TIC: TOTAL ION
CHROMATOGRAM, PDA: PHOTODIODE ARRAY
DETECTOR

[M+H]" at m/z of 319.19 showed a significant ~_S.no.  Component name Retention time (min)
response at Cone voltage 24V. So, SIR (Selective ; :mBU:!Ey-g\ 22%%((';%22%))
. . . . - urity- .
lon _rgcordlng) mp_de .Was highly sensitive a.md 3 Bazedoxifene Acetate 1.19 (From PDA
specific for quantification of trace level detection detector)
of Impurity-A and Impurity-B in Bazedoxifene
acetate drug substance.
LMSZ.N? Smooth(Mn 5x2) Impurity-A F1:5IR af 1 channal ES+
Standard_solution_Inj-1 Standard_solution_nj-1 203 TG
195636533 2.042e+005
1007
| |
T I
1004 min
0.50 1.00 150 200 3.00 350 4.00 450

FIG. 6: IMPURITY-A TIC CHROMATOGRAM OF STANDARD (SIR MODE AT M/Z: 230)

LMS2716 Smooth{Mn,5x2)
Blank Blank

100
016 035 06

-100 T T

F1:5IR af 1 channel ES+
TIc

292 309 7.4332+003

442

1 T
050 1.00

T T T
150 200 250

T T T T T T T T min
300 350 4.00 450

FIG. 7: IMPURITY-A TIC CHROMATOGRAM OF BLANK (SIR MODE AT M/Z: 230)
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LME2717 Smooth(Mn,5x2) Impurity-B F2:5IR of 1 channel, ES+
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FIG. 8: IMPURITY-B TIC CHROMATOGRAM OF STANDARD (SIR MODE AT M/Z: 319)
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FIG. 9: IMPURITY-B TIC CHROMATOGRAM OF BLANK (SIR MODE AT M/Z: 319)

Sensitivity: The Limit of detection (LOD) Fig. 4
and the Limit of quantification (LOQ) were
determined from the signal to noise ratio (S/N)
method. Prepared and injected a series of diluted
solutions from individual standard solutions. Based

TABLE 3: LIMIT OF DETECTION (LOD) RESULTS

on S/N ratios of diluted solutions, LOD and LOQ
concentrations of Impurity-A and Impurity-B were
reported. The LOD and LOQ concentrations of
Impurity-A and Impurity-B are reported in Tables
3 and 4, respectively.

S. no. Component name S/N Ratio LOD Concentration
1 Impurity-A 3.1 1.4ppm
2 Impurity-B 3.3 1.4ppm
TABLE 4: LIMIT OF QUANTIFICATION (LOQ) RESULTS
S. no. Component name S/N Ratio LOQ Concentration
1 Impurity-A 10.4 3.0ppm
2 Impurity-B 10.2 3.1ppm
LMS2724 Smooth{Mn 5x2) F1:5IR af 1 channel ES+
LOG LOG TIC
100 0.85 Impurity-A 3.2168:004
203
1118.344
-100 min
0.50 1.00 1.50 200 250 3.00 350 4.00 4.50
FIG. 10: LOQ (LIMIT OF QUANTIFICATION) SIR CHROMATOGRAM OF IMPURITY-A
LM82'3"24 Smooth{Mn,5x2) Impurity-B F2:5IR of 1 channel ES+
LOG LOG 253 TIC
100+ 27518674 2.686e+005
0.85
A A
.100-: min
0.50 1.00 1.50 200 250 3.00 350 4.00 450

FIG. 11: LOQ (LIMIT OF QUANTIFICATION) SIR CHROMATOGRAM OF IMPURITY-B
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Precision at LOQ: Prepared and injected the LOQ
standard solution (each Impurity-A and Impurity-B
at a concentration of 3.0 ppm and 3.1 ppm,
respectively. Recorded the SIR peak areas of each

TABLE 5: LOQ PRECISION RESULTS

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Impurity-A and Impurity-B and calculated the

%RSD from six replicate injections Results are
tabulated in Table 5.

S. no. Name of the solution Impurity-A area Impurity-B area

1 LOQ Standard solution injection-1 1061.363 27100.52

2 LOQ Standard solution injection-2 1111.561 26740.57

3 LOQ Standard solution injection-3 1191.302 27198.658

4 LOQ Standard solution injection-4 1195.229 26744.25

5 LOQ Standard solution injection-5 1059.282 25935.328

6 LOQ Standard solution injection-6 1137.287 25899.051

7 Mean 1126.004 26603.06283

8 Standard deviation 60.03686 562.5907467

9 %RSD 5.3 2.1
Linearity: Linearity studies were performed for and the corresponding concentration on X-axis.
Impurity-A and  Impurity-B at  different  The values of the correlation coefficient, slope, y-
concentrations from QL to 200% (QL, 25, intercept and residual sum of squares from the

50,100,150 and 200%) of the specification level
concerning the analyte concentration. Plotted a
linear graph by taking the SIR peak areas on Y-axis

TABLE 6: IMPURITY-A LINEARITY RESULTS

linearity study were reported. For linearity results
of Impurity-A, refer to Table 6, and for Impurity-
B, refer to Table 7, respectively.

Level Concentration(ppm) SIR Peak Area of Impurity-A
LOQ 3.033 1033.362
25% 18.492 5781.153
50% 36.984 10425.469
75% 55.476 13725.743
100% 73.967 18307.592
150% 110.951 26258.244
Correlation coefficient 0.998
Slope 0.0043
Y-Intercept 1171.209055

TABLE 7: IMPURITY-B LINEARITY RESULTS

Level Concentration (ppm) SIR Peak Area
LOQ 3.064 26682.041
25% 18.730 146880.859
50% 37.460 259351.125
75% 56.190 327271.500
100% 74.920 497206.563
150% 112.379 789053.313
Correlation coefficient 0.994
Slope 0.0001
Y-Intercept -1840.129356

Precision:

Method Precision: Prepared the spiked sample
solution six times containing each Impurity-A and
Impurity-B  at  specification level at each
preparation and injected each once. Calculated the

TABLE 8: METHOD PRECISION RESULTS

content of each Impurity-A and Impurity-B and
reported % RSD for Impurity-A and Impurity-B
content from six spiked sample preparations.
Results were tabulated in Table 8.

Level

Impurity-A (ppm)

Impurity-B (ppm)

Method Precision Preparation-1
Method Precision Preparation-2

75.690
75.383

75.230
75.773
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Method Precision Preparation-3 75.442

Method Precision Preparation-4 75.175

Method Precision Preparation-5 75.044

Method Precision Preparation-6 75.645
Mean 75.4

Standard deviation 0.2543
%RSD 0.3

75.396
75.552
75.150
75.125
75.4
0.2546
0.3

Accuracy: The accuracy of the test method was
demonstrated by preparing the un-spiked sample
solutions and spiked sample solution with the
known concentration of Impurity-A, and Impurity-
B at LOQ level, 50%, 100%, and 150% of the
specification limit. Calculated the %recovery of
Impurity-A and Impurity-B at each level. The mean

%recovery of Impurity-A at LOQ, 50%, 100%, and
150% levels were 100.8%, 102.2%, 102.1%, and
101.3%, respectively. The mean %recovery of
Impurity-B at LOQ, 50%, 100%, and 150%, was
99.9%, 99.7%, 100.7%, and 100.1%, respectively.
Results were tabulated in Table 9.

TABLE 9: % RECOVERY OF IMPURITY-A AND IMPURITY-B

LOQ (3ppm) 50% (37.5ppm) 100% (75ppm) 150% (112.5ppm)
Mean % Recovery for Impurity-A (n=3) 100.8 102.2 102.1 101.3
Mean % Recovery for Impurity-B(n=3) 99.9 99.7 100.7 100.1
LM52741 Smooth(Mn 5x2) F1:5IR af 1 channal ES+
100%:Spiked sample_Prep-1_Accuracy 100%_MP_1 100%Spiked_sample_Prep-1_Accuracy 100% MP_1 Tic
100 Impurity-A 1.821e+005
b 203
] 17897.000
«é — L
-100-: i
050 1.00 150 200 250 3 350 400 4.50

FIG. 12: 100% SPIKED SAMPLE SIR (TIC) CHROMATOGRAM OF IMPURITY-A

LM52741 Smoolh(Mn 5x2) F2:5IR of 1 channel ES+

100%:Spiked_sample_Prep-1_Accuracy 100%_MP_1 100%Spiked sample_Prep-1_Accuracy 100%_MP_1 TIG

100 Impurity-B 3.301e+006
b 253

412782.063

5

-1m:-rmTrmTwnanTmﬂTnﬂTrmTwnTm1TranﬂTrmTrmTwnTwnTmﬂTm1TwnTmﬂTwr i
0.50 1.00 150 200 250 3.00 350 4.00 4.50

FIG. 13: 100% SPIKED SAMPLE SIR (TIC) CHROMATOGRAM OF IMPURITY-B

CONCLUSION: A sensitive and selective LC-
MS/MS SIR quantification method for genotoxic
impurities i.e.; 1 — Benzyloxy — 4 - nitrobenzene
(Impurity-A) and 4 — benzyloxy — 2 —bromo-
propiophenone (Impurity-B) in Bazedoxifene

impurities in the Bazedoxifene Acetate drug

substance.
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