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ABSTRACT
Objective: The objective of this work was to develop and validate a simple and sensitive reverse-phase high-pressure liquid chromatography
method for the determination of seven potential genotoxic impurities in Apixaban drug substance.

Methods: The optimized separation was achieved by using ACE 3 C18 PFP (150 mm×4.6 mm, 3 µm) HPLC column. The mobile phase-A was a
degassed mixture of 0.01M Ammonium acetate buffer(PH adjusted 4.9±0.05 with diluted glacial acetic acid) and mobile phase-B was a degassed
mixture of Acetonitrile, Isopropyl alcohol and Buffer PH 4.9 in the ratio of 60:20:20 v/v/v. The gradient program was operated at a flow rate of 1.0
ml/min and UV detection was at 330 nm.

Results: The method was superior at linearity for seven impurities and correlation coefficient values were larger than 0.999, moreover, in the
separation point of view, this method further achieved no matrix interference through chromatography by better resolution of the other impurities
from the Apixaban drug substance and its related impurities for the accurate analysis of seven potential genotoxic impurities. The established limits
of detection (LOD), limits of quantification (LOQ) values for the seven mutagenic impurities were each of 5 ppm (0.015µg/ml) and15 ppm
(0.045µg/ml) respectively. The developed method was validated as per ICH guidelines and applied as a generic method to determine these seven
potential genotoxic impurities for the pharmaceutical process control and drug material release.
Conclusion: Validation of this analytical method was carried out including stability, selectivity, linearity, accuracy, system precision, method
precision and intermediate precision thus proving that the described RP-HPLC method could be employed for fast and simple analysis of
sevenphenyl hydrazine chloro ester isomers in Apixaban drug substance.
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INTRODUCTION
Apixaban is chemically described as ‘1-(4-methoxyphenyl)-7-oxo-6[4-(2-oxopiperidin-1-yl) phenyl]-4, 5, 6, 7-tetrahydro-1H-pyrazolo
[3,4c]
pyridine-3-carboxamide’,
molecular
formula
is
C 25 H 25 N 5 O 4 and molecular weight is 459.5. Apixaban is an
anticoagulant and is routinely used in the treatment of stroke,
embolism, infarct etc. Blood clotting profile in such patients needs to
be monitored frequently. Apixaban has an oral bioavailability of
~50%. It is administered as a twice-daily dose. It is excreted in urine
and feces. Apixaban is useful in atrial fibrillation, venous
thromboembolism and pulmonary embolism [1]. Based on efficacy
studies, it is confirmed that apixaban and rivaroxaban drugs were
equally effective anticoagulation therapies that exhibited similar
preventive effects against postoperative VTE after lumbar spine
surgery [2]. Apixaban has the advantage of reduced bleeding
compared with rivaroxaban, it was recommended as the first choice
anticoagulant after lumbar spine surgery. As per prescribed
information detailed in ELIQUIS [3]. Apixaban is formulated as oral
tablets and marketed by Bristol-Myers Squibb Company with the
trade name ELIQUIS. According to Less-Than-Lifetime (LTL)
exposures phenomena of ICH M7 [4] for mutagenic impurities in the
pharmaceutical industry, the risk assessment for carryover into the
drug substance from the raw materials and intermediates to be
appropriately controlled to fulfill the regulatory requirements. To
achieve this, genotoxic assessment (identification of genotoxic
impurity, control of impurity and generated data presentation) is
must w. r. t analytical approach and control of identified impurities
based on TTC concept.
According to TTC concept, we have developed a new RP-HPLC
method for quantification of seven identified potential genotoxic

impurities in Apixaban drug substance, as these impurities having
hydrazone and alkyl halide structural alerts. Hydrazines and
hydrazones
show
conventional
structural
alerts
for
genotoxicpotentiality [5]. Alerting structural elements are mainly
based on the nature of the electrophilic character (as such or based
on its metabolic activation) and/or genotoxicity data from
representative compounds. Evaluation of drug substances for
potential genotoxicity encompasses effects on both genes and
chromosomes. Whereas, for impurities, testing is focused on the
relation of the potential interaction with DNA. The chemical
reactivity that makes them useful in chemical synthesis brings about
the risk that, a number of such molecules may react with DNA,
leading to carcinogenesis. A molecule bearing an alkyl halide moiety
is normally flagged by the most commonly used silico systems like
Quantitative Structure-Activity Relationships (QSARs), StructureActivity Relationships (SARs) and consequently, an Ames assay test
is carried out. The selected seven impurities shows mutagenic
activity based on these two alerts. Hence genotoxicity is assumed,
staged and further TTC concept is applied [4]. According to the
maximum daily dose (5 mg twice/day), the allowed limit is not more
than 150µg/g for each impurity. Based on this reverse phase HPLC
method developed and validated for the same limit. PGI-B(Ethyl 2chloro-2-[(4-methoxyphenyl)hydrazono] acetate) is used as a key
raw material in the preparation of Apixaban. Where, this raw
material is coupled with Apixaban intermediate-I and gives
Apixaban intermediate-II, further in subsequent stages Apixaban is
formed. Scheme has shown in fig. 1 and other PG impurities PGI-A,
PGI-C, PGI-D, PGI-E, PGI-F and PGI-G are likely possible from PGI-B
and structures of these impurities are given in same scheme. There
have been many reported methods used to detect and quantify
hydrazine and hydrazone related impurities [6-10] and alkyl halides
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[11-16] by using different analytical techniques. The main
achievement of the present research was to develop an analytical
method based on reverse phase HPLC for the separation and
determination of seven potential genotoxic impurities in Apixaban
drug substance. During the method development, we have
considered Apixaban related substances for method specificity and
the details are presented in specificity experiments in the following
sections. The newly developed method was validated as per ICH
guidelines [17].
MATERIALS AND METHODS

Standards, reagents and study samples
All seven (PGIs) impurities were obtained from APL Research
Centre–II, A division of Aurobindo pharma LTD., Hyderabad, India.
Ammonium acetate (EMPARTA® ACS), Isopropyl alcohol (HPLC
GRADE) were procured from Merck (Mumbai, India). Glacial Acetic
acid was procured from Sigma-Aldrich fine chemicals (st Louis, MO).
Milli-Q water was used with the help of Millipore Purification system
(Millipore ®, USA). All Study samples of Apixaban drug substances
were obtained from the division of APL Research center–II, A
division of Aurobindo pharma LTD., Hyderabad, India.
Chromatographic conditions

The analysis was carried out at column oven temperature 35˚C, by
using a HPLC column ACE 3 C18 PFP(150 mm×4.6 mm,3 µm). The
Mobile phase-A consists of 0.01M Ammonium acetate buffer
(adjusted to pH 4.9±0.05 with dilute glacial acetic acid), filtered
through 0.45µ or finer porosity membrane filter. Mobile phase-B
was a degassed mixture of Acetonitrile, Isopropyl alcohol and Buffer
(pH 4.9±0.05 adjusted with glacial acetic acid) in the ratio of
60:20:20 v/v. The optimized gradient program was 0.01 min-45%B,
15 min-60%B, 25 min-80%B, 27 min-45%B, 35 min-45%B. The
prepared mobile phase was delivered at a constant flow rate of 1.0
ml/min. The injection volume was 20 µl and the impurity analytes
were detected by UV at 330 nm.

Preparation of standard solutions

Prepared a degassed mixture of Mobile phase-A and Mobile phase-Bin
the ratio of 50:50 v/v and used as the diluent. A stock solution of seven
(PGIs) impurities was prepared by sonicating to dissolve in the Mobile
phase-B, as stock concentration of 300µg/ml. Dilute this solution to
the concentration of 15µg/ml with diluent. Final concentration of the
above solution was further diluted to 0.45µg/ml in the diluent
(Standard solution). A test sample of Apixaban drug substance was
prepared at a concentration of 3 mg/ml by sonicate to dissolving
initially is in the mobile phase-B, followed by mobile phase-A. The final
standard solution was used as the System suitability solution and the
resolution between Imp-C and Imp-D is not less than 1.5.
Instrumentation and software for operation

A waters e2695 separation module with 2998 PDA detector and UV
detector with online degasser (made: Waters corporation, Milford,
MA, USA), Shimadzu LC-2030Cwith UV detector (made: Shimadzu
corporation, Japan.) and Shimadzu LC-2030 plus Prominence-iseries
with UV detector (made: Shimadzu corporation, Japan.) were carried
out for method development and validation. The Analytical precise
balances GE 412, CPA225D and Ultra Microbalance-MSA2.75-000DM (made: Goettingen, Germany) were used for weighing the
samples and impurities for sample and impurity standard solution
preparations. EUTECH-PH 700 pH meter was used for the
adjustment of pH in the mobile phase. The chromatograms were
recorded and analyzed through empower 3 software.
Challenges in quantitative analysis

The scenario for the chromatography is where the drug substance
matrix components elute early, the separation of impurities and all
other related substances is a big challenge to the development. The
first step of method development was carried out with a standard
solution of 15µg/ml and with the columns Ascentis® Express F5
(150 mm×4.6 mm, 2.7 µm) and Poroshell EC-C18 (4.6 mm×150 mm,
2.7 µm). The MP-A: B(45:55), the temperature of the column kept
35˚C, the Flow rate was 0.7 ml/min was used to separate the seven
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impurities. The impurities were not enough to separate with each
other and eluted early and not even separated from all other known
related substances.

The column selectivity for the resolution of all other known related
substance was hard enough, because of similar chemical structure
and polarities. This was overcome with the help of ACE 3 C18 PFP
(150 mm×4.6 mm, 3 µm). Different mobile phases with different
polarity compositions were used for their separation efficiency viz:
water-Acetonitrile, water-methanol, water-Isopropyl alcohol,
sodium phosphate buffers and phosphate buffers with methanol. All
these were not given better separation with all known related
substances and good peak shapes of analytes.
Eventually, Ammonium acetate solution 0.01M (pH 4.9±0.05
adjusted with diluted glacial acetic acid) and Acetonitrile, Isopropyl
alcohol and buffer mixtures (60:20:20 v/v/v) were selected with
proper investigations as it yielded the best resolution between the
all known related substances and seven mutagenic isomeric
impurities with sample matrix background. The pH of the buffer
plays a crucial role for separation of Imp-F and Imp-G, because they
were adjacent and better separation was achieved with pH 4.9±0.05.
Method validation

The optimized method was validated as per the ICH guidelines in
terms of specificity or selectivity, the limit of quantification LOQ,
limit of detection LOD, precision, linearity, and accuracy.
Specificity (or) selectivity

Specificity (or) Selectivity is the ability of the method to check the
analyte response in the presence of all seven impurities (Imp-A,
Imp-B, Imp-C, Imp-D, Imp-E, Imp-F and Imp-G) including all other
process-related substances which were used in the synthetic
process of Apixaban drug substance. For specificity determination,
all known related substances were prepared and injected
individually to confirm retention times. The solutions of diluent,
Apixaban drug substance (control sample), Apixaban drug substance
spiked with seven potential impurities (spiked sample)and
Apixaban drug substance spiked seven potential impurities spiked
sample with all known related substances(All spiked sample) were
injected to confirm any co-elution with seven (PGI’s) impurities
peaks from any known related substances. The represented
chromatograms of sample and spiked sample and spiked sample
with all other known related substances were expressed in fig. 2.

Peak purity of all known analyte peaks met the acceptance criteria
i.e. Purity angle (AG) should be less than purity threshold (TH). The
results shown that there was no interference for analyte peaks.
Represented in table 1
Limit of detection (LOD) and limit of quantification (LOQ)

Limit of detection (LOD) and Limit of Quantification (LOQ) for seven
(PGI’s) analytes peaks were determined, based on the response of
analytes. The predicted concentrations of LOD, LOQ for seven
analytes were prepared and injected each solution six times in to the
HPLC by followed the developed method conditions. The précised
LOD and LOQ values are presented in table 2. The evaluated results
indicated that this method was significantly sensitive to carry out
the quantification of impurities in Apixaban drug substance at low
ppm-level.

Linearity

A series of solutions were prepared by using seven analytes at
concentration levels from LOQ to 150% of specification levels (LOQ,
0.060µg/ml, 0.090µg/ml, 0.11µg/ml, 0.22µg/ml, 0.34µg/ml,
0.45µg/ml, 0.56µg/ml and 0.67µg/ml) and each solution was
injected in to HPLC as per methodology. From this linear regression
data for all the analytes tested is presented in table 2.
Accuracy

The Accuracy of the proposed experimental method was done, using
the standard addition technique. It was performed by spiking known
amounts of all seven impurities at four different concentration levels
ranging from 0.045µg/ml (LOQ), 0.22µg/ml (50%), 0.45µg/ml
120
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solution (0.45µg/ml) injected in six replicates for system precision
and six different preparations of sample spiked with a final standard
solution for method precision into the proposed method. The
relative standard deviation values for the response area of all
impurity analyte peaks were calculated and found to be less than
5.0%. The concluded values of repeatability and reproducibility of
the test method showed that this method is sufficiently precise. The
experimental precision values are presented in table 3.

(100%), and 0.67µg/ml (150%) into Apixaban drug substance. It
was carried out each in triplicate injections at these level
concentrations. The obtained values of the test compound were
within the specified limit of 80-120%. The complete accuracy
experimental results were shown in table 3.
Precision

The precision experiment (system precision and method precision)
of the developed method was studied by taking final standard

Table 1: Specificity (or) selectivity experimental data

Name of the impurity
Imp-A
Imp-B
Imp-C
Imp-D
Imp-E
Imp-F
Imp-G

RT
(min)
10.32
13.79
14.73
15.24
17.60
20.82
21.20

Peak purity of control sample
Purity (AG)/Purity(TH)
0.241 0.829
0.173 0.901
0.219 1.123
0.350 1.205
0.268 0.943
0.233 1.048
0.289 0.937

Peak purity of a spiked sample
Purity (AG)/Purity(TH)
0.244 0.688
0.170 0.740
0.300 1.043
0.350 1.097
0.277 0.790
0.3180.926
0.425 0.823

Peak purity of All spiked sample
Purity (AG)/Purity(TH)
0.210 0.897
0.152 0.952
0.290 1.167
0.230 1.219
0.346 1.012
0.189 1.077
0.3131.001

Table 2: LOD, LOQ and linearity experimental data

Parameter
LOD(0.015µg/ml)(%RSD)#
LOQ(0.450µg/ml)(%RSD)#
Linearity
Slope
Intercept
Correlation coefficient
#:six injections

Imp-A
3.2
0.7

Imp-B
3.1
0.5

83185
133
0.9999

80139
199
0.9999

H3 C

Imp-D
2.1
0.6

99544
136
0.9999

Imp-E
4.3
0.9

76630
193
0.9999

Imp-F
4.8
1.9

74888
39
0.9999

88478
185
0.9999

Imp-G
2.9
1.2

82079
123
0.9999
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Fig. 1: Schematic representation for the formation of seven PGIs and Apixaban drug substance
Table 3: Precision (system precision and method precision) and accuracy experimental data
Parameter
Systemprecision*
Method precision #
LOQ Accuracy^
50% Accuracy^
100% Accuracy^
150% Accuracy^

Imp-A
0.1/1.0
94.1/1.5
100.0/1.8
95.7/0.4
94.8/0.6
87.9/0.8

Imp-B
0.4/0.7
97.3/1.1
102.5/0.4
100.3/0.6
98.9/0.4
93.5/0.9

Imp-C
0.6/0.9
97.3/1.1
102.2/1.0
98.4/0.4
98.0/0.5
92.1/0.7

Imp-D
0.6/1.2
96.6/1.6
95.2/3.9
97.0/0.9
97.7/0.6
90.2/0.7

Imp-E
0.5/0.9
96.6/1.1
96.2/0.8
96.2/0.8
95.6/0.4
89.7/0.8

Imp-F
0.3/1.4
101.3/2.5
96.2/2.9
91.3/1.0
103.0/1.2
89.6/1.1

Imp-G
0.5/0.1
105.2/2.1
93.8/0.4
90.8/0.1
108.1/0.5
103.6/0.8

*Intra/Inter day and six replicate injections experimental values, #Six injections average experimental values/% RSD, ^Three injections average
experimental values/% RSD

[A]

[B]

[C]
Fig. 2: [A] A typical representation chromatogram of Apixaban drug substance, [B] Chromatogram of Apixaban drug substance spiked with seven
(PGIs) analytes, [C] Chromatogram of Apixaban drug substance spiked with seven (PGIs) analytes and all other process-related impurities
CONCLUSION

ABBREVIATION

The main aspect for optimization of successful reverse phase-HPLC
method for the quantification of seven potential genotoxic
impurities in Apixaban drug substance as follows, the analytical
method must be precise, selective, linear and accurate for daily
analysis in quality control labs. This simple, reliable and rapid RPHPLC method with UV detection was developed for the separation
and quantification of seven (PGIs) impurities in Apixaban drug
substance. This method is validated as per ICH requirements, the
results of specificity, precision (System precision and Method
precision), linearity, Accuracy were in good agreement with the
followed limits and used for the analysis of routine sample analysis
of Apixaban drug substance.

RP-HPLC-Reverse phase High-pressure liquid chromatography, TTCThreshold of toxicological concern, PGI-Potential genotoxic
impurity, ICH-International conference of harmonization, LOD-Limit
of detection and LOQ-Limit of quantitation.
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