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ABSTRACT

This paper presents a novel, simple, accurate anodt-effective Stability-indicating Reverse-PhaseghHi
Performance Liquid Chromatography method for deteation of Axitinib in bulk drug and forced degrditem
products in the pharmaceutical formulation was deped and validated. The current chromatographigasation
was achieved with the Altima CX&850 x 4.6 mm 5um) column with a mobile phase @sedxture of acetonitrile
and KHPO,(60:40, viv %). The temperature of the column a€30ith a flow rate of 1.0 ml/min and wavelength
set at 338 nm. The retention time of axitinib wa&74min respectively. Drug product was subjectedsttess
conditions of acidic, alkaline, oxidative, thermddydrolytic, photochemical degradation. All the dmgation
products were well separated from axitinib it's tiig sensitive towards acid, base and peroxide digian. The
developed method was validated statistically, pat@nms such as specificity, accuracy, precisionitlohdetection,
limit of quantification and robustness as per ti@HI guidelines. The linearity dynamic range 25-25fml and
effective mean percentage recoveries wa9e63% andLOQ, LOD values of axitinib were found to be 0.6 a
1.88 pg/ml, where recovery were 99.37% - 99.87 égpectively. Statistical analysis of the suggestethod and
reference method using student ‘t-test’ and thatftertest, reveals that this suggested method dstraded greater
accuracy and sensitivity compared to the existigfgnence method. This method can be applied ierdiff aspects
like drug testing and routine analysis in qualiyntrol of pharmaceutical industries.

Keywords: Axitinib, HPLC, Stability-indicating method, Valaion, Tablet.

INTRODUCTION

Axitinib abbreviated AXT,a small molecule indazole derivativdass of kinase inhibitor, a potent, selective
and orally active therapeutic agent for the treattinof metastatic renal cell carcinoma (MRCC) and
advanced renal cell carcinoma (RCC, a type of catig begins in the cells of the kidneys)[1-2]. R¥

an inhibitor ofvascular endothelial growth factor receptor (VEGFR3. AXT prevents the kinase activity
of VEGFR by binding to ATP-binding site of tyrosikéase region and regulate HIF-1la-mediated tumor
cell multiplication. Inhibits vascular permeabilitangiogenesis and effective against breast turdets|
Chemically knownas N-Methyl-2 [[3-[(e) -2-pyridin-2-ylethyl-1h-ind®le-6-yl] sulfanyl] benzamidd he
molecular formula is EH1gN4,OS and mass 386.46; the structure is illustratedFigure 1]. Axitinib
(Inlyta®) is approved for the United States, andeotcountries throughout the world for the secadnd |
treatment of patients with advanced renal cell edi3g.
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Till now, few articles have been published for tdhetermination of AXT in pharmaceutical formulations
and biological fluids, using different techniqu€uantification of axitinib in human plasma by LC-M&

lon mobility spectrometry and DARTTM mass spectrtmpdy Identification of axitinitand HPLC [7-8].
Liposomal nano particles for systemic drug delivenyd metabolism [9-10]. The extensive literature
revealed, there is no official method in any of glearmacopeias for determination of axitinib by HPL
Stability studies at normal and stressed conditjplag a major role in the determination of drugf4ié
and identification of degradation behavior. Streteglies andvalidation should be carried out on a drug as
per ICH and USP guidelines [11-16].

The scientific novelty of present work is to esisibl a validated stability-indicating Reverse-Phasigh-
Performance Liquid Chromatography (RP-HPLC) metfardestimation of Axitinib in pharmaceutical fornatiion
and presence of its degradation products. Assedsrhetability of its dosage forms (formulation)capurity of the
bulk drug (API). Stability studies of Axitinib shothe piece of information which will help in therfoulation; it
will open a new scope for the toxicity studies efjthded components. The proposed method is simpterate,
rapid, reproducible and economical. The methoéss time consuming and less expensive comparedivetbther
published methods. The effective separation oft@ldegradants from the main peak and runtime was8utes.
So the present work used for determination of AHitiin bulk and tablet dosage form, it can sucadlsfise in
stability studies and quality control laboratory foutine analysis.

MATERIALS AND METHODS

Chemicals and Reagents

Axitinib was obtained from Spectrum pharma soluiohlyderabad, Telangana, India. It is a white aimoug
powder, slightly soluble in water. Methanol (MeOW}etonitrile (ACN) HPLC grade, were purchased frivtarck,
(Mumbai, India). Analytical reagent (AR) grade Psstiam dihydrogen phosphate (K#0,), Hydrogen peroxide
(H,0,), Sodium hydroxide (NaOH), Orthophosphoric acigRB;) Hydrochloric acid (HCI), were procured from
SD Fine Chemicals (Mumbai, India). HPLC grade watas used for all preparation of samples and isolsi

Instrumentation

The analysis of samples was accomplished by HPLGt€v8 e2695 Alliance, USA) instrument equipped
with auto-sampler, quaternary gradient pump and oarline degasser, column compartment with
temperature control, Diode Array Detector (DAD) aatlwavelength detector. Chromatography data were
obtained by using Empower-2 Software and separatiworied with Altima Gg Column. HPLC grade water
prepared by using Millipore Milli-Q water purifiesl/stem Bedford, MA, USA.

HPLC Chromatograph conditions

The mobile phase composed of 60 volumes of Aceai®id0 volumes of 0.01M KKHPO, Separation was
isocratic mode using the Column Altima C18, 150.& shm i.d, 5 pm, injection volume was 10 pl with a
flow rate of 1.0 ml/min, and detection was carrimat at 338 nm using DAD and Column temperature
maintained at 30°C.

Preparation of Stock and working solution

AXT (Img/ml) was prepared by adding 100 mg of tlenpound and 70 ml of the diluent (Diluent: The
ratio 95 volumes of Acetonitrile and 5 volumes ddter) in a volumetric flask, which was sonicated 50
minutes and solution was made up to mark 100 nth wiluent. The working standard solution was 100
pg/ml by transferring 1.0 ml of the standard stockugon into 10 ml volumetric flask made up to tmark
with diluent. Aliquots of the standard stock sobdutiof AXT were transferred using a bulb pipettel@ml
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volumetric flask, different concentrations of saduis were prepared as 25, 50, 75, 100, 125, 150 a2d
250 ug/ml.

FORCED DEGRADATION STUDIES

Forced degradation study was carried on 100 pgdhitisn of axitinib, conditions such as acidic, izas
neutral, oxidation, photolysis, hydrolysis and that according to ICH guidelines. The concentrationhsf t
agents was initial with the lower concentration a@ndreased to higher concentration to estimate the
degradation behavior up to 2-20% and Stress sangleprepared using a mixture of the diluent and
aqueous solutions.

Acid Degradation Studies

Acid degradatioranalysis was executed by 1.0 ml of AXT stock dolutmixed with 1.0 ml of 0.5N, 1.0N,
2.0N HCI in to each volumetric flak and refluxed foh at 60C. The resultant solution was cooled to room
temperature and neutralized with 0.5N, 1.0N, 2.0600ON and diluted to achieve final concentration
100ug/ml of the solutions.

Alkali Degradation Studies

Alkali degradation study was investigated by 1.0 ml ofTA3tock solution mixed with 1.0 ml of 0.5N,
1.0N and 2.0 N NaOH and refluxed for 6 h at@G0The resultant solution was cooled to room temipee
and neutralized with 0.5N, 1.0N and 2.0N HCI anlditéid to achievdinal concentration 10Qg/ml of the
solutions.

Oxidative Degradation

Hydrogen peroxide-induced degradation study wasuee by 30% of kD, of solution from that 1.0 ml
and 1.0 ml of stock solution of AXT. The solutiowsre kept for 6 h at room temperature and neutdliz
with sodium thiosulphate. The solution was dilutedbtain final concentration 1Q@/ml solutions.

Dry Heat Degradation
The standard drug solution was placed in the owetD&C for 6 h to study the dry heat degradation. The
solution was diluted to obtain final concentrati®0 pg/ml.

Photo Stability Degradation
The photochemical stability of drug was also stddig exposing the 1000 pg/ml solution to Sunlightd
days. The resultant solution was taken 1.0 ml ddub obtain final concentration 100 pg/ml solution

Neutral Degradation
Stress testing under neutral condition was stubledefluxing the drug in water for 6 h at 60°C résot
solution was diluted to final concentration 100 mbsolutions.

METHOD DEVELOPMENT AND OPTIMIZATION

The method development was done by pure AXT anohditations, samples were obtained from different
degradation conditions in order to select the coowlithat would achieve the good resolution betwten
main compound and degradant products.

Optimization of mobile phase

Several parameters were evaluated for method dewelnt and optimization. Selection of suitable sptye
mobile phase and column is importdot separation of AXT from the formulation, degrati@aroducts, and
additives in a single run. In this study, DAD-deter is used for analysis. Here different composisi of
mobile phase solvents are used in trial and erethod. The mobile phase consisting acetonitrile water

in 50:50 v/v%, the ratio with a flow rate of 1.0/min. The main peak was not eluted up to 45 min in
currently used mobile phase and different mobilage ratio as (ACN: 40, 70:30, 80:20, 90:10 and 65:45
vIv%). The result shows that elution ldtecause drug ionization less. Then, introducing phv buffers
such as 0.1% orthophosphoric acid (OPA) and aceienin 50:50 v/v%. The peak elution at the void
volume (less than 1.0 min) as well as peak broadgrihe USP theoretical plate count was found ttebe
than 2000. Then decrease the ratio of buffer t&@8/v% observed that separation of split peakenTh
alter the ratio of acetonitrile 35:65 and 28:72%/\weaks were tailing respectively. When 0.1% OR#&dry
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replaced with phosphate buffers, such as 0.01MR® and acetonitrile used 50:50, v/v%, observed the
peak shape good and retention time 3.83 min, asymmeas found at 0.92. Consequently, the orgartio ra
was increased to 40:60, v/iv% KIPO,: ACN all peak shapes were good, retention timet.@8 min,
asymmetry was 1.24. The wavelength was set at 388based on the UV spectra, AXT having two
wavelengths such as 260.2 and 338.7 nm at the noaxiabsorption [Figure 2] was selected. Different
temperature (25 and 35°C) and flow rates were t(@8, 1.0 and 1.5 ml/min) and no changes were
observed. System suitability parameters were withelimits as per ICH guidelines, all peaks wdrdes
with a single runtime (Rt) 8.0 min.

4.283 Axitinib

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
220.00 240.00 260.00 280.00 300.00 320.00 340.00 360.00 380.00
nm

Figure 2: UV Spectrum of Axitinib, retention time 4.283 min, C=100 pg/ ml [absorption maxima, nm (1)6D.2 (2) 338.7

METHOD VALIDATION

The developed method was validated according to &@H USP guidelines[11-13]. Parameters such as the
limit of detection, limit of quantification, spedfty, accuracy, precision, and robustness. Syseitability
conditions were tested the initial stage of theidatlon, injecting the five replication of standard
preparation was injected and measured all the tietetime, tailing factor, relative standard deigat and
number of theoretical plates.

System suitability testing parameters

System suitability testing was performed during tiethod development and validation. The selectiddy
and resolution (B factors were calculated between AXT and nearbdge@ peak. All the degradation
condition asymmetry was found to be less than[Ei§ure 3] showsretention time and theoretical plates
were calculated all values are acceptable limifBdhlel.
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Figure 3: Chromatogram of Standard of Axitinib 1200pg/ml.
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Table 1: Results of system suitability parameter

Parameter Acceptance criteria Obsved value
Precision Intermediate
(Day-1) precision (Day-2)

Retention tim - 4.283+0.1. 4.281+0.1:

Area(%RSD,N=6) <2.0 0.55 0.45

USP Plate count >2000 4250 4165

USP Tailin¢ 2.C 1.1€ 1.12

Mean +%RSD for six determinations.

Linearity:

The linearity of this method is evaluated by lineagression analysis, which is calculated by thestlesquare
method and the drug is linear in the concentrateomge of 25-250 pg/ml. Calibration standards aepgred by
spiking required volume of standard stock (1000migsolution into different 10 ml volumetric flasksd volume

made up with diluent to yield concentrations of 26, 75, 100, 125, 150, 200 and 250 pg/ml and tastupeak area
of drug was measured. Calibration curve is plotietliveen peak areas of the drug against the coatientrof the

drug. The linearity regression coefficient) (including the slope and y-intercept, tberrelation coefficient was
0.999 (Table 2).

Detection Limit and Quantification
In order to determine detection and quantificatiamts, drug concentration in the lower level afidiarity
range of the calibration curve. The equation LOB.3xN/B and

LOQ = 10xN/B was used. Where n is the standardadievi of response and B slope of the corresponding
calibration results were shown in (Table 2).

Table 2: Evaluation of LOD, LOQ and Linearity data

Parameter Observed value
LOD (pg/ml) 0.62
LOQ (pg/ml) 1.88
Linearity range (ng/ml) 25-250
Correlation coefficient 0.9998
Slope 52638.8
Intercept 9954.4

Precision and Specificity

Interday and Intraday precision were carried inréyaicating analysis. For interday precision, #malysis
was done for three consecutive days at the sameeatmation level as used in intraday precision. The
intraday precision was carried out at the varicugrivals time of the same day the percentage velati
standard deviation (%RSD) and peak area were bl The specificity of the method was determined
by separating degradation products from AXT (FighyeThe degradation peaks were sharp, no baseline
interferences and peak purity were higher thantpuhreshold (Table 7). This shows that there waoe
peak interferences in drug; precision data show(T @ble 3).

Table 3: Results from Evaluation of the precision ad Intermediate precision of method

Parameter Observed value
Precision (Day-1) Intermediate premis{Day-2)

%Assay 100.89 100.46

%RSD (n=6) 0.5516 0.4525

Accuracy

Accuracy was calculated as the percentage recovefiedrug and determining different concentrations
using standard addition method. The sample comagotr was 100 pg/ml and covering the working
standard range of drug 50%, 100%, 150% as the lkamwentration. The developed method was accurate,
reliable and mean percentage recovery was 99.63@ac¢buracy data was shown in (Table 4).
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Table 4: Accuracy data of Axitinib

Target level Sample concentration Amount of standard added Total concentration Found concentration Recovery

(%) (ug/ ml) (pg/ ml) (ng/ ml) (pg/ ml) (%)RSD mean
98.72
99.64

50 100 50 150 100.59 0.94 99.65
100.75
98.0(

100 100 100 200 99.35 1.38 99.37
100.37
99.07

150 100 150 250 100.16 0.70 99.87

%RSD: Relative standard deviation

Robustness

The robustness conditions were optimized in orderidentify critical parameters for the successful

application. There is no significant difference ebh®d when small deliberate changes were made for
organic 2.0% variation calculated % RSD value,e flow rate at 0.1, wavelength £10 and column

temperature at'6. The retention time was observed 3.87+1THe robustness data was shown in (Table
5).

Table 5: The Robustness chromatographic parameteisn RP-HPLC analysis of Axitinib

Change in parameter %RSD
Flow (0.9 ml/min) 0.71
Flow (1.1 ml/min) 0.92
Wave length (328nm) 0.42
Wave length (348nm) 0.33

Organic phase composition (-2%) 0.69
Organic phase composition (+2%) 0.75
Column temperature (-5°C) 0.81
Column temperature (+5° C) 1.02

Stability of AXT solution

Stability of the drug was studied at different cimths for quality control (QC) of samples. Thaudrwas
monitoring HPLC measured by every 30 min up to ZAe samples were estimated with freshly analyzed
QC samples, no difference was found in accuracypaeadision during the analysis.

Analysis of Pharmaceutical formulation

The twenty tablets of Inlyta®, which label claB0 mg of Axitinib, were weighted and ground maiy&d

a fine powder using mortar and pestle. The wedgghtivalents to 5.0 mg of the axitinib powder tramsfd

in a 25 ml volumetric flask added 15 ml of diluentixture was sonicated for 15min, volume was making
up to mark with diluent and the solution was figdrusing 0.45 nylon filters. Then 5.0 ml of thiéréite was
transferred into a 10 ml volumetric flask and mageto 10 ml using diluents, to give a final coneatibn

100 ug/ml. All the measurements and chromatographéparations were made at the room temperature.
The assay is 100.15% results were shown in (Tapén@ the chromatogram of the formulation was shown
in Figure 4.
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Figure 4: Chromatogram of pharmaceutical formulation (Inlyta®)
Table 6: Assay of Formulation (INLYTA®)
Pharmaceutical formulation Label claim  Final concerration  Concentration found  %assay
INLYTA® tablets (Batchno:JP6874) 5.0 mg 100 pg/ mi 5.01 100.15

RESULTS AND DISCUSSION

Development and optimization of chromatographicditons were executed to obtain the good peak shape
resolution, peak parameters (Retention time, t@ifiactor and theoretical plates) of the main pekke
average retention time was 4.28 + 0.42 min, thealé&me of analysis is 8.0 min and tailing factamd
numbers of theoretical plates for axitinib wererfduo be 1.16 and 4149.2. The method was lineséinen
range of 25-250 pg/ml for axitinib with correlatioonefficient was 0.999. Precision determined asaddy
and interday variation for axitinib, %RSD were 0.&85d 0.45 which indicates that method was precise,
with the %RSD was less than 2.0%, so method wasifsgeno interference observed when the drug was
evaluated in the presence of excipients and fodsmtadation study [Figure 5]. Accuracy was deteadin
by % recovery of drug from formulation were fourtdite 99.65, 99.37 and 99.87 and the mean recoveries
were found to 99.63 and RSD 0.93% which indicatesmethod was accurate. The Limit of detection and
quantification were found to be the 0.62 and 1.88l. The selectivity of the method was estimatgdhe
absence of any interference peaks from the drugntien time and method was applied for commercial
formulations it found to be 100.15% which indicatithe good compliance with the label claim.

Degradation behavior of AXT studied under the vasistress conditions. The AXT was stable in neural,
thermal and photolytic conditions percentage ofgddegradations were below 1.0%. Acidic degradation
was observed 1.60% at retention time 2.04 at OFBQN [Figure 5(a)], while for 1.0N, % of degradatioras
3.49 at retention time 2.03 [Figure 5(b)]. Moreqvier 2.0 N the % of degradation was 5.31 at rétent
time is 2.053[Figure 5(c)]. Alkaline degradation svAa.41 at retention time 2.01 at 0.5 N [Figure B(d)
while for 1.0N, percentage of degradation was adetention time 2.03 [Figure 5(e)]. Moreover, f0

N, the percentage of degradation was 3.69 at iietetitne 2.03[Figure 5(f)]. Oxidation degradatioegk at
retention time 2.29 with % of degradation was 6B5@jire 5(g)]. Thermal degradation was 0.51% [Figure
5(h)] photolytic condition of degradation was 0.53Fégure 5(i)] neural degradation was 0.24% [Figure
5(j)]. Results of stress degradation studies of AxXider different conditions are Table 7. The Statib
method used for compare results obtained by HPL®odeand Reference method of Axitinib in Table 8.
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Figure 5: Chromatogram of (a) acid degradation 0.5\ HCI, (b) 1.0 N HCI (c) 2.0 N HCI (heated for 6 fat 60°C), base degradation (d) 0.5
N NaOH, (e) 1.0 N NaOH (f) 2.0 N NaOH (heated for B at 60°C), (g) Chromatogram of HO, degradation (30 % v/v, heated for 6 h at
60°C) (h) Thermal (heated for 6 h at 105°C) (i) Ptochemical degradation (Direct sun light for 4 day}(j) Chromatogram of neutral
degradation (heated for 6 h at 60°C) treated Axitiib100 pg/ml

Table 7: Summary of stress degradation studies of»tinib under different conditions

Axitinib
o Degradant ) Purity Purity % Drug % Drug
Stress conditions RRT Asymmetry Resolution Angle Threshold Degraded Remained
Acid
0.5N HClI, 60°C, 6 h 0.48 1.2 9.3 0.073 0.306 1.60 8.40
1.0N HCI, 60°C, 6 h 0.48 1.2 9.1 0.071 0.288 3.49 6.59
2.0 N HCI, 60°C, 6 h 0.49 1.2 8.0 0.063 0.287 5.31 94.69
Neutral
H,0, 60°C, 6 h - 1.2 - 0.079 0.288 0.51 99.49
Base
0.5N NaOH, 60°C, 6 h 0.48 1.3 10.9 0.083 0.324 241 97.59
1.0N NaOH60°C, 6 | 0.4¢ 1.2 11.C 0.092 0.38: 2.7¢4 97.2¢
2.0N NaOH, 60°C, 6 h 0.48 1.3 11.3 0.098 0.346 3.69 96.31
Oxidation
0,

% [0z atroomtemperature g 5 12 9.3 0.094 0.389 6.50 93.50
Photolytic
UV light 7 days - 11 - 0.075 0.286 0.55 99.45
Thermal
Dry heat, 105°C, 6 - 1.2¢ - 0.07¢ 0.28¢ 0.2£ 99.7¢

Table 8: Statistical method compares results obtagd by HPLC method and the Reference method of Axitib and in pure form

Items HPLC method”  Reference metholf!
Mean 100.15 99.83
%RSD 0.48 1.63
Variance 0.34 0.63
N 6 4
Student’s t-test 0.011(1.86)

F-test 2.34(5.4%)

* RP-HPLC using an isocratic mixture of Potassiurngthate: acetonitrile at a flow rate of 1.0 ml /raind DAD detection at 338 nm.
2 Figure between parentheses represent the correipgriabulated values of t and F at P=0.05.
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CONCLUSION

The proposed RP-HPLC with DAD method provides apdémaccurate and reproducible method for the
estimation of Axitinib and its degradant productee developed method has stability indicating poteer
separate all the degradation products from Axitiaitbd stable under thermal, photolytic and neutral
conditions. The method has been found best otler fbw methods reported, because cost effectine ti
saving, less solvent use, lack of extraction praceénd minimal elution time for both drug and deant
products within 8.0 min. The method was executingthe determination of drug in the pure and
Pharmaceutical formulation without any interfererican diluent and formulation excipients. Hencesth
method can find many applications in pharmaceuwiéat quantification and identification of degratam
quality control laboratories, stability studiesbulk and formulations.
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