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ABSTRACT

The main aim of present work was to develop alsinppecise, rapid and reproducible isocratic resephase high
performance liquid chromatographic (RP-HPLC) metliodthe estimation of Imatinib in pure and in tabtosage
form. An isocratic RP-HPLC was performed by utilgzWelchrom g column, (250 mm x 4.6 mm i.d., particle size
5 um) maintained at ambient temperature and mobilespleomposed of a mixture of 10 mM Phosphate B{pifer

3) Acetonitrile (50 : 50 v/v). The flow rate wadjusted 1.0 mL/min and UV detection was perforate264 nm.
The retention time of Imatinib peak was found 863.minutes. The developed method was linear inathge of 2-
10 pg/mL with correlation coefficient of 0.9999.eTiethod was found to be specific and accurate tétoverall
mean % recovery of 99.85 %. The % RSD of intra iater-day precision was found to be 0.833 and 0.877
respectively. The % RSD values were below twantosday and inter- day precision indicated that thethod was
highly precise. The developed method was highigittee with LOD of 0.105 pg/mL and LOQ of 0.319nplg
Assay content of Imatinib was determined and thenndé found for Imatinib was in good agreement it label
claim. The proposed method was statistically vaéddfor its linearity, precision, accuracy, spedity, Robustness
and ruggedness. The optimized methods proved spéeific, robust and accurate and can be used fality
control of Imatinib in bulk drug and pharmaceuti¢armulations.

Keywords: RP - HPLC, Imatinib mesylate, Validation, Quantitatdetermination, ICH guidelines.

INTRODUCTION

Imatinib (4-[(4-methylpiperazin-1-yl) methyl] -N-{thethyl-3-{[4-(pyridin-3-yl) pyrimidin-2-yl] amino} phenyl)
benzamide)[1] sometimes referred to by its investinal name STI-571, is a tyrosine-kinase inhibiteed in the
treatment of multiple cancers, most notaRhiladelphia chromosomgositive (Ph’) chronic myelogenous
leukemia (CML). Imatinib was one of the first canteerapies to show the potential for such targetdtbn, and is
often cited as a paradigm for research in canamapeuticsThe developers of Imatinib were awarded the Lasker
Award in 2009 and the Japan Prize in 2012. It ishenWorld Health Organization's List of Essenhtdicines, a

list of the most important medications needed frasic health system.

Imatinib mesylate is not official in any pharmacej&s. Literature survey revealed that there wenedpalytical
methods have been reported for the estimation o¥ealitled drug individually in biological samples well as
pharmaceutical dosage forms by spectrophotometegt&mphotometry [2], LC-MS [3-7]HPLC [8-19]. However
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most of the available methods have limitations sashlong run time, poor resolution, uneconomical &ow
sensitivity. So based on the above mentioned rsasafiact an attempt has been made to develop @lssiprecise,
accurate, reproducible and robust RP-HPLC methodhe simultaneous determination of Imatinib messyla
pharmaceutical dosage form. Figure 1 shows chersinaiture of Imatinib mesylate.
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Figure 1. Chemical structure of Imatinib mesylate
MATERIALS AND METHODS

Materials used:

An analytically pure sample of Imatinib standardswgifted from Hetero Labs Ltd., Hyderabad Indial the
chemicals were analytical grade. HPLC grade ackieniand triethylamine were obtained from Merck
pharmaceuticals private Ltd., Mumbai, India. Metblaand water utilized were of HPLC grade and puselgiafrom
Merck specialties private Ltd., Mumbai, India. Coencial tablets of Imatinib formulation was procuffeaim local
pharmacy. Mitinab tablets containing Imatinib widbeled amount of 400 mg per tablet are manufadtioy
Glenmark Pharmaceuticals Ltd., Mumbai, India.

Instruments used:

Quantitative HPLC analysis was carried out on aristic reversed phase high performance liquid clatography
(Shimadzu LC-20AT Prominence Liquid Chromatograpfth a LC-20AT VP pump, manual injector with loop
volume of 20 puL (Rheodyne), programmable variabdeelength Shimadzu SPD-20A Prominence UV-Vis detect
and Welchrom g Column (4.6 X 250 mm, 5um particle size). The HRyStem was equipped with “Spinchrome”
software. In addition an electronic balance (ShimadX223L), digital pH meter (Systronics model 802)
sonicator (spectra lab, model UCB 40), UV-VisiblgeStrophotometer (Systronics model-2203) werezediliin this
study.

Preparation of solutions and reagents:

Mobile phase:

10 mM of phosphate buffer was prepared by dissghgi956 gm of potassium di hydrogen orthophosphéfemL
of HPLC grade water. To this 55 mL of 0.1M phosphacid was added. pH-3 with triethylamine. The abo
prepared phosphate buffer and acetonitrile mixethéproportion of 50:50 v/v and was filtered thyhu0.45um
nylon member filter and degassed by sonication.

Preparation of standard stock and working standardof Drug Solution:

10 mg of Imatinib was accurately weighed and tramsfl to a 10 mL clean, dry volumetric flask witte taddition
of mobile phase, up to the mark and sonicate theisn to dissolve if necessary. This is primargcit standard
solution of Imatinib 1000ug/mL concentration. This stock solution was furttdiluted to obtain desired
concentrations (linearity range solutions contani pg/mL, 4 pg/mL, 6 pg/mL, 8 pg/mL and 10 pg/mi o
Imatinib were prepared).
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Preparation of stock solution for the commerciallyobtained tablets:

20 tablets of Mitinab (labeled claim 400 mg of Imét) were weighed and average weight was calcdlaibe

tablets were crushed to get fine powder. Then atifyaof the powder equivalent to 100 mg of Imatinvas
weighed in a 100 ml volumetric flask. The powdeswaen allowed to dissolve in mobile phase by satioo. Fill

up the mark with mobile phase and the resultingtem was filtered through 0.45 um membrane filtersemove
insoluble materials. It was further diluted to abtdesired concentrations. Content of the tablets walculated
either from the previously plotted calibration dnapr by means of regression equations.

Optimization of mobile phase and method development

Optimization of mobile phase was performed basettiahand error method. A series of trials weradacted in
order to get proper optimized HPLC conditions. He first instance a number of mobile phase comipositwere
tried such as methanol: water, acetonitrile: HPL@dg water, methanol: acetonitrile: water in défar ratio
without adjusting pH. Eventually the mobile phasenprising of 10 mM Phosphate Buffer (pH-3): Acetdte (50:
50 v/v) found to give best system suitability paedens and also obtained sharp, well-gaussian spegle This
mobile phase was also selected as the diluent bedhe drug is freely soluble in the mobile phddgs mobile
phase pH which is safe for column life and suitafde analyte stability. The stationary phase magbe of
Welchrom Gg column with 4.6 X 250 mm, 5 um were observed dmel tare found to be utmost suitable for
Imatinib. The ultra violet spectrum of diluted sbums of various concentrations of maximum absorptetection
of Imatinib was recorded by utilizing UV Systromouble beam SL 2203. An absorption maximum wasddorbe
264 nm. From the spectrurmax of Imatinib 264 nm was selected for the analy$he developed method gave
symmetric peak at retention time of 3.053 minuted aatisfied all the peak properties as pursuarickCd
guidelines.

Validation of analytical method:

The developed analytical method was further suegetd validation in pursuance of ICH Q2 (R1) guies [20].
The parameters evaluated were system suitabilitgcificity, linearity, precision, accuracy, robusss, limit of
detection (LOD) and limit of quantitation (LOQ).

System suitability:

The chromatographic systems used for analysis mpass system suitability limits before sample analyzn

commence. Set up the chromatographic system ahenHPLC system to stabilize for 40 minutes. Injelenk

preparation (single injection) and standard prepargsix replicates) and record the chromatogréorsvaluate the
system suitability parameters like resolution (N2.D), tailing factor (NMT 1.5), theoretical plateunt (NLT 3000)

and % RSD for peak area of six replicate injectiohbnatinib standard (% RSD NMT 2.0).The paranmesich as
tailing factor, % RSD and theoretical plates wetalied and found satisfactory. The system suitghilata and the
optimum chromatographic conditions are reporte@idhle 1.

Linearity:

Under proposed experimental conditions, the refatigp between the area and concentration of Intativas
studied. Linearity was checked by preparing stahdaolutions at 5 different concentration levels eafch of
Imatinib. Imatinib standard solutions (2, 4, 6, ) pg/mL) were injected into the HPLC system to et
chromatograms. The average peak area and retdittienwere recorded. The calibration curve was conttd
between concentrations versus peak area by thenge@mgoncentration of 2 -10 pg/mL of stock solutidihe
linearity range was found to be 2 -10 pg/mL andrémults are presented in Table 2. The standaah@tograms
of Imatinib calibration standards are depicted iguFe 2 to Figure 6. Results show that a phenomemialation
exists between peak area and concentration of witingn the linearity range. The calibration graphlmatinib is
presented in Figure 7. Summary of validation patamseare shown in Table 3.

Specificity:

The specificity of the method was determined by piepared standard, sample solutions and the dahkion

were injected and check any other excipients iaterfce occurs or not. It was shown that the exaipipresent in
pharmaceutical tablets of Imatinib did not show amgrference with Imatinib peak because no exoigigpeaks
appear in the chromatogram of the prepared tablethermore the well-shaped peaks also indicatespleeificity

of the method. The specificity results are tabaateTable 4.
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Precision:

Precision of an analytical procedure is referredgalegree of scatterness between a series ofvatieas obtained
from multiple sampling of same homogenous samplgiien conditions. The terms Intraday (repeatabilithere
as interday precision (intermediate precision) wiakestigated by replicating analysis for three amntrations (2
pg/mL, 4 pg/mL, 6 pg/mL) to the use of analyticedgedure within same laboratory conditions ovehartsperiod
of time by same analyst and same instrument. F@arday precision, the analysis was carried outtfoee
consecutive days at the same concentration leversed in intraday precision. Regarding the inygal@cision
was carried out by using the 3 concentrationsféréint time interval in the day. The area was rded as % RSD.
The results of intraday and interday precisionstu@wn in Table 5 and 6 respectively.

Accuracy/Recovery:

The accuracy of the method was found out by stahdddition method. For the previously analyzed dantp
pg/mL. A known amount of standard drug was addé®&46, 100 % and 150 % level. The concentratioasewe-
analyzed with the above described procedure. Theeperecovery of the triplicate solutions was deiaed and
average of the percent recovery was calculatedrétmery results are presented in Table 7.

Robustness

Robustness of the method is its ability to remaiaftected by small changes in variety of parametech as the
slight variation in acetonitrile percentage compoasi of the mobile phase, flow rate, detection wergth. The
results of robustness study is shown in Table &atdd that the small change in the conditionsndidsignificantly
affect the determination of Imatinib.

LOD and LOQ:

Limit of detection is the lowest concentration isample that can be detected, but not necessardytified under
the stated experimental conditions. The limit o&wfitation is the lowest concentration of analyteaaisample that
can be determined with acceptable precision andracg. Limit of detection and limit of quantitatiomere
calculated using following formula LOD = 3&S and LOQ = 1®/S, where,c is the standard deviation of
response and S is the slope of the calibrationecurtie LOD and LOQ values are presented in Tabléh8.results
of LOD and LOQ supported the sensitivity of the eleped method.

Application to commercial tablet

Using the developed RP-HPLC chromatographic metheslay of Imatinib in tablet was carried out as tnenin
the experimental section. Six replicate determometiwvere made. Satisfactory results were obtainddneere good
agreement with the label claim and assay results gleown in Table 10. The results were very closhé¢ labeled
value of commercial tablets. The representativepsaichromatogram of Imatinib is shown in Figure 8.

RESULTS AND DISCUSSION

The present study was aimed at developing a presgsesitive, rapid and accurate HPLC method forattedysis of
Imatinib in bulk drug and in pharmaceutical dost@ens. In order to achieve extraordinary retentiome and peak
asymmetry, G stationary phase column (250 mm X 4.6 mm i.dirbparticle size) and mobile phase composed of
methanol a mixture of 10 mM Phosphate Buffer(pHA)etonitrile (50 : 50 v/v) at a flow rate of lrrhin was
selected. The retention time for Imatinib was fotade 3.053 minutes. UV spectra of Imatinib showteat the
drug absorbed maximum at 264 nm, so this wavelewgth selected as the detection wavelength. Theladon
coefficient (0.9999) of regression was found alnexgtal to one in the range of 2 - A@mL which states that the
method was good linear to the concentration vepmek area responses. The comparison of chromategoam
placebo, standard and sample, there was no ireederobserved from the peaks of placebo, standardample. It
shows that the method is specific. The precisiadiss were performed and the % RSD of the detetioimawas
found to be 0.833 for intra-day precision and 0.8@7 inter-day precision which are within the lisitvhich
indicates that the proposed method was found toréeise. The accuracy of the method was found tgoloel with

the overall % RSD for recovery at 50 %, 100 % ab@ % levels were all within the limits which indteathat the
proposed method was found to be accurate. Metladidation following ICH guidelines indicated thatet
developed method had high sensitivity with LOD df@ug/mL and LOQ of 0.319g/mL. The method was found
to be robust even though on slight deliberate tianan the method conditions did have a tiny efffen the peak
asymmetry, plate count and retention time and ralveithin the limits which indicated that the methis robust.
Range is the minimum and maximum concentration hef sample at which the analytical procedure gives
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reproducible results. Range can be determinedn@atity, accuracy and precision studies. The mettas found

acceptable across wide range of concentration ggithL. The retention time of the sample solutionro&tinib

tablet was found to be 3.053 minutes, which is Isimb that of the standard solution of Imatinilhi§indicates that
there is no drug-excipient interference and thegdsudecorously resolved by the developed methathuBtness
determines the reproducibility of the test resuthvemall and deliberate variations in the methadameters. The
experiment was carried out by slightly changing taio of methanol in mobile phase, detection wangth and
flow rate. The effectiveness of the deliberatdelittariations was observed on the flow rate and ilagbhase
composition. The statistical data shows no sigaiftovariations in the above said parameters winidltate that the

method is robust.

The developed method was successfully appliedHerdetermination of Imatinib in bulk drug and takdesage
form. The assay result was complied in Table 1@ @so shows that there is no interference of aéet matrix
with the drug. The assay results satisfactory teswere obtained and were in a good agreement tiwéHabel
claim. Very low % relative standard deviation shaWat this method can be easily utilized for theénestion of
Imatinib in bulk drug and tablet dosage form.

Table 1. Optimum chromatographic conditions and sytem suitability data

Parameter Chromatographic conditions
Instrument SHIMADZU LC-20AT prominence liquid chratograph
Column WELCHROM G Column _ _

(4.6 mmi.d. X 250 mm, 5 um particle size)

Detector SHIMADZU SPD-20A prominence UV-Vis detacto
Diluents 10 mM Phosphate Buffer(pH-3): Acetondrfb0 : 50 v/v)
Mobile phase 10 mM Phosphate Buffer(pH-3): Acetigi(50 : 50 v/v)
Flow rate 1 mL/min.
Detection wave length UV at 264 nm.
Run time 5 minute:
Temperature Ambient temperature (25
Volume of injection loop 20 pL
Retention time & 3.053 min
Theoretical plates [th.pl] (Efficiency) 17,831
Theoretical plates per meter [t.p/m] 35662
Tailing factor (asymmetry) 1.115

Table 2. Calibration data of the proposed method for the edtnation of Imatinib

S.No | Concentrationug/mL. | Retention time, (k) min. | Peak area, mV.s.
1. 0 - 0
2. 2 3.053 303.88
3. 4 3.053 601.726
4. 6 3.053 903.49¢
5. 8 3.053 1211.212
6. 10 3.053 1498.801
Table 3. Summary of validation parameters
Parameter Result
Linearity range (png/mL) 2-10 pg/mL

Liner Regression equation (Y =a +bX) Y =150.26%.916

Intraday precision (% RSD) (n=3) 0.833
Interday precision (% RSD) (n=3) 0.877
% Recovery 99.85
LOD (ug/mL) 0.105
LOQ (pg/mL) 0.319
Robustness Robust

Table 4. Specificity study for Imatinib

Name of the solution| Retention time, & min.
Mobile phase No peaks

Placeb: No peak

Imatinib 10 pg/ml 3.C53 min.
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Table 5. Results of precision study (intra-day) folmatinib

Sample | Concentration (ug/mL) | Injection no.| Peak ara (mV.s) | % RSD
1 930.511
2 931.312
- 3 929.514
Imatinib 6 2 93031 0.833
5 931.413
6 930.611
# Acceptance criteria < 2.0.
Table 6. Results of precision study (inter-day) fotmatinib
Sample | Concentration (ug/mL) | Injection no.| Peak ara(mV.s) | % RSO
1 931.411
2 930.32:
- 3 929.412
Imatinib 6 7 931414 0.877
5 930.453
6 931.453
# Acceptance criteria < 2.0.
Table 7. Recovery data for Imatinib
. Amount of the Total N
Tope offecoveyin | Setmpie one conc, | Founeone. | % | sore
added (pg/mL) (ug/mL)
9 8.98 99.77
50 6 3 9 8.99 99.88 0.22
9 8.97 99.66
12 11.9¢ 99.97
100 6 6 12 11.98 99.83 0.16
12 11.97 99.75
15 14.97 99.8
150 6 9 15 14.98 99.86 0.13
15 14.99 99.93
RSD: relative standard deviation.
Table 8. Robustness results of Imatinib.
r?d Parameter Optimized Used Retention time ), min | Plate counf | Peak asymmetr§ | Remark
0.8 L/min 3.089 17,890 1.112 *Robusg
) 1.0mL/min | 1.0 L/min 3.053 17,831 1.115 *Robug
L Flow rate (0.2 mL/min) 1.2 Umin 3.002 17,812 1114 *Robus
259 nm 3.053 17,830 1.114 Robus
2. Detection wavelength (5 nm 264 nm_ 264 nm 3.053 17,831 1.115 Robust
269 nm 3.053 17,831 1.115 Robus
. . . 55:45v/v 3.065 17,843 1.118 *Robus
30 r':g‘;b'r']zt‘;hgj; eﬁ?fggg‘gﬁﬂl . S0:50 VWV 75050 viv 3.053 17,831 1.115 *Robuf
pnosp ' 4555V 3.019 17,820 1.110 *Robu
Acceptance criteria (LimitsjPeak Asymmetry < 1.8Plate count > 3000, * Significant change in Retentfime.
Table 9. Limit of detection and Limit of quantitation
Limit of Detection(LOD) 0.105ug/mL
Limit of Quantitation(LOQ)| 0.319g/mL
Table 10. Assay results of Imatinib formulation
,\i‘) Formulation(tablets) | Labelled claim | Amount found (mg) ASSSSX +
1 Mitinab 400 mg/tablet 399.88 mg/tablet 99141
SD: standard deviation. *average of six determioasi.
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Figure 2. Standard chromatogram of Imatinib (2 pgmL)
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Figure 3. Standard chromatogram of Imatinib (4 pg/ni)
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Figure 4. Standard chromatogram of Imatinib (6 pg/ni)
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Figure 5. Standard chromatogram of Imatinib (8 pg/ni)
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Figure 6. Standard chromatogram of Imatinib (10 pgiL)
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Figure 7. Calibration plot of Imatinib
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Figure 8. Chromatogram of marketed formulation Mitinab

CONCLUSION

The strange developed RP-HPLC method provides eecient and efficient method for the quantitatigéiraation

of Imatinib in bulk drug and pharmaceutical dosémen. The strange analytical method explained ia gaper is
validated subject to guide lines of ICH Q2 (R1)eTstatistical analysis evolved in this researclystienotes that
the precision and accuracy found to be good. Thidatioon of the method clearly indicates that tesults obtained
through the analysis are up to the mark and satmfia The results ultimately achieved through tigeriment
vividly explain that the analytical method was uguiously highly sensitive, simple, specific, linearecise,
accurate and robust and reproducible with shorttime. This method has various advantages like dention

time (retention time only 3.053 min), quick ana$ydsime (runtime only 5 minutes), low solvent congtion,

outstanding peak symmetry, user friendly and coirgnapproach and also shown to specific, lineacueate,
precise, phenomenal sensitive and robust. The mpbihse can be easily prepared and diluents ar@®ical and
readily available and it does not need sample patipa with sophisticated techniques. All these kegtures
proposed that this method can be considered asytadjeous over other methods. The drug solutiondasmg in

the study were stable up to 48 hours. These attrithe high quality of the method. This developeethod for

quantitative estimation of Imatinib in bulk drugdatablet dosage form has been developed and foaruokt
applicable for the routine analysis of Imatinibbaolk and tablet dosage forms without any interfeeefrom the
excipients. Thus this method can be applied sydieatlyt for the estimation of Imatinib in the forhation of

tablets and it is also highly useful to adopt fegular quality control analysis of Imatinib mesglat API as well as
pharmaceutical dosage forms.
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