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ABSTRACT

Smple, rapid, sensitive, accurate, robust & rugged stability indicating analytical method for determination of
Erlotinib in pharmaceutical formulations is developed and validated by using UPLC & applied the developed and
validated method for determining the assay of Erlotinib in tablets (Tarceva), asthereis no official monograph & no
analytical method by UPLC. Chromatography was performed with mobile phase containing potassium dihydrogen
ortho phosphate, added 1mL of triethylamine and adjusted to pH 2.4 with orthophosphoric acid , with a flow rate
of 0.3mL/min, C-18 column & UV detection at 225nm. The method was validated for linearity, accuracy, ruggedness,
robustness, precision & bench top stability of sample & standard solution. Erlotinib tablets were subjected to
different stress conditions like acid, alkali, peroxide, thermal, water & UV studies and checked for its specificity,
degradation & stability. The developed method was very rapid with a run time of 3 min, accurate, robust, rugged
and stable.

Keywords: Erlotinib, Assay method, UPLC, Stability indicagimethod.

INTRODUCTION

Ultra performance liquid chromatography TM (UPL@kés advantage of technological strides made iticfear
chemistry performance, system optimization, deted&sign, and data processing and control. Usirig2smm
particles and mobile phases at high linear velesjtand instrumentation that operates at highespres than those
used in HPLC, dramatic increases in resolutionsitigity, and speed of analysis can be obtaineds Tew
category of analytical separation science retas gracticality and principles of HPLC while cregtia step
function improvement in chromatographic performarjte

According to an FDA guidance document, a stabiligicating method is “a validated quantitative atiahl
procedure that can detect the changes with tintleeippertinent properties of the drug substancedamgl product. A
stability-indicating method accurately measures #utive ingredients, without interference from defation
products, process impurities, excipients, or ogfdential impurities.”[2]

Erlotinib is white to off-white powder , designateldemically as N-(3-Ethynylphenyl)-6,7-bis(2-methethoxy)-4-
quinazolinamine hydrochloride with an empiricatrfula of G,H»3N30,-HCI and a molecular weight of 429.90
(Fig.1). Erlotinib is very slightly soluble in methol, insoluble in acetonitrile, acetone, ethyltates hexane &
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aqueous solubility of erlotinib is dependent onith increased solubility at a pH of less than ® do protonation
of the secondary amine. It has a pKa of 5.42 &E23-5]

Tarceva (erlotinib) is a Human Epidermal Growth tBadReceptor Type 1/Epidermal Growth Factor Reaepto
(HER1/EGFR) tyrosine kinase inhibitor. While thengaete mechanism of action is not entirely undemtdhe
HER1 and EGFR receptors are directly involved teritellular signalling in systems governing ceilision and
proliferation. By inhibiting the function of theseceptors, which are highly active and often overessed in
rapidly dividing tumor cells, Tarceva is thoughtlitmit tumor cells' ability to divide and metastasj and may help
to initiate pathways of apoptotic cell death.[6-8]

A few methods for the determination of Erlotinibgharmaceutical formulations by HPLC, HPTLC and &ipear
in literature. So far no systematic UPLC method lesn reported for determination of Erlotinib inapimaceutical
formulations. This paper reports a rapid and sieesl/PLC method with UV detection, useful for rowgiquality
control of Erlotinib Hydrochloride in pharmaceutiéarmulations. The method was validated by paramsesuch as
linearity, accuracy, precision, robustness, ruggsdnsample and standard solution stability ancetbdegradation
studies.[9]

MATERIALSAND METHODS

Reagents:

HPLC grade Acetonitrile (HPLC Grade, Merck), Potass dihydrogen orthophosphate (AR, Rankem),
Hydrochloric Acid (AR, Rankem) Sodium hydroxide (ARankem), Hydrogen peroxide (AR, Rankem), Ortho
phosphoric acid (AR, Rankem),Water (Milli Q wateBrlotinib pure drug substance was kindly suppbgdstrides
Arcolabs Limited, India. Ingredients used for placewere lactose monohydrate, hypromellose, hydneopyd
cellulose, magnesium stearate, microcrystallindulosle, sodium starch glycolate, sodium lauryl atdf and
titanium dioxide.

I nstrumentation:

A liquid chromatograph (Waters Acquity) system ¢pgid with an injection valve (Rheodyne), & PDA dxte.
The UPLC system was well equipped with Empower ftwsge for data processing. Other instruments like
Sartorius Analytical Balance, Metrohm pH Meter aBidtechnics sonicator were used in sample and atand
preparations and for forced degradation studies.

Chromatographic conditions:
The analytical column used was Waters HSS, C-18X2Q.; 1.8um .The mobile phase was potassium ddger
ortho phosphate, adjusted to pH 2.4 with ortho phosc acid. It has a flow rate of 0.3mL/min, irjiea volume of
1pL with ambient column oven temperature and sanrpletemperature with isocratic elution & UV dedien at
225nm & a run time of 3 min.

Standard, sample, mobile phase and diluent preparation:
Diluent: Methanol & Mobile phase are used as diluents.

Preparation of mobile phase: Accurately weigh and transfer about 3.5 gramsaté$sium di-hydrogen phosphate
in 1000 mL of purified water, added 1.0 mL of Thglamine and adjusted the pH to 2.4 (+0.05) withutdi
orthophosphoric acid and sonicated to degas.

Preparation of standard solution:

Accurately weighed and transferred 50mg of Erlbtinin to a 100mL volumetric flask and added 70miL o
diluent.Sonicated for 5 min and made up to the nveitk diluent.Transferred 4mL of above solution20mL
volumetric flask and made up to volume with diluBiitered with 0.45um PFTE filter.

Preparation of Test solution:

Weighed & crushed 5 tablets and transferred in10@mL volumetric flask and added 75mL of methe®amhicated
in cold water for 20minutes with intermittent shadgiAllowed it to cool to room temperature and dillito volume
with diluent.Filtered atleast 10mL of the aboveusioin with 0.45um PTFE filter and transfered 4mL 6ktered
solution to 200mL volumetric flask and made up ¢dume with mobile phase.
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RESULTSAND DISCUSSION

Specificity:

Specificity is the ability to assess unequivocdétg analyte in the presence of components which lmeagxpected
to be present. Typically these might include impesi degradants, matrix, etc.[10] Specificity vd@snonstrated by
injecting a blank, placebo and standard solutioa.iftNerference was seen at the retention time afyten The
specificity was also demonstrated by induced degiad of Erlotinib formulation and placebo samptesacid
degradation, alkali degradation, peroxide degradatihermal degradation, water degradation, U.\grakation.
Purity angle is less than purity threshold forth# stress conditions. The results are tabulatdéiohe No.:1.Figures
4-9 represents different stress conditions.

System suitability Testing:

System suitability testing is used to verify thia¢ reproducibility of the system is adequate fa &@malysis to be
performed. System suitability is done by preparmgl injecting the standard solution 5 times andutating its

RSD. Other parameters like tailing and theoretaltes should also be taken in to consideratiorsuRRe are
tabulated in Table No.:2

Linearity:

The linearity of an analytical procedure is itsliéiwithin a given range) to obtain test resultbich are directly
proportional to the concentration (amount) of atelyn the sample [10]. The linearity of the testtimoel was
performed by plotting a graph between concentratidnthe test solution on X-axis and response of the
corresponding solutions on Y-axis from 40% to 16@¥%test concentration and calculated the corretatio
coefficient, it was found to be 0.999.The resules @mbulated in Table No.:3 and the graphs areesgmted as Fig
No.:10.

Limit of detection (LOD) and limit of quantification (LOQ):

The detection limit of an individual analytical gexlure is the lowest amount of analyte in a sawplieh can be
detected but not necessarily quantitated as ant exadue. The quantitation limit of an individual aytical

procedure is the lowest amount of analyte in a $ammhich can be quantitatively determined with ahié
precision and accuracy [10]. Calculated the LOD &Q, with the calculations obtained from evaluatainthe

calibration curve of the linearity. LOD and LOQ wek are less than the minimum linearity concemtnati

The calculations and results are tabulated in Tabbe4

Bench top stability of standard & test preparation:

Performed the assay of Erlotinib as per the teshotein duplicate and kept the standard and tdatisns on the
bench top for 48 Hrs. Injected at initial, 24 Hrelad8 Hrs. Calculated the difference between initrad bench top
stability samples for % assay of Erlotinib for testutions and similarity factor for standard swos were found to
be within limits. The results are tabulated in BaNb.:5

Accuracy:

The accuracy of an analytical procedure expressesloseness of agreement between the value whiabcepted
either as a conventional true value or an acceptedence value and the value found [10]. Perforthedaccuracy
of test method using Erlotinib placebo at 50%, 100256%, spike levels. The % assay at each spile Veas found
to be between 95.0-105.0% of the labeled amourd.r&bults are tabulated in Table No.:6

Precision:

The precision of an analytical procedure exprefsesloseness of agreement (degree of scatterpbate series of
measurements obtained from multiple sampling ofsdmme homogeneous sample under the prescribedioosdi
Precision may be considered at three levels: rap#igy, intermediate precision and reproducibility].

M ethod precision:

Determined the precision of the test method by gmieg & injecting 6 test solutions of Erlotinib foulations in to
the chromatograph and recorded the results. Theageéo assay was found to be 100ith % RSD of 0.62. The
results are tabulated in Table No.:7
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Intermediate precision:

Performed the assay of Erlotinib by following tlarse procedure as that of Method precision but different day
and by a different analyst. The average % assayfewasd to be 99.4%vith % RSD of 0.39.0verall RSD when
compared with Method precision is 0.73. The resaéstabulated in Table No.:8&9

Robustness:

The robustness of an analytical procedure is a mneas its capacity to remain unaffected by smalt, deliberate
variations in method parameters and provides aicatidn of its reliability during normal usage [1®obustness
was performed by injecting the Erlotinib standaotliSon in to the UPLC by altering the Flow ratepl@mn oven
temperature and also by changing the pH of theeb#f composition of the organic solvent from thermal
chromatographic conditions. The results are tabdlat Table No.:10

TableNo.: 1
ERLOTINIB FORCED DEGRADATION
Stress Condition Purity Angle  Purity Threshhqld
Acid Stress 0.115 0.285
Alkali Stress 0.130 0.275
Peroxide Stress 0.138 0.285
Water Stres 0.12¢ 0.26%
HeatStres 0.14¢ 0.28¢
U.V. Stress 0.132 0.265
Acceptance Criterid Peak Purity shall pass
TableNo.:2
ERLOTINIB SYSTEM SUITABILITY
Injection No. 1 2 3 4 5 Mean STDE RSD Limits
Standard Area 230568 2302824 2311478 2300543 928832300765/ 10589 0.5 RSD NMT 2.0%%
Theoretical Plateg 7818 7835 7821 7826 7829 7827 196 0.1 NLT 2000
USP tailing 1.54 1.54 1.54 1.54 1.53 1.54 0.0D 0.3 NMT20
RT 1.25¢ 1.26( 1.26: 1.26¢ 1.267 1.26: 0.0C 0.2
TableNo.:3
ERLOTINIB-LINEARITY
Conc. Of Area of
Run | % Conc.| Erlotinib Erlotinib Slope Y-intercept R
(ng/mL)
40% 50.00 937722
80% 100.00 1908256
100% 125.00 229580 18454.9 27292.95| 0.99p
120% 150.00 281905
1 160% 200.00 3709937
40% 50.00 942173
80% 100.00 1908184
100% 125.00 2301865 18555.3 25535.15| 0.99p
120% 150.00 2852614
2 160% 200.00 3719921
40% 50.00 943469
80% 100.00 1902911
100% 125.00 2306901 18463.6 31258.15| 0.99p
120% 150.0C | 283154!
3 160% 200.00 3711182
Average 18491.26067 28028.15 0.9p9
Standard Deviation 55.66 2931.59 0.po
Acceptance criteria: Coefficient of correlation kiha NLT 0.999
Calculation:
%Assay:
At Ws 4 10¢ 20¢ P 10¢
X X 100 =

As 10C 20 Wt 4 10C L
At=Area of test solution, P=Potency of Erlotinib Working Std.on asisbasis, As=Area of standard solution Avg. WL. =Avg. WL. of 20 tablets,
Ws=Weight of standard taken, LC=Label claim of the tablet as Erlotinib, Wt=Weight of tablets
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TableNo.:4
ERLOTINIB-LIMIT OF DETECTION (LOD) & LIMIT OF QUANTIFICATION (LOQ)
S.No. Injection No. Slope Y-Intercept
1 Inj-1 18454.90 27292.95 0.999
2 Inj-2 18555.34 25535.15 0.999
3 Inj-3 18463.55 31258.15 0.998
Average 18491.2633 28028.7500 0.9987
STDEV 55.660 2931.592 0.001
LOD=3.3 xc/S LOQ=10 x5/S
o = Standard deviation of y-intercepts of regreséium
S= slope of the linearity curve
LOD 0.5 ppm
LOQ 1.6 ppm
Acceptance Criteria: LOD & LOQ values shall be I the minimum linearity concentratign
TableNo.:5
ERLOTINIB BENCH TOP STABILITY OF STANDARD SOLUTION
) Response of Similarit
Time(Hrs) Day Std. Wt. Response  Fresh Std freZh std. Factory
Initial Initial 50.30 2300765
24 Hrs Day-1 50.30 2311087 50.15 2316978 1.00
48 Hrs Day-2 50.30 229288 50.42 2268919 0.99
ERLOTINIB BENCH TOP STABILITY OF TEST SOLUTION-1
Response .
Time(Hrs) Day | Weight(mg) cF)Jf % Assay le‘felrsir:it;tle from
sample Difference in Assay results of Initial,24 & 48 Hrs
Initial Initial 1252.65 2337254 101.29 NA shall be NMT 2.0
24 Hrs Day-1 1252.65 2331881 100.6 0.7
48 Hrs Day-2 1252.65 230544 101.01 0.3
ERLOTINIB BENCH TOP STABILITY OF TEST SOLUTION-2
) . Response Difference from
Time(Hrs) Day | Weight(mg) of % Assay Initial
sample Difference in Assay results of Initial,24 & 48 Hrs
Initial Initial 1246.4! 232142 100.¢ NA shall be NMT 2.0
24 Hrs Day-1 1246.45 2320794 100.12 0.5
48 Hrs Day-2 1246.45 232772 101.99 1.4
TableNo.:6
Standard 50.43 mg 4 Potency 99.0
Preparation 100 20
Sample Wt. of sample taken in mg 4 Label Claim 100
Preparation 10C 20C
Standard Area 2316974 Average Wt. in mg 250

ERLOTINIB-ACCURACY
Spike Wt. of sample| Sample

% Recovery Average

level taken in mg area

50%_01 625.00 1159290 99.9

50%_0: 625.0( 115595« 99.¢ 99.8
50%_03 625.00 1158199 99.8

100%_01 1250.00 229217 98.8

100%_02 1250.00 228119 98.3 98.3
100%_03 1250.00 2272374 97.9

150% 01 1875.00 3400557 97.7
150%_02 1875.00 3406154 97.9 97.9
150%_03 1875.00 3411601 98.0

Acceptance criteria:
% Average recovery shall be between 95-105.0%
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TableNo.: 7
ERLOTINIB ANALYTICAL MEHTOD VALIDATION-ASSAY
Method Parameter METHOD PRECISION
Std.wt. & | 50.33 4 Tablet wt. | Spl.wt g | Wb Orsamelel Lat’(ﬁ!;)'a'm 100
Dilution 100 20 25 Dilution 100 200 | Potency (% | 99
Std. No. Standard$ US.P Weight of Area of Assay % Average STDEV % RSD
Tailing | sample taken| sample (%)
1 2310915 1.54 1250.00 233725¢4 101.23
2 2290693 154 1250.00 2321427 100.55
3 230068: 1.5¢ 1250.0( 231712 100.3¢
4 230077 1.5¢ 1250.0( 234124t 101.4: 100.71 0.51552 0.51
5 2300755 154 1250.00 2324067 100.66
1250.00 2310208 100.06
Average 2300765 1.54 1250.00 2325222 100.71
STDEV 7149.73 0.00 . N .
0,
%RSD 031 0.00 % RSD of 6 replicate injections is not more than 2
TableNo.:8
ERLOTINIB ANALYTICAL MEHTOD VALIDATION-ASSAY
Method Parameter INTERMEDIATE PRECISION
Wt. of sample Label claim
Std. wt. & 50.25 5 Tablet Wt. Spl. wt. & taken 5 (mg) 100
Dilution 100 20 250 Dilution 100 200 Potency 99.0

(%)
Assay % Average (% STDEV % RSP

USP Weight of Area of

Std. No. Standards =
Tailing | sample taken| sample

1 2315498 1.52 1250.00 2303175 98.90
2 2302693 1.52 1250.00 2318575 99.56
3 2314434 1.52 1250.00 2314650 99.40
4 2321577 1.52 1250.00 2305262 98.99 99.29 0.373 0.38
5 2330688 1.52 1250.00 2325271 99.85
1250.00 2306776 99.06
Average 2316978 2 1250 2312285 99.29
E/II)-F?SEI\)/ 1020%:'35 8(80 Limits % RSD of 6 replicate injections is not maénan 2
TableNo.:9
ERLOTINIB ANALYTICAL MEHTOD VALIDATION-ASSAY
Method Parameter METHOD & INTERMEDIATE PRECISION COMBINEDLY
Method Precision| Intermediate Precisio
Average of both| STDEV of both | %RSD of both

S.No % Drug S.No % Drug Difference Method & Method _& Method _&

"7 content R content Intermediate Intermediate Intermediate

precisior precisior precisiot

1 101.23 1 98.9 2.3

2 100.55 2 99.6 1.0

3 100.36 3 99.4 1.0

7 10141 2 990 54 100.0 0.856 0.86

5 100.66 5 99.9 0.8

6 100.06 6 99.1 1.0

Limits: Overall RSD when compared with Method pséan should be not more than 2%.
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TableNo.:10
ERLOTINIB ANALYTICAL MEHTOD VALIDATION-ASSAY
Method Paramet ROBUSTNESS
Change in Flow Rate(0.25mL/m | Change in Flow Rate(0.35mL/min
Std. No. | Standards US.P Std. No. Standards US.P
Tailing Tailing
1 2743760 1.55 1 1973875 1.49
2 2774673 1.55 2 1943344 1.49
3 2740829 1.55 3 1960245 1.49
4 2732432 1.55 4 1952056 1.49
5 2734277 1.55 5 1958542 1.49
Average 2745194 1.55 Average 1957611 1.49
STDEV 17118.49 0.00 STDEV 11255.31 0.00)
%RSD 0.62 0.0 %RSD 0.57 0.0
Change in pH oMobile Phase (1.6) Change in pH of Mobile Phase) (?.
Std. No. | Standards US.P Std. No. Standards US.P
Tailing Tailing
1 2271424 1.49 1 2263481 1.53
2 2252217 1.49 2 2258739 1.53
3 2249439 1.49 3 2276006 1.53
4 2244184 1.49 4 2272593 1.53
5 224157 1.4¢ 5 227618« 1.52
Average 2251767 1.49 Average 2269401 1.53
STDEV 11762.64 0.00 STDEV 7882.71 0.00
%RSD 0.52 0.3 %RSD 0.35 0.0
Change in Org Pha:Comp.(90%) | Change in Org Phase Comp.(11(4%)
Std. No. | Standards TL;iSIiIr:: 9 Std. No. Standards Tl;islilr:: g
1 2311223 143 1 2265737 1.53
2 2313683 1.43 2 2269570 1.53
3 230555. 1.4: 3 229026t 1.52
4 2315524 1.43 4 2291368 1.53
5 2306395 143 5 2290691 1.53
Average | 2310475 1.43 Average 228152 1.53
STDEV 4393.90 0.00 STDEV 12742.53 0.00
%RSD 0.19 0.0 %RSD 0.56 0.00

Fig. No.1: Erlotinib Hydrochloride
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Channei 296.0nm: Injection 1: Date Acquired 3/23/2011 7:01:49 PM IST, Result id 2658, Processing
Method Moxifloxacin_Proc_FD; Processed Channel Descr. PDA 295.0 nm
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Fig.No.3: Standard

Auto-Scaled Chromatogram
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Fig.No.4: Acid Stressed Sample
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Fig.No.5: Alkali Stressed Sample
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Fig.No.6: Peroxide Stressed Sample
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Fig.No.7: Water Stressed Sample

Auto-Scaled Chromatogram
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Fig.No.8: Heat Stressed Sample
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Fig.No.9: UV Stressed Sample

Auto-Scaled Chromatogram
100 |
0.80 i
0.501
2
0.40-
0.20 i
|
0.00--— \j. ————— e —— —_—
o 2 e sm el wm e wm e 60 me
Minutes
Channel 286,0nm; Injection 1; Date Acquired 3/23/2011 10 50:05 PM IST; Result id 2571; Procassing
Method Moxfloxacin_Prog_FD; Processed Channel Descr. PDA 296.0 nm
Fig.No.10: Linearity
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CONCLUSION

The reported UPLC method was proved to be simpf@drwith a runtime of 3 min & reproducible. Theigation

data indicates good specificity, precision, accyrécreliability of the method. The developed methioas many
advantages like isocratic mode of elution, easyptarpreparation, short run time and can be useddotine

quality control analysis of Erlotinib formulations.
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