Available online at www.pelagiar esear chlibrary.com

Pelagia Research Library

Der Pharmacia Sinica, 2013, 4(1):29-36

Der Pharmacia Sinica

| SSN: 0976-8688
CODEN (USA): PSHIBD

Development and validation of RP-HPL C method for determination of related
substances of bendamustine hydrochloridein bulk drug

E. Sasi Kiran Goud” and V. Krishna Reddy

Department of Chemistry, Sri Krishna Devaraya Ursitg, Anantapur, India

ABSTRACT

Three known impurities in Bendamustine Hydrochlefdilk drug were detected by a simple, sensitideaacurate
gradient reverse phase high performance liquid amatography (HPLC). These impurities were isolatemmf
crude sample of Bendamustine Hydrochloride usingemrge phase HPLC. The IUPAC names of impuritieewer
Impurity-A is 4-6-[2-chloro ethyl)-2-hydroxy ethgiino)3 methyl-benzimidazolyl-2)-butyric acid (HRHhpurity-
B is 4-(-5-[(4-5-(bis(2-hydroxyethyl)amino)-1-mdtiyd-benzo[d]imidazol-2-yl)butanoic acid and Impiyri- C
Isopropy! 4-(5-(bis(2-chloroethyl)amino-1-methyHtbenzol[d]imidazol-2yl)butanoate. The effectivepamtion
was achieved on a Zorbax SBgQ4.6 mm x 25 cm) 5um using a gradient mode byMbkile phase A 0.1%
Trifluroacetic acid in Water Acetonitrile (90:10) and mobile phase B : 0.1%fllroacetic acid in Water
Acetonitrile (50:50). The flow rate of the mobilegse was 1.0 mL/min and the total elution timeluiiog the
column equilibration was approximately 60.01minutée retention times of Bendamustine Hydrochloratel its
impurities are 24.109,24.109,15.309,30.521 and 38.6he UV detection wavelength was carried at 2@0and
experiments were conducted at 30°C. The develotdoeh was validated in terms of system suitab#igjectivity,
linearity, range, precision, accuracy, limits oftdetion and quantification for the impurities falang the ICH
guidelines. Therefore, the proposed method wasldeitfor the simultaneous determination of Benddimes
Hydrochloride and its three related impurities.
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INTRODUCTION

Novel water soluble polymer complexes of Bendammestiydrochloride, a bifunctional alkylating agenithw
antimetabolic and cytotoxic activity[1]. The IUPAG@ame of Bendamustine hydrochloride was benzimida2el
butanoic aicd,5-[bis(2-chloroethyl)amino]-1- methgionohydrochloride (§H.1CloN;O,).It is used to treat a type
of cancer of the white blood cells called chronimphocytic leukemia (CLL)[2].It contains a mechitdramine
group and a benzimidazole heterocyclic ring withudyric acid substituent. Mechlorethamine and isivdtives
form electrophilic alkyl groups. These groups foravalent bonds with electron-rich nucleophilic niiEs,
resulting in interstrand DNA crosslink’s. Bendanistdisplays a distinct pattern of activity unrelatto other
DNA-alkylating agents. Its mechanisms of actioriune activation of DNA-damage stress response aogtasis,
inhibition of mitotic checkpoints, and induction afitotic catastrophe. In addition, unlike other yddors,
Bendamustine activates a base excision DNA repathway rather than an alkyltransferase DNA repair
mechanism[3].The purpose of this method ,there Ri&sHPLC methods and Spectroscopy methods were icited
the literature for the assay of Bendamustine Hyllicw@de in bulk drug[4-7]But there is no single method HPLC

29
Pelagia Research Library



E. Sas Kiran Goud et al Der Pharmacia Sinica, 2013, 4(1):29-36

method for the simultaneous determination of Bendgdiime and three of its related impurities. Theedigoment

and validation of RP- HPLC method for the simu#tans determination of Bendamustine and threesafkeiaited

impurities as per ICH guidelines [8,9,10he unique feature and the novelty of the propasethod is that it is the
first time that these thee impurity compounds waetermined simultaneously with accurate, precigsksamsitive.

The chemical structure of Bendamustine Hydrochtosdown in the Fig:1

MATERIALSAND METHODS

I nstrumentation and software:
Agilent 1200 series with high pressure liquid chatagraphic instrument provided with Auto sampled WD
UV detector, thermostatted column compartment cotetewith EZ Chrom software .

Chemicals and reagents:

All the reagents were of analytical reagent gradkess stated otherwise. Distilled and de-ionized_EHgrade
water,HPLC-grade Acetonitrile, Trifluroacetic a@dd methanol were purchased from Merck, Mumbam3es
of Bendamustine Hydrochloride and its impurities gift sample of Bio-Leo labs Hyderabad.

Chromatographic Conditions:

The effective separation was achieved on a ZortBCg. (4.6 mm x 25 cm) 5um using a gradient mode by the
Mobile phase A : 0.1% Trifluroacetic acid in Wat&cetonitrile (90:10) and mobile phase B : 0.1%fllrbacetic
acid in Water: Acetonitrile (50:50). The flow rabé the mobile phase was 1.0 mL/min and the tdiaian time,
including the column equilibration, was approxiniat@0.01minutes. The UV detection wavelength wasied at
230 nm and experiments were conducted at 30°C.fddiant program given in Table : 1.

Preparation of Standard Solutions:

Weigh and transfer 20.0 mg of Bendamustine Hydritid standard into a 20 mL volumetric flask, disecand
dilute to volume with methanol. Further dilute 200 of this solution to 100.0 mL with diluent. Fueth dilute 2.0
mL of this solution to 20.0 mL with diluent.

Preparation of sample solutions:
Weigh and transfer 25.0 mg of Bendamustine Hydaritid standard into a 25 mL volumetric flask, disecand
dilute to volume with methanol.

M ethod validation:

Validation of the developed method for the deteation of Bendamustine Hydrochloride and the threpurities
was performed according to the ICH guidelines vdatandards, bulk drug. Thus, system suitability glevith

method selectivity, specificity, linearity, rang&ecision (repeatability and intermediate precigeecuracy, limits
of detection and quantification for the impurities.

System suitability:
The system suitability was conducted using dil&ghdard preparation and evaluated by injectirgegplicate
injections.

Specificity:

Specificity is the ability of analytical method éssess un equivocally the analyte in the preseincenmponent that
may be expected to be present, such as impurdiegradation products and matrix components. Peddrthe

specificity parameter of the method by injectinduent, Standard preparation, , Sample preparaBample spiked
with impurities, Impurity-A, Impurity-B and ImpugtC into the chromatographic system and evaluageohéking

three replicate injections.

Linearity and range:

The linearity of Bendamustine hydrochloride impiest was also studied by preparing standard sokitainl6
different levels. The linearity of an analytical timed is its ability to elicit test results that atieectly, or by a well
defined mathematical transformation, proportiomatite concentration of analyte in samples withigiveen range.
Performed the linearity with Bendamustine Hydrocide standard and impurities in the range of LO@®0% of
specification limit. Recorded the area response dach level and calculated slope, intercept & datimn
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coefficient. Tested the intercept for statisticgui@alence to zero. Also performed precision athbiglevel by
injecting six times into the chromatographic system

Precision and Accuracy:

The precision of an analytical method is the degrfeegreement among individual test results whenniethod is
applied repeatedly to multiple sampling of homogersesample. The precision of analytical methodssally
expressed as the standard deviation or relativadatd deviation (Coefficient of variation) of serieof
measurements. The system precision was conduditegl adl the impurities spiked to Bendamustine aerdluated
by making six replicate injections. The Accuracytleé method by recoveries of all the impurities watermined
by analyzing Bendamustine hydrochloride sample tgola spiked with each impurity at three different
concentration levels ranging from 50% to 300%.

LOD and LOQ:

The LOD and LOQ were determined for Bendamustindrdghloride and each of the impurities based on the
standard deviation of (SD) of the response andes(8 of the regression line as per ICH guidelmesording to the
formulae given below.

RESULTSAND DISCUSSION

Optimization of chromatographic conditions:

Method development includes selection of approgrighiromatographic conditions/factors like detectisave
length, selection and optimization of stationarg amobile phases. The longer wavelength of 230 nm sedected
since it produces less noise, which minimizes molsl that may exhibit around the active ingrediehienv
attempting to quantify Bendamustine hydrochloride &s three process related impurities- A,B and/iGreover,
both the process related impurities are also dedezatisfactorily at the same wavelength and hénseelected as
detection wavelength. Preliminary development drialere performed with various octadecyl columns §C1
columns) of different types and dimensions fronfedégnt manufacturers were tested for the peak shapethe
number of theoretical plates for Bendamustine hglliaride raw material at 100g/mL concentration. Finally by
switching to Zorbax SB-(. (4.6 mm x 25 cm) 5um column there was a subslantieease in the theoretical plates
with a significant improvement in the peak shapéth W.19 tailing factor. It also produced adequisolution
between Bendamustine hydrochloride and its threegss related impurities.

M ethod validation:

System suitability:

The RSD from six replicate injections of dilutedrsdard preparation was 0.8 %.The quantities of itips and
assay of Bendamustine Hydrochloride were calculétea their respective peak areas. System suitaldita is
given in Table-2

Selectivity:

For selectivity determination, all the known impi@s were added to Bendamustine hydrochloride ¢éspanse of
each analyte in the mixture was compared with éfid@endamustine hydrochloride. During the selettigtudies,

the retention times of individual standard solusi@re coincide with the retention times of pealpoese obtained
from the spiked sample solutions.The SelectivityBehdamustine and its impurities Shown in the tale The

typical selectivity chromatograms are shown in FégR.

Linearity and range:

Peak areas of each compound were measured and faseduantification. Performed the linearity with
Bendamustine Hydrochloride standard and impuritiethe range of LOQ to 300% of specification linfotted a
graph of Bendamustine Hydrochloride standard anguhities concentration (ppm) on X-axis and Aregogses
on Y-axis. The correlation & regression coefficeersire more than 0.995. The P-value is >0.05. tiggnowas
within the lower and upper limit of the 95% CL thgives high degree of confidence to the value obthifor
intercept. Moreover, the value of intercept is witk 5% of the area response at 100% level. Pxatiat higher
level RSD was NMT 5.0%. .Linearity data of Bendatmeshydrochloride and its relative impuritiesven Figure
2.

31
Pelagia Research Library



E. Sas Kiran Goud et al Der Pharmacia Sinica, 2013, 4(1):29-36

Precision:

The repeatability and system precision were expess the percent relative standard deviation ()RS each
analyte concentration. The RSD of the Retentior tiar peaks obtained from six injections of Staddaeparation
was Zero. The RSD of the Area response for peataraul from six injections of Standard preparati@s 0.8.The
system precision, method precision data is giveTainle-4 and 5.

Accuracy:

Accuracy of the method by recoveries of all the umijes was determined by analyzing Bendamustine
hydrochloride sample solutions spiked with eachuiritg at three different concentration levels ramggfrom 50%

to 300% in triplicate with respect to specifiedilinThe % recoveries of Bendamustine hydrochlo88el%.

Tables: Table 1:The gradient program

Time (Minutes) | Solution A (%) | Solution B (%)
0 100 0
3 100 0
16 50 50
33 30 70
35 10 90
50 10 90
55 100 0
60 100 0
60.01 STOP

Table2: System suitability data of Bendamustine hydrochloride and related impurities.

Peak Name LOQ (in %) | LOD (in %) | RRF | RRT
Bendamustine Hydrochlorid 0.030 0.010 1.00 | 1.00
Impurity-A 0.024 0.008 1.17 | 0.64
Impurity-B 0.040 0.013 1.35]| 1.27
Impurity-C 0.024 0.008 0.97 | 1.57

Table 3: Selectivity of Bendamistineand Itsrelated impurities

Solutions Retention time (in min.)
Blank(Diluent) -
Impurity-A 15.309
Impurity-B 30.52:
Impurity-C 38.63¢
Bendamustine Hydrochlorid 24.109

Table 4: system Precision study of Bendamustine hydrochloride and impurity-A,B and C

Injection No Bend_amu;tine Hydrochloride
" | Retention Time| Area responsg

1 24.833 88860

2 24.840 88250

3 24.841 87923

4 24.828 86902

5 24.824 87794

6 24.825 87359

Mean 24.832 87848

% RSC 0.C 0.8

Table5: Method Precision study of Bendamustine Hydrochloride and impurity-A,B and C

Sample set] Impurity A | Impurity B | Impurity C
1 0.181 0.176 0.166
2 0.180 0.178 0.168
3 0.180 0.178 0.164
4 0.180 0.176 0.164
5 0.180 0.177 0.162
6 0.180 0.176 0.164
Mean 0.180 0.177 0.165
% RSD 0.2 0.6 13
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Table6: LOQ and LOD of impurities with respect to Bendamustine Hydrochloride.

Parameter Un Known | Impurity-A | Impurity-B | Impurity-C
LOD (ppm) 0.01 0.079 0.127 0.075
LOQ (ppm) 0.306 0.239 0.383 0.226
LOD(%) with respect to sample con 0.001 0.007 0.01 0.007
LOQ (%)with respect to sample co 0.0z 0.0z 0.0z 0.0z

Fig: 1 Bendamustine Hydrochloride (benzimidazole-2-butanoic aicd,5-[bis(2-chlor oethyl)amino]-1- methyl-
monohydrochloride(C16H2:CloN3O2).

Cl-CH,-CH, .

Cl-CH,-CH, =™
Ny (CH, ),- COOHHO

LOD and LOQ:
The LOD and LOQ for the impurity-A was found to 86907% and 0.02 % respectively. Similarly, the liwf

detection (LOD) and limit of quantification (LOQYrf the impurity-B and impurity C were found to b€@1% and
0.03%,0.007% and 0.02 % respectively. The conatabs of LODs and LOQs were verified for precistmpnthe
analysis of solutions having Bendamustine hydragtddoand its impurities at these levels in six iegies and
found to be below 10.0% RSD. The LOD and LOQ datargtable 6.

Figure 2: Selective Chromatogramsof Bendamustineand Itsrelated impurities.

a)Selectivity Chromatogr am of Bendamustine Hydrochloride _
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c) Selectivity Chromatogram of Impurity -B
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Figure 3: Linearity data of Bendamustineand itsimpurities
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Regression Statistics
Multiple R 0.998
R Square 0.997
Adjusted R Squa | 0.99i
Standard Error 2318
Observations 17

LINEARITY OF IMPURITY B
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LINEARITY OF IMPURITY C
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Regression Statistics
Multiple R 1.000
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Standard Error 781.20
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CONCLUSION

The liquid chromatographic method with gradienttielu developed for the simultaneous determinatidn o
Bendamustine hydrochloride and its three relatepunities A,B and C in the bulk drug, was fully \ddied and
proved to be reliable, sensitive, accurate, predide method has higher sensitivity towards themeihation of
impurities and it is the first time that such methappears in the literature and can be usefuldotime analysis and
quality control of Bendamustine hydrochloride irethelevant forms. The developed method was founbteto
accurate, precise, specific and linear. Thus, thethad can be used for quality assurance of Bendameus
hydrochloride in bulk drugs and it can extend tbdage the pharmaceutical formulations.

Acknowledgements
The authors are grateful to M/s Bio-Leo Labs, Hpdbexd for the supply of Bendamustine Hydrochlorated three

process related impurity- A, impurity-B and impwyf€ as a gift samples. Highly thankful to S.K Usisity giving
me an opportunity .

35
Pelagia Research Library



E. Sas Kiran Goud et al Der Pharmacia Sinica, 2013, 4(1):29-36

REFERENCES

[1] Pencheva |, Bogomilova A, Koseva N, ObreshkByalroev KJ Pharm Biomed AnaR008 Dec 1;48(4):1143-
50. Epub2008 Sep 7.

[2] Friedberg J. W., Cohen P., Chen L., et&lClinical Oncology 26(2) 204-210(2008)

[3] Lorenzo M. Leonil,2, Brandi Baileyl,3, Jack feil,6, Heather H. Bendalll,4, Robert W. Zelle3acques
Corbeil7,9, Gary Elliott1,5 and Christina C. Niereel,8.Bendamustine (Treanda) Displays a DistindteRa of
Cytotoxicity and Unique Mechanistic Features Coredawith Other Alkylating Agents,10.1158/1078-0432R>
07-1061Clin Cancer Reganuary 12008 14; 309

[4] Mathrusri Annapurna M., Venkatesh B., Anusha&d Neelima BResearch Journal of Chemical Scienves.
2(9), 72-78, Sep(2012) Res.J.Chem.Sci.

[5] Mathrusri Annapurna M., Pavani S., Anushatyrika Mahanti and Venkatesh Bournal of Chemical and
Pharmaceutical Research(3), 1696-17012012)

[6] T Lissitchkov; G Arnaudov; D Peytchev, MerklehKJ. Cancer Research and Clinical Oncolog@p06, 132
(2),99.

[7] Ivanka Pencheva; Anita Bogomilova; Neli Kosev@anka Obreshkova; Kolio TroevJ. Pharm.
Biomed.Analysis2008, 48, 1143.

[8] Validation of Analytical Procedures: Methodolo@2B),ICH Harmonized Tripartite&Suidelines Genevél996.
[9] ICH Validation of analytical procedures: Texnhda methodology Q2(R1)Jnternational Conference on
Harmonization (2005).

[10] ICH Stability Testing of New Drug SubstancesdaProducts Q1A (R2)International Conference on
Harmonization (2003).

36
Pelagia Research Library



