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ABSTRACT

A novel and stability indicating, experimental dgsiassisted liquid chromatographic method develofeedthe
estimation of related substances of bromfenac sodiasquihydrate. Stability indication of methodielshed by
forced degradation study. The chromatographic sepan was attained with Kromosil C18,125 x 4.0mmmb
using gradient elution using mobile phase-A cossidt a mixture of pH 4.8 ammonium acetate buffat te
mobile phase-B consists a mixture of methanol: dxigile (500:500 v/v), respectively. Column tengtare
maintained at 30 C with wavelength detection at 265nm.The develefhod is validated as per International
Conference on Harmonization (ICH) norms. Centrainposite experimental design (CCD) was employedhéaic
the robustness of the method.

Keywords: Bromfenac sodium, Liquid Chromatography , Validationternational Conference on Harmonization
(ICH), Central composite design (CCD).

INTRODUCTION

Bromfenac is chemically 2-[2-amio-3-(4-bromobenigqenyl] acetic acid (Figure-1) with the molecularmula
is CisH1:BrNOs.The yellow powder with molecular mass is 334.18l@/[1,2] An anti-inflammatory drug for a
non-steroidal category for ophthalmic use. It hhe tbility to block prostaglandin synthesis by biting
cyclooxygenase 1 and 2. Bromfenac antagonizes Cbirtaling to the upper portion of the active sfiggventing
its substrate, arachidonic acid, from enteringatigve site. Prostaglandins have been shown in raaimgal models
to be mediators of certain kinds of intraoculadanfmation. In studies performed in animal eyesstaglandins
have been shown to produce disruption of the blmqecous humor barrier, vasodilation, increased wasc
permeability, leukocytosis, and increased intramcuyressure. The analgesic and anti-inflammatofgcef of
Bromfenac occur as a result of decreased prosidiglagnthesis [3-5].

O  NH,
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Figure- 1: Bromfenac structure
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Various methods in the literatures reveal that s#weethods have been reported for determinatiddromfenac in
bulk drug and dosage forms [6-12flowever, there is no method available for the #tghbindicating
chromatographic method with experimental designreggh for bromfenac. The aim of the present worls,wa
experimental design based development and valilati a selective, specific and stability indiogtiLC method
for the estimation of bromfenac impurities.

EXPERIMENTAL SECTION

Materials and Chemicals

Analytical grade reagents are used in method dpwedmt and validation activity. Bromfenac sodium giru
substance and its impurities were obtained assgifiples. Ammonium acetate, Triethylamine, O- phosplacid ,
Glacial acetic acid , Hydrochloric acid, Sodium tyxdde and Hydrogen peroxide ware purchased fronmnckle
Acetonitrile and methanol were purchased from Remidemicals.

Chemical names of Bromfenac and its Impurities

a) Bromfenac: 2-[2-amio-3-(4-bromobenzoyl) pheradgtic acid

(b) Impurity-A: Sodium salt of [2-amio-3-bromoberytphenyl] acetic acid
(c) 7-(4-bromobenzoyl )-3-(methylthio)-1,3-dihyd2di-indole-2-one

(d) 7-(4-bromobenzoyl)-1,3-dihydro-2H-indole-2-one

(e) 7-benzoyl-1,3-dihydro-2H-indole-2-one

Chromatographic Conditions
Shimadzu HPLC- LC-20AT Prominence equipped with SRB. UV detector with LC-Solutions software and
Waters Alliance with PDA detector used for analysis

Buffer preparation for DiluentAdd 1 ml of Triethylamine in 1000 ml of water,jast p H 9.0 with dilute Ortho-
phosphoric acid.

Diluent Buffer (pH 9.0): Acetonitrile: Methanol: Tetrahyduran (50:25:24:1) (v/v).

Mobile phase-ADissolve 0.77 g of Ammonium acetate in 1000 mivafter. Added 1.0 ml of Triethyl amine and
adjust p H 4.8 with dilute glacial acetic acid.

Mobile phase-BPrepare a homogenous mixture of Acetonitrile Biathanol (500:500) v/v

Gradient programme:T/%B): 0/40,2/40,25/85,35/85,36/0,40/40
The flow rate of the mobile phase was 1.0 m/mire Talumn temperature maintained af:3D and the wavelength
was monitored at 265 nm. The injection volume w@gL2vith sample cooler temperature’1Q.

Procedure

Preparation of Impurity stock solutions and Refeeesolutions

A stock solution of each impurity at 15ug/ml wasared in diluent. Prepared reference solution (@nsists of
bromfenac at 500 pg/ml and each impurity at 0.78nhn diluent and also prepared reference soluflmnwhich
consists of bromfenac at 0.5 pg/ml in diluent.

Preparation of sample solutions
Prepared the sample solution containing bromfeh&0@ug/ml in diluent.

RESULTSAND DISCUSSION

Method Optimization

The method conditions were optimized after testiith different parameters such as column and buffesbile
phase ratio, column temperature and flow rate tprave the resolution between Impurity-D and brorafeand
also maintain optimum resolution between impurityw@ Bromfenac. The initial trials were taken wilifferent
buffers with various pH values. At the combinatmihMobile phase-A having pH 4.8 buffer with Mobjiéase-B
having 50:50v/v of Methanol and Acetonitrile givam optimum resolution between peaks of interesh hie
maximum plate count. Diluent A mixture of BufferH®.0): Acetonitrile: Methanol: Tetrahydrofuran (86:24:1)
(v/v) used as diluent. Detection was performed @& 8m, where the expected degradation peaks andritieg
were expected to absorb. Forced degradation sarapksmpurities blend solution provides optimumotaton
with the Gradient programme F/%B): 0/40,2/40,25/85,35/85,36/0,40/40 at sampiagerature 10 C.
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Method validation: The recommended method was validated as per ICtedwes [13]

System suitability and Specificity
A blank,system suitability solution and diluted refard solution,all individual impurities at the sjation
level,impurity spiked solution and sample solutiminbromfenac sodium were prepared and injected. Shiséem

suitability parameters and retention times andtikgaetention times of known impurities are recadn Table-3
and Table-7.

To establish the non-interference of blank, Stashdard sample solutions prepared as per proceduaréngcted
into the chromatograph system. A typical chromaagpf blank and reference solution (a) were showRigure-2
and Figure-3 respectively. Specificity is the daibf the method to measure the analyte responis degradation
studies. Significant degradation was observed ombcid (0.1N HCI) degradation. Optimum degradatitnserved
in 0.5% peroxide. No significant degradation was afuserved in Base (0.1 N NaoH), Photo, Humiditpditons.
In thermal degradation 0.32% degradation was obske®eak purity criteria meet the requirementfbimpurities
and bromfenac. All the degradation impurities aneetuting peaks are well separated with optimunoltgm®n. It
was observed that the % of impurity-C is incredsg@cid and Thermal degradations. Results of degj@d study

and impurity data of degradations are given in T-dbélable-2 respectively, and the typical chrongasons of
degradation samples are shown in Figure-4
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Figure-2: Chromatogram of blank
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Figure-3: Chromatogram of Reference solution(a)

Table-1: Data of degradation study results of bromfenac

Stress condition % Degradatign  *Peak purity indeBrmmfenac
Acid stressed(0.1 N HCI, 8@, 30min) 19.26 Pass
Base Stressed (0.1 N NaoH?@D) 2Hrs) 0.11 Pass
Thermal stressed (15C, 24Hrs 0.32 Pass
Oxidation (0.5% HD,, 30 min, Room Temperature) 11.98 Pass
Photolytic (200w.hr /rhin UV light and 1.2 M Lux fluorescent light 0.12 afs
Humidity 0.11 Pass

*Peak purity is considered as passing, when puaitgle should be less than purity threshold.
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(d) Thermal degradation sample
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(f) Humidity degradation sample

Figure-4: Typical chromatograms of Bromfenac degradation sample

Table-2: Theimpurity profile of bromfenac under degradation conditions

Stress conditio Impurities RRT's —
048 | 0.69| 0.75 0.78 0.87 093 113 1p7 141 1.4859 1 1.76| Total Impuritieg
Imp-D Imp-C

Acid - - - 0.02| 0.05 0.0 - 0.01 191 - 0.02 - 2.

Base - - - 0.02] 0.06 0.0 - - - - - - 0.11
Thermal - - 0.03] 0.03 0.07 0.08 - - 0.15 - - - 0.32
Oxidation 0.28| 053 382 258 - 0.02 3p1 - - 0/1@.12 | 1.22| 11.98

Photo - - - 0.03] 0.07 0.08 - - - - - - 0.12
Humidity - - - 0.03| 0.06 0.03 - - - - - - 0.11

Relative response factors (RRF) for known impurities
Relative response factor was established for kniowpurities were established by the linear co-relatoefficient

of each impurity and bromfenac impurity. Slope eatibtained with linearity calibration plot was usgdtablished
RRF values for each impurity were tabulated in €&l

Table-3: RRF values of bromfenac known impurities

S.No Description Slope RRF Retention time of Indial impurities (RelativeF\;;Zntion time
1 Bromfenac sodium  50668.8 1.0 9.789 1.00
2 Impurity-A 41502.9| 1.22 5.226 0.52
3 Impurity-B 49343.8| 1.03 17.241 1.59
4 Impurity-C 70211.0f 0.72 13.959 1.32
5 Impurity-D 71047.5| 0.71 8.716 0.85

Method Precision

Method precision has been established by analygingsample preparations spiked with known impusiti&o
evaluate the method precision, study was establighe repeatability and intermediate precision expents.
Intermediate precision was established by perfogrntlie precision study on a different day with dedént analyst
under same analytical conditions. Calculate eaawknimpurity and single maximum unknown impuritidsean
% impurity and % RSD were calculated. The % RSBrafwn and total impurities are less than 15% ingisdhe
method was precise. Results are tabulated in Table-
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Limit of detection (LOD) and Limit of Quantification (LOQ)
LOD, LOQ experiment was carried out from the lowamtcentration of each impurity to bromfenac, twfout the
guantification and detection limit for each impyriiased on the standard deviation of response lapé snethod
[14]. Precision at LOQ and LOD were performed bjedting six injections of LOQ concentrations todithe

%RSD. The LOD, LOQ values and precision %RSD vahresreported in Table-4. Less than 15% RSD was the

acceptance criteria of each impurity at LOQ precisi

Table-4: Method precision, inter mediate precision, LOD, LOQ and Linearity data of Bromfenac

Impurit Impurit Impurit Impurit Single Total
Parameter F:A / pB / pC / pD / unkn%wn impurities Bromfenac
Precision (n=6) 0.125 0.143 0.138 0.155 0.025 0.605
%Mean (%RSD) (0.42) (1.17) (0.90) (0.64) (4.22) (0.28) )
Intermediate precision (n=6) 0.118 0.155 0.148 0.152 0.023 0.615
%Mean, (%RSD) (1.12) (3.14) (1.12) (0.57) (0.99) (0.45) )
Overall precision (n=12)
(%RSD) 3.10 4.62 3.79 1.04 7.06 0.89 -
Linearity range (ugmﬁ) 0.0224- 0.0596- 0.0155- 0.0160- ) 0.0246-
1.0087 1.3415 1.1598 1.2011 1.1066
Correlation coefficient 0.9994 0.9994 1.0000 1.000( - 1.0000
®LOQ (%) 0.005% 0.010% 0.003% 0.003% 0.005%
@LOD (%) 0.0015% 0.004% 0.001% 0.001% 0.00159
LOQ precision (%RSD) 2.69 3.49 1.99 2.95 - 1.99
LOD precision (%RSD) 11.8 9.9 9.1 10.9 13.0

@ Impurities % reported with respect to bromfenanaentration

Linearity
Linearity was established by preparing seven legélsoncentrations from LOQ to 150% of specificationit for
each impurity and bromfenac. A standard stock smluvas prepared and further diluted to attain eotrations of

seven levels. The obtained correlation coefficiwas greater than 0.999 (Table-4).The linearitatdisthed with
bromfenac is applicable to unspecified impurities.

Accuracy

Accuracy was performed by spiking all known impiestin the test preparation at LOQ to 150% of djation
limit. Samples were prepared in triplicate at eélel and analyzed. The % individual recovery andrf#an
recovery for each level was calculated and repairie@iable-5.This indicates the method was more rateufor

intended use. The recovery results at each lewehall within the acceptable criteria of 85% to ¥i%&nd the
%RSD for each level is found less than 15.

Table-5: Accurate data for bromfenac impurities

Level LOQ | 50% 100% 150%

Name % Mean recover Roé)D ;/;a/lo?/aer:y % RSD I-‘:/;gl)(\e/zry % RSD | % Mean recover % RSD
Impurity-A 105.1 1.70 93.3 0.21 92.5 0.26 93.9 0.38
Impurity-B 91.3 3.54 96.3 3.85 100.1 0.47 102.3 41.2
Impurity-C 108.7 2.28 100.4 6.80 95.1 0.44 95.9 00.6
Impurity-D 99.4 6.19 104.7 0.59 103.6 0.4( 105.9 510.

Solution stability at 10°C

To establish the solution stability of the sampidugon, sample was weighed as per methodologyiaitidl %
impurity was determined. Separately weighed angaration stored at ¥OC for different time intervals like
1hr,2hrs,6hrs,12hrs,24hrs,36hrs and 48hrs.The ityplata at each time interval was reported in €ahFrom the
results it was concluded that the sample solutiaa stable up to 48hrs.
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Table-6: Impurity profile of bromfenac sample solution at 10 C in different timeintervals

Time interval ImpAurlty Impémty Impcl:.lrlty Impurity Single unknown| Total impuritie
Initial ND ND ND 0.05 0.025 0.093
1hr ND ND ND 0.05 0.024 0.095
% difference - - - 0.00 0.001 0.00
2hr ND ND ND 0.048 0.025 0.095
% difference - - - 0.002 0.00 0.002
6hr ND ND ND 0.049 0.025 0.097
% difference - - - 0.001 0.00 0.004
12hr ND ND ND 0.05 0.024 0.097
% difference - - - 0.00 0.001 0.004
18hr ND ND ND 0.049 0.025 0.097
% difference - - - 0.001 0.00 0.004
24hr ND ND ND 0.050 0.024 0.097
% difference - - - 0.00 0.001 0.004
36hr ND ND ND 0.050 0.025 0.098
% difference - - - 0.00 0.00 0.005
48hr ND ND ND 0.052 0.025 0.099
% difference - - - 0.002 0.00 0.006

Robustness

As defined by ICH, robustness study was performegstablish the ability of method to remain una#ddor slight
changes in the method conditions [15] like flowO@0.1ml min®), Column temperature (30%2), pH of mobile
phase-A (pH 4.8+0.2). No substantial effect waseolbsd on system suitability parameters like resmiuand
theoretical plates. The results were shown in Fable all the above variable conditions the repbility results
are found within the limit.

Table-7: System suitability parametersof Precision, intermediate precison and robustness data

i 0,
Resolution between Resolution between Theoretical plates of bromfenac from reference % '3SD
Parameter Imp-D and Bromfenac (>3 Imp-C and solution (a) (>8000) n=6
Bromfenac (>6) (b) (<5%)
System suitability 3.87 13.30 11254 0.9
Precision 4.73 14.13 15847 0.2
Intermediate 3.96 11.47 11682 0.2
precision
Flow-1.1 ml min' 4.60 13.24 11529 1.7
Flow-0.9 ml min’ 5.66 12.19 15236 0.9
Column temperature
32°C 5.74 12.31 14056 0.9
Column temperature
28C 5.98 12.11 15147 0.8
pH of mobile phase-
A (4.6) 4.79 13.41 16392 2.3
pH of mobile phase-
A (5.0) 4.73 13.44 16463 1.6

Experimental Design Approach
Design expert software (Stat-Ease Inc, Statistiesleaneasy, Minneapolis, MN,USA, Version 9.0) wasduk®

experimental design. In order to establish the Baneous changes of factors on the considered mesgp an
approach using experimental design suggested barstness study. A Response surface method wasasddain

maximum information and to observe the performaoteesponse around the nominal values of the factor
Response surface methodology (RSM) has more adyestd6-17]. Generally a huge number of experiments

required by standard design employed in RSM disamictheir use in the validation. If the method astfand
required a few factors, a good choice of robustrtessng may be central composite design (CCD),[%8dely

used due to its high competence with respect touhs. In order to observe the variables at noentizain 3 levels
(-1,0,+1), the design used for the robustnessahbgnac was a CCD with D=%1.
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Table-8: Factorsand levels studied for robustness

Levels
Factor 1 0 1
Flow rate mLmirt (A) 09| 10[ 11

Column temperature C (B) | 28 | 30| 32
pH of mobile phase-A (C) 46 48 5)0

Three factors were considered :flow rate mLA@&): Column temperatur® C (B) and pH of mobile phase-A(C).
The factors and levels considered for study arewshin Table-8. Precision sample prepared by spilatig
impurities at their bromfenac impurity concentratiolhe critical resolution between Impurity-D & Ionéenac,
Resolution between Impurity-C& bromfenac and Theoat plates were studied as responses.

Table 9: Theresponses obtained from the standard run of robustness study

Factor 1 Factor 2 Factor 3 Response 1 Response 2 Response 3
A: Flow B: Column C: pH Resolution between Imp-D| Resolution between Imp-C| Theoretical
Std | Run T
rate Temperature variation and Bromfenac and Bromfenac plates
ml/min deg.C
1 4 -1 -1 -1 7.9 11.6 15890
2 10 1 -1 -1 6.8 12.7 11745
3 3 -1 1 -1 7.5 12.9 14328
4 9 1 1 -1 6 13 11037
5 6 -1 -1 1 7.3 11.1 15673
6 16 1 -1 1 6.4 12.6 13256
7 11 -1 1 1 6.8 11.8 15781
8 12 1 1 1 5.6 12.9 13457
9 1 -1 0 0 5.5 12.1 15201
10 13 1 0 0 4.7 134 11453
11 15 0 -1 0 5.8 12.1 15087
12 5 0 1 0 5.7 12.3 14359
13 7 0 0 0 4.7 14.3 15768
14 14 0 0 0 4.6 14.7 15759
15 2 0 0 0 4.8 14.5 15972
16 8 0 0 0 4.5 14.4 15734

The ranges identified where small deviations frdme tmethod settings and the subsequent responst® in
resolutions and the Theoretical plates consideYgduvere observed. A three factor CCD requires 1peeixnents,
including two center points. Standard run ordelatzd by design expert is reported in Table-9.Bygighe full
qguadratic model, a response surface regression fdat@very response factor was conducted using ccode
units.Table-10 shows the values calculated for ¢befficient and p-values.The coefficient differorfr zero
significantly and the p-value<0.05 then the faisaronsidered to effect the response.

p-D and Bromlenac

Resolution between Imp-D and Bromfenac

[\

0 / 0

: Column Temperature (deg‘C)'D'i\l.l/ 93 A: Flow rate (ml/min)
@

g Resolution between Im
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Resolution between Imp-D and Bromfenac

C: pH variation A3 e~ U8 Column Temperature (deg.C)
1

(c)

Figure 5:Three dimensional plot of the response surface for resolution between Impurity-D and Bromfenac
(a) Variation response asa function of A and B;fixed C
(b) Variation response asa function of A and C;fixed B
(c) Variation responseasafunction of B and C;fixed A
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Resolution between Imp-C and Bromfenac

C: pH variation A3 -B: Column Temperature (deg.C)

Figure 6:Three dimensional plot of the response surface for resolution between Impurity-C and Bromfenac
(a) Variation response asa function of A and B;fixed C
(b) Variation response as a function of A and C;fixed B
(c) Variation responseasa function of B and C;fixed A
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Figure 7: Three dimensional cubical representation of response for plate count

Table 10:Regression coefficient and probability values of responses

Coefficient | p-value| Coefficienf p-valup Coefficieptp-value
Constant 4.65 0 14.47 0 15808.26 0
A-Flow rate -0.55 0.0001 0.51 0.0002 -1592.50 01000
B-Column Temperaturg -0.26 0.0050 0.28 0.0055 ap8.| 0.0110
C-pH variation -0.26 0.008Q -0.22 0.0237 645.8 002D
AB -0.087 0.2416 -0.18 0.0558 118.38 0.20B0
AC 0.063 0.3892 0.17 0.0558 336.88 0.0066
BC -0.012 0.8589 -0.075 0.3496 322.38 0.0081
A? 0.45 0.0343 -1.73 0.0001 -2481.25 0.0001
B? 1.10 0.0006 -2.27 0.0001 -1085.2b 0.00p7
C? 0.59 0.0391 1.85 0.0003 1654.13 0.0009

The model was validated by ANOVA. The statisticallysis shown in Table-10.The analysis producesethr
dimensional representations by plotting the resp@uminst two of the factors, and the third one kepstant at a
desired level as shown in figure-5 and 6, and thebical representation of plate count as a respongigure-
7.From the Table-10,the p-values for any of thelistli factors are noted. It shows that the methddgkly robust
for describing variations.
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CONCLUSION

A novel and accurate stability indicating HPLC nuatHor the estimation and quantification of bron#enelated
substances in the presence of degradation prosagsestablished. The behavior of bromfenac undéarent

degradation conditions was studied. The methodladin data shows satisfactory results for all dwows. The

key component’s relation was studied through expenital design assessment. A good understandirieedéttors
effected chromatography method and great confidentlee ability of the method, and also this apptoansures
great design of the product. The developed methagtability indicating and can be used for regdaalysis
analysis.
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