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ABSTRACT

QbD based Design of Experiments (DoE) approach exgdored to study the effect of various factortugricing
the optimisation of HPLC method for the simultareastimation of the four drugs viz. Ofloxacin (OFX)
Ornidazole (ORN), Terbinafine hydrochloride (TBHjdaClobetasol propionate (CBP) in bulk drug andcheam
formulation. A full factorial design was employen study the factors which may affect the chromatphic
separation of the four drugs, such as pH of thédsuinitial percentage of organic content (%Bl)dagradient time
(Tg). The optimal conditions obtained after applythe principles of QbD with good system suitapitiarameters
for all four drugs were found to be at pH 2.6, %l 24% of acetonitrile and gradient time of 4 niihe optimal
conditions were found to be in a good agreemertt thieé experimental results. The HPLC method thueldped
was validated using ICH guidelines and was appfe@dhe assay of cream formulation. The percentageveries
were found to be 99.7440.39 for OFX, 98.72+ 0.76 @RN, 98.19 +0.23 for TBH and 99.05 #0.76 for CBFhe
HPLC method was successfully applied to study nheitito permeability of cream formulation in ratiskusing
Franzch diffusion cell.
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INTRODUCTION

OFX, chemically known as, 9-fluoro-3,7-dihydro-3:thyl-10-(4-methylpiperazin-1-yl)-7-oxo-2H-[1,4]cziao
[2,3,4-ij]quinoline-6-carboxylic acid (Figure 1)squinolone antibiotic which prevents multiplicatiof bacteria by
inhibiting supercoiling activity of DNA gyrase whicfurther inhibits nucleic acid synthesis [1]. ORtthemically
known as, 1-chloro-3-(2-methyl-5-nitro-1H-imidazblyl)propan-2-ol (Figure 1), is a nitro imidazolehieh has
broad spectrum cidal activity against protozoa anthe anaerobic bacteria. It kills the bacteria thégct the
inflamed skin and is also used in the systemictimeat of infections. [2].TBH, chemically known &g&)-N,6,6-
trimethyl-N-((naphthalen-5-yl)methyl)hept-2-en-4-gramine hydrochloride (Figure 1), is an allylamengifungal
agent, used to treat fungal infections of skingdémails and toes such as dermatophytoses, pisyrasicolor,
cutaneous candidiasis [3]. CBP, chemically knowp(1852S,10S,11S,13S,14R,15S,17S)-14-(2-chlorogegtyl
fluoro-14,17-dihydroxy-2,13,15-trimethyltetracycBoy.0.0{2,7}.0{11,15}]heptadeca-3,6-dien-5-one(Figul), is a
topical synthetic corticosteroid having anti-inflavatory, anti-pruritic and vasoconstrictive propestiCBP acts on
the inflamed skin and reduces itching [4]. The ordarmulation selected for the study was a comimmabf four
drugs i.e. Ofloxacin (OFX), Ornidazole (ORN), Tev&iine hydrochloride (TBH) and Clobetasol propien@EBP)
The cream has antibacterial, antiprotozoal, cost®amid and anti-inflammatory agents having a djmeactivity and
hence the cream has a multipurpose range of beiad in various skin disorders such as atopic dé&smand
capillaris dermatitis.
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Figurel Structure of OFX, ORN, TBH and CBP

Literature survey reveals various analytical methéar the quantitation of CBP, OFX, ORN and TBHheit
individually or in various combinations with otherugs; some of them are: HPLC methods [5-26], HPTi&thods
[27, 28] and UV spectrophotometry methods [29-22jalytical methods for the same combination ardlabke in
the literature [33-35]but the method presented deads with the QbD approach for the simultaneatisnation of
the combination under study and hence exploresicgioin of analytical QbD (AQbD) for HPLC method
development. The present study deals with explodiiffgrent factors influencing the HPLC method depenent
for the simultaneous estimation of OFX, ORN, TBHI&BP and thus optimising the HPLC method with libép
of QbD approach. The method thus optimised has lapgtied for the assay of cream formulation ameitro
permeability study.

EXPERIMENTAL SECTION

2.1. Instrumentation

Chromatography was performed on Shimadzu (Shima@arporation, Kyoto, Japan) chromatographic system
equipped with Shimadzu LC-20AD pump (binary) anih&tdzu PDA-M20A Diode Array Detector. Samples were
injected through a Rheodyne 7725 injector valvehViiked loop at 2QuL. Data acquisition and integration were
performed using LC Solution software (Shimadzu ©osfion, Kyoto, Japan). Separation and quantitatie@ne
made on a PhenomenexC18 column (5um x 250mn6mm i.d.).The experimental design model was dewslop
on Design Expert software® 7.1.

2.2. Materials and reagents

The API of Ofloxacin and Ornidazole were providesl gift samples from INTAS Pharmaceuticals, Terbimeaf
hydrochloride was purchased from Symbolic Pharma &ilobetasol propionate was provided by Sumit
Laboratories. HPLC grade (Spectrochem) methanolaetbnitrile were used for the analysis. AR grpdissium
dihydrogen phosphate (Loba Chemie), AR grade plargplacid (LobaChem) and HPLC grade triethylamine
(Spectrochem) were used for preparation of buffée formulation, Panderm Plus cream (Mac cleodsrRlawas
used for analysis.

2.3. Experimental conditions

Phosphate buffer (0.02 M) was prepared by dissgl2iiT2 g of anhydrous potassium orthophosphateRKl;) in

1 L of previously filtered double distilled wated,05% triethylamine was added and the pH was astjust 2.6

using phosphoric acid. The gradient elution wasi@arout with the mobile phase comprising of 0.0@Nbsphate
buffer (pH 2.6) as solvent A and acetonitrile adveot B. All determinations were performed at amibie
temperature at the wavelength of 258 nm. The flate was 1 mL/min. The injection volume was 20 pL.
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2.4. Preparation of standard solutions

The diluent used for the preparation of all thausohs was mixture of methanol, acetonitrile andh®0 phosphate
buffer (pH 2.6) in the ratio of 50:25:25. All thelstions were prepared in amber coloured volumdtaisks. The
standard solution mixtures were prepared from OBRN, TBH and CBP stock solutions, in the range 53-750
pg/mL of OFX, 400-2000 pg/mL of ORN, 200-1000 pg/oflTBH and 10-50 pg/mL of CBP in the diluent, winic
were analysed by HPLC method under above mentiohezmatographic conditions.

2.5. Experimental Design

The DoE plan for the optimization of variables whaffect the performance of developed method waedan a3

full factorial design. The three key factors weaykl, initial percentage of organic (%BI) and gradigéme (Tg). The
design formed a chromatographic database, which wgasl to study the factors and enabled the setectio
optimised conditions in order to get the best ot HPLC conditions. The three parameters (oofagand their
levels are shown in Table 1 and accordingly a $ebtl 29 experiments was performed including teantre

points. The responses (output) selected on the lbagierformance were: TF1 (tailing factor of OFX)2 (tailing

factor of ORN), TF3 (tailing factor of TBH), TF4afting factor of CBP) and RS3 (resolution betweair pf peaks
i.e. TBH and CBP). The resolution between otherspai drugs was found to be satisfied during tiesrand hence
only TBH and CBP resolution were taken into consitien.

Table 1 Factorsand their levelsfor experimental design

Factors FactorID low middle high

pH A 25 4 55
%BI B 15 20 25
Tg(min) C 2 4 6

2.6. Method Validation

The validation of the HPLC method was carried ouac¢cordance with the ICH guidelines [36]. The rodtlvas
validated for various parameters like linearitycuaracy, precision, limit of detection, limit of quiication,
sensitivity, selectivity and robustness.

2.7. Analysis of marketed formulation

The commercial cream produce. Panderm Plus cream, Macleods Pharma, containing?®.@floxacin, 2%
Ornidazole, 1% Terbinafine hydrochloride and 0.05#betasol propionate was procured from local plaayrand
used for analysis.500mg of cream was taken in Xdmiixture of methanol, ACN and phosphate buffdd ¢a6) in

a ratio of 50:25:25 respectively. The mixture whaken vigorously, sonicated for 10 min and wasr@d through
0.2u membrane filter. From this mixture 4mL aliquas taken and diluted to 10 mL with mobile phase ACN

and phosphate buffer of pH 2.6 (50:50 ratio) arecied into the HPLC.

2.8. Permeability study

Permeability study was carried out using Franzdtusion cell for time period of 24 hrs. The recaptoedia used
for the study was mixture of PBS (pH7.4): ethan@i3D.The receptor media was kept at a constantaeahpe of
37°C and stirred using magnetic stirrer. The stwdyg carried out on the rat skin mounted on theusiiéin cell. The
skin was allowed to stabilise with the receptor mddr 30 min and 1gm of cream was loaded intocilg 5 ml of
aliquot was withdrawn from the receptor media aedlaced by an equal volume of fresh receptor medatm
appropriate time intervals (1, 2, 3, 4, 5, 6, 7,822 24 hours). The aliquot was diluted upto10nthwihe mobile
phase, filtered by 0.2u membrane filter and analyseHPLC.

RESULTSAND DISCUSSION

3.1. Screening of factors

Preliminary screening of several factors such &ferént columns (RPC8, RPC18), temperature (2524@C,C),
various buffers (phosphate buffer, ammonium acebatifer), concentration of buffer (20mM, 30mM, 40fHM
organic solvent, column, etc. was carried outnd fbut significant factors affecting the HPLC segimn of all the
four drugs. The Phenomenex RPC18 column was faugd/é good elution as compared to RPC8 as TBHGBIE
did not had symmetric peak shapes and CBP haddhign time. Temperature did not have a profoulffielcé so it
was kept ambient. Various buffers such as phosphaffer, ammonium acetate buffer and ammonium feema
buffer were tried out of which symmetric and shpegak shapes were obtained in phosphate bufferstlidy of pH
revealed that at a pH greater than 5.5, the retenitne of TBH increased up to more than 30 min lagice the pH
range of 2.5-5.5 was considered as a prime factoistudy. The organic solvents screening revediad good
results were obtained with acetonitrileas ACN gdesired peak shape and shorter run time. The fagsdeluted
at different ratios of mobile phase and hence digria method had to be set up. The initial orgagincentration
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(%BI) range of 15-25%and the gradient tilme the time required to change the %BI from 25 to 7@8ése two
factors were found to be critical in setting thadjent. Thus the two factors i.e. initial perceetag organic phase
(%B]) in the gradient and the gradient time Tg) everime factors in optimising the gradient prograsmidence

DoE was used, to study the effects of three smpefifttors such as pH, %BIl and Tgin a systematic a=y to

optimise their values in such a way to obtain ah.EPethod which is best suitable for the simultareestimation
of the four drugs under study.

3.2. The design of experiments

The full factorial design including 27 runs (andeéhtre points) was worked out using three fact@rsqH of buffer
(2.5-5.5), (ii) %BI of acetonitrile (15-25) andifigradient time, Tg (2-6). Few trials have beenvsh in Figure 2.
In analysis window the model were chosen on théshafsANOVA results which showed significant p-va|uR
value and F value. It also showed reasonably ggoeeanent between adjusted and predictedaRie. The model
equations of various responses have been showabie 2 and the ANOVA results along with the statsstre
given in Table 3rhe contour (2D) plots of responses with respedltdactors are shown in Figure 3-7 for TF1,
TF2, TF3, TF4 and RS3 respectively. The optimumdid@mns were calculated using numerical optimizatido
achieve the composite desirability (D), the respoosteria were set as (lower—upper): TF1 as (08);ITF2 as
(0.5-1.8), TF3 as (0.5-1.8), TF4 as (0.5-1.8) a8 Rs (>2). The Derringer’s desirability was calted for the set
criterions, which indicated that maximum desirapias achieved at 0.84.

TRIAL NO. 26 3 TRIAL NO. 15

A A JM .

00-LEEnm.4nm (1.00
TRIAL NO. 27 TRIAL NO. 23

TRIAL NO. 18 : TRIAL NO. 24

Figure 2 Chromatograms of few QbD trials
[Trial No. 26: pH=4, %BI=20, Tg=4; Trial No. 15: pH5.5, %BI=20, Tg=4; Trial No. 27: pH=2.5, %BI=25,gF2; Trial No. 23: pH=4,
%BI=20, Tg=6; Trial No. 18: pH=5.5, %BI=15, Tg=4;ffal No. 24: pH=5.5, %BI=25, Tg=4]

Table2 Mode Equations (in terms of coded values)

Responses Equations
TF1 TF1 = 1.325 + 0.744A + 0.423B + 0.101C + 0.9B3/A0.251AC - 0.053BC + 0.893A 0.269E - 0.0616C
TF2 TF2 =1.294 - 0.064A - 0.253B - 0.119C + 0.0B3A0.006AC + 0.183BC -0.117Ar 0.3758 + 0.0434C
TF3 TF3 =0.919 - 0.496A - 0.0513B + 0.135C + 0ABSY 0.117AC + 0.189BC + 0.973A 0.050E + 0.040C
TF4 TF4 =1.778 - 0.474A - 0.098B - 0.053C + 0.1B4£0.032AC - 0.016BC -0.364A 0.1648 - 0.044 C
RS3 RS3 = 7.854 - 2.679A + 3.977B + 0.366C - 2.05420.232AC - 0.024BC -0.696A 1.5248 - 0.352C
A, B and C are the coded values for the factors3B| and Tg
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Table 3 Model Summary statistics

Statistical parameters Responses

TF1 TF2 TF3 TF4 RS3
Std. Dev. 0469 0.147 0277 0114 1151
Mean 2.007 1.481 1.517 1.627 6.257
%C.V. 23.402 9.892 18.279 6.984 18.401
R-Squared 0.879 0.879 0.890 0.959 0.951
Adj R? 0.821 0.821 0.838 0.939 0.928
Pred R 0.709 0.7 0.686 0.893  0.877
Adeq Precision 13.949 14523 13.658 22.662 21.134
F value 15.3 15.3 17.15 48.71 41.13

Figure 3 2D contour plots of response TF1 with respect to all the threefactors
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Figure 4 2D contour plots of response TF2 with respect to all the threefactors
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Figure 5 2D contour plots of response TF3 with respect to all the threefactors
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Figure 6 2D contour plots of response TF3 with respect to all the threefactors
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Figure 7 2D contour plots of response RS3 with respect to all the threefactors

3.3. Robustness of model
To check the robustness of the model, four solstimong the generated solutions (8 solutions) selected and
chromatographed. To check the point predictiorettgerimental values were compared with the predicédues of
responses. It was found that the experimental galieewithin 95% confidence and predicted interv@lsown in
Table 4). Finally solution with pH 2.6, %BI as 2ddaTgas 4 min, was chosen to record the chromatogvhich
allowed the complete separation of all the four pounds under study (as shown in the chromatograntigure
8).

) Table 4 Factorsand targeted criteria used in Design expert

Experimental 95% CI Predicted 95% PI Predicted

Solution pH %B Tg Response Predicted value

value low high low high
TF1 14 0.9 0.7 2.0 0.2 25
TF2 1.3 1.0 1.1 1.5 0.9 1.7
. TF3 1.6 14 13 2.0 0.9 2.3
! 26 24 4 TF4 1.8 1.7 1.7 2.0 1.5 2.1
RS3 13.3 12.9 11.8 14.8 104 16.2
TF1 1.3 0.8 0.7 2.0 0.2 25
TF2 1.3 1.3 1.1 1.5 0.9 1.7
TF3 1.6 15 12 2.0 0.9 2.3
2 27 25 4 TF4 1.8 1.7 1.7 2.0 1.5 2.1
RS3 13.1 12.0 11.6 14.6 10.3 16.0
TF1 1.4 1.3 0.7 2.0 0.2 25
TF2 1.3 1.3 1.1 1.5 0.9 1.7
TF3 1.6 1.6 12 2.0 0.9 2.3
3 26 25 4 TF4 1.8 1.8 1.7 2.0 1.5 2.1
RS3 13.3 12.9 11.8 14.9 10.5 16.2
TF1 1.3 1.0 0.7 1.9 0.2 25
TF2 1.3 1.2 11 15 0.9 16
4 2.7 24 4 TF3 1.6 1.6 13 2.0 1.0 2.3
TF4 1.8 1.8 1.7 2.0 1.5 2.1
RS3 12.9 11.8 11.5 14.3 10.1 15.7

*Finally selected for chromatographic separation
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Figure 8 Optimised chromatogram of standard solution mixture containing 150 ppm of OFX, 400 ppm of ORN, 10 ppm of CBP and 200
ppm of TBH

3.4. Model validation

To validate the model, six check points were seltand the results of the experimental values oédaivere
compared with the predicted values. The resultavedogood agreement between the experimental andelmod
generated values resulting in low residual valuesented in terms of percentage bias (%bias) (T&blBigure 9
shows the 3D desirability contour plots and Figlieshows the design space for all the parametdrs. fihal
optimised gradient elution programme is shown ibl&& and the final optimised gradient programmgiven in

Table 6.
Table5 Resultsfor validation of model (check point trials)

Trial No. oH %Bl Tg_ Foa/:):té)lrs Tg Responses Exp\e/raljmuzntal Predicted value % Bias
TF1 1.2 1.2 0.08

TF2 1.2 14 0.08

1 3 20 3 TF3 1.6 1.6 0.01
TF4 1.8 1.9 0.05

RS3 9.4 9.1 -0.03

TF1 17 1.9 0.09

TF2 11 13 0.19

2 5 18 45 TF3 0.8 1.0 0.19
TF4 0.8 1.3 0.42

RS3 3.8 4.6 0.16

TF1 1.2 1.2 0.01

TF2 14 15 0.08

3 35 18 4 TF3 11 1.2 0.06
TF4 1.8 2.0 0.10

RS3 6.4 6.6 0.02

TF1 1.2 1.4 0.14

TF2 14 15 0.07

4 4.5 16 6 TF3 0.9 0.9 -0.10
TF4 15 1.6 0.06

RS3 3.1 34 0.08

TF1 15 1.6 0.06

TF2 1.2 14 0.11

5 4.8 17 5 TF3 0.8 0.9 0.10
TF4 13 14 0.08

RS3 3.9 4.1 0.05

TF1 1.2 13 0.07

TF2 1.2 13 0.07

6 2.8 19 5 TF3 2.2 21 -0.06
TF4 2.0 2.0 -0.04

RS3 8.4 8.4 -0.01
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Desirabilty
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Figure 9 Desirability 3D plotsfor the three factorsfor optimised method
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Figure 10 Plotsfor the design space

Table 6 Gradient Programme

Time(min)  %B(organic concentration)

0 24
7 24
11 70
18 70
20 50
22 24
24 Stop

3.4.Validation of HPLC method

3.4.1. Linearity

The linearity of the HPLC detector response foredaination of OFX, ORN, TBH and CBP was evaluatgd b
analysing a series of different concentrationsamhecompound. The calibration range was establigligtdrespect

to the practical range necessary(according to ob@ted ratio of each compound in the cream forrangt to give
accurate, precise and linear results. Seven caomatigms were chosen, ranging from 150-750pug/mL OBBQ-
2000pg/mL ORN, 200-1000 pg/mL TBH and 10-50 pg/nRPCand the linearity was determined. Characteristic
parameters for regression equations of the HPLQodeare given in Table 7.

3.4.2. Precision

For evaluation of the precision estimates, intrd iser day precision studies were performed aelooncentration
levels in triplicates. The peak areas of all fomugs were calculated for each trial. The experimnweas$ repeated
three times in a day for intra-day precision and tbree different days for inter-day precision. Téeerage
percentage relative standard deviation (% RSDhwéiday and inter-day measurements for OFX, ORBH &nd

CBP are given in Table 7

3.4.3. Accuracy

Accuracy was determined by standard addition methtothree levels of standard additive. 80%, 100%, and
120%. The standard addition was done with resget60, 400, 200 and 10ug/mL for OFX, ORN, TBH ariPC
respectively, as 0% level. The resulting mixturesravanalysed and results obtained were compardd tit
expected results. The excellent recoveries of st@hdddition method (Table 7) for HPLC suggesteadgaccuracy
of the proposed method.
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3.4.4. Detection and quantitation limits
According to ICH recommendations [38], the approbabked on the standard deviation (S.D.) of thegroept and

the slope was used for determining the limit ofeddon (LOD) and limit of quantitation (LOQ) andluas thus
found are given in Table 7.

Table 7 Summary of validation parameters

Parameters OFX ORN TBH CBP
Calibration range 150-750 400-2000 200-1000 10-50
(Hg/mL)
LOD (ug/mL) 0.05 0.2 0.08 0.12
LOQ (ug/mL) 0.14 0.05 0.24 0.35
) . y = 21848.67x — _ B y = 15408.7x — _
Regression equation 4356.67 y =13685x — 1214 28573 y = 21466x + 8948
Co"e'at'?rr;)coeﬁ'c'em 0.9989 0.9990 0.9994 0.9991
Accuracy (% recovery+SD)
80% 98.0+ 0.5 98.72+ 0.75 99.32+ 0.25 100.82+1.25
100% 98.84+0.80 99.56+0.46 98.56+1.11 98.22+1.30
120% 99.74+0.64 99.84+0.45 100.13£1.16 98.72+1.30
Precision(%RSD)*
Intraday 1.08 1.089 0.76 1.18
Interday 1.09 1.32 1.11 1.33

3.4.5. Robustness
Various factors were assessed to check the rotasstfehe method. The factors such as: pH (2.4,28), Tg (3,
4, 5) and %BI (23, 24, 25) were varied in the regaf design space, generated by applying QbD irhatet

optimization. The method was also found to be rofmsthe factors thus studied and also for thengeain flow
rate of £0.1 ml/min.

3.4.6. Stability

The standard solutions prepared in the mobile pkeakiited no chromatographic or absorbance chafoyez4 h
when kept at room temperature and for 48 h wheredtm refrigerator (8-25 °CNo additional peak was found in
the chromatogram which indicated the stabilitytaf standard solutions under study.

3.4.7. Specificity

The specificity of the method was assessed by aimgjthe commercial formulation. In the commeréamulation

there were two labelled excipientg. propyl paraben and methyl paraben which gave vedopeaks without
interfering the main drugs. This demonstrates grecidicity of the method which can be confirmed dpmparing

the chromatograms of standard solution (Figure 18 sample solution (Figure 11). The confirmation tioé

excipient peaks was done by analysing standardisotuof propyl paraben and methyl paraben by HPTKRe

chromatograms of the same have been shown in Figuasd 13 respectively.
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Figure 11 Chromatogram of sample solution mixtur e containing 150 ppm of OFX, 400 ppm of ORN, 10 ppm of CBP and 200 ppm of
TBH. (PRP=propyl paraben and MEP=methyl| paraben)
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Figure 22 Chromatogram of standard sample of propyl paraben
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Figure 33 Chromatogram of standard sample of methyl paraben

3.4.8. System suitability

System suitability parameters such as theoretiedép, symmetry factor and resolution for OFX, OR®H and
BRM were calculated for n=6 replicates to study shistem suitability of HPLC method. Satisfactorgulés were
obtained as shown in Table 8.

Table 8 System Suitability Parametersfor the developed HPL C method

Parameters OFX ORN TBH CBP
Retention Time 4.03+1.90 9.24+1.33 15.81+0.49 180833
Tailing factor 1.37+1.82 1.39+1.18 1.78+1.44 1.6921
Resolution 12.98+1.51 15.96+1.08 13.34+1.87

Theoretical Plates  4342.28+1.71 4792.34+1.95 A493A1.84 79732.02+1.75
Meanistandard deviation for n=6 replicates

3.5. Analysis of marketed formulation
The HPLC method was successfully applied to theerd@hation of OFX, ORN, TBH and CBP in cream
formulation without the interference of excipiettierein. The results of the assay are shown iner@bl

Table 9 Resultsfor assay of cream formulation

OFX ORN TBH CBP
Label claim (Y%ow/w) 0.75 2 1 0.05
% Assay+SD 99.74+0.39 98.72+0.71 98.19+0.23 DHIM76

Determination for n=6 replicates

3.6. Permeability study

Permeability study was carried out using franzctfugion cell, in various media such as physiologibaffer
solution (PBS) and normal saline solution. Theaséefor CBP was very less in these media. The texgbditerature
suggested addition of ethanol to increase thegelaad hence with that reference [37, 38], ethaasladded to the
PBS media upto 30% to enhance release of CBP. E€hmeability study was carried for upto 24 hrs ahd t
cumulative percentage release was calculated. &itjdrshows the plot of cumulative percentage reledsthe
drugs versus time profile.
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Figure 44 Plot of percentage per meability with respect to timein hour
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CONCLUSION

The QbD approach was successfully applied for thgmisation and development of HPLC method for the
simultaneous estimation of Ofloxacin, Ornidazolerbinafinehydrochloride and Clobetasol propionatecream
formulation, wherein full factorial design was uséat finding out the most suitable conditions giyifest
separation of the four components within shortestsiple time period and appropriate SST parameférs.
optimised HPLC method has been applied for estonatif the four components in cream formulation alsb to
estimate their invitro permeability through ratrski
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