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Abstract

Six simple, rapid, accurate, precise and cost-g¥fecmethods, |; formation and solving of
simultaneous equation method, Il; absorbance ragthod, Ill; dual wave length method, 1V;
area under curve method, V; first order derivatsgectrophotometry method and VI; multi-
component method have been developed for simultenestimation of rabeprazole sodium and
diclofenac sodium in capsule dosage form. Rabeprasodium showed absorbance maxima at
292 nm and diclofenac sodium showed at 276 nm @iN).NaOH solution. Beer's law was
obeyed in concentration range 543§/ml for rabeprazole sodium and 5-g§/ml for diclofenac
sodium respectively for all proposed six methodse Bampling wavelengths for method VI,
selected for both the drugs were 260nm, 276nm, 128@92nm and 295 nm on trial and error
basis using 0.01 N NaOH solutions as solvent. Ad six methods allowed rapid analysis of
binary pharmaceutical formulation with accuracys&ts of analysis for six methods were tested
and validated for various parameters accordin@td guidelines.

Keywords: Rabeprazole sodium; Diclofenac sodium; Dual wavgle, Simultaneous equation;
Absorbance ratio; Derivative spectrophotometry.

Introduction

Rabeprazole Sodium (RS) is chemically 2-[[[4-(3-nh@atypropoxy)-3-methyl-2-pyridinyl]-

methyl] sulfinyl]-1H-benzimidazole. RS is a seleetiand irreversible new proton pump inhibitor
[1] and it has proven efficacy in healing, symptorakef and prevention of relapse of gastric
ulcer, duodenal ulcer and gasteroesophageal rdfkease [2] while diclofenac sodium (DS), or
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Sodium-2-[(2, 6-dichlorophenyl) amino] phenyl] aatet is widely used as non-steroidal anti-
inflammatory agent in therapeutics, it inhibits ttyelooxygenase enzyme [3].

Literature survey revealed chromatographic metHodsetermination of RS in tablet dosage
forms [4] and spectrophotometric determination R8 in combination with other drugs [5-6].
Stability indicating[7] and bioanalytical chromatographic methg8lsfor quantitification of RS
were also reported. Various spectrophotometrigrifoetric, potentiometric and chromatographic
methods [9-13] have been developed for quantibcatif DS.

RS is not yet official while DS is official in I.PB.P. and U.S.P. Extensive literature survey
revealed that not a single UV or HPLC method is ésv reported for the simultaneous analysis
of RS and DS in their combined dosage form. Sodexl was felt to develop simple, economical,
rapid, precise and accurate methods to analyzeértigs simultaneously. A successful attempt has
been made to estimate the two drugs simultanednyslyV spectrophotometric analysis.

Material and Methods

I nstrumentation

UV/visible double beam spectrophotometer (Shimadndel 1700) was employed with spectral
bandwidth of 1nm and wavelength accuracy of +0.3(with automatic wavelength correction
with a pair of 1 cm matched quartz cells).

Reagents and chemicals

Analytical pure standard samples of RS and DS veengplied as gift sample by Burgeon
Pharmaceutical Pvt. Ltd., Pondicherry, India anchbigexy Laboratories Ltd., Dewas, India
respectively and used without further purificatidihe Pharmaceutical dosage form used in study
was a Safediclo capsule (Label claim: 20 mg of R8rderic coated pellets and 100mg of DS I.P.
as sustained release pellets) manufactured by Bhiembioratories Private Limited, 22, Milestone,
Patli Morh, Tarore, Bari Brahamana, Jammu and Kash&1 133.

Preparation of standard stock solution

Standard stock solution of RS and DS having comagah 100ug/ml prepared by dissolving
separately 10mg of each drug in 100 ml volumetaskf using 0.01N NaOH solution. Beer’s law
was obeyed in concentration range 5{8§ml for rabeprazole sodium and 5-3g/ml for
diclofenac sodium respectively for all the proposedthods. The sampling wavelengths for
method VI, selected for both the drugs were 262inenm, 286nm, 292nm and 295 nm on trial
and error basis using 0.01 N NaOH solutions asestlviFor method L1111,V and VI, seven
mixed standards solutions with concentration ofaéR8 DS in theig/ml of 5:35, 10:30, 15:25,
20:20, 25:15, 30:10 and 35:5, for method VI sewexed standards solutions with concentration
of RS and DS in theg/ml of 1:5 2:10, 3:15, 4:20, 5:25, 6:30 and A&S5e prepared by diluting
appropriate volumes of standard stock solutions.

METHODS

Method |: Simultaneous Equation Method

Simultaneous equation method [14] of analysis vwas®t on the absorption of drugs (RS and DS)
at the wavelength maximum of the each other. Twovelemgths were selected for the
development of the simultaneous equations was 282and 276 nmAmax of RS and DS
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respectively. The absorbances of both the druge wesasured at 292 nm and 276 nm. The
absorptivity values E (1%, 1cm) determined for R282 nm and 276 nm were 341.90 and

213.80 while respective values for DS were 2522 356.50. These values were means of six
estimations.

The concentration of two drugs in mixture was clat@d by, using following equations

(AlaXZ B Azaxl)

c.. = (An-Ad)
(axz ay, —ax,;.ay, )

(axz-aY1 - a’ﬁ-aYZ)

..... Eqn.l Cyg =

Where A and A were the absorbances of sample at 292 nm and 2#@éspactively, 4 and a,

were the absorptivity E (1%, 1cm) of RS at 292 mu 276 nm respectively;gand g were the
absorptivity of DS at 292 nm and 276 nm respedtivel
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Fig.1: Overlain spectra of Rabeprazole Sodium and Diclofenac Sodium
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Fig. 2a: The UV spectra of RSalong with AUC range
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Fig. 2b: The UV spectra of DS along with its AUC range

Method I1: Absorbance ratio method

Absorbance ratio method [15] of analysis was basedthe absorbance’s at two selected
wavelengths, one of which is an iso-bestic poirtt e other being the wavelength of maximum
absorption of one of the two components. From aueidpectra (Fig.1) 281 nm (Iso-bestic point)
and 292 nmXax 0f RS) were selected for the formation of Q abande equation (Eqn. 3 and 4).
The absorbances at 281 nm and 292 nm for DS andeRSmeasured. The absorptivity values of
each drug at both wavelengths were determined whashthe mean of six independent values.
The absorbances and absorptivity at this wavelemgite substituted in following equations to
obtain the concentration of both drugs.

Crs “Qu-e) A Eqn.3 Cps =

(Qx _Q\().axl

Qm, Qx, and Q were obtained as bellow:

e AL’QX aXl’Q\( ay;

Where A and A were the absorbance of the sample at 292 nm ahd28espectively,,a and
ax2 were the absorptivity of RS at 292 nm and 281 espectively and,a and g were the
absorptivity of DS at 292 nm and 281 nm respedtivel

Method I 11: Dual Wavelength Method

In this method, two wavelengths were selected &mhedrug in a way so that the difference in
absorbance is zero for one drug at a time. Thetepeof RS showed that the absorbance of RS
is identical at 239 nm\{) and 276 nmX>) fig.1, so these two wavelengths were selectedhi®r
analysis of DS. All the solutions of series werarsted to ensure that absorbance difference
betweem\; andA; is zero. Similarly, the DS solution was scanneddtermined two wavelengths
where absorbance was same. These two wavelengtesfoumd to be 259 nm\§) and 292 X,)

so these two wavelengths were selected for theysinabf RS Fig.1. All the solutions of this
series were scanned to confirm that absorbancerelifte zero betweery andAs. For RS, the
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calibration curve was prepared by difference iroabance i.e. Az - Aps), at 259 nm and 292 nm
(difference was zero for DS) plotted against thgpeetive concentration. Similarly for DS,
calibration curve prepared by plotting differenneabsorbance i.e. () -Ap2), at 239 nm and 276
nm (difference was zero for RS) against the respgecbncentration. Sample solutions containing
DS and RS was scanned at 239 nm, 276 nm and 25292mm and concentration of DS and RS
was calculated from their calibration curve.

Method I'V: Area calculation Method (AUC)

AUC method® involves the calculation of integrated value ofs@fbance with respect to
wavelength. Area calculation processing item caled the area of bounded by the curve and
horizontal axis. Here horizontal axis representsehae.

(@+p)=[" AdA

Where;a = area of portion bounded by curve data and &strdne connecting the start and end
point, B = area of portion bounded by a straight line cating the start and end point on curve
data and horizontal axis;andA; are wavelength representing start and end poiotieie region.
This method involved calculation in regions 288 tn284 nm for RS and 269 nm to 266 nm for
DS respectively. These regions were selected omdkes of repeated observation that plot area
calculation of pure single drug v/s concentratibhe UV spectra of RS and DS along with its
AUC region are shown in Fig. 2a and Fig. 2b respelst

288 AdA = K Eqn5 % NN =K.C, ... EQN.6
- =K.G..... gn. 266 =K,GC,..... gn.
288 269

AdA =K, C,.....EqQn.7 AdA=K,C, .... Eqn.

284 266

Where G & C, are concentration of RS and DS respectivelygiml and K, K, Ks, and K are
constant. Area of curve between 284 nm to 288 nth2&% nm to 269 nm were represented by

I;:fAd/] and I;:jAd/i for RS and DS respectively. In view of that foliog two final
equations were developed for estimation of RS a8d D

[} AdA =00677C, +0.0958C, .. Eqn. 9 [ AdA =0.168X; +0.118L, ....Eqn.10

Sample solutions were scanned and area was caduhath in indicated wavelength range.
Concentration of both components was calculateagusbove-mentioned Eqn.9 and 10.

Method I'V: Derivative spectrophotometric Method

In this method [17] the standard stock solutiofiR& and DS were scanned from 200 nm to 400
nm. The spectra obtained were derivatized in érder and then overlain spectra recorded Fig.
3. From the entire derivative spectra obtained whee lengths were selected in a manner such
that RS had zero crossing point at 288.5 nm andlizSved a measurable dA/avhere as the
zero crossing point of DS at 275.5 nm. RS showgulesgable dA/d. Hence wavelengths 275.5
nm and 288.5 nm were selected as analytical wagtiefor determination of RS & DS
respectively. The mixed standards were scannedespectrum mode, derivatized in first order
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with derivative interval of 5 nm and absorbancesenmeasured at the selected wavelengths.

Calibration curve for Ds (5-3@/ml) & RS (4-241g/ml) were plotted as dAM verses
concentration. By extrapolating the value of abaodes, the conc. of corresponding drugs in the

sample was determined.

0,054 |

(6,020 14—

S ‘.,.‘:J

-0 0GA

SH0.0nm (GO 7div) . 4600w

Fig. 3: First order derivative of Overlain spectra of RSand DS
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Fig.4: Overlain spectra of mixed standardsof RSand DS

Method VI: Multicomponent Method
In this method [18], the seven mixed standardtsma with concentration of RS and DS in the

ratio of 1:5, 2:10, 3:15, 4:20, 5:25, 6:30 and 7(Bteg/ml) were prepared in 0.01N NaOH. All
the mixed standard solutions were scanned overrdnge of 400-210 nm. In the multi-
component the wavelength selected were 260nm, 27886mnm, 292nm and 295nm. Sampling
wavelengths were selected on trial and error basis.concentration of individual drug was feed
to the multi-component mode of the instrument. Thsgtrument collects and compiles the
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spectral data from mixed standards. Overlain spestrmixed standards solution are given in
Fig.4. Mixed standard solution of both the drug waanned on all the selected wavelengths to
study the range of Beer’'s Lambeartange.

The sample solutions were scanned over the rang6@210 nm in the multi-component mode
of the instrument and concentration of each compiowas obtained by analysis of spectral data
of sample solution with reference to that of sengxed standards, in the termspag/ml.

Preparation of sample stock solution

Twenty capsules were taken, there average weiglst dediermined, and crushed to a fine
powdered, powdered equivalent to 20mg of RS & 100MgS was weight and dissolved in 100
ml of 0.01N NaOH with vigorous shaking for 15 mieutThe solution was filtered through
whatman filter paper No. 41 to a 100ml of volumeftask and volume was made up to mark
with 0.01N NaOH to get sample stock solution whigds further diluted with 0.01N NaOH to
get required concentration in linearity range. Siengplutions were scanned using proposed Six
methods and the results were obtained and repior{Eable 1.

Validation of the developed methods
The developed methods for the simultaneous esbmati RS and DS were validated as per ICH
guidelines (ICH 1996).

Linearity

For each drugappropriate dilutions of standard stock solutionsrevassayed as per the
developed methods. To establish linearity of them@posed six methods, six separate series of
solutions of RS and DS (5-3®/ml and 5-35ug/ml in 0.01N NaOH) were prepared from the
stock solutions and analyzed.

Tablel: Recovery study of DSand RS

M ethod Drug % mean recovery  S.D. % R.S.D. S.E.
| DS 98.85 0.4670 0.4725 0.2696
RS 99.04 0.2882 0.2913 0.1663
" DS 99.83 0.3212 0.3208 0.1854
RS 99.75 0.3827 0.3820 0.2209
" DS 100.21 0.4219 0.4232 0.2435
RS 99.60 0.4135 0.4162 0.2387
v DS 100.14 0.4674 0.4649 0.2698
RS 100.05 0.2000 0.1999 0.1154
Vv DS 99.70 0.7000 0.6882 0.4041
RS 99.60 0.7200 0.7221 0.4157
Vi DS 99.53 0.5492 0.5518 0.3174
RS 99.79 0.2345 0.2350 0.1354

® Average of three determinations, S.D.: Standardatien, R.S.D. : Relative standard deviation,
S.E.: Standard error
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Accuracy

To check the accuracy of proposed method, recosergies were carried out from the pre-
analyzed sample at three deferent level of standddition 80%, 100% and 120% of the level
claim. The results of the recovery studies arergineTable 1.

Tablell: Result of commercial formulation analysis

Label claim % of labd claim

Method Drug (mg/capsule) estimated® S.D. % R.SD SE.
| DS 100 98.43 0.2291 0.2327 0.1027
RS 20 99.34 0.5594 0.5631 0.2501
I DS 100 99.82 0.2101 0.2100 0.0939
RS 20 98.89 0.5271 0.5330 0.2357
m DS 100 99.78 0.5357 0.5368 0.2395
RS 20 99.77 0.5537 0.5549 0.2476
v DS 100 99.82 0.5481 0.5491 0.2454
RS 20 99.83 0.4315 0.4322 0.1932
Vv DS 100 99.54 0.2895 0.2899 0.1295
RS 20 99.26 0.2139 0.2143 0.0956
VI DS 100 99.59 0.4318 0.4335 0.1763
RS 20 99.23 0.7690 0.7749 0.3139

@ Average of six determinations, S.D.: Standard dmnaR.S.D. : Relative standard deviation,
S.E.: Standard error

Tablelll: Interdays, intraday data of commercial samples of RSand DSand LOQ, L OD
datafor RSand DS

Method  Drug R dsg . lor/]"trzigy LOD (ugml)  LOQ (ug/ml)

| DS 0.5773 0.4735 0.6753 2.0465

RS 0.2913 0.4637 0.9781 2.9640

I DS 0.7280 0.3241 0.6572 1.9916

RS 0.5710 0.5640 0.9781 2.9640

m DS 0.6901 0.4245 0.1089 0.3302

RS 0.4152 0.6853 0.1049 0.3179

Y, DS 0.2435 0.4532 0.0272 0.8270

RS 0.1154 0.1999 0.0682 0.2079

Vv DS 0.3940 0.4541 0.2068 0.6365

RS 0.1493 0.1493 0.1153 0.3607

Vi DS 0.3145 0.4521 0.2330 0.7070

RS 0.4215 0.5486 0.4015 1.2167

R.S.D. is relative standard deviation, LOD issteaf detection, and LOQ is least of quantitation.
Precision

Repeatability

To the check of degree of repeatability of the rod#) suitable statistical evaluation was carried
out. Repeatability was performed for six timeslat@ancentrations in linear range. The standard
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deviation, relative standard deviation and stan@aror were calculated. The results of statistical
evaluation are reported in Table II.

I ntermediate precision (Intra-day and I nter-day precision)

The Intra and Inter-day precision was determinecssay of the sample solution on the same
day and defferent days at different time interviaspectively. The results of the same are
presented in Table 3.

Limit of detection (LOD) and Limit of Quantitation (LOQ)
The LOD and LOQ of RS and DS by the proposed meatheete determined using calibration

standards. LOD and LOQ were calculated a®/&3and 10/S, respectively, where S is the
slope of the calibration curve ama is the standard deviation of y-intercept of regi@s
equation. The results of the same are shown ineTabl

Results and Discussion

Calibration curve:

The linear regression equations obtained were; reBroe at 292 nm= [0.04Bonc. in
ng/mi]+0.018 (Method | and Il for RS,= 0.9990), 276 nm = [0.0348onc. inug/ml]+0.0146
(Method | for DS, T = 0.9995), 281= [0.03%¢onc. inpg/ml]+0.0119 (Method Il for DS,*r=
0.9992), Asg-Azg, = [0.025%conc. inpg/mi]+0.0064 (Method IIl for RS ?r= 0.9997) and &g

Azz6= [0.011 conc. inpg/mi]+0.0044 (Method Ill for DS, %= 0.9996), [ ’AdA = [0.138%

conc. inpg/ml]-0.0246 (Method IV for RS,%r= 0.9999);.[22;:Ad/1 =[0.91%conc. inpg/ml]-

0.0021 (Method IV for DS2r= 0.9997), 275.5 nm = [0.0.008&0nc. inpg/ml]+0.0008 (Method
V for RS, £ = 0.9994); 288.5=[0.0006€0nc. inug/ml]-0.0008 (Method IV for DS,?= 0.9993)
and 260nm=[0.1904onc. in pug/ml]+0.0206 and 260nm = [0.038donc. in pug/ml]+0.0206
(Method VI for RS and DS respectively, = 0.9985), 276nm= [0.02884onc. inug/ml]+0.0417
and 276nm= [0.056%onc. inpg/ml]+0.0417 (Method VI for RS and DS respectivefy,=
0.9986), 286nm = [0.03138onc. in pg/ml]+0.0337 and 286nm = [0.062&8nc. in
Hg/ml]+0.0.0337 (Method VI for RS and DS respectyyef = 0.9990), 292nm= [0.29880nc.
in pg/ml]+0.0243 and 292nm = [0.05930nc. inpug/ml]+0.0243 (Method VI for RS and DS
respectively, ¥ = 0.9995), 295nm = [0.2748onc. inug/ml]+0.0227 and 292nm= [0.086onc.
in ug/ml]+0.0227 (Method VI for RS and DS respectivefyz 0.9995).

Analytical validation

Linearity

Linearity range for RS and DS estimation were fotmde 5-30ug/ml (RS) and 5-33ug/ml
(DS) at their respective selected wavelengthsli@raposed methods.

Accuracy

The validity and reliability of proposedethod was assessed by recovery studies by standar
addition method. The means of %recovery (%RSD) Viewad to be low values (<2.0) for all
the six proposed methods (Table I). These resaltealed that any small change in the drug
concentration in the solution could be accuratelfednined by the proposed analytical methods.
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Precision

Precision was determined by studying the repedtabihd intermediate precision. Repeatability
result indicated the precision under the same d¢ipgraonditions over a short interval time and
inter-assay precision. The standard deviation, R8® standard error was calculated of RS and
DS. The results of stastical evaluation are givahld@ 2. Intermediate precision study expresses
within laboratory variation in different days. Intermediate precision study, %RSD values were
not more than 2.0% in all the cases (Table Ill)DR&lues found for both the analytical methods
were well with in the acceptable range indicatimttthese all methods have excellent
repeatability and intermediate precision.

LOD and LOQ

From data (standard deviation of y-intercept ofresgion equation and slope of calibration
curve), it was possible to calculate the detecéind quantitation limits. For method I, the LOD,
LOQ values for RS and DS was found to be 0.9782640 & 0.6753, 2.0465uf/ml )
respectively; for method I, 0.9781, 2.9640 & 0.857.9916 (ig/ml ) respectively; for method
I, 0.1049, 0.3179 & 0.1089, 0.3302d/ml ) respectively; for method 1V, 0.0682, 0.20&9
0.0272 & 0.8270{g/ml ) respectively, for method V, 0.1153, 0.3@®.2068, 0.63651(g/ml )
respectively and for method VI, 0.4015, 1.2167 &330, 0.7070{g/ml ) respectively (Table
lll). These low values indicated the good sengitieoif the method proposed.

Estimation of formulation

The assay values of RS , DS for method I, Il anidviks found to be 99.34 %, 98.43% &

98.89%, 99.82% & 99.77%, 99.78% respectively wiindard deviation<1.0 while for method

IV, V, and VI, was found to be 99.83%, 99.82% & Z®%, 99.54% and 99.23%, 99.59%
respectively with standard deviation <1.0 Tablés$say values of formulation were same as
mentioned in the label claim indicating that théerence of excipient matrix is insignificant in

estimation of RS and DS by all six proposed methods

Conclusion

The proposed validated six spectrophotometric nustlase simple, rapid, accurate, precise and
inexpensive and hence can be used for the routiaysis of RS and DS in capsule dosage
forms. The sample recovery for all six methods wagood agreement with their respective

label claims, which suggested non interferenceohtilation additives in estimation.
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