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ABSTRACT

Simple and accurate liquid chromatographic (HPL@ypahin layer chromatographic (HPTLC-
densitometry) methods for simultaneous determinatfocamylofin dihydrochloride (CAM) and
diclofenac potassium (DIC) in tablets were elabedatThe first method was based on isocratic
reversed phase liquid chromatography by using RPSE@I18 column with a mobile phase
consisting of acetonitrile:25mM potassium dihydnog#hosphate (80:20, v/v) containing 0.1%
v/v acetic acid adjusted to pH 7 with triethylamatea flow rate of 1.5 mL/min and UV detection
at 215 nm. The calibration curve of camylofin anclafenac was linear in the range of 50-300
pg/mL (r>0.999) and 5-30 pg/mL (r>0.999), respeelwv The second thin layer
chromatographic method employed by using pre-coatich gel G60-F254 aluminum sheet
using mobile phase chloroform:ethyl acetate:mettanamonia (5:3:2:0.1,v/v) and quantitation
was achieved using spectrodensitometrically at @6 The calibration curve of camylofin and
diclofenac was linear in the range of 1500-9000spgt (r>0.999) and 150-900 ng/spot
(r>0.999), respectively. The validity of the methatias confirmed using the recovery studies,
precision and limit of detection. Both techniquesrevapplied successfully for the analysis of
camylofin and diclofenac in tablets form. The réesuwbtained from both procedures were
statistically compared using the Student’s-t andafiance ratio tests.
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INTRODUCTION

Camylofin dihydrochloride, Isopentyl 2-(2-diethylamaethylamino)-2-phenylacetate
dihydrochloride (Figure 1l1a) belongs to the group sgasmolytic, anticholinergic and
gastrointestinal sedative [1]. Camylofin is usedasntispasmodic, usually in combination with
diclofenac, paracetamol and nimesulide [2] .Dioefe potassium, [2-(2,6-
Dichloroanilino)phenyl]acetic acid, Potassium g#igure 1b) is a widely used non steroidal
anti-inflammatory drug of the phenylacetic acidsslaAs a potent inhibitor of the prostaglandin
synthesis it has antipyretic, analgesic and afi&mmatory activities [3-6]. The binary mixture
of camylofin and diclofenac is used as anticholpeand anti-inflammatory agents. CAM bulk
drug and formulations are not official in any phaoopoeia where as DIC bulk drug and
formulations are official in British Pharmacopoe2@07 and USP30NF23.

CH,
COOK
CH, o
H
o 2HCI N
O CH,
HN\/\N) Cl
(a) |\CH3 (b)

Figure 1. Chemical structure of CAM (a) and DIC (b)

A RP-HPLC method for estimation of CAM in spasmageablets, combination with caffeine,
ergotamine tartrate, propyphenazonemecloxamine ifi7fablets using an atomic absorption
spectrometric method [8] and in tablets and supposs using gas chromatography method [9].
Several analytical assays have been published $ofathe quantification of diclofenac in
differentmatrices such as plasma, urine, humanaaleimor and pharmaceutical formulations.
They include gas chromatography with electron aaptletection [10,11], gas chromatography—
mass spectrometry [12], liquid chromatography vt detection [13—-19], with mass detection
[20,21], with capillary electrophoresis [21-23] asplectrophotometry in combined dosage form
[24, 25].

To our knowledge, there is no method reportedergimultaneous quantification of CAM and
DIC in tablets. The present work presents two nesthods for simultaneous determination of
CAM and DIC in tablets using reversed phase HPL@ &ifPTLC-densitometry. The two
proposed methods are simple, reduce the duratiothefanalysis and suitable for routine
determination of the two drugs.

MATERIALS AND METHODS

2.1. Apparatus

(@HPLC system The HPLC system was equipped with 250 binarydigra pump Series
200(Perkin Elmer, USA), a Rheodyne model 7125 tojewith a 20 ul loop(Cotati, CA) and
235 diode array UV-Visible detector (Perkin EImE&§A). HPLC separation was achieved on a
RP ODS C18 column (250 mm X 4 mm i.d., 5-um peaet&ike) (Perkin Elmer, USA) and RP
Luna C18 column (250 mm X 4 mm i.d., 5-um particiee) (Phenomenex, USA). The
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analytical column was maintained at 27+°C tempeeaind data was acquired and processed
using Total Chrome HPLC software (Perkin EImer, YSA

(b) HPTLC systemThe HPTLC workstation comprised of Linomat 5 samdomatic
sampleapplicator (Camag, Switzerland) equipped wi@® pl Hamilton syringe (Bonaduz,
Switzerland); TLC Scanner 3 densitometric evaluatdd thin layer chromatograms (Camag,
Switzerland) equipped with mercury, tungsten andgteleum lamp for scanning of TLC plate.
The separation was achieved on thin layer platesilich gel aluminium Plate 60 F-254 (20
cmx10 cm) with 250um thickness (E. Merck, Mumbailid). Spectrodensitometric scanning
was performed in the reflectance-absorbance modeogerated by winCATS 3.15 software
(Camag, Switzerland).The source of radiation wdizvas deuterium lamp emitting a continuous
UV spectrum between 190 and 400 nm.

(c) Analytical balance.BP211D (Sartorius Gottingen AG, Germany)

(d) Ultrasonicator.Ultrasonix TEC-4, (RoopTelesonic, Mumbai, India)

2.2. Reagents and standards

All chemicals and reagents were of analytical oL8Ryrade. Standard pharmaceutical samples
of CAM and DIC were supplied by the Analytical Déament laboratory, M/s Relax
pharmaceuticals (Vadodara, India); HPLC grade aitide, chloroform, methanol and
triethylamine were obtained from E. Merck (Indiapl{(Mumbai, India); analytical grade ethyl
acetate and potassium dihydrogen phosphate frorMdick (India) Ltd (Mumbai, India);
analytical grade acetic acid and ammonia from SFiDe Chem. Pvt. Ltd., (Mumbai, India);
Naylaflo 0.2um membrane filter, Pall corporatione(®ork,USA). Triple distilled water was
obtained from an all quartz apparatus. All glasewarere washed with detergent, rinsed
thoroughly with triple distilled water and dried@rto use.

Commercial pharmaceutical preparation ANASPAS TABL&handelwal Laboratories Pvt.
Ltd, India) with label claim values of 50 mg CAMd&B0 mg DIC per tablet were analyzed.

2.3. Chromatographic conditions

(a) HPLC method
Different mobile phases were tested in order td fime best conditions for separating both the
drugs simultaneously. The optimal composition & thobile phase was determined to be a
mixture of acetonitrile:25mM potassium dihydrogdropphate (80:20, v/v) containing 0.1% v/v
acetic acid adjusted to pH 7 with triethylamine.eTimobile was filtered through a Naylaflo
0.2um membrane filter and degassed using ultraatmmicChromatography was performed using
20 pL injection volume at a flow rate of 1.5 mL/mand the elution was monitored at 215 nm.
The average retention timeRor the CAM and DIC were 5.29 and 1.78 min, respely.

(b) HPTLC-densitometry
Solution of CAM and DIC were applied on thin lay#ates of silica gel aluminium plate 60 F-
254 (10 cmx10 cm) by means of a Linomat5semiautonsaimple applicator. The plates were
prewashed by methanol and activated at 110 °C foirbprior to chromatography. A constant
application rate of 0.1 pL/sec was employed anadespeetween two bands was 5 mm. The slit
dimension was kept at 5mmx0.45mm and 10 mm/s segnepeed was employed. The
monochromator bandwidth was set at 20 nm, eactk tvgees scanned thrice and baseline
correction was used. The Solvent system used wésrd@drm : Ethyl Acetate : Methanol :
Ammonia (5:3:2:0.1, v/v/viv)and 15 mL of mobile gleawas used per chromatography at 27+
3°C. Linear ascending development was carried ouiwin trough glass chamber (Camag,
Switzerland) (Dimensions: lengthxwidthxheight = @2x4.7 cmx12.5 cm). It was saturated
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(lined on the two bigger sides with filter papeattihhad been soaked thoroughly with the mobile
phase) and the chromatoplate development was @aotiein dark with the mobile phase. The
optimized chamber saturation time for mobile phaas 30 min at room temperature (27°C + 3).
The length of chromatogram run was 9 cm approxilyat®s min and air dried.
Spectrodensitometric scanning was performed indgflectance-absorbance mode at 215 nm for
all measurements and operated by winCATS 3.15 softw(Camag, Switzerland).
Concentrations of the compound chromatographed wetermined from the intensity of
diffusely reflected light.

2.4. Preparation of CAM and DIC Standard Stock Soltions

Stock standard solution was prepared by dissolaraurately weighed 500 mg standard CAM
and 50 mg of standard DIC in to a 50 mL volumetiask, dissolved and diluted to the mark
with a dilutent (Mobile phase for HPLC and methafuslHPTLC-densitometry). 2.5 mL of this
solution was further diluted to 50 mL with a dilaen

2.5. Preparation of sample solutions

To determine the content of CAM and DIC simultarspun tablets, the twenty tablets were
weighed, their mean weight determined and they \ieety powdered and powder equivalent to
50 mg CAM and 50 mg DIC was weighed. Then equivatezight of the drug was transferred
into a 50 mL volumetric flask containing 20 mLdiligMobile phase for HPLC and methanol
for HPTLC-densitometry), sonicated for 15 min anldtédd to 50 mL with mobile phase.Filtered
2.5 mL of this solution was transferred to 50 mluwoetric flask containing 4.5 mL standard
CAM solution containing concentration 500 pg/mL adituted to 50 mL with diluent.The
resulting solution containing 500 pg/mL of CAM abiglug/mL of DIC.

2.6. Method Validation

The aim of method validation was to confirm tha¢ ghresent methods were suitable for its
intended purpose as described in ICH guidelines @24 Q2B [26]. The described method has
been extensively validated in terms of linearitgcwaacy, precision, limits of detection (LOD)
and quantification (LOQ), specificity, robustnessdasystem suitability. The accuracy was
expressed in terms of percent recovery of the knamount of the standard drugs added to the
known amount of the pharmaceutical dosage formse Phecision (% relative standard
deviation) was expressed with respect to the idéng-and inter-day variation in the expected
drug concentrations. After validation, the devetbpenethods have been applied to
pharmaceutical dosage forms containing CAM and &81@ compared statistically.

(a) Calibration curve (linearity) of the HPLC metho@dalibration curves were
constructed by plotting peak area vs. concentratbrCAM and DIC, and the regression
equations were calculated. The calibration curvesewplotted over the concentration range 50-
300 and 5-30 pg/mL of working solution of CAM and respectively, prepared by diluting
standard stock solution. Triplicate 20 pL injensavere made six times for each concentration
for CAM and DIC, respectively and chromatographadear the conditions described above.The
peak areas were plotted against the correspondimgeatrations to obtain the calibration graphs.

(b) Calibration curve (linearity) of the HPTLC-densietry method.Calibration curve
were plotted over the concentration range of 15008%nd 150-900 ng/spot for CAM and DIC,
respectively. Accurately prepared mixed standavdkssolutions of CAM and DIC (3.0, 6.0, 9.0,
12.0, 15.0 and 18.0 ul) were spotted on the TLGepta obtain final concentration. Each
concentration was spotted six times on the TLCepl@he plate was developed on previously
described chromatographic conditions. The calibratiurves were constructed by plotting peak
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areas vs. concentration with the help of winCAT$53software. Area were plotted against the
corresponding concentrations to obtain the caiifamagraphs.

(c) Accuracy (%Recoverykeor both methods recovery studies was carried gqut b
applying the methods to drug sample to which knamount of CAM and DIC corresponding
to 50, 100 and 150% of label claim had been adseshdard addition method). Known amounts
of standard solutions of CAM (100, 200 and 300 pg/and DIC (10, 20 and 30 pg/mL) for the
HPLC method and CAM (2250, 4500 and 6750 ng/spad)IC (225, 450 and 675 ng/spot) for
HPTLC-densitometry method were added to prequadtiBample solutions of tablet dosage
forms.The amounts of CAM and DIC were estimatedpplying these values to the regression
equation of the calibration curve. At each levetted amount six determinations were performed
and the results obtained were compared with exgeetaults.

(d) System precision (Repeatabilitdystem repeatability was determined by six
replicate applications and six times measurementsaEmple solution of CAM (200 pg/mL) and
DIC (20 pg/mL) for the HPLC method and by scanniighe same spot (n=6) of CAM (4500
ng/spot) and DIC (450 ng/spot)for the HPTLC-demsittry. The repeatability of sample
application and measurement of peak area for aatmpound were expressed in terms
ofrelative standard deviation (RSD).

(e) Intermediate Precision (reproducibilityYhe intra-day and inter-day precisions of the
proposed methods were determined by analyzing nateattlard solution of CAM and DIC for 3
times on the same day and on 3 different days peeod of 1 week for 3 different concentration
of CAM (150, 200 and 250 pg/mL) and DIC (15, 20 &&dug/mL) for the HPLC method and
CAM (3000, 4500 and 6000 ng/spot) and DIC (300, 45d 600 ng/spot) for the HPTLC-
densitometry. The results are reported in ternrelative standard deviation (RSD).

(N Limit of detection (LOD) and limit of quantitatidr@Q).-The detection limit of an
individual analytical procedure is the lowest anmtoohanalyte in a sample that can be detected
but not necessarily quantitated as an exact valle quantitation limit of an individual
analytical procedure is the lowest amount of aeaiyt a sample that can be quantitatively
determined with suitable precision and accuracye Tuantitation limit is a parameter of
guantitative assays for low levels of compoundsample matrices and is used particularly for
the determination of impurities and/or degradapooducts.ICH guideline (26) describes several
approaches to determine the detection and quaotitamits. These include visual evaluation,
signal-to-noise ratio and the use of standard dieviaof the response and the slope of the
calibration curve. In the present study, the LOM &®Q were based on the third approach and
were calculated according to the &8 and 16/S criterions, respectively; where is the
standard deviation of the peak area and s is tpe gif the corresponding calibration curve.

(9) Specificity-Specificity can be described as the capabilityhef method to accurately
measure the response of the analyzed compoundnwithterferences originating from sample
matrix. High percentage recovery observed withyassaples of pharmaceutical dosage forms,
including standard addition experiments, indicaked the proposed method was not affected by
interferences from excipients used in formulatiofiie excipients hydroxypropylcellulose,
mannitol microcrystalline cellulose, lactose mondiaye, talc and aerosil (Signet Ltd. Mumbai,
India) were spiked into a preweighed quantity afgdr to assess the specificity of the methods.
The peak area was measured to determine the quahtitugs.

(h) Robustnesslo evaluate HPLC method robustness a few parametes deliberately
varied. The parameters included variation of C1Bimoas from different manufacturers, flow
rate, pH of mobile phase, detection wavelengthurool temperature and percentage of
acetonitrile in the mobile phase. Two analyticduoms, One ODS C18 column (Perkin Elmer,
USA) and the other Luna C18 column (Phenomenex, JJ&é&re used during the experiment.
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For HPTLC-densitometry method,by introducing smatanges in the mobile phase
composition, the effects on the results were exathinMobile phases having different
composition were tried and chromatograms were The. amount of mobile phase, temperature
was varied in the range of #5%. Time from spottitg chromatography and from
chromatography to scanning was varied from 0, 20add 60 min. Spot stability, the time the
sample is left to stand on the solvent prior tooomatographic development can influence the
stability of separated spots and are required tonbestigated for validation. Spot stability was
observed by performing 2-dimensional HPTLC develeptrusing the same mobile phase (27).
Solvent stability of drugs were studied in mobileape and methanol for HPLC and HPTLC-
densitometry, respectively.
(1) Stability of drugs in diluents was studied 3t h at ambient temperature.

2.6. Analysis of CAM and DIC in Tablet Dosage Forms

The response of tablet dosage forms were meastug&ibam for quantitation of CAM and DIC
by using HPLC and HPTLC-densitometry methods asrde=d above. The amounts of CAM
and DIC present in sample solution were determimgdpplying values of peak area to the
regression equations of the calibration curve.

RESULTS AND DISCUSSION

3.1 HPLC method

To optimize the HPLC parameters, several mobileseltmmposition were tried. Initially various
ratio of methanol and water was triedfor each dndividually but satisfactorily peak was not
found. Then methanol was replaced by acetonitnilthe same ratio but splitting was observed
for both peaks. Then acetonitrile and phosphateebpH 7 were tried in the ratio of 60:40 v/v.
Again the peaks for both drugs showed splittingermlabove mobile phase in different ratios
were tried along with change in pH from 3.0 to With the help of acetic acid. But the peak for
DIC showed slight negative absorbance and splittinfp rectify it changing pH to 7 by
triethylamine both drugs showed typical peak natmed peaks were symmetrical at 215 nm
(Figure 2.). Resolutionfor both peaks was more tRant the asymmetric factor was not
satisfactory. To improve the peak asymmetric fadod sharpness of two peaks ratio of
acetonitrile:25mM potassium dihydrogen phospha@e2@®, v/v) containing 0.1% v/v acetic acid
adjusted to pH 7 with triethylamine at flow raté InL/min and this ratio was selected for
validation purpose (Figure3). The system suitabikist parameters are shown in Table 1.

Figure 2. Overlain spectrum of CAM (60 pug/mL) and DC (10 pg/mL) in HPLC Mobile
phase taken on UV-vis spectrophotometer from 200-80hm (Series 1700, Shimadzu,
Japan).

198

Scholar Research Library



Nishitkumar S. Patelet al Der Pharmacia Lettre, 2010, 2(5): 193-207

nic

140564 CAH

0o 10 20 30 40 50 60 70 &0 a0

Time{min]

Figure 3. Chromatogram obtained with the mixture of standard CAM (250 pg/mL); (Rt:
525 + 0.083) and DIC (25 pg/mL); (Rt: 1.76 = 0.029 measured at 215 nm,
acetonitrile:25mM potassium dihydrogen phosphate @:20, v/v) containing 0.1% v/v acetic
acid adjusted to pH 7 with triethylamine as mobilephase, at flow rate 1.5 mL/min.

Tablel. System suitability parameters of HPLC methd

Parameters Value Comments

CAM DIC
Calibration range (ug/mL) 50-300 5-30
Retention time (min) 5.25+ 0.083 1.76+ 0.029 * 8tand deviation
Asymmetric factor 0.848 1.25 Calculated by B/A
Theoretical plates 4813.17 3781.58 Column efficie
Resolution 7.97 7.97 Calculated by 2(t2-t1)/w2fw1
Injection repeatability (RSDr’=6) 0.0119793 0.02649 RSD of area for six injecion

& A= Distance from the front side of the peak to pleak apex, B= distance from the apex to the paatk,
measured at 10% of peak height.

b t= Retention times of the peaks; w= baseline veidththe peaks.

‘RSD= Relative standard deviation, %

9 h= Number of determination

Table 2. System suitability test parameters of HPTC-densitometry method

Parameters CAM DIC
Retention factor 0.53 0.23

Peak purity 0.9991 0.9993
Calibration range (ng/spot) 1500-9000 150-900
Injection repeatability (RSH ’=6) 0.121 0.859

2 RSD= Relative standard deviation, %
b n= Number of determination

3.2. HPTLC-densitometry method

Optimization of HPTLC—densitometry method

Initially chloroform and methanol in the ratio of65(v/v) and different ratio were tried for both
drugs simultaneously. The spots were not develgoeperly and dragging was observed. Then
toluene, ethyl acetate and methanol in the ratiB:8f4 (v/v/v) was tried. The developed spots
were diffused and Rwas near to solvent front. Then 0.1 mL of ammowas added to
Chloroform and methanol in the ratio of 7:3 (v/¥ptal dragging of the spots from the point of
sample application was observed. Then 0.1 mL of anmianwas added to chloroform, ethyl
acetate and methanol in the ratio of 3:3:4 (v/ViN)e spots developed were dense, compact and
typical peak nature for both CAM and DIC were olsdrbut resolution between them was less.
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To improve the resolution, the volume of chlorofomwas increased by 1 mL and that of
methanol was reduced by 1 mL. Ultimately mobile g#ha consisting of
chloroform:ethylacetate:methanol:ammonia (5:3:2:@/¥/v/v) gave good resolution. Both the
peaks were symmetrical in nature and no tailing @lzserved when plates were scanned at 215
nm (Figure 4.). The chamber was saturated with rtiebile phase for 30 min at room
temperature (Figure 5.). The system suitability pesameters are shown in Table 2.

[m] a00.0

Figure 4. In situ overlain spectra of CAM and DIC neasured from 200 to 400 nm.

Figure 5. Spectrodensitogram of standard CAM (600@g/spot); peak 2 (Rf: 0.53+£0.03) and
DIC (600 ng/spot); peak 1 (Rf: 0.23£0.02), measuredt 215 nm, mobile phase
chloroform:ethyl acetate:methanol:ammonia (5:3:2:01, v/ViVIV).

3.3. Validation of the Proposed Methods

Linearity.- CAM showed good correlation coefficient in conecation range of 50-300ug/mL(r
= 0.9993) and 1500-9000 ng/spot (r = 0.9991) foL@RNd HPTLC-densitometry, respectively,
where as DIC in the concentration range of 5-30niL¢/ = 0.9994) and 150-900 ng/spot (r =
0.9998) for HPLC and HPTLC-densitometry, respetyivéor both methods the linearity of
calibration graphs and adherence of the systemetr’'8 law was validated by high value of
correlation coefficient. Data of the regressionlgsia are summarized in Table 3.

Accuracy.Both the proposed methods when used for extra@iuh subsequent estimation of
CAM and DIC from pharmaceutical dosage form afeikiag with standard additional drug
afforded recovery of 98-102% and mean recovery@&M and DIC from the marketed
formulation were 99.70 + 0.90 and 99.94 + 0.41fkMC and DIC, respectively by HPLC
method and 99.96 = 0.13and 99.92 + 0.09for CAM &€, respectively by HPTLC-
densitometry method(Table 8). The data are predeintelable 4a and b show the excellent
recoveries of the added standard drugs and validatgood accuracy of both methods.
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System precision (repeatability)lhe repeatability of measurement of peak area e®peessed
in terms of RSD and were found to be 0.037 and®f02 CAM and DIC, respectively using
HPLC method and 0.121 and 0.859 for CAM and DIGpeetively using HPTLC-densitometry
method.

Intermediate precision (reproducibilityYhe intermediate precision of the methods were
assessed by carrying out determinations of thriéereint concentrations (high, medium and low)
of CAM and DIC both on intra-day and inter-day. R&D values of intra-day were 0.24-0.99
and 0.66-1.45% for CAM and DIC using HPLC methaskpectively and 0.37-0.89 and 0.34-
0.67% for CAM and DIC using HPTLC-densitometry nathrespectively. The RSD values of
inter-day were 0.42-0.97 and 0.77-1.22% for CAM &1@ using HPLC method, respectively
and 0.56-0.87 and 0.31-0.68% for CAM and DIC usiH§TLC-densitometry method,
respectively. The low RSD value indicating good gs®n and there was no significant
difference between the assays which were testedjube both methods on the same day or
different days. The intra-day and inter-day preridias been depicted in Table 5.

Limit of Detection and Limit of Quantitatioifkhe signal to noise ratios 3:1 and 10:1 were
considered as LOD and LOQ, respectively. LOD forMCAnd DIC were found to be 6.763and

0.036 pg/mL, respectively for HPLC method and 90a2@ 11.29 ng/spot, respectively, for
HPTLC-densitometry method. LOQ for CAM and DIC wdmund to be 22.319and 0.122

pa/mL, respectively for HPLC method and 298.25 aAd®6 ng/spot, respectively, for HPTLC-

densitometry method (Table 3.). These data show hb#é methods are sensitive for the
determination of CAM and DIC.

Specificity.The specificity of the HPLC method is illustratad (Figure 6.) where complete
separation of CAM and DIC were noticed in presenifciablet excipients. The average retention
time £ standard deviation for CAM and DIC were fduo be 5.29 + 0.071 and 1.78 = 0.046
min, respectively, for six replicates. The peaksamied were sharp and have clear baseline
separation.

For HPTLC—densitometry method. The peak purity dAMC and DIC were assessed by
comparing their respective spectra at peak stagk @pex and peak end positions of the spot.
Good correlation (r = 0.9991 and 0.9993) was obthifor sample spectra of CAM and DIC,
respectively (table 2). Hence, the methods weraeddo be specific for estimation of CAM and
DIC.

Robustnesfzor HPLC method, each factor selected (except cotunfrom different
manufacturers) to examine were charged at thresdd€v1, 0 and 1). One factor at the time was
changed to estimate the effect. Thus, replicatectigns (n = 6) of mixed standard solution at
three concentration levels were performed underlisetzanges of six chromatographic
parameters (factors). Results, presented in Tablendicate that the selected factors remained
unaffected by small variations of these paramefgns. results from the two columns indicated
that there is no significant difference between bgults from the two columns. Insignificant
differences in peak resolution, asymmetric factod dess variability in retention time were
observed. For HPTLC-densitometry method, the stahdaviation of peak areas was calculated
for each parameter in HPTLC-densitometry and RSB feand to be less than 2 %. The low
values of RSD as shown in Table 6b indicated rotasst of the method. Hence, the methods
were found to be robust for simultaneous deterranaif CAM and DIC.
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Figure 6. Chromatogram of CAM (200 pg/mL) and DIC @0 pg/mL) in presence of
common tablet excipients, measured at 215 nm.

Figure 7. Chromatogram of sample CAM (4500ng/spo@nd DIC (450 ng/spot) measured at
215 nm, mobile phase chloroform:ethyl acetate:methel:ammonia (5:3:2:0.1, v/viviv).

Table 3. Linear regration data for calibration curve (n=6)

Parameters HPLC HPTLC-densitometry

CAM DIC CAM DIC
Linear Range 50-300 (ug/mL)  5-30 (ug/mL) 1500-9000 (ng/spot) 150-900 (ng/spot)
Slope + S.D. 11745 +154.91 90325 +1109.22 1.2826 +0.061 3.4753 £0.144
Intercept £ S.D. 29797 £301.66 116.17 £21.59 689.69 + 307.64 118.52 +71.88
Correlation coefficient (r) 0.9993 0.9994 0.9991 0.9998
Limit of Detection 6.763 (ug/mL) 0.036(ug/mL) 90.23(ng/spot) 11.29 (ng/spot)
Limit of Quantitation 22.319 (ug/mL) 0.122 (ug/mL) 298.25(ng/spot) 37.26(ng/spot)

Table 4 a and b. Standard addition technique for diermination of CAM (a) and (b) DIC
by HPLC and HPTLC densitometry method.

HPLC HPTLC-densitometry
Excess Theoretica Recovery RSD S.E Excess Theoretical Recovery RSD S.E
standard drug | content (%) standard content (%)
added to the  (ug) drug added (ng)
sample (%) to the

sample (%)
(a) CAM
0 200 99.09 0.97 0.98 0 4500 100.14 131 0.80
50 300 98.80 1.02 0.82 50 6750 99.82 0.79 0.50
100 400 100.18 1.24 0.48 100 9000 99.94 1.04 0.74
150 500 100.71 1.79 0.45 150 11250 99.92 1.33 0.97
(b) DIC
0 20 100.45 0.81 0.63 0 450 99.83 0.87 0.61
50 30 100.00 1.34 0.78 50 675 99.85 1.03 0.82
100 40 99.45 1.13 0.72 100 900 100.02 1.25 0.83
150 50 99.84 1.13 0.97 150 1125 99.97 0.73 0.80
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Table 5. Summary of intra-day and inter-day (intermediate precision) variability data for
CAM and DIC using HPLC and HPTLC-densitometry method

Compound HPLC HPTLC-densitometry
Theoretical drug Mean drug RSD% Theoretical Mean drug found RSD%
concentration found (ug/mL + drug (ng/spot + S.D)
(ng/mL) S.DH concentration
(ng/spot)
CAM Intra-day
150 149.58 +1.15 0.99 3000 2966.66 + 11.88 0.40
200 199.23 £ 0.97 0.48 4500 4447.21 £ 39.78 0.89
250 248.88 £ 0.60 0.24 6000 5962.24 + 21.84 0.37
Inter-day
150 148.41 £ 0.91 0.62 3000 2968.00 + 25.86 0.87
200 197.44 +£1.92 0.97 4500 4455.56 + 33.94 0.76
250 248.23 £1.04 0.42 6000 5953.24 + 33.42 0.56
DIC Intra-day
15 14.68 £ 0.10 0.66 300 296.83+1.10 0.34
20 19.70 £ 0.29 1.45 450 443.04 £2.95 0.67
25 24.44 +0.22 0.89 600 594.47 + 3.53 0.59
Inter-day
15 14.71+£0.11 0.77 300 297.59 £ 2.02 0.68
20 19.72+0.24 1.22 450 44272 £2.71 0.61
25 24.27 £ 0.23 0.94 600 593.02 +1.85 0.31

&Mean value represents five different sample statsdfor each concentration

Table 6. Robustness (a) testing of HPLC and (b) eltion of the HPTLC method (n=6)

Chromatographic changes CAM DIC

Factof Level RE T RE T Ro

(a) Robustness evaluation of the HPLC method (n=6)
A:pH of mobile phase

6.90 -1 5.28 0.86 1.87 1.25 8.07

7.00 0 5.31 0.84 1.81 1.25 7.74

7.10 1 5.38 0.88 1.76 1.26 8.09

Mean + S.D 5.32+0.05 0.86+0.02 1.81+0.06 1.2630. 7.97+0.20

B:% of acetonitrile in mobile phase

78 -1 5.36 0.86 1.76 1.25 8.05

80 0 5.28 0.88 1.83 1.24 7.90

82 1 5.21 0.85 1.87 1.26 8.08

Mean + S.D 5.28+0.08 0.86+0.01 1.82+0.06 1.2630. 8.01+0.10

C: wavelength of detection

214 nm -1 5.29 0.84 1.77 1.25 7.85

215 nm 0 5.25 0.83 1.88 1.23 7.72

216 nm 1 5.25 0.81 1.82 1.23 7.80

Mean £ S.D 5.26+0.02 0.83+0.02 1.82+0.05 1.2a20. 7.79+0.07

D:Flow rate

1.40 -1 5.38 0.88 1.76 1.29 5.38

1.50 0 5.29 0.87 1.82 1.24 5.29

1.60 1 5.27 0.85 1.88 1.27 5.27

Mean £ S.D 5.31+0.06 0.87+0.01 1.82+0.06 1.2020. 5.31+0.06

E:Column temperature

25 -1 5.36 0.84 1.74 1.27 7.73

27 0 5.27 0.86 1.77 1.28 7.80

29 1 5.23 0.85 1.87 1.20 7.84

Mean + S.D 5.29+0.07 0.8510.01 1.79+0.07 1.2640. 7.79+0.06
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F:Column from different manufacturer

ODS Gg(Perkin Elmer) 5.31 0.87 1.74 1.24 7.94
Luna (Phenomenex) 5.24 0.82 1.86 1.24 7.78
Mean £ S.D 5.28+0.05 0.84+0.03 1.80+0.09 1.2830. 7.86+0.11
Parameter CAM DIC

SDP of peak area RSD SO of peak area RSD
(b) robustness of HPTLC-densitometry method
Mobile phase concentration 1.28 1.08 1.45 1.47
Amount of mobile phase 1.11 1.35 1.66 1.13
Relative humidity 1.39 1.23 1.25 1.41
Temperature 0.84 0.80 0.87 0.94
Plate pretreatment 0.81 0.31 0.91 0.64
Time from spotting to chromatography 0.73 0.53 40.6 0.74
4 n=6.

® Average of three concentrations 150, 200 and 2§0mjt and 15, 20 and 25 pg/mL for CAM and DIC,
respectively.

¢ Average of three concentrations 3000, 4500 and)é@fspot and 300, 450 and 600 ng/spot for CAM A,
respectively.

4 Five factors were slightly changed at three ley@ls0, —1); each time a factor was changed fromele(0) the
other factors remained at level (0).

° Retention time.

 Asymmetric factor.

9 Resolution between CAM and DIC.

3.5. Analysis of the Marketed formulation (CAM andDIC 50 mg/ Tablet)

(a) For HPLC method.-
The peaks at Retention time 5.29 min (for CAM) dnd7 (for DIC) were observed in the
chromatogram of the drug samples extracted frofetsbExperimental results of the amount of
CAM and DIC in tablets, expressed as percentadebai claim were in good agreement with
the label claims, thereby suggesting that thereisterference from any excipients, which are
normally present in tablets. The drug content wamd to be 99.40 + 0.69 (RSD.0f0.48) and
99.18 + 0.56 (RSD. of 0.31) for CAM and DIC, regjpesly (Table 7.).

(b) For HPTLC—densitometry method.-
The spots at R.53 (for CAM) and 0.23 (for DIC) were observedtlwe spectrodensitogram of
the drug samples extracted from tablets (figureThgre was no interference from the excipients
commonly present in the tablets. It may therefarariferred that degradation of CAM and DIC
had not occurred in the marketed formulations thate analyzed by this method as shown in
Table 8. The low RSD value indicated the suitapibt this method for routine analysis of CAM
and DIC in pharmaceutical dosage form. Statisesa@luation was performed using Studemt’s
test and thé&-ratio at 95% confidence level as shown in Table 7.
The data of summary of validation parameters atediin Table 8.

Table 7. Applicability of the proposed methods foithe determination of CAM and DIC in
commercial tablets (n=5)

Parameters HPLC HPTLC-densitometry

CAM DIC CAM DIC
Label claim (mg) 50 50 50 50
Drug content (%) + S.D.  99.40+0.69  99.18 + 0.56 99.40 + 0.69 99.04 + 0.46
RSD 0.48 0.31 0.48 0.21
S.E. 0.28 0.22 0.28 0.19
t-valué 0.45 1.14

& The theoretical-values is equal to 2.77€0.05).
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Table 8. Summary of validation parameters; statistal data for the calibration curves of
CAM and DIC by HPLC and HPTLC-densitometry

Parameters HPLC HPTLC-densitometry
CAM DIC CAM DIC
Linearity range 50 - 300 5-30 (ng/mL) 1500-9000 (ng/spot)  150-900
(Hg/mL) (ng/spot)
Limit of detection 6.763 (ng/mL) 0.036(ug/mL) 98(Ag/spot) 11.29 (ng/spot)
Limit of quantitation 22.319 (pg/mL)  0.122 (pg/mL) 298.25(ng/spot) 37.26(ng/spot)
Recovery (% + S.D.) 99.70 £0.90 99.94 +0.41 .98% 0.13 99.92 +0.09
Precision (RSD)
Repeatability of 0.037 0.026 0.121 0.859
application (n=6)
Intraday (n=6) 0.57 1.00 0.55 0.53
Interday (n=6) 0.67 0.97 0.73 0.54
Robustness Robustness Robustness Robustness rsisust
Specificity 0.071 0.046 0.9991 0.9983
Solvent suitability Suitable for 24 h  Suitable 3t h Suitable for 24 h Suitable for 24 h

3.6. Comparison of the proposed methods (HPLC verstHPTLC)

Six different sampled of marketed tablet were takien determined CAM and DIC
simultaneously byHPLC and HPTLC-densitometry methoHach sample was analyzed in
duplicate. To test differences between the propd$etdC and HPTLC-densitometry methods
statistical tests were performed for the level ohfcdence 95% KR = 0.05). To test means
(averages) a paired t-test was applied. The tesbves any variations between samples [28].
The obtained value dfstatistical value 0.45 for CAM and 1.14 for DIC \Weager than two tait
critical value 2.77 ri=5), which leads to the conclusion that there issigmificant difference
between the means (Table7.).

The literature describes an HPLC method [6] foredatnation of CAM and HPLC [24] for
determination of DIC in tablet dosage forms. Theagsesults obtained by these methods were
used for statistical comparison to evaluate thaiglof developed HPLC and HPTLC methods.
The calculated F-value for CAM and DIC was foundb® 0.97 and 1.20 for HPLC method,
respectively and 1.48 and 2.77 for HPTLC-densitoynetethod, respectively. The calculated
value were less than the tabulatedalue 3.89 at 95%P=0.05) confidence level. Therefore,
there was no significant difference among the tvathads.

CONCLUSION

The proposed HPLC and HPTLC-densitometrymethodsvigeo simple, accurate and

reproducible quantitative analysis for simultanedesermination of CAM and DIC in tablets.

Both the methods were validated as per ICH guidslirSix real samples of tablets were
determined by HPLC and HPTLC-densitometry methodd the results were correlated.

Statistical tests indicate that the proposed HPh@ IHPTLC-densitometry methods reduce the
duration of analysis and appear to be equally Blgiteor routine determination of CAM and DIC

simultaneously in pharmaceutical formulation.
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