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ABSTRACT

Rapid and simple methods for determination diclate(DF) in both chitosan films and microsphere fatations
using HPLC and UV-visible spectrophotometer wereetigped and validated. The HPLC assay was perfdrme
using a reversed phase AEES column (150 mm x 4.6 mm) with a mobile phastesyconsisting of methanol :
phosphate buffer pH = 2.5 (66: 34 by volume). flbe rate was set at 1 mL/min and the UV detectibB54 nm.
The Hewlett Packard 8452A, Diode Array Spectropmaier set at 278 nm was used for method comparidoa.
accuracies reported as % recovery were found to 48e84-100.91% and 92.61-99.64% for the UV-vis
spectrophotometer and HPLC, respectively. Intey-geecisions (reproducibility) were 0.23—-0.55%R3D/{vis)
and 1.91-2.66-0.55%RSD (HPLC), while intra-day miens (repeatability) were 0.23-0.55%RSD (UV-asj
0.34-1.62%RSD (HPLC). The calibration curve wastbto be linear with the equations of y = 0.04458.006
and y = 57694x - 10767 with correlation coefficienf 0.9996 and 0.9994%rover a concentration range of 5-25
pg/mL for the UV-vis and HPLC, respectively withoar LOD and LOQ. The method can be applied for the
guantitative analysis of diclofenac in both chitoddm and microsphere formulations without any pdewity for
sample preparations.
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INTRODUCTION

Diclofenac is 2-(2-(2,6-dichlorophenyl amino) phBracetic acid (Figure 1). It is a non-steroidatimflammatory
drug (NSAID) with anti-inflammatory, antipyretic,nd analgesic action as a result of its ability tock
prostaglandin synthesis by inhibition of the cyclpgenase (COX) enzyme [1-4]. Many publications hd&scribed
the use of bio-materials to produce effective arftammatory formulations of this therapeutic ageng. in beads
or microspheres [1-3, 5-10] and films [11-16]. Se analytical methods have been reported initesture for
the determination of diclofenac in pharmaceutiaad &iological fluids, including spectrophotometfic7-19] and
chromatographic [20, 21] methods. High Performabicgiid Chromatography (HPLC) normally provides mor
accurate determination of the drug than spectraphetric methods especially in the presence of fietieig
matrices that result from the different formulasonrHowever, most of the available HPLC methods n@tybe the
best analytical methods of choice when it is regflito increase the throughput and reduce analgsis compared
to the UV visible spectrophotometric methods. Fartine quality control work, hundreds of sample®ad to be
analyzed on a daily basis and HPLC methods are gesyly in terms of time and resources. A UV \sib
spectroscopic (UV-vis) method is known to be a $émdaster and more economical method for theafiete and
guantification compared to HPLC. Both HPLC and U¥-mnethods have been employed for the determination
diclofenac in microspheres and film formulation®,[16, 22-24]. However, no literature has repodedhlidated
method for the quantitative determination of dielwdc in films and microsphere formulations. Methatidation is
a process of establishing that the performanceackeristics of the analytical method are suitabletlie intended
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application. The validation method process forldital procedures begins with the planned and esgyit
collection by the applicant of the validation dadasupport analytical procedures [25]. Moreovee analytical
methods of pharmaceutical products should be wugliiaaccording to the International Conference on
Harmonization (ICH) guidelines for validation ofaytical procedures [26]. This work therefore aihie validate
and compare the effectiveness between two andlyticaedures, UV-vis and HPLC methods for the deieation

of diclofenac in chitosan films and chitosan migiosres.
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O

Figure 1 Structural formula of diclofenac

MATERIALS AND METHODS

2.1 Chemicals and reagents

Diclofenac raw material was from China. MethanoR(g4rade) was from Labscan Ltd., Bangkok, Thailéadium
dihydrogen orthophosphate (AR grade) was from Fiaac Pty Ltd, Australia. All other chemicals andveats
were reagent grade.

2.2 Instrumentation

The HPLC analyses were carried out on an Agile®0]1and diode array detector with Chemstation sofw The
chromatographic system including a reversed ph&3€°AC8, 5 um, 4.6 x 150 mm HPLC column (ACE, Scotland)
as the stationary phase, a mixture of methanolsjpimate buffer pH = 2.5 (66: 34 by volume) was rtfubile phase
at a flow rate of 1.0 mL/min. Detection of diclofe was performed by measuring the absorptionangband the
injection volume was 20 pg/mL.

The UV-vis spectrophotometer was a Hewlett PackasRA, Diode Array Spectrophotometer, USA with amt
path-length, a quartz cuvette was used for the uneasent of the absorption of diclofenac at 278 rifhe spectral
bandwidth was set at 2 nm. All weights were meawn an analytical balance (model BSA 2248, Sifient
Promotion co., Ltd., Thailand)

2.3 Preparation of standard solutions
A stock solution of diclofenac was prepared by aligag 100 mg of the diclofenac reference standarshethanol
in a 100 mL volumetric flask to give a 1 mg/mL d@a of diclofenac. This solution was stored &€ 4intil used.

The stock solution was then serially diluted witle mobile phase to provide calibration standardtswis of 5, 10,
15, 20 and 25 pg/mL. These standard solutions usgd for both the HPLC and UV-vis methods.

2.4 Sample Preparation

The chitosan films or chitosan microspher&80(mg) were placed i50 mL of methanol in a00 mL erlenmeyer
flask and sonicated far0 min then left standing at room temperature d@min. The clear supernatant was taken
and filtered through a filtering membrane (0.45 |bajore being used for the determination probgsdPLC and
UV visible spectrophotometry.

2.5 Validation Methods
Validation parameters of the analytical methoddmlofenac entrapped in films or microsphere forations were
optimized including: linearity and range, precisigelectivity, accuracy, limit of detection (LOBnd limit of
quantitation (LOQ). The optimized method was \atiédl according to ICH guidelines for the validatioh
analytical methods [26].

The linearity and range of the method was deterdhatdive concentration levels from 5-25 pg/mL @fldfenac in
methanol.
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The precision of the method was based on intradaialility that was determined by replicate analysf the

calibration standards in the same day. The remibdity was taken as the inter-day variability awes determined
by replicate analysis of the calibration standanddifferent days with one replicate being analyzeah day. The
relative standard deviation values (RSD) were dated from the ratios of the standard deviation)(8Dthe mean
and expressed as a percentage.

The specificity and selectivity of the diclofenaamples was analyzed by comparing the samples viéhks
obtained from chitosan films and chitosan microspse The UV-visible spectrum of diclofenac wasoreed over
a range of 190- 390 nm. Selectivity of the HPLCthod was performed using extraction solutions fitbm blank
samples and film and microsphere samples contattcigfenac.

The accuracy of the method was determined usirgptboncentrations in triplicate at 1.84 (80%), 2B00%) and
2.76 (120%pg/mL of diclofenac. The percentage recovery wiB0-120% illustrated the accuracy of the method.

The limit of detection (LOD) is the lowest concetion of analyst that was detectable at the mossisee

instrument settings, but not necessarily quanttatender the stated experimental conditions. Timeit liof

guantification (LOQ) is the lowest concentrationasfalyst that can be determined with acceptableigioe and
accuracy, under the stated experimental condi{@sfs Standard solutions of diclofenac were anallyirethe range
of 5, 10, 15, 20 and 25 pg/mL. The LOD and LOQengetermined on the basis of the response and sfoghe
regression equation from the calibration curve eaidulated according to the following equations.

LOD = 22
100

LOQ = —
S
Where,o is the standard deviation of the response andf&islope of the calibration curve.

RESULT AND DISCUSSION

3.1 Detection linearity and calibration curve

The linearity of the HPLC and UV-vis methods weezfprmed using standard solutions of diclofenamathanol
over a range of 5-25 pg/mL and the results aredigt Table 1. The UV-vis spectrophotometer wasceneasure
the absorbance of diclofenac at 278 nm., whichfeasd to be thé.-max of diclofenac in methanol whereas HPLC
was set to detect at= 254 nm according to the USP34 monograph of féicac tablet [27]. The linearity’s of
calibration curves for standard diclofenac solwidry both methods were obtained by plotting theodizce
values versus concentrations with the correlatimefficients (R) > 0.999. The relative standard deviation (%RSD)
values of repeated analytical experiments were <aP®indicated that both methods were sufficieptigcise. It
should be noted that at the time of the samplera@tation, a new standard curve was constructedetarh
experimental interpretation.

Table 1 Quantitative parameters for diclofenac detemination using HPLC and UV-vis (Solvent = methano) (n = 3)

Parameters Regression analysis results (UV-visipl®egression analysis results (HPLC)
A max (nm) 278 254
Correlation coefficient (B 0.9996 0.9994
Slope+ SD 0.0445 + 0.0001 57694 + 85
Intercept + SD 0.006 + 0.005 10767 £ 41
RSD (%) 0.67 1.10
Concentration range (ug/ml 5.0 -25.0 2.0-15.0

3.2 Precision

The precision of the analytical procedures for botpeatability and reproducibility were determinedlhe
repeatability or intra-day precision (n = 3) andoralucibility or inter-day precision (n = 3) of vaws
concentrations of diclofenac (5-25 pg/mL) were régab as RSD (%) values and found to be 0.67% ando.for

the UV-vis and 1.10% and 2.18% for the HPLC metha@gspectively. The result demonstrated that both
repeatability and reproducibility did not exceed,5f6licating for the method precision.

3.3 Specificity and selectivity

The specificity and selectivitgf both methodsvere performed using extracted solutions from blelnikosan films
and microspheres compared to the extract solufimms the films and microspheres containing diclefen The
HPLC chromatogram of the extract solutions from Ilenk chitosan films and chitosan microspheresvsilono
interference peak, at the retention time of 8.27@ far diclofenac, were detected in the chromatogmef the
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diclofenac standard solution (Figure 2). The U\sildie spectra of the extract solutions preparechftbe blank

chitosan films or microspheres also showed no ahieor band at 278 nm (Figure 3). The results destnated that
both HPLC and UV-vis methods were specific for #ssay and can be used selectively for the quaattdic of

diclofenac from both chitosan films and microsplkere

*)

®) ©

Figure 2 Chromatograms of (A) a standard diclofenasolution at 20 pg/mL, (B) Extract solution from blnk chitosan film and(C)
Extract solution from blank chitosan microspheres
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Figure 3 Determination of the specificity for dicldenac by the UV-vis spectroscopic method
(A) standard diclofenac solution at 20 pg/mL,
(B) Extracted solution from a blank chitosan film
(C) Extracted solution from blank chitosan microsise

3.4 Accuracy
The accuracy of the test methods were assesseedtéyrination of the percentage recovery of spiketbfitnac at

three-level of concentrations from both the blahkasan films and the microspheres. The extractias performed
by simply addition of methanol and sonication fdr &in. The clear supernatant after it settled wsed for
analysis. The mean absorption values (UV-vis) medn peak areas (HPLC) obtained from triplicatesmesaments
were calculated for the amount found by using stashdolutions of diclofenac (5-25 pug/mL) and repdras %
recoveries and the results are summarized in Tablks The mean recoveries for 1.84, 2.30, and AgnL for
UV-vis and HPLC techniques were in a range of 98.8@.91% and 92.61-99.64%, respectively. High @etage
recoveries were observed for both formulationswds therefore confirmed that the methods werelfigbcurate.
Moreover, the major advantage of these analyticgthods is the short time taken with only a simpleliminary

sample treatment.
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Table 2 Accuracy of measurement of diclofenac in @oesan films with UV vis and HPLC

Spiked concentration (ng/mL) UV-vis, (n =3) HPLC (n =3)
Amount found (pg/mL) Recovery (%) Amount found (pndy) Recovery (%)
1.84 1.86+0.04 100.91+2.20 1.83+0.12 99.64+6.44
2.30 2.27+0.03 98.84+1.26 2.19+0.04 95.36+1.65
2.76 2.75+0.04 99.52+1.27 2.57+0.05 93.24+1.67

Table 3Accuracy of measurement of diclofenac in chitosan ierospheres with UV vis and HPLC

Spiked concentration (ug/mL) UV-vis, (n =3) HPLC, (n =3)
Amount found (pg/mL) Recovery (%) Amount found (pndy) Recovery (%)
1.84 1.83+0.03 99.28+1.57 1.79+0.02 97.46+1.26
2.30 2.30+0.02 100.14+0.91 2.13+0.04 92.61+1.74
2.76 2.77+0.03 100.36+0.96 2.68+0.04 96.98+1.51

3.5 The limit of detection (LOD) and the limit of quantification (LOQ)

The limit of detection (LOD) and the limit of qu#fitation (LOQ) parameters were established basethe signal-
to-noise (3:1 for LOD and 10:1 for LOQ), accordiog CH recommendations [26]. The LOD and LOQ af thv-

vis method were calculated using parameters franc#iibration determination by measuring the alismmmt 278
nm and gave 0.12 pg/mL and 0.36 pg/mL, respectivé@lyge LOD and LOQ of the HPLC analysis was optediz
using the above described chromatographic systémg tise UV detector at 254 nm and resulted in 0.Q§4mL
and 0.164 pg/mL, respectively. The lower LOD andQ. values from the HPLC method indicated a higher
sensitivity to detect diclofenc in both formulat&onMoreover, the described analytical methods dstrated that
the analyses being performed were in a region atl@vgquantitation limit values.

CONCLUSION

Both HPLC and UV visible methods have been investid for the quantitative determination of diclafenin
chitosan films and microsphere formulations. Tinalgical procedures were found to be rapid, simsitand
specific. The accuracy and precision of the metheste within the acceptable range according to ICH
recommendations. The simplicity of the techniqaes the high sensitivity make these techniquesicodatly
attractive for the quantification of diclofenac both chitosan films and microspheres. These metaed
recommended for routine and quality-control analydithe investigated drug in these chitosan foatiurhs.
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