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ABSTRACT

Aceclofenac sodium a novel NSAID used in the treatrof rheumatoid arthritis, frequency of admiragion may
cause certain Gl-adverse effects. Thepose of the present research warés to develop sustained release matrix
tablets of aceclofenac sodium by wet granulati@hmégue using different concentrations of locustrbgum (LBG)
and hydroxyl propyl methyl cellulose (HPMC-K15M) dreig release controlling polymer matricaad different
concentration of Pharmatose 200M as diluent. Tbkikslity studies of aceclofenac were conductedsetect
suitable dissolution media. The drug excipientstunés were subjected to preformulation by FTIR, B#@ XRPD
studies.The different in-process and finished product gualontrolled tests of the formulations were ewddd.In-
vitro drug release potential was estimatiedsimulated gastric fluid pH1.2 for initial 2h argimulated intestinal
fluid pH 7.4 at the end 12h studies. While incragghe concentration of polymer diluent ratio siggantly affects
physicochemical properties of tablets and foundiwithe limits. The release of drug from the tablet pH1.2 is
negligible. Under neutral conditions the tabletdlwivell and the release of drug in a sustained nenexhibited
Higuchi model kinetics followed torsemeyer and Peppas kinetarsd shown the diffusion co-efficient (n) values
in the range of 0.5810 to 1.185. This indicates, dhug release from matrix tablets by both diffasénd erosion
mechanisms followed by super case-Il transport. dititere process is feasible in an laboratory scael demands
pilot study

Key words: Aceclofenac sodium, Controlled drug release, Matablets, Higuchi matrix kinetics, Zero-order
kinetics.

INTRODUCTION

Aceclofenac sodium is non-steroidal anti-inflammgtalrug used extensively in the treatment of rheoida
arthritis, osteoarthritis and ankylosing spondglitit is rapidly and completely absorbed after @@ninistration,
high bound plasma protein, peak plasma concentiatiwe reached 1 to 3h. The biological half-lifeted drug is
1.8 — 3.5 h and dosing frequency 2-3 times dailyhwibse range 100 - 200mg [1]. Due to its shortogical half-
life requires multiple oral dosing to maintain thiesma drug concentration constantly during théreepteriod of
therapy. It leads to fluctuation in the drug bloledels and dose related adverse effects like abddnpain,
gastritis, constipation, etc. The oral multiple idgsalso fails to release the drug at the desiadel and in the desired
amount which often results in poor patient compgleand inefficient therapy [2].

An oral sustained / controlled release drug-dejiveystem should be able to achieve optimum thetapeuug

concentration in the blood with minimum fluctuatidmproving therapy, safety, efficacy and patieampliance
[3]. The matrix tablets are one of the least coogiéd approaches to the manufacture of oral sestaielease
dosage forms by direct compression or wet-graranatgchniques of active drug, retardants and atiditives. The
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release of the drug from the tablets by dissolutiontrolled as well as diffusion/erosion controlledchanisms [4].
The drug release is controlled by adding the aativg into swellable hydrophilic or insoluble naredlable matrix
materials.

The hydroxyl propyl methyl cellulose (HPMC) and lust bean gum (LBG) are hydrophilic swellable polysne
used as coating agents, stabilizing agents, tdbteters, viscosity modifiers and suspending agémtsarious
pharmaceutical products [5]. These are also comynased to design of certain novel drug deliverydois either
oral or per-oral route of administration. The hyghilic polymers have been widely used as drug seleaodifiers
in several sustained / controlled drug deliverytesys of their advantageous properties over syitpelymers such
as biocompatibility, biodegradability, ability toadify the properties of aqueous environment capdoitthicken,
emulsify, stabilize, encapsulate, swell and to fgeis [6]. The hydrophilic polymers generally knoas hydrogels
respond in to surrounding conditions such as pHicistrength, and temperature of the medium, thignper
hydrate in water forming a gel layer at the mag@xiphery which controls the release of drug frdwe tormulated
system. The pH-sensitivity of hydrogels is an intpot factor in designing for controlled drug detiveystems for
water insoluble drugs having pH sensitivity in tBetract [7]. Generally, most of the oral sustaimetbase tablets
are enter into the Gl-tract and the fluid slowlynptrate through the outer layer of polymer matgistesm which
induces the dissolution, swelling and formationtlitk hydrodynamic layer. Further, drug moves franmigher
concentration region of the biological membraneldaer concentration side. The concentration gradieiti
developed, which acts as the driving force to at#ivthe diffusion of drug out of the system. Theide of the
system should have lower water content initiallgrttthe surrounding medium to control the diffusadna drug
effectively in a sustained manner, finally, thefubed drug partition between the body fluid andspla enters into
systemic circulation [8].

The aim of the present study, which was to develap products namely matrix tablets of aceclofesadium were
prepared by wet granulation techniques by usingidbdean gum [LBG], hydroxyl propyl methylcellulose
(HPMCK15M), as release retardants, Pharmatose 2890Mluent and Polyplasdone XL as disintegrant. affects
of polymer and diluent ratio on the certain prefiary characterizations of tablets such as hardagssage weight,
percentage of weight variation, percentage frighiknd percentage of drug content, swelling ratid in-vitro drug
release potential were evaluated according to pheopeias methods.

EXPERIMENTAL SECTION

Materials:

Aceclofenac sodium was obtained as a gift samplen fMicrolabs Bengaluru, Karnataka. India. Locusarb&BG
was gum gift sample from LBG- Sicilia Natural gurRggusa-IltalyHPMC-Methocel K15M was gift sample from
Colorcon Asia Private LtdGoa. Pharmatose200M (Lactose monohydrate) was gift safnipm DMV-Fonterra,
Netherland. Plasdone29/32 and PolyplasdoneXL wditesgmples from ISP Singapore PTE Ltd., Singapore.
Magnesium stearate and Purified talc were purchéteet Loba chemicals Mumbai. All other reagents aatvents
used were of analytical grade satisfying pharmaeisospecifications.

PREFORMULATION STUDIES

FT-IR Spectroscopic Analysis;

Drug polymer interactions were studied by FT-IR cdpescopy. Two milligrams of aceclofenac sodiumnalo
mixture of drug and polymer were weighed and migezperly with potassium bromide uniformly. A smallantity
of the powder was compressed into a thin semitamesp pellet by applying pressure. The IR- spectairnthe
pellet from 450-4000cthwas recorded taking air as the reference and c@da study any interference.

Differential Scanning Calorimetry (DSC)

Differential scanning calorimetry (DSC) was perfednusing DSC-60 (Shimadzu, Tokyo, Japan) calorimtete
study the thermal behaviors of drug alone and méxtaf drug and polymer. The instrument comprised of
calorimeter (DSC-60), flow controller (FCL-60), theal analyzer (TA-60) and operating software (TA-60he
samples were heated in sealed aluminum pans uitdegen flow (80ml/min) at a scanning rate of l0/min from

25 to 450°C. Empty aluminum pan was used as refereéfhe heat flow as a function of temperature measured
for the drug and drug -polymer mixture

X-Ray Powder Diffractometry (XPRD)
The X-ray diffraction patterns of pure drug and threg loaded formulations were recorded using phiK-ray
powder Diffractometry (Model; PW 1710) with copparget to investigate the effect of granulationcoystallinity
of drug. Powder X-RD patterns were recorded usimgdgation at 30kv and 25mA, scanning speed 20k iwer
the 4 to 40 diffraction angle (8) range.
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Preparation of aceclofenac sodium matrix tablets

Ten batches of aceclofenac sodium matrix tablete weepared corresponding to various drugs to pefymatio by
wet granulation technique. All the ingredients weessed through sieve No.60 mesh ASTM prior to e

Required quantities of drug, polymer, diluent aridildegrant were mixed thoroughly in a mortar arttied
sufficient volume of granulating solution (Plasdd€29/32 in isopropyl alcohol). The wet mass wasspdsthrough
sieve No0.16 and the granules were dried at 50°G@aminutes. The dried granules were passed thrsieyle No’s
22/44. The granules retained on sieve No. 44 meskes mixed with 15% of fines (granules that pagbedugh
sieve No. 44). The required quantities of talc amfnesium stearate were finally added as glidaditl@oricant.
Based on theoretical weight of each tablet, thendil capacity of the lower punch was adjusted dmal tAblets
compressed into 500 mg weight by using a singlezpuablet compression machine (Cadmach, Ahmedabdid,)

at 6-7 kg/crfi hardness. Table 1 summarizes the batch detaélsamflofenac sodium matrix tablets.

Table.1. Batch details for the formulation of acedfenac sodium matrix tablets

| dient Batch Code

ngredients  TAF1 AF2 AF3 AF-4 AF5 AF6 AF7 AF8 AF9 AF10
Aceclofenac 200 200 200 200 200 200 200 200 200 _ 200
LBG 25 50 100 150 200 - - - -
HPMC K15M - 25 50 100 150 200

Pharmatose 200V 225 200 150 100 50 225 200 150 100 50

Plasdone K29/32 10 10 10 10 10 10 10 10 10 10

Polyplasdone XL 10 10 10 10 10 10 10 10 10 10

Mag. stearate 15 15 15 15 15 15 15 15 15 15

Purified talc 15 15 15 15 15 15 15 15 15 15
Theoretical weight of each tablets = 500 mg

PHYSICOCHEMICAL EVALUTION OF MATRIX TABLETS

Micromeritic properties of granules

The flow characteristics of the different batchesrfulated granules were measured by determining dingle of
repose using fixed-base cone method. A glass fumaslsecured with its tip positioned at a fixedghei(H) above
graph paper placed on a horizontal surface. Thelawas poured through the funnel until the apethefconical
pile touched to the tip of the funnel. The heightd aadius of the heap was measured [9]. The expetiwas
repeated in triplicate, the angle of repose @jawas calculated using the formula;

Angle of reposd]] =tan -1(h/r)
H = cone height, r = radius of circular base forrhgdhe granules on the ground.

The bulk and tapped densities of the formulatechges were evaluated by using the bulk density &tps.
Known weights of formulated granules were transféiinto a 50cc graduated measuring cylinder. Thadsr was
fixed on bulk density apparatus and the timer kmals set for 100 tapings. Then, the initial bulkwoé and final
volume after 50 tapings were noted. The experimeas repeated in triplicate [10]. The respectivesiters of
different batches of granules were calculated lyguhe following formulas;

Masstloé sample (g)

Bulk density [gm /cc] =
Bulklume (ml)

Masstloé sample
Tapped density [gm/cc] =

Truelume

Compressibility index or Carr’s index value of farated granules was computed according to the vidtig
equation;

Tapped denéiyk density
Carr's index (Cl %) = X 100

Tappdzhsity
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Hausner’s ratio of granular powder was determingeddmparing the tapped density to the bulk dersjtysing the
equation;

Tapped density
Hausner's ratio =

Bulk density

Weight variation, Hardness and Friability

The uniformity of weights of tablets was determirstording to the method mentioned in Indian phaopaia
[11]. Weighed 10 tablets individually in an electio balance and their average weight were detedniid@e
standard deviation was calculated using the folhguformula;

Average weight (gm) =Total weight of the tablets /10
Standard deviation (%) = ( lw — Aw / Aw) x 100
[Where, lw = Individual weight of the tablets, AwAverage weight of the tablets]

For each formulation, the hardness of 10 randoralgcted matrix tablets was examined using a Pfizedness
tester (A-101 Secor India). The tablet hardnesgushing strength was measured in kg/cmz2.

The percentage of friability was evaluated by usRoghe friabilator (USP EF-2 Electro Lab). Tenwenty tablets
from each batch were weighed and placed in thetiplagamber. The chamber rotated for 4 minutes @ 1
revolutions. During each revolution the tabletdsfdiom a distance of 6 inches after 100 revoligi@md were
removed from the chamber and reweighed [12]. Thiegogage of weight loss or friability was deterndrtey the
following formula;

Friability (%) = Loss in weight of tablets / Initieight x 100

Swelling behavior of tablets

The swelling ratio of three matrix tablets from ledarmulation was determined. The three matrixatbivere each
weighed and placed in a glass beaker containing rAD@f phosphate buffer at pH 6.8 £ 0.1 at 37 °Ghwi
continuous stirring at 50 rpm. After 0.5, 2, 4 @htours’ time period intervals the tablet was reetband blotted
with tissue paper. The tablet was weighed on aaligalance (GE-412 Sartorius) and the final weitthe tablet
was noted after prescribed time. The experiment pesormed in triplicate for each time point andsi samples
were used for each individual time point [13]. Tdedent of swelling was measured in terms of pesgtwveight
gain by the tablet was calculated by the followiagmula;

Swelling index (S.I) = [(Mt-Mo) / Mo] X 100
[Where, Mt = weight of tablet at time =t and Mo =ight of tablet at time t=0]

Drug content uniformity

Five tablets of each batch were weighed and powldeFbe quantity of the powder equivalent to 200 aig
aceclofenac sodium was suspended in 100 ml of pladspbuffer containing 10 ml of methanol. The resgl
solution was transferred into a stoppered conieakfand the flask was shaken for a period of 1&xhby using a
mechanical shaker at room temperature. Next dayag stirred for 15 minutes. The solution was fidtgrafter
suitable dilution; the drug content in the filtratas analyzed at max 275 nm using UV-Visible spectrophotometer
(Shimadzu 1201) [14]. The obtained absorbance Wated on the standard curve to get the exact curation of
the entrapped drug. Each experiment was carrieéthdtiplicate (n=3). The actual drug content wasedmined by
using the following relationship;

(k x Absorbance +Bbath volume x dilution factor

Drug content =

1000
In-vitro drug release studies
The various batches of the compressed matrix wloifeaceclofenac sodium was subjected to estimatfarug
release in the simulated gastric fluid of pH 1@nir0 - 2 hours and simulated intestinal fluid (ShF) of 7.4 up to
12 hours by using dissolution test apparatus USIP pdddle type (Model-TDT-08L, Electrolab Mumbandia).
The drug loaded matrix tablets were put into thekbarotated at a constant speed 75 rpm in 900issbldition
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medium of pH 1.2 containing 2% wi/v sodium laurylfate was used for initial 2 hours and continueel tibst by
changing the dissolution media pH 7.4 phosphatéelsifup to the end of 12 hours and maintained teatyes
37°C. Samples (5ml) were withdrawn at different timéeivals over a period of 12 hours. After each damp
equal volume of the medium was replaced with saolame of fresh medium. The sample was filtered ugto
0.45p membrane filter and diluted with appropriditation with respective medium. Then estimate aleclofenac
sodium concentration in the solution by using U\&i\le spectrophotometry (Shimadzu 1201, Japan) unedst\

max 275 nm [15, 16]. The absorbance of the sampdssmeasured at different time intervals and theentration,
amount of drug released and the percentage ofrdtegse were calculated using the following forraula

Concentration (ug/ml) = Slope X Absorbance * Indgtc
C xVD x DF

Drug released = X 100
1000

Where; C= Concentration (ug/ml), VD= volume of disgion media, DF= dilution factor.

Ammt released
Percentage drug release (%) = -----------------— X 100
Drug content

Mechanism of drug release kinetics studies

The data obtained from the in-vitro dissolutiondé&s was subjected to kinetic treatment to obth@ drder of
release and best fit model for the formulationsulsing PCP-Disso-V2 software. The in-vitro drug aske drug
release data of the formulations was analyzed watfious kinetic equations like zero-order (% reteass time),
first- order (Log % retained v/s time), Higuchi miat(cumulative % drug released vs. square rootia€) and
Korsemeyer and Peppas equation (Log cumulativeeperdrug released versus log time) [17]. The coieffits of
correlation (r) values were calculated for the dineurves obtained by regression analysis of theaplots.

Zero-order kinetics: The drug release followed by zero-order was edéthhy using the following equation;

Q= Q+ Kot

Where Q is the amount of drug dissolved in tim@,fis the initial amount of drug in the solution (mtistes Q =0),
and Kyis the zero order release constant. When the dattited as cumulative percent drug release veisgs if
the plot is linear then the data obeys zero-ordierase kinetics with a slope equal to K

First-order kinetics: The drug release followed to first-order was estaday using the following equation;

Log c = Log Co — K/ 2.303

Where: C = Amount of drug remained at time (t).€tmitial amount of drug, K=First-order rate constghr®)
When the calculated data was plotted as log cuimalgercent drug remaining versus time obtainettaaght line
that indicates that the release follows first orkiimetics. The constant ‘K’ can be obtained by mplying 2.303
with slop values.

Higuchi's matrix model: This model explains the release of drug from matdvices mainly by diffusion of drug
from the matrix layer. The drug release from therfalations was determined by using the followingyttihi’s
classical diffusion equation.

Q=[DE/T (2A-ECs) G]*

Where; Q = Amount of drug released at time (t), Diffusion co-efficient of the drug in the matrid = Total
amount of drug in unit volume of matrix, Cs = tlodubility of the drug in the matrix, E = Porosity the matrix,t =
Tortuosity and t = time (hrs.) of which Q amountofig is released.

The above equation can be simplified if one assuirsD, Cs and A are constant. The equation besome

Q=Kt¥2
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When the data was plotted by cumulative percentdgeug release versus square root of time shostsagght line.
This was indicates that the drug was released ffiysthn mechanism.

Korsemeyer and Peppas modelThis model was generally used to analyze theasel®f the drug from polymeric
dosage forms, when the release mechanism is ndtkwelvn or when more than one type of release accur
corresponding to time (t). In order to understdra mode of drug release from swellable matricesdtita is fitted

to the following Peppas equation

M/ M, =Kt"

Where, Mt is the amount of drug released at tijmeMto is the amount of drug released at infinite timeKtis the
kinetic rate constant depends on structural anéangtric characteristic of the product and n is dhfusional
exponent which indicates the release mechanism Tt above equation can be simplified by applyaggon both
sides then we get:

Log Mt/ Mw =LogK +n Logt

When the data is plotted as log percentage of drlagse versus log time shows a straight line aistope equal to
‘n’ (diffusional co-efficient) and the ‘K’ (coeffient of correlation) can be obtained from y-intgace

RESULTS AND DISCUSSION

Preformulation studies

The preformulation is the preliminary study for @stigation and detail understanding of the physieaucal and
chemical dynamics of drug substances through gfahihder the conditions to select correct forndoig and non-
drug components for developing optimal drug deljiveystem [19]. Based on the preformulation resytsper
excipients are used in the manufacturing of prdtpcoducts and to optimize the release of drugaforextended
period at the site of action.

FT-IR spectroscopy

The FTIR spectra’s, observed that the characterédisorption peaks of pure aceclofenac sodium Wwesned at
3276.5, 2915.5, 1716.5, 1589.3, 1279.6 and 7494carresponding to NH- stretching, C=0 stretching-6000
and —COOH group respectively (Figure 1a). The attaristic absorption peaks of LBG were observetha
region of 3186.4, 2925.6, 1705.6, 1528.4, 1450350125 and 774.5 chm(Figure 1b). The characteristic peak at
3186.4 cm' represents O—H stretching vibration and 2925.6* @arresponding to C—H stretching of the —CH
groups. The peaks fourat 1705.6 to and 1528.4 chrepresent the ring stretching of galactose andnwsa of
LBG. On other hand, the peaks observed in the negid 350.25 to 1450.5ctare corresponding to symmetrical
deformations of Chland COH groups. The lower wave number observearaind 774.5 ciare due to ring
stretching and ring deformation afD-(1-4) anda-D-(1-6) linkages. The physical mixture of acectade sodium
and LBG characteristic peaks at wave numbers 312886.5, 1710.8, 1538.2 and 774.5coorresponding to
NH- stretching, C=0 stretching of —-COO and —COOldugss respectively (Figure 1c). FTIR spectra of HPMC
K15M show the characteristic peaks at wave numi2&155.33, 1706.56, 1485.32, 1385.36 and 782.60 cm-1
corresponding to C-H stretching, C=C stretchinthmaromatic ring and peaks at 1485.32, 1385.38 evhich can
be assigned to the C-H deformation (Fig 2d). FTpBctrum of physical mixtures of aceclofenac sodamd HPMC
K15M showed absorption peaks at wave numbers 28321918.33, 1507.52, 1252.82 and 748.45'cm
corresponding to C-H stretching and C-H deformat{bigure 1e). The IR spectra’s of individual polymand
physical mixtures of drug and polymer were compavét the spectra of the pure drugs. The specttd duggests
that the major peaks for drugs are obtained asneatue and there were no considerable chang&peaks in all
physical mixtures of drug and polymer. This indésathat the drugs were molecularly dispersed iptitlgmers or

in drug loaded formulations thus thereby indicating absence of any interactions.
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Figure 1. FTIR-Spectra of A) Pure aceclofenac sodin, B) LBG, C) Physical mixture aceclofenac sodim and LBG, D) HPMC K15M,
E) Physical mixture of aceclofenac sodium and HPM®&15M

Differential scanning calorimetry (DSC)

DSC is a well-established method often used as aditgtive technique to characterize physical andnaical
changes in either enthalpy or heat capacity ofyatalline drug in the polymer matrix during the raéacturing
process.The pure aceclofenac sodium shown a sharp enduithgreak at 158.8C followed by corresponding
meting point (Figure 2a). However, the drug-load®adrix tablets were shown a sharp endothermic pebktween
the range of 193 to 186 (Figure 2b, 2c). The extra obvious peak of theemceclofenac sodium at 15%5was
not observed in the thermograms of prepared médtikets. The results indicate that there were ranghs in
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thermal behavior of drug during the manufacturimgcgss and it was molecularly dispersed in diffetgmrogel
matrices.

X-Ray Powder Diffractometry (X-RPD)

The distribution of the drug in the polymeric matis very important to maintain the theoretical graty and
stability in the manufacturing process. Howevee, dnug can crystallize during the formulation résgl decreased
aqueous solubility rate due to its polymorphic gfemsuch as particle size, shape, density, megingt etc.The

XRPD is an important technique in pharmaceuticaldfibecause to investigate the fundamental phy#eatres
about the crystalline nature of solid substances.

The X-ray powder diffraction patterns of pure dmugre compared with drug-loaded matrix tablets. Tdlative
intensity of peaks were observed in XRPD pattent @lculated by using D8 TOOLS software. The isitgnof
the pure aceclofenac sodium peaks observed at B4727, 22.26, and 25.9%R(Figure 3a). The peaks intensity of
formulated aceclofenac sodium matrix tablets AR-4#298 and 16.76 @ (Figure 3b). The aceclofenac sodium
matrix tablets AF-9 shows peaks at intensity 1446 16.65(8) (Figure 3c). The XRPD scan of plain aceclofenac
sodium shown sharp intense peaks of crystallinitgneas the drug-loaded matrix tablets exhibited pattern with
less intense followed by denser peaks. This résditates that decrease in the degree of crysitglliitue to partial

amorphization of the drug in the polymeric matibhus, there were no appreciable changes in theadliggy of
drug during the manufacturing process.
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Figure 2 DSC Thermo-grams of a) pure aceclofenac dimm b) Aceclofenac sodium matrix tablets (AF-4), tAceclofenac sodium matrix
tablets (AF-9)
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Figure 3 X-Ray diffraction patterns of A) Pure acetofenac sodium B) Matrix tablets containing LBG agetardant (AF-4), C) Matrix
tablets containing HPMC K15M as retardants (AF-9)

Micromeritic properties of precompressed granules

From the Table 2, the granules of different forrtiolas were evaluated for angle of repose, loos& Hehsity,
tapped bulk density, carr,s index, hausner’s réicreasing the concentration of polymer and dilwatio decreases
the angle of repose. The angle of repose (<30rates good flow properties of the granules duestmaétion of
high compact matrix in the granulation process. bk and tapped density values were obtainedératiteptable
range indicating good packability of the granulesthe tablet die cavity and minimizes weight vaoiatof
compressed tablets. Compressibility index and hertsmatio values were obtained in the range 1358.35 and
1.35 to 1.08 respectively. This indicates the pregagranules have excellent compressibility anddgéiow
properties to get acceptable hardness to the sablet

Table 2 Micromeritic properties of pre-compressed ratrix granules of aceclofenac sodium

Bulk density  Tapped density Carr’s index Angle of repose

Formulation Code Hausner's ratio

(g/mi) (g/ml) (%) (6)
AF-1 0.294+0.75 0.348+£0.35 13.56 135 19.25
AF-2 0.344+0.18 0.395+0.78 12.90 1.15 18.90
AF-3 0.407£0.25 0.458 £0.47 11.15 112 18.12
AF-4 0.440+0.22 0.490+0.45 10.86 111 17.85
AF-5 0.462+0.35 0.504 £0.22 08.35 1.09 17.05
AF-6 0.312+0.44 0.364+0.15 14.65 1.16 24.65
AF-7 0.348+0.15 0.398+0.35 12.55 1.14 22.10
AF-8 0.373+055 0.424 £0.55 12.06 113 19.30
AF-9 0.412+0.25 0.458+0.25 10.05 111 18.60
AF-10 0.444+0.26  0.488 £0.15 09.05 1.08 16.25

Data are expressed as mean +SD of at least tripdica
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Effect of polymer to diluent ratio on physicochemial properties of matrix tablets

Effect of LBG and Pharmatose 200M

The depicted Table 3, illustrates that the weigdriation of the matrix tablets was observed withirarmacopeia
limit complied below +5% w/w of standard deviatitom the average. However, the average weight efithtrix
tablet of the batch AF-4 was obtained very neapetheoretical weight. The higher concentration pwy and
diluent ratio influences the formation of densenwragranules and uniform size, ultimately increafies properties
which minimizes weight variation of formulated mattablets. The hardness of the formulated tabddtmined
within the acceptable range of 5.6 to 6.6 kd/éntlowed by decreasing the percentage of friap#ikcept the batch
AF-1. This indicates the low concentration of LB&ed in the formulation decreases the mechanicahgiin due to
the formation of loose matrix with higher concetita of Pharmatose 200M. The percentage of acewafsodium
content in the tablets of batches AF-1 to AF-5 whaserved in the range of 84.76 + 0.6 to 93.42 4 OeBpectively
(Table 3). It was stated that the percentage af dantent increases by mainly increasing the cdanagon of LBG
entrapped more quantity of drug due to formatioderise matrix during compression.

The percentage of swelling ratio of aceclofenadisndmnatrix tablets (AF-1 to AF-5) was obtained lire range of
146.50, 165.40, 197.20, 266.32 and 215.30 at tHeo&® hours (Figure 4). The result suggests therteiasing the
concentration of both polymer and diluent coulduehce the percentage of swelling ratio. The foatioh AF-1
containing higher level of Pharmatose 200M (abo©8n2y) shows higher swelling in initial hours folled by
erosion at the end of 6 hours because Pharmat@dé 0a more water-soluble excipient forms morermicavities
in polymer matrices which rapidly increases theeawgienetration into interior layer of polymeric getwork
initially and decreases the resistance of LBG ggél in later time period [20]. The formulation lodtch AF-5
containing more concentration of polymer and lemscentration of diluent decreases the swellingragcause the
hydrophilic nature of LBG forms less resistance lggér with low concentration of diluent. The forlation AF-4
shows steady state swelling ratio for 6 hours. Ftases that the presence of optimum level of 18B@ Pharmatose
200M enhances the formation of thick gel acts dmmier inhibiting the water penetration into interlayer of
polymeric gel, thus gradually swells with an in@ed time period.

The percentage of aceclofenac sodium release frenmiatrix tablets (AF-1 to AF-5) was obtained ie tlange
21.10, 18.36, 17.99, 15.362 and 13.252 in SGF @Hdt.initial 2 hours. The study was continued o2 hours by
changing the dissolution media to pH 7.4 PBS ard pbrcentage of drug release at the end of 12 hoass
obtained in the range of 94.58, 89.18, 83.12, 7ar#b75.66 respectively. The Figure 5, explainstthaincrease in
the concentration of polymer and diluent ratio #igantly retards the release of aceclofenac sodftom the
matrix tablets. The drug release in SGF pH 1.2ifd@fal 2 hours was found to be less than 15 % thu@oor
solubility of aceclofenac sodium and LBG in thisvieganment. The drug release significantly increaiseSIF pH
7.4 at 6 hours followed by sustaining up to 12 kodrhe formulation AF-4 shows an optimum drug redea
compared to AF-1. The higher amount of Pharmat@Rinteract with lower amount of LBG and do notrfo
thick polymeric gel layer which rapidly diffusesethdrug at higher pH level. On other hand, incretse
concentration of LBG in the matrix tablets whiclolpngs the drug release due to formation of thigtrbdynamic
diffusion gel layer in the dissolution process. $hthe drug release from the swellable matricesrexdt by both
LBG and Pharmatose 200 M ratios present in theixsystem.

Table 3 Physicochemical evaluation of the formulatematrix tablets of aceclofenac sodium

Evaluation parameters
Average weight(mg) S. D. (%) Hardness (kg/cm2) Friability (%) Drug content (%)

AF1 498.70 0.85 6.0 +£0.16 0.65 +0.05 82.96 +0.84
AF2 494.80 1.82 6.0 £0.32 0.66 +0.08 89.78 £ 0.56
AF3 496.90 1.23 6.2 £0.42 0.58 £0.02 94.62 +0.75
AF4 502.30 0.61 6.2 £0.58 0.57 £0.09 96.52 +0.22
AF5 498.40 0.82 6.4+0.65 0.52+0.03 97.42 +£0.28
AF6 496.30 0.80 7.2+0.33 0.30 £0.05 90.66 + 0.84
AF7 498.20 0.70 7.0+0.28 0.35+0.12 92.82 + 0.56
AF8 499.80 0.66 6.4+0.44 0.65+0.15 95.72 £0.75
AF9 500.40 142 6.2+0.8 0.62 +£0.6 98.62 +0.21
AF10 500.50 0.62 5.8 +0.25 0.75 +0.07 99.42 + 0.05

Data are expressed as mean 1SD of at least tripdica
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Figure 4 Effect of LBG and Pharmatose 200M on swetlg behaviors of aceclofenac matrix tablets in pH.8 PBS

Figure 5. Effect of LBG and Pharmatose 200M on In-Nro drug release profiles of formulated matrix tablets of aceclofenac sodium

Effect of HPMC K15M and Pharmatose 200M

From the Table 3, the weight variation of the matisiblets observed within pharmacopeia limit anchglied below
+ 5% w/w of standard deviation from the averagee Blierage weight of the matrix tablet of the ba€h9 was
obtained very nearer to theoretical weight. Thiggasted that by increasing the polymer and dilvai influences
the formation of uniform size granules which ultielg increases the flow properties and minimizes weight
variation. The hardness of the formulated tablétsiaed within acceptable range of 5.5 to 7.1 kg/fatiowed by
decreasing the percentage of friability exceptithteh AF-6. This indicates the low concentratiotH®fMC K15M
used in the formulation decreases the mechanicathgth due to the lower compressibility of Pharreat@00M
forms loose matrix granules. The percentage oflaf@tac sodium content in the matrix tablets othas AF-6 to
AF-10 was found in the range of 88.95 to 96.42 eetpely. It was stated, that the percentage ofjdrontent
increases with higher concentration HPMC K15M doddrmation of dense matrix entrapped more quartdity
drug.

The percentage of swelling ratio AF-6 to AF-10 @ases with an increase in the concentration ofnpetyand
diluent in the matrix system. The percentage ofllawgeratio of aceclofenac sodium matrix tabletssvadbtained in
the range of 142.50, 174.10, 208.50, 229.60 and485# the end of 6 hours (Figure 6). The resudlicites that by
increasing the concentration of both polymer ardedit could influence the percentage of swellinjoraThe

formulation batch AF-6 containing higher level dféPmatose 200M (above 200mg) shows higher swalirgjtial

hours followed by erosion at the end of 6 hoursalnse Pharmatose 200M is water soluble excipiemiganore
micron size pores in polymer matrices which rapidlyreases the water penetration into interiordafepolymeric
gel network initially and decreases the resistamicpolymeric gel layer in later time period. Therfalation of
batch AF-10 containing more concentration of polyared less concentration of diluent decreaseswvtiedisg ratio

due to decreasing the resistance of gel layer lwithconcentration of diluent [21]. The formulatiédd--9 shows
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steady state swelling ratio for 6 hours. This safeat the presence of optimum level of HPMC K15Ml a
Pharmatose 200M enhances the formation of thiclagel as a barrier inhibiting the water penetrainta interior
layer of polymeric gel, thus gradually swells wéth increasing time period

The percentage of aceclofenac sodium release tnermatrix tablets (AF-6 to AF-10) was obtainedtia tange of
20.12, 17.83, 15.48, 14.42 and 11.85 in SGF pHdr.hitial 2 hours. The study was continued ud ®hours by
changing the dissolution media to pH 7.4 PBS ard gbrcentage of drug release at the end of 12 hoass
obtained in the range of 94.55, 89.98, 83.45, 79461 72.15 respectively. The figure 7, explainat tthe
aceclofenac sodium release from the matrix talbdeaificantly increases with increasing the concatign of
HPMC K15M and Pharmatose 200M ratio in the formialat The aceclofenac sodium release from the matrix
tablets was very less (<10%) for initial 2 hoursSIBF pH 1.2 because of poor solubility of drug potymer in this
media. The drug release significantly increaseSIipH 7.4 at 6 hours followed by sustaining ud2ohours. The
formulation AF-6 shows rapid drug release compdoedF-10. The higher amount of Pharmatose 200Mratte
with lower amount of HPMC K15M forms loose netwagkl layer which rapidly diffuses the drug at higlpét
level. On other hand, increase the concentratiddRI¥IC K15M in the matrix tablets prolongs the dretgase due
to formation of thick diffusion gel layer, acts adarrier that take prolonged time to diffuse &fecac sodium
into bulk of the dissolution media.

L o A o Ll ]|

Figure 6. Effect of HPMC K15M and Pharmatose 200Mbn swelling behaviors of aceclofenac matrix tablet® pH 6.8 PBS

Figure 7. Effect of HPMC K15M and Pharmatose 200Mon I n-vitro drug release profiles of formulated matrix tabletsof aceclofenac
sodium
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Analysis of various drug release kinetics

The in-vitro drug release of all the batches of AFe AF-10 aceclofenac sodium matrix tablets waatgd with
various kinetic models. The mechanism of drug desas determined by using PCP-DISSOv2.08 softWiame.in

vitro drug release pattern of batches AF-1 to Alese found to be highest correlation co-efficie) (n the range
of 0.9761, 0.9775, 0.9781, 0.9887, 0.9550 corredipgrio huguchi matrix followed to Korsemeyer — Bap model
with coefficient of correlation (r2) in the range9®@38, 0.9752, 0.9768, 0.9799, 0.9821 and 0.718246, 0.7732,
0.8481, 1.1025 diffusion coefficient (n) values aespectively (Table 4). The formulations AF-6 t&-A0 shows
highest regression coefficient (r2) values wereaiigtd in the range of 0.9764, 0.9818, 0.9936, (.9989972
corresponding to zero-order followed to Korsemeydteppas model with coefficient of correlation (v2Jues in
the range of 0.9968, 0.9973, 0.9983, 0.9998, 0.99% 0.9166, 0.9615, 1.1263, 1.1854, 1.1679 theesaof

diffusion coefficient (n) are obtained respectiv€iable 4) The results describes that the releasghamism from
the batches of AF-1 to AF-5 matrix tablets showghbst correlation co-efficient corresponding to kg matrix

followed to krosemeyer — peppas model. The formatabatches of AF-6 to AF-10 shows the mechanisrdrof

release zero-order followed to krosemeyer - peppaed order kinetics. All the formulation batchesvh shown
the diffusion co-efficient (n) values in the range0.5810 to 1.185.This indicates, the drug relefagm matrix

tablets by both diffusion and erosion mechanisrievi@d by super case-II transport

Table 41n-vitro drug release of aceclofenac sodium matrix tablefgited with various kinetic models

Batch code Various Kinetic Models
Zero-order First order Huguchi matrix Korsmeyer-peppas equation
r Ko (h9) r? Ki(hD) r? KH(h-T?) r Kk (W™ n-values
AF1 0.8831 9.266 0.9615 -0.1865 0.9761 26.508 0.9738 18.0268 0.7189
AF2 0.8754 8.8334 0.9625 -0.1619 0.9775 24.7119 0.9752 16.6485 0.7246
AF3 0.8866 8.0719 0.9581 -0.1301 0.9781 23.0088 0.9768 14.2140 0.7732
AF4 0.9315 7.3528 0.9641 -0.1216 0.9887 21.4720 0.9799 11.7707 0.8481
AF5 0.9204 7.5925 0.9542 -0.1103 0.9550 20.3054 0.9821 8.7158  1.1025
AF6 0.9764 8.622 0.9680 -0.1920 0.9497 24.154 0.9968 10.689 0.9166
AF7 0.9818 8.182 0.9650 -0.1685 0.9388 22.785 0.9973 9.1767 0.9615
AF8 0.9936 7.836  0.9647 -0.1548 0.9268 21.692 (R9987.6454 1.1263
AF9 0.9987 7.511 0.9523 -0.1379 0.9025 20.265 0.9998 5.6826  1.1854
AF10 0.9972 6.875 0.9609 -0.1192 0.9030 18.852 9299 4.8397 1.1679
Where K is zero order proportionality constant,is the regression coefficient; ks the first order release rate constant; ik the Higuchi
constant, Kpis Peppas equation constant. n = Diffusion expomelated to mechanism of drug release, accordinggqoation MM=K,

CONCLUSION

In the present research work, the aceclofenac sodial sustained release matrix tablets have beeelaped by
using hydrophilic release retardants and investiydhe effects of polymer and diluent ratio on jtgshemical
properties and drug release potential. All the onweritic properties of the granules show acceptetiiges that are
free flowing during the compression of tablets. Thenpressed tablet properties such as percentadfegtontent,
hardness, average weight and weight variation b&taan acceptable range and the values meet phzpeias
limits. The swelling behaviors of formulated tablets rerabik increase with optimum proportion of polymedan
diluent level. The optimum proportion of HPMC K15\d Pharmatose 200M shows the gradual swellingvi@ha
and gives a great contribution to sustain the drigase for extended period of time. The in-vitragirelease
significantly decreases with variable concentratbpolymer and diluent ratio. The formulated diagded matrix
tablets in SGF pH 1.2 show less than 20% w/w ofydriease due to hydrophobicity of drugs, but maxm
amount of drug release (>60 %w/w) in pH 7.4 at Gredollowed by sustaining up to 12 hours. The kndrug
release mechanism of formulated aceclofenac sodnatnix tablets was found to be linear and closeeatation
with huguchi matrix diffusion followed to Korsmeyand Peppa’s model and good regression co-efficiers
observed due to diffusion and erosion mechanismpatymeric chains and shown the diffusion co-effiti¢n)
values in the range of 0.5810 to 1.185. This indisathe drug release from matrix tablets by bdffusion and
erosion mechanisms followed by super case-Il trarisfyhe developed formulations of aceclofenac wodinatrix
tablets are physically and chemically stable aridimetheir pharmaceutical properties at variouspemature and
humidity conditions over a period of 6 montBased on the investigated results, it was concluldatthe polymer
and diluent ratio modify the release of drug infefiént environmental pH conditions, capable of biting the
sustained release properties, environmentally stadl feasible for further scale up industrial picighn.
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