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Abstract

Aceclofenac, a novel NSAID used in the treatmenrheumatoid arthritis, frequency of
administration may cause certain Gl-adverse effetie objective of the present research work
to formulate the aceclofenac sodium microbeadsoptropic external gelation technique by
using sodium alginate and calcium chloride as c#odsng agent. The effects of different
variables such as drug-polymer ratios, concentmatiaf cross-linking agent, stirring speed,
cross-linking time were evaluated on mean partsibe, drug content, swelling properties, drug
entrapment efficiency and drug release potentiflle. Fhape and surface characteristics were
determined by scanning electron microscopy (SEMjiléAincreasing in the concentration of
sodium alginate dispersion increased size distidyyt flow properties, mean particle size,
swelling ratio and drug entrapment efficiencfhe mean particle sizes of drug-loaded
microbeads were found to be in the range 596.45#1d0880.1040.13. Increase in the stirring
rate and cross-linking time tremendous decreasen@an particle size. The drug entrapment
efficiency was obtained in the range of 63.24-9%@@Qv. No significant drug-polymer
interactions were observed in FT-IR studies. Ther@o physical change of the drug in the
formulations were observed by differential scannaadprimetry (DSC) and X-ray diffraction
(XRD). The release of drug from the microbeads pidsdependent, showed negligible drug
release in pH1.2. Under neutral conditions the keadl swell and the drug release depend on
swelling and erosion process resulting optimumlle¥erug released in a sustained manner and
exhibited zero-order kinetics and ultimately impgs\the compliance in the pharmacotherapy of
arthritis. The entire process is feasible in an industrialls@nd demands pilot study.

Key Words; Sodium alginate, Aceclofenac sodium, pH dependétiptropic external gelation,
Sustained release, Zero-order kinetics.
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INTRODUCTION

Most of the conventional NSAIDs are used in thatirent of arthritis but have short biological
half-lives and hence require for repeated admatisin 3 to 4 times a day. This leads patient
non-compliance and also fluctuation in blood leghelg concentratianA oral modified release
drug-delivery system should be able to achievenmpot therapeutic drug concentration in the
blood with minimum fluctuation, to predict and reguce release rates for extended duration, to
enhance pharmacotherapy of short half life drugsreduce frequent dosing, minimize/or
eliminate dose related adverse effects, improvhmyapy, safety, efficacy and better patient
compliance. The design of effective drug deliveygtems has recently become an integral part
of the development of new medicines. Hence, reBaantinuously keeps on searching for ways
to deliver drugs over an extended period of timigh & well-controlled release profile.[1] Most
available drug delivery systems use biodegraddidesompatible and natural biopolymers and
are capable of rate and/or time controlled drugast. Alginate is a naturally occurring
biopolymer that is finding increasing applicatianghe pharmaceutical technology and also has
several unique properties that have enabled ietoded as a matrix for the entrapment and/or
delivery of a variety of drugs and cells.[2] Sadialginate is a salt of alginic acid, a natural
polysaccharide found in all species of brown algad certain species of bacteria. It is a linear
polymer of B (1-4) mannuronic acid (M) and (1-4) guluronic acid (G) residue in varying
proportions and arrangements. It has been shovirthibaG and M units are joined together in
blocks, and as such, the following 3 types of bsookay be found: homo-polymeric G blocks
(GG), homo-polymeric M blocks (MM), and hetero-polgric sequentially alternating blocks
(MG). The reactivity with calcium and the subsedugal formation capacity is a direct function
of the average chain length of the G-blocks. Healtggnates containing the highest GG fractions
possess the strongest ability to form gels. Thialty arises from the ability of the divalent
calcium cation to fit into the guluronate structirBke eggs in an “egg box junction”.
Consequently, this binds the alginate chains tagelty forming junction zones, sequentially
leading to gelling of the solution mixture and bdadnation. When agueous solution of sodium
alginate is added to drop wise to an aqueous solati calcium chloride, it forms a spherical gel
with regular shape and size, also known as anrfatgi bead”. Alginate microbeads have the
advantages of being nontoxic orally, high bioconipldly, and inability to reswell in acidic
environment, whereas they easily reswell in anl@&aenvironment. So acid sensitive drugs
incorporated into the beads would be protected fgastric juice [3-4]

Aceclofenac sodium is non-steroidal anti-inflammmatdrug used extensively in the treatment of
rheumatoid arthritis, osteoarthritis and ankylossmpndylitis. It is rapidly and completely
absorbed after oral administration, peak plasmaenations are reached 1 to 3 hours after oral
dose. The plasma elimination half-life of the drsigpproximately 4h and dosing frequency 2-3
times daily with dose range 100-200mg.[5] An adeegastrointestinal reaction has been
observed and due to its short biological half-tiéguires multiple dosing. It leads to fluctuation
in the drug blood levels and dose related adveifsets, multiple dosing also fail to release the
drug at the desired rate and in the desired amwehith often results in poor patient compliance
and inefficient therapy[6]Microencapsulation is well accepted technique fevalopment of
homogeneous, monolithic particles in the rangebafud 0.1-1000um and employed to sustain
the drug release. Since among the micropaticuletiess, microbeads have a special interest as
carriers for NSAIDs, mainly to reduce or/ eliminajastrointestinal irritation, dose intake and
ultimately improve the compliance in the pharmaeadpy of arthritis, inflammation and pain. In
the proposed method ionotropic gelation we droprtiegure of drug and polymer dispersion
into aqueous calcium chloride solution gelationussanstantaneously resulting to the formation
of spherical micro-scale sized beads, with narrewtigle size. Calcium induced alginate beads
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have been developed in recent years as a uniquelesdébor modified drug delivery systems.

Their preparation is quite easy and is usually thase the gelling properties of the

polysaccharide in the presence several divalerd [@h The aim of the present study was to
develop sustained oral microbeads of aceclofenatiuso using sodium alginate as the
hydrophilic carrier and calcium chloride as cras&ihg agent and examine the effects of
various process parameters on the physicochemiopkpies and drug release potential of the
product.

MATERIALS AND METHODS

Materials

Aceclofenac sodium was obtained as a gift sampla icrolabs, Bangalore. Karnataka. India.
Sodium alginate was a gift sample from F.M.C.Ina&¢ional biopolymers, willingtown, Ireland,
through Signet Chemical Corporation Pvt. Ltd, Mumibadia. Calcium chloride (Fused) was
purchased from S.B. Fine chemicals Ltd, Mumbaiidndll other reagents and solvents used
were of analytical grade satisfying pharmacopospesifications

Preformulation studies

Saturation solubility study:

The saturation solubility of aceclofenac sodium wagermined with various concentration of
surfactants i.e. 0.5, 1.0, 1.5, and 2%w/v of sodiaunmnyl sulfate [SLS] in double distilled water,
0.1N HCI, pH 4.5 acetate buffer, pH 6.8 and pHhagphate buffers at 3T. Excess quantity
of aceclofenac sodium was added to 100ml of disieolumedium in a conical flask and agitated
continuously at room temperature at 8h on a shakes.solutions were kept aside for 6h until
equilibrium was achieved. The solutions were thigaréd through No-41 Whatman filer paper,
and the filtrate suitably diluted and analyzed sqpgdhotometrically at 275nm. The results of the
solubility study are summarized in table 1[8].

Solubility of aceclofenac sodium in calcium chlorié solution;

The Solubility of drug in a calcium chloride (1%Whvas determined by adding excess of drug
into the medium containing vials and shaking atstamt temperature 3Z in a water bath for
12h. The sample were filtered diluted with distllieater and assayed spectrophotometrically at
275nm.The results summarized in table 1. [9]

Drug-polymer compatibility studies

Thin layer chromatography (TLC)

Silica gel 60g plates activated by heating at’ID%or 1h were used. The mixture of methanol:
acetonitrile: buffer solution [pH6.8] in the ratad 45:45:10 was used as solvent system. The
drug extracted from different microbeads was splotbe@ the plate. The RF values were
determined for the comparison of pure drug andaekd drug by examining of spot under UV-
light.

Fourier transform- infrared spectroscopic analysis(FT-IR)

Drug polymer interactions were studied by FT-IR cipmscopy. One to 2mg of aceclofenac
sodium alone, mixture of drug and polymer were Wwedyand mixed properly with potassium
bromide uniformly. A small quantity of the powdeasvcompressed into a thin semitransparent
pellet by applying pressure. The IR- spectrum @&f prellet from 450-4000ciwas recorded
taking air as the reference and compared to stogyrsgerference
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Differential scanning calorimetry (DSC)

Differential scanning calorimetry (DSC) was perfeanusing DSC-60 (Shimadzu, Tokyo,
Japan) calorimeter to study the thermal behavidrglrag alone and mixture of drug and
polymer. The instrument comprised of calorimete8(@60), flow controller (FCL-60), thermal
analyzer (TA-60) and operating software (TA-60)e ®amples were heated in sealed aluminum
pans under nitrogen flow (30ml/min) at a scanniatg of 5° C/min from 24+1 to 250°C. Empty
aluminum pan was used as reference. The heat Boavfanction of temperature was measured
for the drug and drug -polymer mixtu¢&0)

X-Ray powder diffractometry (X-RD)

The X-ray diffraction patterns of pure drug and timized drug loaded formulations were
recorded using Philips X-ray diffract meter (moB&\Y 1710)with copper target to investigate
the effect of microencapsulation on crystallinifydsug. Powder X-RD patterns were recorded
using a radiation at 30kv and 25mA, scanning s(@ahin’, over the 4to 4¢ diffraction angle
(20) range[10]

Preparation of Drug-Loaded Alginate Microbeads

The microbeads were prepared by ionotropic extegekdtion technique. Sodium alginate (1-
3%w/v) was dissolved in deionized water by gentmthat 48C on a magnetic stirrer. An
accurately weighed 200mg of aceclofenac sodium added and dispersed uniformly. The
dispersion was sonicated for 30 min to remove angubbles The bubble free sodium alginate-
drug dispersion (50ml) were added drop wise viddakage hypodermic needle fitted with a
10ml glass- syringe into 50ml of calcium chloriaddusion (1-5%w/v) and stirred at 200rpm for
30min. The droplets from the dispersion instantasgoformed into discrete spherical beads
upon contact with the solution of gelling agenteTdrug loaded microbeads were further stirred
in the solution of gelling agent for an additioril0- 2500rpm up to 0.5-3.h. After specified
stirring time and stirring speed gelled beads veeqgarated by filtration, washed with deionized
water finally dried at 8& for 2h in a hot air oven. [10] The detailed comsifion of the various
formulations stated in Table2.

Charecterization and evaluation of microbeads

Granulometric study

The particle size has significant effect on thesask profile of microbeads. Size and size
distribution was determined by sieve analysis wasi@d out on mechanical sieve shaker. The
drug loaded microbeads were separated into diffesiee fractions by sieving for 5 min using
standard sieves having nominal mesh aperturestairt, 1.2mm, 1.0mm, 0.85mm and 0.71mm
(sieve no 12, 14, 16, 18 and 22, respectivelparticles that passed through one sieve but were
retained on the other were collected and weigheldtlaa distribution was analyzed based on the
weight fraction on each sieve. The patrticle siztrdiution and mean particle size of microbeads
were calculated using the following formula [11]:

Mean patrticle size Z (particle size of the fraction x weight fractioiy) (weight fraction)

Measurement of Micromeritic properties of microbeads:-
The flow properties were investigated by measuring angle of repose of drug loaded
microbeads using fixed-base cone method. Microbeaete allowed to fall freely through a
funnel fixed at 1cm above the horizontal flat soefauntil the apex of the conical pile just
touches to the tip of the funnel. The height aradrditer of the cone was measured and angle of
repose was calculated by using the following foem{il1] Each experiment was carried out in
triplicate [n=3].
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Angle of reposed] =tan *(h/r)
h=cone height, r= radius of circular base formedhgymicrobeads on the ground.

The bulk and tapped densities were measured inna §faduated cylinder as a measure of
packability of the microbeads. The sample conthimethe measuring cylinder was tapped
mechanically by means of constant velocity rotatoagn. The initial bulk volume and final
tapped volume were noted from which, their respediiensities were calculatéil]
Compressibility index or Carr’s index value of nwbeads was computed according to the
following equation:

Carr’'s index (%) = [(Tapped density-Bulk densityljdpped density] x100

Hausner’s ratio of microbeads was determined bypezoing the tapped density to the bulk
density by using the equation:

Hausner's ratio= Tapped density / Bulk density

Mechanical strength study

To precisely measure mechanical strength of thmatkgy gel beads, large beads were prepared
with sodium alginate polymer dispersion droppedtigh 1ml pipette into calcium chloride
solution. The fully formed beads were collectedsked with distilled water and subsequently
dried at 86C for 2hrs. Compression testing was performed witinstron (4460). Ten beads of
identical size were selected, crosshead speedrabé diameter were set at Imm/min and 3.5cm
respectively. [12]

Water Uptake determination

Weighed drug loaded microbeads were placed in dl srasket, soaked in pH6.8 phosphate
buffer or distilled water and shaken occasionatliyam temperature. After a predetermined
time to remove excess water and immediately weighedan analytical balance. The water
uptake can be calculated from the following equafi8]

Water uptake (%) = [W-W, / WO] x100
Wt and W are the wet and initial mass of beads, respegtivel

Determination of calcium content in the beads

Alginate drug loaded microbeads (250mg) was diggbivn 10ml concentrated nitric acid by
boiling. The samples were diluted with 1%w/v ofrigitacid solution and calcium content was
determined by spectrophotometrically. [14]

Disintegration test of drug-loaded microbeads

Disintegration studies were carried out in 50mboffer media pH1.2 and pH7.2 taken in 100ml|
conical flasks. A maximum of 5 pellets were takereach trial and stirred using magnetic stirrer
maintained at 3T, 25 rpm. Each batch of the microbeads was rumiificate and the time
taken for all the 5 pellets to disintegrate leaviogdnind polymer in the soluble form and drug in
the insoluble form was noted as the disintegratiioe.
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Particle size analysis

The particle sizes of both placebo and drug loddeaiulations were measured by an optical
microscope fitted with an ocular and stage micr@meind particle size distribution was
calculated. The Olympus model (SZX-12) havinghason of 30 Xs was used for this purpose.
The instrument was calibrated at 1unit of eyepieegometer was equal to 1/30mm (33.33um).
In all measurements at least 100 particles in fifféerent fields were examined [15] each
experiment was carried out in triplicate.

Scanning electron microscopy analysis (SEM)

The shape and surface characteristics were detednbiyy scanning electron microscopy (model-
JSM, 35CF, jeol, Japan) using gold sputter tecteidine particles were vacuum dried, coated to
200 A’thicknesses with gold palladium using prior to ragmopy. A working distance of 20nm,
a tilt of zero-degree and accelerating voltage lof, 3tkv 5kv and 15kv were the operating
parameters. Photographs were taken within a rahg@-600 magnifications.

Determination of entrapment efficiency

Aceclofenac sodium content in the microbeads wasnated by a UV-spectrophotometric
method. Accurately weighed 50mg of microbeads vgespended in 100ml of phosphate buffer
pH 7.2+0.1. The resulting solution was kept for Z4MNext day it was stirred for 15min. The
solution was filtered, after suitable dilution, Atefenac sodium content in the filtrate was
analyzed at 275nm using Shimadzu 1201 UV-Visiblectppphotometer. The obtained
absorbance was plotted on the standard curve tohgegxact concentration of the entrapped
drug. Calculating this concentration with dilutifector we get the percentage of actual drug
encapsulated in microbeads [16]he drug entrapment efficiency was determined using
following relationship;

% Drug Entrapment Efficiency = [Actual drug contémheoretical drug content] x 100

Swelling Properties

The swelling properties of the drug loaded micralseevere determined in various pH ranges
(i.,e. 1.2, 4.8, and 6.8 buffer solutions) thirtyedr microbeads were placed in a small beaker to
which 100ml of buffer solutions was added and thkmwed to swell at 3. After 2h interval,
the equilibrium swollen beads were observed andsored by Optical microscopy (Olympus
model SZX-12). The magnitude of swelling was présery the ratio of the mean diameter of
swelling beads to the mean diameter of the driettibdefore the tedil7] Swelling ratio was
determined from the following relation.

Swelling ratio= [(Mean diameter at time t-initiaiameter) / initial diameter of beads)] X100

In-vitro drug release studies

The release profiles of Aceclofenac sodium fromrobeads were examined in three different
buffer solutions to mimic the various physiologidal-tracts. The media of pH 1.2 was
representing the gastric condition; pH 6.8 wasramomise condition between pH of the gastric
and small intestine and pH 7.2, which is simulatedstinal fluid. The dissolution process was
carried out by using USP XIllII rotating basket agpas (Microlabs, Mumbai, India). The drug
loaded microbeads (equivalent to 200mg of acecufesodium) filled in empty capsule shells
were put into the basket rotated at a constantdspge/5rpm and maintained temperature
37°C.The 900ml of the dissolution medium, pH1.2 caritaj 2%w/v sodium lauryl sulfate
(SLS) and the test was done for 2h. At the end hofc@ntinued the test with changing the
dissolution media with pH6.8 buffer solution up@b and pH 7.2 phosphate buffers up to the
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end of 12h.At scheduled time intervals, the sanel) was withdrawn and replaced with same
volume of fresh medium. The withdraw sample welteried through a 0.45um membrane filter
and after appropriate dilution, then estimated doeclofenac sodium concentration 275nm
spectrophotometrically (Shimadzu 1201, Japan). Iinaorresponding drug content in the

samples was calculated from the calibration cufvaceclofenac sodium to determine the drug
release pattern [18]

Kinetics of drug release

In order to understand the mechanism and kinefickug release, the drug release data of the
in-vitro dissolution study was analyzed with various kinetjuations like zero-order (% release
v/s time), First- order ( Log % retained v/s tina@d korsmeyer and peppas equation. Coefficient
of correlation (r) values were calculated for theedr curves obtained by regression analysis of
the above plots.

Stability studies of microbeads

After determining the drug content, the optimizedgd loaded microbeads were charged for the
accelerated stability studies according to ICH glimees. To assess long-term stability,
accurately weighed drug loaded microbeads equivate00mg of Aceclofenac sodium were
filled into a hard gelatin capsules manually andlesst in a aluminum packaging coated inside
with polyethylene. The studies were performed %280%RH, 48C/ 75% relative humidity
(RH) in the desiccators with saturated salt sofufmr up to 6 months [19]. A visual inspection,
drug content was conducted every 15 days for thieegueriod of stability study.

RESULTS AND DISCUSSION

Preformulation Studies

The available data on solubility profile of aceelodc sodium indicated that the drug is freely
soluble in acetone and practically insoluble inevaThe results of the solubility study and the
influence of sink conditions are summarized in €ablThe results showed, that there was a
significant increase in solubilitwith increasing pH. The addition of different centrations of
SLS in 0.1N HCI significantly increased up to 0.48¢ml. The solubility of aceclofenac sodium
in calcium chloride was found to be 0.96+1.54mg/Aldissolution study of dosage forms
necessitates modifications in the dissolution medio increase the solubility of practically
insoluble drugs. Aceclofenac sodium is a lipophdmmpound and is practically insoluble in
water. It is a weak acid; the solubility of aceelofc sodium in HCl was very less compared with
distilled water. However, the addition of surfadtena reasonable approach for solubilizing such
drugs, because various surfactants are presemt G tfluid. Saturation solubility of aceclofenac
sodium in different media increased with an inceeiasbuffer pH as well as with an increase in
surfactant concentration. The significant incremsattributed to the micellar solubilization by
SLS. Aceclofenac sodium showed sufficient solupilit 0.1N Hcl with 2%w/v of SLS which
was adequate to maintain sink condition and waectsd as the dissolution medium fiotvitro
drug release studies. The solubility of acecloferadium was more in 1%w/v of calcium
chloride solution than in double-distilled watethieh induces certain amount of drug release,
when prolonged exposés of the beads in curing mediwring the manufacturing process.

Drug-Polymer Compatibility Studies
Purity of pure drug of aceclofenac was determinged@IlbC method and detects the clear spots on
the plate, and determined the RF value of acedmfewas 22, linearity was in between 700-
2400 ng/zone. The RF value of extracted drug fraeragbeads was 21.40, linearity obtained in
the range between 680- 2350ng/zone. The imagesotd ®bserved on the TLC plates, there is
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no overlapping of the spots; it indicates the dmm containing any extraneous matter.
Moreover, that the obtained RF values of extracked) from microbeads are almost equal to
that of the standard drug. It indicates there isl@fmrmation during the process.

IR-spectra of pure aceclofenac sodium, sodium atgirand physical mixture of drug and
polymer are shown in Figure 1.The characteristgogition peaks obtained at 2966.36, 2915.5,
1716.5, 1589.3. 1479.6 and 665.4¢for pure aceclofenac sodium, 2814.98, 1603.3491%51
1359.60 and 674.05 ¢mfor sodium alginate, 2820.28, 1591.72, 1384.9102103 and
666.4cnt for physical mixture of drug and polymer. The conitghty of aceclofenac sodium
with polymer was investigated by IR-spectroscopydgt The IR spectra of the drug and
polymer combination were compared with the spectrthe pure drug and individual polymer
spectra. In which no considerable changes in thgeldks of aceclofenac in the physical mixture
thereby indicating the absence of any interaction.

Table 1. Saturation solubility of aceclofenac sodim in different dissolution medium

Dissolution media Concentration of Solubility (mg/ml)
SLS
(Yow/v)
Double-Distilled water -- 0.067+0.12
0.5 0.126+0.56
1.0 0.455+0.23
1.5 0.643+0.55
2.0 0.924+0.68
0.1N HCI -- 0.016+0.87
0.5 0.098+0.77
1.0 0.208+0.87
1.5 0.389+0.65
2.0 0.487+0.08
Acetate buffer pH 4.5 -- 0.996+0.76
Phosphate buffer pH 6.8 -- 3.963+1.06
Phosphate buffer pH 7.4 -- 5.567+0.98
Calcium chloride solution -- 0.096+1.54
(1%w/v)

Data are expressed as mean £SD of at least tripdica

Differential scanning calorimetry thermogram of @ulrug and drug loaded sodium alginate microbeads
was observed, calcium chloride shows two endotheeaks in the temperature range 180°20@ith
broad exotherm. Pure drug of aceclofenac sodiurwsti@ sharp endotherm at 154G@orresponding

its meting point. There was no appreciable chamg¢he melting point of the physical mixture as
compared to pure drug. No extra peak of the dnuidpé thermogram of the drug loaded microbeads. It
may indicate that the drug was uniformly disperaethe molecular level of the polymer.

The X-ray powder diffraction patterns of pure daugl drug-loaded microbeads are compared and found
that the intensity of the peaks of pure drug ig@hiathan that of the drug in polymer matrix. Thed of
sharpness is due to decreased crystallinity oflthg in the formulation.
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Figure 1.IR-spectra (a) aceclofenac sodium pure dgu(b) sodium alginate (c) physical mixture
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Figure 2. DSC thermo-grams (a) Aceclofenac sodiurmupe drug (b) Formulation containing 2%w/v
of sodium alginate
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Figure. 3; X-ray powder diffraction patterns (a) Pure drug of Aceclofenac sodium (b) Formulation
containing 2%w/v of sodium alginate

Characterizations and Evaluation of Microbeads

As shown in Table 2, the total percentage yielddrafj-loaded microbeads obtained were in the
range between 73.40 to 88.30%w/w. It was obseriiatl increasing the polymer ratio in the
formulation significantly lower the product yieldue to the formation of high viscous polymer
dispersion which may be lost during manufacturingcpss. Further observation, when the drug
polymer ratio was constant, an increase in the eination of calcium chloride and curing time
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slightly increased the percent of yield. Percentafactual drug concentration in microbeads
was evaluated and found to be in the range 56.8240.72.80+0.5. The polymer concentration
increases consequently the actual drug loading dhighto increase in hydrophobicity, leading to
better precipitation of polymer at the boundary qghaf the droplets. Mechanical testing was
performed in order to study the effect of conceamiraof calcium chloride and cross-linking

time. As the results, increasing the concentratbrcalcium chloride and cross-linking time

significantly increases the mechanical strengthtdifermation of dense matrix between sodium
and Cé&%divalent ions. The % water uptake of the aceclafesadium loaded microbeads in

distilled water was significantly lower than thatpH6.8 phosphate buffer.

Figure;4(a) Effect of Sodium alginate
concentration on Disintegration time
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Figure;4(b) Effect of Calcium chloride
concentration on Disintegration time of
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The equilibrium time of water uptake in distillechtgr of the beads was around 0.5-2 h. In case
of phosphate buffer pH6.8 the equilibrium time ofter uptake reaches within 1h because
calcium ions were rapidly exchanged with sodiumsion phosphate buffer with prolonged
cross-linking time. Moreover, calcium alginate getsuld be solubilized by the addition of
phosphate ion, which acted as calcium ions compipéigent at a pH above 5.5. [20] The
sodium alginate concentration increased water eptdkhe beads will increases, ultimately the
swelling behavior of the beads increased in higit¢devels which would significantly delayed
the drug release. Determination of calcium contenthe all drug loaded microbeads, as the
results known that calcium chloride concentratiffects the amount of Gaions in alginate
beads.
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Figure;&{ ¢) Effect of Cross-linking time on
Disintegration time of micrabeads
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The formulation were prepared with 5%w/v, have higd™ contents than those of the
formulations prepared with low concentration caicighloride. On other hand increases the
sodium alginate concentration and cross-linkingetincreases the calcium content in the beads.
The disintegration times of the drug loaded micem®eincreased with increase the sodium
alginate concentration because it leads to incteaseosity of the polymeric matrix. Increasing
the concentration of calcium chloride turn to fostronger beads takes longer time for
disintegration as shown in Figure 4a, 4b & 4(c).

The effect of various process and formulation pa&tens on the drug entrapment efficiency of
microbeads were investigated, keeping the condariraf calcium chloride, stirring speed and
cross-linking time fixed at 4%w/v, 2000rpm and 2Bpectively. By increasing the drug-polymer
ratio concentration from 1:5 to 1:15 w/w, the dergrapment efficiencies were found to in the
range 63.24+0.66 to 98.90+0.86%w/w. It was obsemyed the drug entrapment efficiencies
increased progressively with increasing the comaénoh of sodium alginate resulting in the
formation of larger beads entrapping the greatesuarnof the drug This may be attributed to the
greater availability of active calcium binding sit@ the polymeric chains and, consequently, the
greater degree of cross-linking as the amount dfiupo alginate increased. Alginate
concentration increases may also reduced lossugfidrthe curing medium due to the formation
of dense matrix structure.

While keeping the concentration of drug polymeiorastirring speed and cross-linking time
fixed at, 1:10, 2000rpm and 2h respectively. Insi@g calcium chloride concentration from 1-
5%w/v the drug entrapment efficiencies were fouwd be in the range 83.30+0.75 to
93.30+0.2.%w/w. From the results, it is obvioust timgreasing calcium chloride concentration
produced beads with higher levels of €@ns. Consequently, the cross-linking of the polyme
and compactness of the formed insoluble dense ¢eatalso increased, resulting in more drug
entrapment in the microbeads.(Table2) On other Harttier increase in the concentration of
calcium chloride above (5%w/v) did not enhancedhey loading. This could be due to possible
saturation of calcium binding sites in the gulummicid chain, preventing further €imns
entrapment and, hence, cross-linking was not altevigh higher concentration of calcium
chloride solution.

Evaluate the drug entrapment efficiencies whilepkeg the drug: polymer ratio, concentration
of calcium chloride, and stirring speed constant:a0w/w, 4%w/v, and 2000rpm respectively.
Increasing cross-linking time from 0.5 to 2.5h thrag entrapment efficiencies were found to be
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found in the range 85.40+0.55 to 96.77+0.30%w/we Thoss-linking time also effects the drug
entrapment efficiencies of formulated drug loadadrabeads. Increasing the cross-linking time
resulted decrease in the drug entrapment effi@sndiTable 2], since the solubility of
aceclofenac sodium was slightly higher in calciumodde than in distilled water. Prolonged
exposure in the curing medium caused greater lbdsug through weakly cross-linked alginate
beads. However, constant drug loading was achiav@th, with no further decrease after 4 and
5h of curing time. This could be due to the formatof tight junction between calcium ions and
the active sites on the guluronic acid chain. Cqueatly, the drug was entrapped in highly
bound calcium alginate matrix resulting in no ferthdiffusion of drug in the curing medium.
Increasing the stirring speed 500 to 2500rpm theg @ntrapment efficiencies were found to be
in the range 87.40.90 to 90.56+0.35.[Table2] There was no significantarojpe on
encapsulation efficiency of drug with increaseha speed of agitation.

Table 2: Composition and physical characteristics fovarious formulations

Batch D:P Calcium  Stirring  Stirring  Yield Actual drug Drug
code Ratio chloride rate Time (%) content entrapment
(Yow/w)  (%w/v) (rpm) (h) (%) efficiency
(%)
F1 15 4 2000 2 88.30 56.92+ 0.3963.24+0.66
F2 1:7.5 4 2000 2 80.60 60.82+0.3075.43t0.42
F3 1:10 4 2000 2 76.40 68.99+0.2089.95:0.25
F4 1:12.5 4 2000 2 74.80 70.47+0.8093.85:0.50
F5 1:15 4 2000 2 73.40 72.60+0.6298.9(£0.86
F6 1:10 4 500 2 74.10 64.90+0.7887.44:0.90
F7 1:10 4 1000 2 76.30 66.20+0.7587.96£0.98
F8 1:10 4 1500 2 75.80 67.87+0.8688.35:0.93
F9 1:10 4 2000 2 76.40 68.99+0.2089.95:0.25
F10 1:10 4 2500 2 76.30 69.54+0.6490.56:0.35
F11 1:10 1 2000 2 72.40 60.45+0.6883.300.75
F12 1:10 2 2000 2 74.60 64.53+0.4586.05:0.96
F13 1:10 3 2000 2 75.10 66.76+0.5788.94:0.84
F14 1:10 4 2000 2 76.40 68.99+0.2089.95:0.25
F15 1:10 5 2000 2 77.60 72.33+0.4093.30:0.23
F16 1:10 4 2000 0.5 75.65 73.44+0.4796.230.30
F17 1:10 4 2000 1.0 76.15 70.84+0.9302.15:0.48
F18 1:10 4 2000 1.5 76.30 69.54+0.9691.08:0.87
F19 1:10 4 2000 2.0 76.40 68.99+0.2089.95:0.25
F20 1:10 4 2000 2.5 77.30 66.40+0.7535.400.55

D: P ratio:-Drug: Polymer ratio [Aceclofenac: Sodiualginate] Each formulation containing
200mg of Aceclofenac sodium. Data are expressateas +SD, n=3

The effect of various process and formulation patans on the Micromeritic properties of drug
loaded microbeads were evaluated, the size disitribwf the microbeads in different sieves
were observed, and showed 32.46% t089.50% of neadd retained22 sieve. From the
results of sieve analysis, the size distributiomatrobeads was observed that by an increase in
the concentration of sodium alginate and calciutorate solution tends to form the particles
more spherical and obtaining the uniform size spheOn other hand increase in the cross-
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linking time and stirring speed are also favorabléhe formation of more spherical beads and
the distribution of particle size slightly shifts the lower pore size The rheological parameters
like angle of repose, bulk density and tapped dgrmdiall microbeads confirms better flow and
packaging properties. All the formulations showededient flowability represent in terms of
angle of repose (<4P°. Here, too, the sodium alginate concentrationzhaignificant positive
effect on the angle of repose. Particle size irsgdavith increase in the concentration of sodium
alginate and resulted in a decrease angle. Howkigdrer calcium chloride concentration, cross-
linking time and high stirring speed influenced tfoemation of smaller beads because of
shrinkage and showed an increased angle of reptasele3] Bulk and tapped density of beads
showed good acceptable range indicates that have gackability. The density of the beads
increases as the concentration of the polymer ase® suggesting that the beads formed at high
polymer concentration are more compact and lessugothan those prepared at low polymer
content. Carr’s index, and Hausner’s ratio explaimes formulated microbeads had excellent
compressibility and good flow properties. The immment of flow properties suggest that the
microbeads can be easily handled during procesdihgble 3] The mean patrticle sizes of drug
loaded microbeads were performed by Optical mi@pgc and mean particle sizes of the
various formulations (F1-F15) of microbeads wertawied in the range between 596.45+1.04 to
880£1.23 [Table 3]. It was found that the partisiee distribution of each formulation was
within a narrow size but the mean patrticle size diferent among the formulations. The results
indicated that the proportional increase in the mearticle size of microbeads increased with
the amount of sodium alginate in the formulatiofkis could be attributed to an increase in
relative viscosity at higher concentration of sodialginate and formation of large droplets
during addition of polymer solution to the gelliagent. On the other hand the mean particle size
of microbeads was found to decrease with an inergathe concentration of calcium chloride. It
has been stated that when a drop of alginate salutbomes in contact with calcium ions,
gelation occurs instantaneously. As*€ions, penetrates into interior of droplets, waiter
squeezed out of the interior of droplets resultmgontraction of beads.[Table 3] The size of the
spherical matrix could easily be controlled by wagythe stirring speed of the system. The mean
particle sizes of microbeads were tremendous deedeaith increasing the rotational speed. At
a stirring speed of 500rpm, the mean particle diamand the size distribution of the beads
increased significantly. This low stirring speedghti have decreased the uniformity of the
mixing force throughout the emulsion mixture, am@ farticles were found to settle at the
bottom of vessel hence resulting in a wider diametehe final beads. Consequently at higher
stirring speed, a vigorous, uniform, increased raadal shear might have been influenced in
the formation of lesser diameter beads. A highetingi rate did not further reduce the mean
diameter, because high turbulence caused frotmdgadhesion to container wall. The effect of
cross-linking time at a particular stirring speealsvalso observed, and it was recorded that cross-
linking time influenced the shape as well as tlze slistribution of microbeads, possibly because
of variable shear force experienced by particugstem. All the observed data suggest that the
stirring speed 2000rpm and stirring time 2h wevanfl to be optimal for the drug loaded
microbeads.
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Table 3: Micromeritic properties of drug-loaded microbeads

Formulation Mean Angle of Bulk Density Tapped Carr’s Hausner’s
code Particle size Repose [g/ml] Density Index (ci) ratio
[um] [6] [ g/ml] %

F1 596.4%1.04  32.2(1.96 0.475:0.07 0.5930.03 19.89 1.24+0.20
F2 624.86098  28.16:0.62 0.566:0.92 0.675:0.06 16.14 1.190.30
F3 703.5%0.75  22.650.55 0.665:0.75 0.7820.05 14.96 1.1740.58
F4 844.7%1.10  20.55%:1.07 0.695:0.05 0.8020.87 13.87 1.16t0.15
F5 880.1&1.23  19.85:0.54 0.745:0.08 0.855-0.16 12.86 1.14+0.78
F6 784.6@1.08  23.65:1.65 0.58%0.85 0.72°#0.15 19.55 1.24+0.08
F7 764.5%1.06  25.150.93 0.595-0.96 0.735:0.80 19.05 1.23t0.20
F8 743.2&¢1.44  26.780.75 0.622:1.10 0.755:0.36 17.64 1.2140.40
F9 703.5%0.75  28.650.55 0.665:0.73 0.782:0.05 14.96 1.1A40.58
F10 716.8&0.96  20.15:0.05 0.685:0.09 0.790.18 13.30 1.15£0.32
F11 746.6@0.73  30.65:0.85 0.515-0.16 0.665:0.22 22.55 1.2%0.12
F12 734.1@0.54  27.75%0.96 0.5650.25 0.697%0.45 18.95 1.23t0.45
F13 724.4@0.34  26.25:0.55 0.635:0.35 0.753:0.96 15.70 1.18t0.68
F14 703.5%0.75  22.65:0.55 0.665:0.75 0.782:0.05 14.96 1.1740.58
F15 688.5&1.25 19.1(1.23 0.7120.15 0.81(x0.46 12.10 1.13:0.77
F16 804.3%1.43  25.75:0.64 0.555-0.77 0.693:0.55  20.14 1.25t0.84
F17 764.4%1.05  24.660.77 0.588:0.93 0.7240.15 18.80 1.24+0.56
F18 724.64:1.54  23.15:0.87 0.625:0.66 0.7580.35 17.62 1.20+0.34
F19 703.55%0.75  22.65:0.55 0.665:0.75 0.782:0.05 14.96 1.1740.58
F20 708.1&0.86  18.85:1.15 0.695-0.82 0.805:0.77 13.65 1.15£0.55

Data are expressed as m&&D of at least triplicate

AccY  Spot Magn Det W
5.00kv 3.0 160x SE 281

(b)
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Figure;5. Scanning Electron Microphotographs [SEM]of aceclofenac sodium microbeads
(a) at 15kv magnification 40X (b) at 3kv magnificaibn 150X (c) overall surface at 5kv
magnification 500X (d) Aceclofenac sodium pure drugt 5kv magnification 500X

The SEM photomicrographs of the dried drug-loadecrabeads and their surface morphology
are shown Figure 5. Morphology of the formulateammtaining 2%w/v of sodium alginate drug
loaded microbeads were discrete and spherical apegkigure 5a] The large visible wrinkles
and small cracks have a sandy appearance has etisbecause of the surface-associated
crystals of drug. The drug crystals observed onstiréace were probably formed as a result of
their migration along with water to the surfaceidgrdrying [Figure 5b]. The overall surface
morphology was observed the aceclofenac pure drystats covered by polymer matrix to
controlled diffusion of drug in the dissolution nieénd ultimately prolong the drug release

The swelling ratio of the beads was dependent emphhof the solution. Under acidic conditions
swelling of calcium alginate beads occurs scarcelyder neutral conditions the beads will swell
and the drug release depends on the swelling avsloer process. Being a polyelectrolyte,
alginate can exhibit swelling properties that aeas#tive to the pH, ionic strength and ionic
composition of the medium.[20] Optical microscopgsmsed to investigate the hydration and
swelling of microbeads at pH1.2, 4.8 and 6.8 upiihos. The equilibrium swelling studies
showed, with increase in the polymer concentratiswelling of beads was significantly
increased. The low swelling in acidic media pH1l.2swprobably due to proton-calcium ion
exchange forming insoluble alginic acid regions &oibwed by solvent penetration into the gel
net work. The swelling of beads was ultimately @aged in pH 4.8 and pH6.8 at the end of 4h.
This was due to increased solubility of the polymndpasic pH leading to relaxation of the cross-
linked polymeric network. It has been reported thatswelling can be enhanced by the presence
of phosphate ions in higher pH which displaces @& ions within the beads.[Figure 6(a)]
Increasing the concentration of calcium chloridedorces the beads with higher levels of ‘Ca
ions that could reduce the swelling of the beiadacidic medium. However, the amount of
calcium in swollen gel films after 4h in the mediuvas about 10-30%, which has apparently to
prevent total breakdown of the gel structures. $welling behavior of beads in pH4.8 and 6.8
were observed as a result the swelling ratio diightreases due to ionic exchange between the
phosphate ions in the buffer and higher level of'@Gans within the beads. [Figure 6(b)] When
we compared the swelling ratio with prolonged c#ogsng time maintaining same drug-
polymer ratio and concentration of calcium chlorié¢he system showed appreciably maximum
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swelling with increased pH level. These results mayecause of the maximum extent of cross-
linking that yielded compact beads, which might dnaehydrated to a greater extent. The
sequestering action of phosphate ions in highemgidia on C& ions may have contributed to
the swelling of cross-linked beads. The lower rehiidn of beads that were prepared at shorter
cross-linking time may be correlated to incomplatess-linking of sodium alginate.
[Figure6(c)]We further observed the swelling ratibomicrobeads prepared by various stirring
speed could not much effect on the swelling equilib of the beads. When we compared the
overall results of the swelling ratio of all fornatibns, the slowest swelling ratio was obtained at
pH 1.2, whereas the highest at increased pH lelvéheo medium initially, further they were
broken after 2h. The overall results suggest thatdried beads swell slightly in the stomach.
When they are subsequently transferred to uppesting, the particles are begin to swell and
they behave as matrices for sustained releasecofparated drug but they are subjected to
erosion in the lower intestine.

Figure 6(a) Effect of polymer concentration on the swelling Figure6(b) Effect calcium chloride concentration on the swelling
behaviour of drug loaded microbeads behaviour of drug-loaded microbeads
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Generally, when microbeads formulated with hydrbptpolymer are immersed in water, they

swell and form a gel diffusion layer that hindehe toutward transport of the drug, hence
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producing a sustained release effect. However,dtig release from alginate beads was pH
dependent, all the formulations showed negligiblegdelease in acidic pH 1.2 (<5%w/w)in the
range between 2.030+0.12 to 4.03£1.12 may be @tieet stability of alginate at lower pHs and
conversion of Ca-alginate to the insoluble algiaad to formed tightening of the gel mesh
work. In other hand, the polymer is eroded at alleapH and the contents are released in a
sustained manner by both diffusion and slow erosifopolymer matrix. However, the swelling
behavior of drug-loaded Ca-alginate beads at highlecould be explained by the ionotropy that
occurs between Ghion of alginate and Nidons present in phosphate buffer and consequently,
capturing of the Ca by phosphate ions. The ion exchange with phosghafter which resulted

in swelling and erosion of the beads and formatibthe solute Ca-phosphate all have influence
on increase in the drug release rate at higherhait rhight be the lower number of Nians
present in that buffer and consequently slower odien exchange and swelling of the polymer
at this pH. Based on these results we reportediteagwelling is the main parameter controlling
the release rate of aceclofenac sodium from algimaatrices is modulated by a swelling-
dissolution-erosion process.

The effect of drug-polymer ratio on aceclofenacigwod release from different batches of
microbeads is shown in Figure7 (a). Formulationdd-E5 were showed the percentage of drug
release in pH6.8 buffer media at the end of 6h 8@34, 76.38, 69.28, 68.01, and 63.23.
Moreover, at the end of 12hr in pH7.2 phosphatéebgolution the percentage of drug released
in the range 98.54, 94.61, 90.63, 88.04, and 8Be@pectively. As the drug-polymer ratio
increased, the release rate of aceclofenac sodm the microbeads decreased. The slower in
the release rate can be explained by the increasleei extent for swelling and the gel layer
thickness that acted as a barrier for the penetratiedium thereby retarding the diffusion of
drug from the swollen alginate beads. However,sieady state release was achieved after an
initial lag time and it was directly proportional the concentration of sodium alginate. The first
phase might be for the negligible dissociationlgireate beads in phosphate buffer mainly based
on drug diffusion through the small pores and csadkhe second phase exhibited a burst-like
release pattern, which was accompanied by algioldentegration. The sodium alginate
concentration in the formulation greatly influencéet steady state release of drug from the
microbeads.

Effect of variation in the stirring speed on druglease profile were also been studied and
observed aceclofenac sodium release from diffdpatthes of microbeads is shown in Figure
7(b). The percentage of drug release from the ftatimns F6 to F10 in pH 6.8 buffer media at
the end of 6hr were showed 64.17, 69.68, 72.7&87/&nd 84.14. The drug released at the end
of 12hr in pH7.2 was observed 83.91, 87.20, 90abtl 92.94. When the stirring rate was
increased, the drug release was found to be fagtes.may be due to the reduction in the size of
microbeads, which are able to provide a large saréaea for increasing in the drug release.

The effect of cross-linking agent on aceclofenadilgo release from different batches of
microbeads is shown in Figure 7 (c). The percent#dgdrug release from the formulations F11
to F15 was observed in pH6.8 buffer solution atehd 6hr 76.15, 72.37, 64.66, 60.80, 57.72
and at the end of 12hr in pH7.2 phosphate buffedianevas 94.20, 91.84, 88.44, 84.26, and
81.25 respectively. The results indicate that ratel extent of drug release decreased
significantly with increase of concentration of @am chloride, because sodium alginate as a
linear copolymer consisting g8 (1—4) mannuronic acid and (1—4) L-guluronic acid
residues; a tight junction is formed between tlsgdiges of alginate with calcium ions. However,
in case of higher calcium chloride concentratior tlhuincreased surface roughness and porosity
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[Figure4 (b)] and also poor entry of dissolutiondmn into the polymer matrix may be delayed
drug release.

The effect of cross-linking time on aceclofenac isod release from different batches of
microbeads is shown in Figure 7(d). The percentdgiug release form the formulations F16 to
F20 at the end of 6hr in pH6.8 buffer solution atdhe end of 12hr in pH 7.2 phosphate buffer
were observed in the range 80.25, 75.65, 71.83466248 and 96.76, 94.45, 90.62, 86.60, and
82.15 respectively. An increase in the cross-ligkiime from 0.5-2.5h significantly decreased
the drug release due to penetration of calciurhéariterior of the beads. Faster drug release was
observed with 0.5-1h which can be attributed topber binding of drug into the polymer matrix
and also incomplete gelling of sodium alginateréasing the cross-linking time more than 2h,
however, there is no significant change in the amofidrug release

Table 4: Study of various kinetic models on In-vito drug release

Formulation Various Kinetic Models on drug release
code Zero- First- Huguchi | Korsmeyer- Korsmeyer-Peppas
Order Order Matrix Peppas n-values k-values
F1 0.9117 0.9814 0.9124 0.9162 1.6448 3.0689
F2 0.9209 0.9774 0.9113 0.9201 1.6756 2.7783
F3 0.9392 0.9821 0.9108 0.9240 1.7315 2.3240
F4 0.9474 0.9829 0.9103 0.9250 1.7711 2.0693
F5 0.9521 0.9830 0.9097 0.9257 1.7764 1.9066
F6 0.9399 0.9803 0.9082 0.9291 1.7535 2.0130
F7 0.9372 0.9811 0.9088 0.9262 1.7449 2.1643
F8 0.9278 0.9801 0.9076 0.9217 1.7523 2.2625
F9 0.9129 0.9775 0.9602 0.9148 1.7482 2.4075
F10 0.9007 0.9768 0.9020 0.9115 1.7361 2.6019
F11 0.9224 0.9826 0.9142 0.9162 1.6704 2.8220
F12 0.9300 0.9846 0.9168 0.9153 1.6788 2.6173
F13 0.9410 0.9860 0.9156 0.9186 1.6988 2.3596
F14 0.9468 0.9857 0.9154 0.9276 1.6838 2.29.8
F15 0.9551 0.9854 0.9131 0.9347 1.6920 2.1173
F16 0.9104 0.9816 0.9114 0.9074 1.6874 2.8213
F17 0.9277 0.9826 0.9134 0.9154 1.7078 2.5682
F18 0.9432 0.9832 0.9126 0.9197 1.7203 2.3581
F19 0.9425 0.9828 0.9120 0.9777 1.7070 2.2797
F20 0.9518 0.9815 0.9079 0.9772 1.7552 1.8920

All the results shows S.D. n=3, n=Diffusion expdnetated to mechanism of drug release, accordmgduation
Mt/M_=Ktn , r-Correlation Coefficient

Thein-vitro dissolution data were analyzed by different kinetiedels in order to find out the n-
value, which describes the drug release mechaniai€; 4). The values of correlation (r) were
calculated and were found to be more linear fatfarder release as compared to zero order.
Cumulative % drug release was analyzed using PCG3S01/2.08 Software. The kinetic data was
best fitted to Korsmeyer and Peppa’s model and gegression co-efficient was observed. The
values of diffusion co-efficient ranged between 16488 and 1.7764 indicating the drug release
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from the microbeads followed by Zero-order congdlby swelling and relaxation of polymer
chains. For the developed optimum formulations wesgbjected to stability studies
at25C/60%RH, 46C/ 75% RH up to 6 months. Overall, results frore Stability studies
indicated that capsules were physically stabletheitdrug content at 46/75%RH was slightly
reduced to 92.64%w/w after 6 monf{figble;5] Good stability was observed at low tempee
for more than 6 months. More than 6 months drugddamicrobeads inside the capsule at room

temperature changes the sphericity and also desdasv properties

Table: 5 Stability Data for Aceclofenac Sodium Drug-oaded Microbeads

Serial | Sampling Drug-content of microbeads Physical characteristics
No. Interval 5 5
(months) | 5°C | 25°C/60%RH | 40°C/75%RH | 5°C | 25°C/60% | 40°C/75%R
Yow/w Yow/w Yow/w RH H
0 0 100 100 100 * * O]
1 1 100 100 99.56 * * O]
2 2 100 99.89 98.67 * * O]
3 3 100 98.76 97.45 * * O]
4 4 100 97.90 96.16 * * O]
5 5 100 97.32 94.55 * * O]
6 6 100 96.87 92.64 * * @
*No change @ Small changes
Figure;7(a). Effect of Sodium alginate Concentration Figure;7 (b) Effect of stirring rate on the
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CONCLUSION

lonotropic gelation technique is very easy to prep&ree from any organic solvents and low
manufacturing cost can be successfully used fgogpegion of aceclofenac sodium microbeads
using sodium alginate as drug release modifier.cafe conclude from the above investigation
that the proper selection of optimized formulatenditions is very important to achieve high

encapsulation efficiency and to control the releasececlofenac sodium from the alginate
microbeads. The alginate drug loaded microbeadieshvat pH 1.2 predominantly very slow but

underwent increases at pH 6.8. The drug release tine microbeads was affected by the pH of
the dissolution medium initially at acidic buffggH1.2] very less of drug release but at pH 6.8
and pH7.2 all formulations showed burst releastaity and then tend to release at sustained
manner. Therefore, the aceclofenac sodium micrabead promising pharmaceutical dosage
forms by providing modified drug release. Howewhe formulated microbeads not stable in
higher temperature more than 6 months. Therefamthdr coating will need to maintain the

stability.

Acknowledgements

We are very thankful to Principal and Chairman o¥ \bongha’s T.V.M.College of Pharmacy to
providing necessary facilities for carrying of rasgh work. Micro-labs pharmaceuticals Ltd,
Bangalore for gift sample of aceclofenac sodium d&.C. international biopolymers,
Willington, Ireland through Signet Chemical Corpgara Pvt. Ltd, Mumbai, India, were a gift
sample of sodium alginate.

REFERENCES

[1] Tommasina Coviello, Pietro Matricardi,Control Release007 119; 5-24;

[2] Naik S.R. and Chatterjee N.Rd. Drugs 1993 1(30); 1-9.

[3] Hanne Hijorth Tgnnesen and Jan Karisug. Dev. Ind. Pharn2002 28 (6); 621-630.

[4] Patric B. Deasy “Microencapsulation and relatedgdpuocess” Drugs and pharmaceutical
Science, Marcel Dekker Inc, NewyotR84 2" edn; 1-22.

[5] Kathleen parfait and Martindale. The complete Draterence part-1 “Anti-inflammatory
drugs and antipyretics” Philadelphia Pharmaceufitabs1996 32" edn,; 1-11.

[6] Yie W. Chein.Ind. J. Pharm. Sci4; 63-651988

[7] Edith M, Mark R.K. “Microencapsulation” Encyclopediof controlled release, | edn,
Volume Il, Published by John Wiley and Sons Incndon.1999 520-538.

[8] Tejal Soni, Chirag Nagada, Tejal. Gandhi Chotd.Wissolution Technologie2008 May;
31-35.

[9] Roland Bodmeier and Omlaksana PaeratduPharm. Scil989 78; 964-970.

[10] Malay k.Das and Prakash c. SenapAitita, pharm.drug Research00764; 3; 253-262.
[11] Martin Alfred, Physical Pharmacy™'4dn, B.I. Waverly Pvt, Ltd, New Delh1991,760.

[12] Choi B.Y. et allnt, J. Pharm;2002 239;81-91,

[13] .Thaned Pongjanyakul and Satit Puttipipatkhachotnl Pharm 2007 331; 61-71.

[14] Sevgi Takka, Omer H. Ocak , Fusun Acartdlr, J. Pharm S¢il998 6; 241-246.

[15] Dandagi P.M,Ind. J. Pharm. Sci2004 66 (5); 631-635.

[16] Rajesh K.S., Khanrah A. and Biswanath SASci and Ind. ResearcR003vol.62;965-
989;

[17] Pornsak Sriamornsak and Ross A Kennd®PS Pharm Sci TecB007 8 (3) 1-8.

[18] Srinivas Mutalic, et, alnt. J. Pharm 2008 350; 279-290.

[19] Pralhad T, Tayade and Rajendra Kumar D. KA&RPS Pharm Sc004 6 (1); 12; 1-8.

507
Scholar Research Library



Manjanna K. M et al Der Pharmacia Lettre, 2010, 2 (2):486-508

[20] Gonzalez M.L. et, alnt, J, Pharm 2002 232; 225-234.

508
Scholar Research Library



