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ABSTRACT

The objective of the current investigation was donfulate Eudragit RS100 based sustained releasketpel
containing Diclofenac sodium intended for flexidtesing in pediatric patients. Diclofenac sodiunaig/pe Il anti-
inflamatory agent. Pellets in the form of microsms were prepared by O/O emulsion solvent evajoranethod
with different stabilizer concentrations and atféiEnt speeds of emulsification while maintainiegstant amounts
of Diclofenac sodium. Span 80 was used as theligeb Drug excipient compatibility study was pmrhed prior
to formulation development and only compatible @rcits were used in the fabrication of microspheRrepared
microsphere formulations were characterized forgeettage yield, particle size analysis, entrapméfitiency,
invitro release behavior, differential scanning @ainetry (DSC), scanning electron microscopy (SEM)yivo
drug release and in vitro in vivo correlation (IMLY. SEM studies showed that the microspheres wdrerigal
with rough surface morphology. The drug loaded ospheres showed 50-80% entrapment efficiency. inMiteo
release profile showed a slow and steady releaseemafor Diclofenac sodium. A 100% Diclofenac sodiwas
released within a period of 12 hrs during this timrfdhe drug release was found to follow diffusiomtoalled
mechanism. The n value of Korsmeyer Peppas equatdinated non Fickian type of diffusion. DSC résul
indicated that the physical state of the drug waanged upon fabrication. In rats, the pellets reled the drug for
over a period of 12 hrs after oral administratioh.100% IVIVC was achieved with the optimized foatioih. As a
result of these experiments, it was concluded thavel sustained release oral pellets comprisinglicfofenac
sodium were successfully prepared using eudragitORSs the polymer and using emulsion solventuatiain
method.

Key words: Pellets, Microspheres, Diclofenac sodium, EudrR@100, O/O Emulsion solvent evaporation method.

INTRODUCTION

Previously acute or chronic illness was treatechwitug formulations such as tablets, capsules,ntseaills,
suppositories, simple injections, sustained rel¢alkets, etc. Recent innovations resulted in sdviermulations
such as fast dissolving tablets, targeted nanapesti floating tablets, parenteral sustained reléagplants and
microspheres, nasal formulations, respiratory fdations, colon specific formulations gtd. These formulations
would eventually replace the currently availablenfalations in a pharmacy. In this regard, we preppsliets as
one more such delivery system. These pellets camdyeloped as proprietary technologies where ineonc
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formulated can be used for a variety of drugshis study, we developed such technology for diclatesodium
and these pellets can be used as a flexible pedigtsage form. The pellets are prepared in then fof
microspheres. Diclofenac microspheres were prelyquepared and reported [2,3].

Pellets can be defined as small, free flowing, sphEparticulates manufactured by the agglomeratb fine
powders or granules of drug substances and extipigmically from about 0.5 mm to 1.5 mm by using
appropriate processing equipment or method. Hot metusion, spheronization are commonly used apared
pellets. On the other hand, microspheres, othendoof pellets are of size 1-1000 um. These areagpeepby
solvent evaporation technique or spray drying tepes. In this study, we have used microsphergeebsts and
used further for sustained release oral releaseiaddfenac sodium, especially focusing at padiefrizposes.
Further, pellets can be conveniently used for Bexidosage adjustmerft. Oral route of administration is most
widely used route of administration of drugs. It@venient, predominant and widely accepted. Dnendilations
administration via the oral route are commonly déd into immediate release and modified releastemsys
Modified release systems are used for sustaineaseland drug targeting. Oral drug delivery syst@mDS) are
commonly divided into immediate release and modifielease systems. These modified release dosages fo
achieve a desired pharmacokinetic profile, to enbgratient compliance and to minimize adverse deagtions.
Microencapsulation technique is widely used to prepODDS, especially microparticles (microspherés)this
technique, a thin coat is applied to core mat¢si#]. These formulations are generally called asrocapsules.
The other way of forming microspheres is embeddivegdrug in the matrix form which is of micro ireei These
are called as micromatrices. Micromatrices and oci@psules are together called as microspheresdBRas¢he
polymer, these microspheres can be convenientlyl @se powders, or used as formulations that haven bee
transformed into tablets and capsules. Severahpaly such as xanthine gum, guar gum, gumarabic,kguaya,
olibanum gum, methyl cellulose, polylactides-coegljdes can be conveniently used to prepare these
microspheres. Depending on the nature of the palyang technique can be used to prepare microspfig&is
Microspheres are used as carriers with disperseg plarticles to allow for sustained action and agoimize the
adverse effects.The most significant feature ofrasigheres is their microscopic size that allowsaftiuge surface
area. This large surface area of microspherestsesulsites of adsorption and desorption, chemieaktions,
lightscattering, etc [9,10]. The objective of tkigidy is to prepare diclofenac pellets in the fafimicrospheres
and investigate them for the formulation developtreerd characterization. The intention was to dgvegladietric
sustained release delivery system for diclofendauso.

MATERIALSAND METHODS

Materials:
Diclofenac sodium as a gift sample from MSN Laborias Pvt. Ltd, Hyderabad, India, Eudragit RS10&rafin
Liquid (light), Span 80, Acetone are from SD Fitemical Ltd, Mumbai, India.

Preformulation Studieswith the Drug

Preformulation testing is the first step in thdaaale development of dosage forms of a drug suabstat can be
defined as an investigation of physical and chehpoaperties of a drug substance alone and wherbicaad with

excipientd11,12]. The overall objective of preformulatiorstieg is to generate information useful to the folator

in developing stable and strong formulations. Thefgrmulation studies with the drug obtained weeefgrmed

using conventional and reported techniques. TheMibible spectrum, solubility, flow properties, melj point and
drug crystallinity were determingti3,14].

M ethods:

Microspheres were prepared by O/O emulsion soleswajporation method. A mixed solvent system (MSS) of
acetonitrile and dichloromethane and distilled watere used for the preparation of microspheresntesnal
organic phase and aqueous phase. Liquid paraffinSgan 80 were used as external oily phase andcsamt. N-
hexane was added as a non-solvent to the processatium to solidify the microspheres.This method fo
preparation of microspheres was reported to oveecthra problem of low encapsulation efficiency otevasoluble
drugs prepared by conventional o/o emulsion solesaiporation methofl5-17]. The composition and ratio of
compounds was showed in the following table no: 1
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Table: 1 Formulation design of Microspheres

Formulation code F1 |F2 | F3 | F4 F5 F6
Materials
Diclofenac sodium (mg) 50 50 50| 50| 50 50
Eudragit RS 100 (mg) 100 100 100 50| 50 50

Spar-80 (% 0t [1 2 0.F 1 2
Acetone 10 10 10 10 | 10 10
Petrolieum ether 4 4 4 4 4 4
Liquid Paraffin (ml) 50 50 50 50 | 50 50
Stirring Speed (rpm) 75 750 750 100QL000 | 1000

CHARACTERIZATION OF MICROSPHERES

PERCENTAGE YIELD:

Percentage practical yield is calculated to knoaualpercentage yield or efficiency of any methddistit helps in
selection of appropriate method of production. Phepared microspheres of all batches were accynatgighed.
The measured weight of prepared microspheres wasediby the total amount of all the excipients dnay used in
the preparation of the microspheres, which givettial percentage yield of floating microsphdis. It was
calculated by using following equation.

% Yield = actual weight of product/total weightecipients and drug x 100

DRUG ENTRAPMENT EFFICIENCY:

Microspheres equivalent to 50 mg of the drug waket for evaluation. Microspheres formulation wasalved in
aliguot amount of methanol by continuous shakingg iLO mL volumetric flask and the volume was magl¢o the
mark. The solution was filtered and the absorbames measured after suitable dilution. The amountrof
entrapped was estimated spectrophotometrically (@90, Shimadzu, Japan) at Diclofenac Sodium of {eagth
i.e., 275nm and against appropriate b[d®}. The amount of drug entrapped in the microsghevas calculated by
the following formula:

Amount of dractually present (DC)
% Drug entrapment = X 100
Thetizal drug load expected
(DC- Actual Drug Content)

PARTICLE SIZE DETERMINATION:

The mean particle size was determined by usingalpthicroscope. In this method 25 particles size determined
by using stage micro meter. The average partide wias determined in this method. The eye pieceadassted
and the stage micrometer was adjusted accordintheoeye piece. Calibration factor was calculatedthmsy
following formula:

Calibration factor =stage micrometer/eye piece

A minute quantity of prepared microspheres was a&pren a clean glass slide. Then particle size ef th
microspheres were measured, from which averagéleasize was calculated which was then multiphgth the
obtained calibration factor .In this way, the agergarticle size was calculated for all the sixchas.

SCANNING ELECTRON MICROSCOPY (SEM):

The most widely used procedures to visualize miarigles are conventional light microscopy (LM) aswhnning
electron microscopy (SEM). It images the sampldaser of a solid specimen by using a focused beaimghf-
energy electrons. The signal contains informatitwoud surface topography, texture, external morpilof
fractured or sectioned surface, chemical compasitioystallographic information, and electrical dantivity.

In order to examine the particle surface morpholagyl shape, Scanning Electron Microscopy (SEM) wsae.
Microspheres were scanned and examined under &hebticroscope. Dry microspheres were spread ovaala
The sample was shadowed in a cathodic evaporatbrgweld layer 20 nm thicj0]. Photographs were taken using
an S-3700N Scanning Electron Microscope (Hitachgrated at 20 kV.
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IN-VITRO RELEASE STUDY:

The drug release rate from microspheres was detethbly using USP dissolution apparatus Type |IKgak/pe).
A weighed amount of microspheres equivalent to §0ofnrdrug (Diclofenac Sodium) was weighed and plaicea
non reacting mesh that had a smaller mesh sizettigamicrospheres. Dissolution medium used wa®NCHCI (pH
1.2, 750 ml) for first 2 hours and maintained at130.5°C at a rotation speed of 100 rpm. 5 ml ohgle was
withdrawn at each 15 min interval for the first hdollowed by 30 min interval, later this interwabs extended to 1
h. Sample was then passed through a 5 pm membiltere &nd analyzed spectrophotometrically at 27 n
determine the concentration of Diclofenac Sodiuraspnt in the dissolution medium respectively. THigal
volume of dissolution medium was maintained by agdi ml of fresh dissolution media after each wittveal. The
dissolution study was continued with using phosphmtffer (pH 6.8 + 1, 900ml) for next 10 h. The auative %
drug release was calculated using standard cathratirve21].

RELEASE KINETICS:

The matrix systems were reported to follow the Rspelease rate and the diffusion mechanism forelease of the
drug. To analyze the mechanism for the releasereledse rate kinetics of the dosage form, the olbtained was
fitted in to, Zero order, First order, Higuchi niatand Peppas model. In this by comparing the veslobtained, the
best-fit model was select§zp].

DRUG- EXCIPIENT COMPATIBILITY STUDIES[23]

FOURIER TRANSFORM INFRA-RED SPECTROPHOMETER (FT-IR STUDIES):

The FT-IR spectra of drug, Eudragit RS 100 andnoigtd formulation diclofenac sodium microspheresene
obtained. Sample about 5 mg was mixed thoroughtit W0 mg potassium bromide IR powder and compacted
under vacuum a pressure of about 12 Psi for 3 méndthe resultant disc was mounted in a suitadiehan Perkin
Elmer IR spectrophotometer and the IR spectrum neasrded from 4000 cthto 625 cnit in a scan time of 12
minutes.

DIFFERENTIAL SCANNING CALORIMETRY (DSC):

Differential Scanning colorimetry is used to detemendrug excipient compatibility studies, and alsed to observe
more phase changes such as glass transition, lirggian, amorphous forms of drugs and polymerbermal
properties of the powder samples were investigatigd a DSC. The physical state of drugs and polymas
analyzed by Differential Scanning calorimeter (8thilzu). Approximately 10 mg of sample was analyiredn
open aluminum pan, and heated at scanning rat@°@/thin between 0°C and 400°C. Magnesia was usdteas
standard reference material.

IN VIVO STUDIES

To determine drug release into systemic circulatiowivo and in vitro in vivo correlation with thpellets, the
microspheres were administered orally into malgawrisats at O time. All the animal studies werecimied as per
the guidelines of CPCSEA, India. The protocol wppraved by Institutional Animal Ethics Committee \dkas
College of Pharmacy, Suryapet. Wistar rats (weidlif0-220 g) were used as experimental animalsIvBwats
were randomly divided into two groups with six rateach group. Prior to the experimentation the were fasted
for 12 h with free access to water. The next daglpfenac sodium sustained release microspheresi@tafenac
oral suspension prepared using sodium CMC as sdspgeagent were given to the two groups of ratsthé@oral
route. All the formulations contained 50 mg of driddpout 0.5 ml blood samples were collected viadHwst vein at
0.125, 0.25, 0.5, 1, 2, 3, 4, 6, 8, 10, 12 and rR4fter administration. The collected blood samplese placed in
heparinized tube and then separated immediatebebtrifugation at 3000 rpm for 10 min and storee@PC prior
to the analysis. The plasma samples were thenctattand the diclofenac was analyzed using a LCM8ad as
described earlidR4]. The method was validated over a concentratamye of 0.1- 50 mcg/ml. The peak areas of
drug was determined. The plasma concentration firoéle for all the batches was determined andtetbusing
Excel.

The plasma data and the in vitro release datarsaiaising F5 formulation was used in the developraEtV/IVC.
A Level A IVIVC, point-to-point relationship betwaen vitro dissolution and the in vivo input rateas studied.
Mean in vitro dissolution and mean in vivo concatitm time data were used to build a correlatiome Pprocedure
of developing an IVIVC consisted of following stepsalculation of cumulative in vitro percentage sdiltved,
calculation of cumulative in vivo absorbed from centration-time data by deconvolution, and modelihg
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relationship between cumulative in vivo absorbed anmulative in vitro absorbed. Cumulative in vidoug
absorbed was determined using a method as preyidestribed25].

RESULTSAND DISCUSSION

Preformulation study for diclofenac sodium has beerformed to know the drug physical propertieas®o design
it to a suitable formulation. The solubility of gudrug Diclofenac in 10 mg/10 ml of solvent wasriear out and it
reveals that it is freely soluble in water, slighgbluble in ethanol, chloroform and dichloromethalt is soluble in
methanol. The melting point of the pure drug (Dieftac sodium) was determined at 283-285 °C. The dru
entrapment efficacy of microspheres for F1 to F& athe range of 50-80%. Highest entrapment efficaas
observed with F5 formulation, with a percentageraprhent of 80% for Diclofenac sodium. The resulfs
percentage drug entrapment efficiency are showthdriable no 2. From the encapsulation efficievalyes it was
observed that increase in the speed of rotatiom ff&0 rpm to 1000 rpm at constant surfactant canagon,
resulted in higher encapsulation efficiency. Thiaynbe due to the formation of larger emulsion detgplat low
speed ensuring enough drug diffusion out of theesjgheres before they harden. From the encapsuletiiciency
values it was observed that by keeping the speedotattion constant, there was a significant deeeias
encapsulation efficiency of the drugs with increaseoncentration of surfactant for the secondamylksion. This
may be due to the fact that increase in surfactantentration proportionally increases miscibitifyacetone with
light liquid paraffin (processing medium) which meacrease the extraction of drug into the processiredium.
Percentage yield of all the formulations was calted and reported in the table. 3. Percentage ¥idite range of
42% to 80% was observed for the formulations F1¥&ximum yield was obtained from formulation F5 hvi
yield of 80%. The mean particle size of the devetbformulations of microspheres was found to béhérange of
88.62 to 296 um given in table 3. Minimum size whined from batch F5 having 1% span 80 concémirat a
stirring speed of 1000 rpm. It was found that theamparticle size was decreased with an increatfeeistirring
speed and stabilizer concentration. Surface moggyobf the microspheres was examined by scanniegtreh
microscopy (SEM). The microspheres of optimizedrfolation were examined. The SEM results showed ttieat
microspheres were spherical in nature with rougfiase morphology. In addition, micropores wereearked on
the surface of microspheres at higher magnificatid®EM pictures are shown in figure 1, from figutrevas
concluded that the average particle size was fdonde in a micron range (um). The cumulative preskug
release of F1 to F6 formulations at various tintervals was calculated, the cumulative present delgpse in all
formulations was plotted against time in figureafihong all the batches slow and constant releasebgesved with
all formulation. But F5 was considered the optirdiZermulation and was used further because it predudeal
sustained release. It was observed that Diclofepdoum release was at the end of the release shiglynay be
due to reason that release from the microspherperdis on the core: coat ratio i.e., drug: polyraép, which
resulted in low cumulative percentage drug reledsticlofenac sodium from the microspheres. Theitro release
data obtained from optimized Formulation F5 wateditin various kinetic dissolution models such e zorder,
first order, Higuchi model and Korsmeyer-Peppas ehothe Peppas model is widely used to confirm tvaethe
release mechanism is Fickian diffusion, non-Ficldéfusion or zero order. ‘n’ value could be usedcharacterize
different release mechanisms. Optimized formulakbéris following Higuchi model release mechanismbfoth the
drugs (Diclofenac sodium), with first order reledseetics and it follows non Fickian diffusion whénapplied to
the Korsmeyer-Peppas model for mechanism of drlgase. The results are shown in table no 4. Drugnper
compatibility studies were carried out by using RTdpectral studies to establish the possible iotiera in the
formulations. The FTIR spectrum of Diclofenac sadjlEudragit RS100 & their physical mixture is showrigs
3,4,5,6. The following characteristic peaks wersesbed with Diclofenac sodium as well as the plajsmixture
containing. As the identical principle peaks wetesarved in all the cases, hence it shall be coefirrthat
interactions do not exist between the drug andmely The physical mixture retained the integritydafigs and as a
reason these polymer was selected for further esudtrom the above spectra of Diclofenac sodiunysipal
mixture and polymers and formulation F5, it was erlved that all characteristic peaks of diclofenadism were
present in the combination spectrum and there ishifd in peaks, thus indicating compatibility d¢fet diclofenac
sodium and polymer. There is no physical and chalninteraction of drug and polymers. Hence thereasirug
and excipient incompatibility, Thus drug & excipisrare compatable. DSC studies were performed derstand
the nature of the encapsulated drug in the matfide physical state of drug in the polymer matrixuldoalso
influence its release characteristics. To probs #ffect, DSC analysis was performed. Diclofenaditsn and
optimized formulation F5 as shown in the Fig 7 @&dlrhe DSC thermogram of diclofenac sodium exhibits
endothermic peak at 23D, corresponding to its melting transition poinhefe was no peak detected in the
temperature ranges of both the drugs in the opéichiformulation (Diclofenac sodium, Eutragit, formtibn
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microspheres). The absence of drug peak may b&dtenversion of drugs from crystalline state tmemystalline
or amorphous state.The absence of detectable linstomains in the optimized formulation cleairtglicates that
the drug Diclofenac sodiumc in amorphous or disaderystalline form of a molecular dispersion lve polymer
matrix. The study successfully developed diclofesadium pellets in the form of microspheres socafotm a
flexible sustained release padietric dosage forne preparation technique is based on previous gatldns from
our groud26,27].

The in vitro data was conveniently supported uding in vivo data. The in vivo data obtained forimed
formulation and oral suspension is shown in Figd$we observe, the drug release in the plasma ustaised for
over a period of 12 hours. IVIVC is a tool to deyglstrong formulation development programmes foarety of
formulations. In near future, IVIVC may become marwaty as part of formulation developmé2g]. We previously
developed and used IVIVC for the development of osanotic pump29], parenteral sustained release dosage form
[30] and nanosuspensif2b]. The feasibility of developing a Level A IVIV@r diclofenac sustained release oral
pellets of our study was evaluated by plotting it dissolved in vitro with respect to fractionsaipbed in vivo. A
100% IVIVC was achieved in our study.

Table: 2 Drug entrapment efficiency Data of all the formulations

Formulatior | Entrapment efficienc
F1 60% +2
F2 50%:+3
F3 50%+4
F4 63%:+2
F5 80%=+2
F6 56%+4

Table: 3 Particle size and Percentage yield Data of microspheres

Formulation ParzlucrI:)suze Perce\l;itg%e (%)
F1 184.56+3.78 67.545
F2 98.35+4.25 42+4
F3 230+2.32 54+3
F4 296+4.28 74.2+2
F5 88.62+3.69 80+3
F6 170.33£2.51] 72.5+5

Table: 4 Regression coefficient (r?) values of different kinetic models and diffusion exponent (n) of Peppas model for Diclofenac sodium

Formulation Zero c;rder First c;rder Higuzchi 2Pep as
Code R R R R N
F5 (Diclofenac sodium) 0.9608 0.9671 0.9819 0.9504 0.684

L

OUCT-HYD 20.0kV 9.4mm x600 SE

Fig 1 SEM potographs of microspher es of optimized formulation
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Fig 6. 1VIVC with Oral Suspension and Oral Pellets of Diclofenac Sodium
CONCLUSION

From the study it is evident that promising susdinelease microspheres of Diclofenac sodium magelveloped
by O/O emulsion solvent evaporation technique iggigEudragit RS100 as polymer.
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