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ABSTRACT

The main objective of the work is to prepare meaf@naacid loaded microspheres for sustained releasiag
different polymers ethyl cellulose as syntheticypmr and sodium alginate as natural polymer and panm® and
selecting best suitable polymer among them. Fopgmieg mefenamic acid microspheres ethyl cellulosed as
synthetic polymer in solvent evaporation method sodium alginate as natural polymer used in inoicagelation
technique. All formulations were prepared by vagyithe drug and polymer concentrations. The obtained
microspheres were characterized for surface momdwl stability and evaluated for yield, drug corten
entrapment efficiency and Invitro drug release. @amative study was performed between the best fations of
Ethyl cellulose and sodium alginate polymers. pattential value, Drug content, Entrapment efficiginf the best
formulation of Mefenamic acid microspheres usirfgyetellulose was found to be -78.2mv, 93.4%, 9%beéteas
for using sodium alginate it was found to be -65/,181.7%, 90.1%respectively. The drug release wasd to be
90.4% till 12hrs following first order rate constamith fickian diffusion for the best formulatiorsing ethyl
cellulose whereas for using sodium alginate, thegdrelease was 92% till 11hr&thyl cellulose was found to be
the best polymer for preparing the mefenamic acidraspheres with good stability, drug content, epment
efficiency and sustained drug release for 12hours.

Key words: mefenamic acid, ethyl cellulose, sodium alginat&rospheres, solvent evaporation method, inotropic
gelation technique.

INTRODUCTION

A well designed controlled drug delivery system caercome some of the problems of conventionalagheand
enhance the therapeutic efficacy of a given drugabtain maximum therapeutic efficacy, it becomesessary to
deliver the agent to the target tissue in the ogitiamount in the right period of time there by éagdittle toxicity
and minimal side effects. There are various appresiin delivering a therapeutic substance to thgetssite in a
sustained controlled release fashion. One suctoappris using microspheres as carriers for drigs

Microspheres are defined as “Monolithic spherehardpeutic agent distributed throughout the matiilker as a
molecular dispersion of particles” (or) can be dedi as structure made up of continuous phase ofoomeore
miscible polymers in which drug particles are dispe at the molecular or macroscopic level. It hasrticle size
of (1-1000nmj*
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Mefenamic acid is a widely prescribed NSAID andduss first line therapy for the treatment of ailnsesuch as
Arthritis and Dysmonorrhoea and its half-lifg, L.5-2hrs. It is considered to be a BCS Class Igdtaw soluble
and high permeable).Mefenamic acid binds the pgtstalin synthetase receptors COX-1 and COX-2, itihghthe
action of prostaglandin synthetase. As these recgptave a role as a major mediator of inflammatidve
symptoms of pain are temporarily reduced.Ethylutedieis non-biodegradable, bio-compatible, none@yinthetic
polymer and widely used in oral and topical forntigia. Sodium alginate is a biodegradable naturfymper >®. It
is used in the preparation of sustained releaddaraulations since it can delay the dissolutidraarug. The main
objective of this work as mefenamic acid has léskgical life t,, 1.5-2hrs. Hence frequent administration of drug
200-400mg twice daily is required to maintain thesided steady state level so, formulating such dnig
controlled drug delivery system i.e., microspheusing different polymers is expected to increase ghstain
release action and to improve patient complianceetlycing the dosing frequeréy

MATERIALSAND METHODS

Materials

Mefenamic acid was supplied as a gift sample froagm& Aldrich Chemicals Pvt. Ltd., Bangalore. Ethgllulose
was supplied from S.D Fine chemicals Ltd, Mumbaidi8m alginate was supplied from SD fine-chem Lédit
Mumbai.

M ethodology

Preparation of mefanamic acid microspheres by solvent evaporation method:

Various parameters were optimized for the prepamatf microspheres such as organic solvent (etbgtate),
stirring speed (700rpm), and organic to aqueous (4t10).Ethyl cellulose was taken in a crucitgedissolved in
ethyl acetate to form a homogenous solution. Mefaoacid was added to the homogenous solution amddm
thoroughly. Dispersion was then added as a thieastrto 100ml of aqueous mucilage of 0.5% sodium cmc
contained in a 250 ml beaker while being stirred@ rpm to emulsify the added dispersion as adioplets. The
solvent removal was achieved by continuous stird@goom temperature for three hours to produceerspdd
microspheres. The microspheres formed were cotldydiltration and washed repeatedly with distlater. The
product was then air dridd

Tableno 1: List of formulations

Formulations | Ratios
F1 1:1
F2 1.1
F3 1:2
F4 1:2.5
F5 1.5:1
F6 2:1
F7 251

Preparation of mefenamic acid microspheres by ionotropic gelation technique

Parameter optimized for the preparation of micreses such as calcium chloride concentration. Maefea acid
loaded microspheres were prepared by dissolvingusodlginate in distilled water by gently heatirigoh using
magnetic stirrer to get a bubble free solution casipg different concentrations (1%t02.5 %).Mefemaawcid was
accurately weighed and dissolved in methanol ardkédo the polymeric solution to form a clear solut The
dispersions were sonicated for 30 min to remove a@nyubbles that may have been formed during tineng
process. The homogenous dispersion were added d®pia a 20-gauge hypodermic needle fitted wiyi@nge
into 50 mL of 4 % solution of gelling agent catleing stirred at 200 rpm for 10 min. The droplEtsn the
dispersions instantaneously gelled into discretéermamic acid-alginate matrices upon contact with gblution of
gelling agents. The formed alginate microspheresewerther stirred in the solution of gelling agerfor an
additional 1 h. On expiration, solution of gellimgent was decanted and the microspheres were wagtted
distilled water. The microspheres were filtered amdiried.
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Tableno.2: List of formulations

Formulation | Ratios
FF1 1:1
FF2 1:15
FF3 1:2
FF4 1.2.5
FF5 1.5:1
FF6 2:1

CHARACTERIZATION AND EVALUATION OF MICROSPHERES
The microspheres prepared by the above techniques were characterized for
1)Patrticle size

2)Zeta potential

3)Drug-polymer interaction

Scanning Electron Microscopy (SEM)
Suspension was made to obtain Photomicrographfieofitefenamic acid loaded microspheres using the SEM
Scanning Electron Microscopy is used to deterntieeshape, size and surface morphology of the npberes’.

Zeta potential
The prepared microspheres were dispersed in deidmiater and sonicated for 30 minutes.
The resultant dispersion was diluted and obsergeddta values.

Fourier Transfom-Infrared Spectroscopy FT-IR is used to determine the degradation ofptblgmeric matrix of

the carrier system. The surface of the microsphisresestigated measuring alternated total rediece (ATR). The

IR beam passing through the ATR cell reflected mamgs through the sample to provide IR spectranmaif
surface material. The ATR- FTIR provides informatiabout the surface composition of the microspheres
depending upon manufacturing procedures and conditi

The microspheres prepared by the above techniques were evaluated for
1) Percentage yield

2) Drug content

3) Entrapment efficiency

4) Invitro drug release

Percentage yield: The yield of the prepared formulations was calmdaas the percentage of the weight of the
dried product at room temperature compared to hieeretical amount. Product yield is calculated bing the
following Equation

Product yield=Weight of the product X 100
Weight of raw materials

Drug content:

The various batches of the microspheres were sgi¢or drug content analysis. Accurately weighadrasphere
samples were mechanically powdered. The powderedospheres were dissolved in adequate quantitythofl e
acetate in two necked round bottomed Flask. Withhilp of mechanical stirrer allow it to stir forh®urs then
filter. The UV absorbance of the filtrate was meadwsing a UV spectrometer at 285nm.

Drug content = Practical drug content X 100
Theoretical drug content

Entrapment efficiency:
The prepared formulations were examined for enteagrefficiency. 40mg of the prepared formulatiorsveken in
equivalent quantity of 7.4 phosphate buffer. Thepsmsion is ultra-centrifuged at 17240rpm for 4Qutes.
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EE= Total amount of drug- Amount of drug in supant
x 100

Total amount of drug

Invitro drug release study of microsphere formulationsin phosphate buffer p™ 7.4:

The dissolution rate testing apparatus was empltyedudy the release of mefanamic acid using phetspbuffer

p™ 7.4 as a dissolution medium. 50mg equivalent ofamemic acid microspheres was taken and dissoluésh
was being carried out at 50rpm maintained 8t 370.5c. 5ml of sample were withdrawn at specific timeeinal

for 12 hours. The sample volume was replaced byguml volume of fresh medium. The concentration was
determined spectrophotometric ally at 285nm.Theespracedure was repeated for other formulatiors als

RESULTSAND DISCUSSION

The prepared microspheres using ethylcellulose ssthetic polymer Seven formulations F1,F2,F3f&F6 and

F7 were evaluated for product yield,drug contentramment efficiency,and invitro drug release. Tneg content
results for F1,F2,F3,F4,F5,F6 and F7 was foundeto80.1%,82.7%,88.4 %,93.4%,81.9%,84.3%,85.5 .pnteat

efficiency of F1,F2,F3,F4,F5,F6,F7 was found t086€6,87.1%,89.2%,92.5%,86.4,85.4,82% .Invitro drelgase

of F1,F2,F3,F4,F5,F6,F7 was found to be 96.8% irs,88.2% in 8hrs,94.2% in 9hrs,90.4%in 12hrs,97i8%
7hrs,95.4% in 5hrs,97.2% in 4hrs .Among all therfalations of microspheres F4 formulation was fotmtie best
with drug content of 93.4%,entrapment efficiency9@5%, drug release 90.4% for 12hours followest farder

release with fickian diffusion mechanism. FTIRdias revealed no drug polymer interactions.

The prepared microspheres using sodium alginate reetural polymer six formulations FF1, FF2, FFB4FFF5
and FF6 were evaluated for product yield,drug auntentrapment efficiency,and invitro drug releaEke drug
content results for was found to be

81.6%, 83.1%, 91.7%, 89.7%, 87%, 90.7%. Entraprefficiency of FF1, FF2, FF3, FF4, FF5, and FF6 feasd

to be 86.8%, 88.1%,90.1%, 84.5%, 85.3%, and 8716%ro drug release of FF1,FF2,FF3,FF4,FF5,FF6 feaad

to be 95.8% in 8hrs, 98.4% in 9hrs,92% in 11hrsp®8in 10hrs, 97.2% in 6hrs, 97% in 5hr.Among ak t
formulations of microspheres FF3 formulation wasinfd to be best with drug content of 91.7%, entragme
efficiency of 90.1%, drug release of 92% for 11 tsodiollowed first order release with fickian diffos
mechanism.FTIR studies revealed no drug polymeraations.

The best formulations of microspheres using ethillipse and sodium alginate polymers, were founbe F4 and
FF3 respectively. A comparative study was done antba best formulations.

Comparative study between the best formulations of microspheres using ethyl celulose and sodium alginate

polymers.
A Comparative study was performed for the best fdations of mefenamic acid loaded microspheresifoe and
surface morphology, product yield, drug contentragment efficiency, stability, invitro drug relesstudies.
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Fig 1: SEM images of best formulations of microspheresusing ethyl cellulose and sodium alginate polymer
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Size and surface morphology: The best formulations of microspheres using etleylutbose and sodium alginate
polymers were compared for the size and surfacehobogy.

Percentageyield
Percentage yield of both the best formulations werapared

%yield
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Fig2: Comparison of %yield of best formulation of mefenamic acid loaded ethyl cellulose and sodium-alginate micr ospheres

Percentage yield of FA&FF3 formulation was found&91.4%, 90%respectively.out of two best formatet F4
formulation yielded highest results.

Drug content
Drug content of both the best formulations were garad

Drug content
100 93.4 91.7
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Fig3: Comparison of drug content of best formulation of mefenamic acid loaded ethyl cellulose and sodium-alginate micr ospheres

Drug content of FA&FF3 was found to be 93.4%, 91ré%pectively and the highest was found for F4 fdation.

Entrapment efficiency
Entrapment efficiency of both the formulation wemnpared
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Entrpment efficiency
100 92.5 90.1
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Formulations
Fig4: comparison of entrapment efficiency of best formulations of mefenamic acid loaded ethyl cellulose and sodium-alginate
microspheres

Entrapment efficiency of F4 & FF3 was found to (2596, 90.1% respectively. On comparison F4 fornotetvas
showing highest entrapment efficiency than the roftvenulation.

Zeta potential
Zeta potential of both the best formulations weyspared

Zeta potential

-65.1

-78.2

-100
Formulations

Fig5: comparison of zeta potential values of best formulation of mefenamic acid loaded ethyl cellulose and sodium alginate microspheres

The zeta potential value of F4 formulation was fbto be -78.2mv whereas the zeta potential of FEFdilation
was found to be -65.1mv. On comparison the F4 féation was showing higher zeta potential value tthenother
formulationindicating the greater stability.

Invitro drug release studies
Invitro drug release studies of both the formulagiovere compared
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Comparative invitro drug release study
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Fig6: Comparison of invitro drug release data of best formulation of mefenamic acid loaded ethyl cellulose and sodium-alginate
microspheres

On comparison F4 formulation was showing sustairelse for 12hours with drug release rate of 90wtién
compared to FF3 formulation which was sustained.idrours with 92%drug release.

Finally the F4 formulation of microspheres usingpyetcellulose as a synthetic polymer, FF3 formulatiof
microspheres using sodium alginate as a naturaimpal were compared. Among the two best formulations
microspheres prepared using ethyl cellulose asithstic polymer were found to be the best for threnulation of
mefenamic acid microspheres with the drug rele&8€ d%for 12 hours.

Comparison of best formulation with various kinetic models:
Several plots (Zero order plot, first order ploiguchi plot and peppas plots) were drawn in ordekriow the
release kinetics and drug release mechanism.
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Fig7: Comparative plots of best formulations
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Table no 3: Kinetic data of best formulations

Zero order| First order| Higuchi Peppas plot
Formulation plot plot plot ppas p
(R? (R? (R? (n)
F4 0.8488 0.9632 0.9811 0.341
FF3 0.8563 0.9151 0.9478 0.3142

F4 formulation of microspheres using ethyl cellel@s synthetic polymer followed first order kinstigith fickian
diffusion mechanism. FF3 formulation of microspleereing sodium alginate as natural polymer folloviiest
order kinetics with fickian diffusion mechanism.

CONCLUSION

In the present study comparative study of mefenamiid loaded microspheres using ethyl cellulosgyathetic and
sodium alginate as natural polymers was done. Mafémacid is a hydrophobic drug can be better pptrd with
ethyl cellulose and sodium alginate. Microspheresenprepared by using ethyl cellulose as polymetdgid
sustained releasewith good safety profile.

Mefenamic acid microspheres were prepared usinthsiin polymer ethyl cellulose and natural polyrsedium
alginate. Microspheres have been prepared by soksaporation method using ethyl cellulose as yrehetic
polymer. Process parameters have been optimizddasuorganic: aqueous ratio, different organicetvdifferent
speed. Seven formulations were prepared by vagiing: polymer ratios. Out of seven formulationsfé&dnulation
i.e., (1:2.5) drug : polymer ratio was found to the best formulation with the zeta potential vabie-78.2mv,
product yield of 91.4%,drug content of 93.4%,entnapt efficiency of 92.5% and invitro drug releas®0.4%for
12hours.

Microspheres have been prepared by inotropic gel&chnique using sodium alginate as the naturbinmper.
Process parameters have been optimized such dsncathloride concentrations. Six formulations haween
prepared by varying drug: polymer ratios. Out signfulations FF4 formulation i.e., (1:2)drug: polymatio was
found to be the best formulation with the zeta pt& value of -65.1mv product yield of 90%,drugntent of
91.7%,entrapment efficiency of 90.1% dnditro drug release of 92% for 11hours.

Comparison were made between the best formulakd84-F3 of microspheres prepared by using ethyutedle as
synthetic and sodium alginate as natural polym&msong these formulations microspheres preparedsimguethyl
cellulose as polymer found to be the best formaiatvith highest zeta value of -78.2mv, highest dcogtent of
93.4%, entrapment efficiency of 92.5% and invitragirelease 90.4%for 12hours.and ethyl cellulodgnper was
found to be the best formulation for the preparatbnovel drug delivery system for mefenamic acid.
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