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ABSTRACT

The present research work is aimed to design swedaielease microspheres of Efavirenz a anti ratabdrug which

is used in the treatment of HIV and these are design such a way that release of the drug is €btal12 hours. The
Microspheres were prepared by the Solvent Evapmmatnethod using varying concentrations of sustaimsdehse
polymers Eudragit RS PO and Ethyl cellulose100&hy! cellulose N22. The compatibility of the palyswas

ruled out by FT-IR studies and found to be compatifotal 15 formulations were prepared. The Efenir

microspheres were evaluated for their physical grtips like angle of repose, bulk density and saglindex and
found to have good flow property. The prepared ospheres were evaluated for in process and finigiveduct

quality control tests including appearance, Bulknsigy, Entrapment efficiency and in- vitro drugeaée. The
dissolution medium used was pH 7.0 phosphate bufiérformulations showed acceptable pharmaco-tesin
properties and complied with in-house specificadidor tested parameters. The results of dissolustutdies

indicated all formulations released up to 12hounsldormulation containing Eudragit RS PO i.@4Was the most
successful formulation with 96.82% drug releasthatend of 12 hours.

Keywords: Antiretroviral; Efavirenz; Eudragit RS PO; Krosneey peppas kinetics, Highuchi model; microsheres
formulation.

INTRODUCTION

“Microspheres can be defined as solid, approximasgherical particles with a diameter ranging fromi to

100Qum, containing dispersed drug in either solution) (microcrystalline form”. The terms microcapsulexda
microspheres are often used synonymouslge micro-particulate drug delivery systems aresasred and
accepted as reliable means to deliver the drubedarget with specificity, if modified, and to m&iin the desired
concentration at the site of interest without urdcdveffects.[1]

Efavirenz is a Non nucleotide reverse transcripbalibitor of HIV-1. Efavirenz activity is mediatgetedominantly
by noncompetitive inhibition of HIV-1 reverse traniptase. It is a BCS class Il drug ie., it has Eolubility and

high permeability. As the solubility of drug is $egt has low bioavailability. Thus an attempt len made to
develop sustain release microspheres of efavirerasdo increase its bioavailability. Efavirenz ragpheres were
prepared by solvent evaporation method by emplopiolgmers such as ethyl cellulose and Eudragit. agor

objective of the present investigation is to sttigky influence of the formulation and process patarse such as
viscosity of the polymer solution and temperaturesiies the type of polymer, on the characteristts
microspheres, which in turn influence the reledsdrog. [2, 3]
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MATERIALS AND METHODS

Materials: Efavirenz was obtained as a gift sanfien Arch pharmalabs, India. Ethyl cellulose N-2Ria&Eutragit
RS PO were purchased from Merck, Mumbai. Ethylutele 100cps was obtained from S D Fine-Chem ldnite
Mumbai.

Methods:
Compatibility studies by FTIR:
The compatibility between drug and various polymessd was determined by using FTIR.

Preparation of microspheres by solvent evaporatiomethod:[4,5]

Different ratios of efavirenz microspheres werepared by solvent evaporation method using the petgnithyl

cellulose N22, Ethyl cellulose 100cps and Eudr&f®PO. Initially, efavirenz and polymers were digedl in

acetone based on the drug and polymer ratio (11015,1:2), then the resulted solution was disgkdewly in

heavy liquid paraffin under continuous agitatiortvad different temperature i.e. at room temperaamd at 40 —
45°C for obtaining microspheres.

The mixture was vortexed for 15 to 30 minutes ghHiRPM by using mechanical stirrer. The obtainecrosipheres
were separated from paraffin by filtration and weshvith petroleum ether for three successive tirfinally with
water and then dried and collected.

Table.1: Formulation table for efavirenz microsphees

Ingredients . Efavirenz | Ethyl Cellulose N-22 Ethyl Cellulose 100 Eudragit RS PO

Formulation Ratio ) Y ) Y CPS (g) %g) Acetone | Temperature
F1 1:0.5 0.5 0.25 - - 15 ml -
F2 1:1 0.5 0.5 - - 15 mi -
F3 1:2 0.5 1.0 - - 15 ml -
F4 1:0.5 0.5 - 0.25 - 15 mil -
F5 1:1 0.5 - 0.5 - 15 ml -
F6 1:2 0.5 - 1.0 - 15 ml -
F7 1:05 0.5 - 0.25 - 10 mi 4095
F8 11 0.5 - 0.5 - 10 mi 40-48C
F9 1:2 0.5 - 1.0 - 10 mi 40-48C
F10 1:0.5 0.5 - - 0.25 15 ml -
F11 1:1 0.5 - - 0.5 15 mi -
F12 1.2 0.5 - - 19 15 ml -
F13 1:0.5 0.5 - - 0.25 10 ml 40-43C
F14 1:1 0.5 - - 0.5 10 ml 40-48C
F15 1.2 0.5 - - 19 10 ml 40-48C

Characterization of microspheres:

Determination of percentage yield of microspheres

Thoroughly dried microspheres were collected andywexl accurately. The percentage yield was thacutzkd
using formula given.

Mass of microspheres obatined
%Yield =

X
Total weight of drug and polymer

Morphological characterization of microspheres [6]

The shape and surface characterization of micreepheere observed under a Scanning Electron Miopzsc
(ZEOL JSM-5610). The dry microspheres were moumtieectly on the SEM sample stub, using double-sided
sticking tape, and coated with ion sputter (thiden200 nm) under reduced pressure (0.001 torrphatbgraphed.
Picture of microspheres were taken by random sogrofi the stub.

Flow Properties of Microspheres [7]
* Bulk density:
Bulk density is determined by pouring microsphergs a graduated cylinder via a large funnel andisnee the
volume and weight.
Weight of microspheres

Bulk density =
i density Bulk volume of microspheres
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e Tapped density:

Tapped density is determined by placing a graduatdishder containing a known mass of microsphered a
mechanical tapper apparatus, which is operatedh fixed number of taps using the weight of the dimughe
cylinder and this minimum volume, the taped densityy be computed.

Weight of microspheres

T d density =
apped density Tapped volume of microspheres

» Carr'sindex:
Carr's index is measured using the values of befisily and tapped density. The following equat®nsed to find
the Carr's index

, tapped density — bulk density
Carr s Index = - x 100
tapped density

» Hausner's Ratio:
Hausner’s ratio is measured by using by using &iees of tapped density and bulk density.

Tapped density

H 's Ratio =
ausner s natio Bulk density

* Angle of repose:

The manner in which stresses are transmitted thraugead and the beads response to applied steeeflacted in
the various angles of friction and response. Ththateused to find the angle of repose is to poerpbwder ion a
conical heat on a level, flat surface and measeéncluded angle with the horizontal.

tan0 = —
r

Where, h = height, r = Radiué~= Angle of Repose

Swelling studies[8]

A known weight of microspheres was placed in aghasal containing 10ml of distilled water at 37-%0C in
incubator with occasional shaking. The microsphevese removed, blotted with filter paper and ttehianges in
weights were measured during the swelling untilildzrium was attained.

Finally, the weight of the swollen microspheres wasorded after a period of 24 hours, and the swvgethtio (SR)
was then calculated from the formula. The studiesevearried out in triplicate.

We_ WO

Swelling Ratio =
welling Ratio W,

Where,
W, = Initial weight of the dry microspheres,

We = weight of the swollen microspheres at equiilifor swelling in the media.

Encapsulation efficiency[8]
Encapsulation efficiency was calculated using tiieWing formula

Estimated drug content

Encapsulation efficiency = Theoretical drug content x 100

In vitro dissolution studies[9]

The release rate of Efavirenz microspheres wagrdeted by employing USP type 2 apparatus by rogagiaddle
method. The dissolution test was performed using @0 SLS phosphate buffer pH 7.0, in 37 £ 0.5°G@trpm.
Efavirenz microspheres equivalent to 500 mg wemqd in a basket. A sample (5 ml) of the soluticasw
withdrawn from the dissolution apparatus for ev@@yminutes for 12 hrs, and the samples were regladth 5 ml
of fresh dissolution medium. The samples absorbarfcthese solutions was measured at 248 nm. Digsolu
profiles of the formulations were analyzed by piagtdrug release versus time plot. Data obtaineslalso subjected
to kinetic treatment to understand release mecimanis
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Release Kinetics

The dosage forms most commonly release the drugreit the zero order or in the first order pattdtfavirenz
was prepared and studied for their dissolution bieihaThe behavior of drug release from the forniolss is
determined by using various kinetic models sucfirasorder, zero order, Higuchi and Krosmeyer Repmodel.

RESULTS AND DISCUSSION

Compatibility Studies: IR spectra of pure Efavirenz and the physical nmedgwof drug and polymers were showed

in figure 1-4. As the identical principle peaks eabserved in all the cases, it was confirmed thate is no
interaction between the drug and polymers.
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Fig 3: FT — IR spectra of physical mixture of Efavienz + Ethyl cellulose N22
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Fig 4: FT — IR spectra of physical mixture of Efavienz + Ethyl cellulose100 cps

Studies on flow properties
The microspheres were evaluated for various derpmegberties such as bulk density, tapped density flow
properties such as angle of repose, Hausner'saatidCarr’s index, all the results were shown lg&.

The change in the bulk densities, before and aftsuitable tapping procedure, indicated that tlenges were
having good compressibility and package ability.eTiesults of the flow ability studies indicated tththe
microspheres of all the formulations were havindl we excellent flow ability. These studies comHdinedicated
that the microspheres of all formulations wereogéfiit for either compression or filling into capsul

Table 2: Flow Properties of Efavirenz Microspheres

. Bulk Densi Tapped Densi Angle of repose Carr’s Index Hausners’s ratio
Formulation code | p 0 "y s.[?./) (X\[/)g. + s.D.)ty (/gvg. + s.%.) (Avg. + S.D.) (Avg. + S.D.)
F1 0.372+0.01 0.387 £0.01 17.103+£0.12 3.87604 1.040 £ 0.01
F2 0.416 + 0.02 0.430 £ 0.02 16.921 £ 0.11 3.28802 1.034 £0.01
F3 0.327 £0.01 0.339 +£0.01 16.537 + 0.09 3.58004 1.037 +£0.01
F4 0.383+0.01 0.397 £0.01 16.909 +0.13 3.42002 1.036 £0.01
F5 0.406 + 0.02 0.419 +£0.02 16.812 £ 0.12 3.10202 1.032 +0.01
F6 0.307 £0.01 0.318 £ 0.01 21.170£0.12 3.60104 1.037 £0.01
F7 0.386 + 0.01 0.398 £ 0.01 17.181 £0.13 2.90/02 1.031+£0.01
F8 0.417 £0.02 0.428 +0.02 16.926 +0.13 2.57004 1.026 +0.01
F9 0.318 £ 0.01 0.329£0.01 17.108 £ 0.15 3.48002 1.034 £0.01
F10 0.373+0.01 0.383 +£0.01 20.120+0.12 2.60004 1.026 +0.01
F11 0.291+0.01 0.304 £0.01 23.942 +0.15 4.30908 1.045+£0.01
F12 0.351+£0.01 0.364 +0.01 20.321 +0.16 3.57102 1.037 £0.01
F13 0.363 +£0.01 0.375+0.01 20.162 +0.11 3.20004 1.033+0.01
F14 0.290+0.01 0.304 £0.01 22.371 £0.13 4.30902 1.048 £0.01
F15 0.282 +0.01 0.295 +0.01 22.461 +0.15 4.40604 1.046 +0.01

Studies on other physical properties

The results of the swelling index were shown inldaB. These results indicated that upon increas¢hén
concentration of the polymer, the swelling capaegigs found to be reduced. This might be becaugheofnore
strengthened polymer network in the microspherdsigifer concentration which made the water difticalabsorb
into the microsphere. This behavior was observeallithe three polymers. There is no significarifedence was
observed in the swelling index among these polymetsch might be because all these polymers aresrwat
insoluble.

The percentage vyield results were shown in tablI3he microspheres of different formulations weprepared by
solvent evaporation technique and from the resufisre than 80% yield in any case, indicated that gblvent
evaporation technique was highly effective for pineparation of microspheres.

The results of entrapment efficiency were showntable 3. These results indicated that upon increase
concentration of the polymer, the entrapment efficy was found to be improved as the higher amoupolymer
allows more amount of drug to be entrapped in igdrixu The increase in the viscosity of the drugl @olymer
solution also resulted in increased entrapmentieficy. Again the entrapment efficiency of the ogpheres of
different polymers indicated that it was improvedon increase in the molecular weight of the polynire
increasing order of efficiency of the polymers wéserved as
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Ethyl Cellulose N22 < Ethyl Cellulose 100 cps < Eagit RS PO

Table 3: Physical evaluation parameters of Efaviren Microspheres

5 -
Formulation code | % Yield (Avg. + S.D.) Efﬁc@rir;tr(i?/rg?ts.u) S(V/ng'.nf ISnche)x
F1 90.13+0.31 62.35+0.21 11
F2 92.56 + 0.43 65.81 +0.28 0.9
F3 86.30 +0.34 69.32+0.32 0.2
F4 76.88 + 0.32 78.43 +0.33 1.4
F5 83.01+0.31 83.41+0.37 0.7
F6 80.23 +0.33 88.52 +0.42 0.1
F7 93.21 +0.42 85.98 + 0.40 1.2
F8 86.37 +0.34 86.41+0.41 0.5
F9 88.15 +0.31 96.03 + 0.43 0.1
F10 90.42 +0.41 77.83+0.34 13
F11 88.34 +£0.38 81.75+0.37 0.8
F12 89.10+0.35 97.53+0.42 0.3
F13 88.91+0.38 79.05+0.30 1.2
F14 94.12 + 0.33 98.78 + 0.36 0.7
F15 82.66 + 0.32 90.54 + 0.42 0.2

Studies on Scanning Electron Microscopy (SEM) Analsis

The results of the SEM analysis were shown in fig. 3he pictures of microspheres of formulation (Ehyl
Cellulose 100 cps at 1:2 ratio, 15 ml acetone) gibthat the texture was not uniform and also spitdlwere also
present. The pictures of microspheres of formutati® (Ethyl Cellulose 100 cps at 1:2 ratio, 10 roétane)
showed that the texture was more uniform and smaotti no pits were present on the surface. Andgitteeof the
microspheres was also less when compared to thiheohicrospheres of formulation F6.This might betauted to
the higher viscosity of the polymer phase, whicloveéd formation of small and compact droplets upon
emulsification under high speed rotation and thghéi temperature also aided the strengthening eofptiymer
matrix.

The texture of the microspheres of formulation FEddragit RS PO at 1:2 ratio, 10 ml acetone) wgggd and
uneven, the matrix of the polymer strands was bledrserved and it was more complex. This mighbbeause of
the long chain length and high molecular weighthef polymer molecules of Eudragit RS PO.

SEI 2.5kV wD12mm SsS73

Fig 5: SEM pictures of Efavirenz microspheres of fanulation F6
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3.0kV wD12mm SS73 100pum

Fig 6: SEM pictures of Efavirenz microspheres of fanulation F9

2.5kV

wD12mm SS873

Fig 7: SEM pictures of Efavirenz microspheres of fonulation F14

Studies on Dissolution Test of Efavirenz Microsphers

The results of the dissolution studies of microsphef formulations F1 to F3 were shown in tabl@He results
indicated that upon increasing the concentratiotol Cellulose N 22, the drug release rate wagencontrolled.
The results of the dissolution studies of microspbef formulations F4 to F15 were shown in tabln8 6. These
results indicated that upon increasing the conaéatr of Ethyl Cellulose 100 cps, the drug releege was found
to be decreased. The comparison between F9 & FIID&F14 and F15 indicated that the drug release s
more controlled at higher viscosity of the polyrpbase. This might be attributed to the formatiomofe compact
polymer matrix without any surface defections, heseaof high viscosity of polymer phase and highcpssing
temperature, which was evidenced by swelling instegies and SEM analysis.

When the dissolution profiles of the Efavirenz rogpheres of three different polymers were compabhedorder of
efficiency of controlling the drug release was fdua be Ethyl Cellulose N22 < Ethyl Cellulose Idj¥ < Eudragit
RS PO

Table 4: Results of dissolution test performed on favirenz microspheres of F1 to F3

Time(Mins) % Drug release
F1 F2 F3

0 0 0 0

15 91.87+0.41 47.03+0.21 18.71+0.11
30 98.48 £+ 0.46| 76.98+0.24 42.45+0.p0
45 - 82.21+0.42] 46.04£0.26
60 92.67 £0.51 62.93+0.3P
90 97.88+0.48 77.76+0.38
120 - - 84.72 + 0.45
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Table 5: Results of dissolution test performed on favirenz microspheres of F4 to F9

Time %Drug release
(mins) | F4 F5 F6 F7 F8 F9
0 0 0 0 0 0 0
30 43.24+0.22] 36.75+0.1p 22.19+0.12 48.7128Q 27.72+0.120 13.9+0.1(
60 67.72+0.21] 5224+0.23 44.41+0.14 73.2132Q 40.97+0.17 21.83+0.14
90 82.42+0.48 69.45+0.3p 52.68+0.21 83.9328Q 44.79+0.21] 39.32+0.1p
120 94.01+0.51 80.23+0.45 67.03+0pR5 91.8MB| 49.53+0.26 44.79+0.23
150 - 89.06 +0.23| 73.93+0.38 94.69+0.42 57.53+0.369.06 +0.29
180 - 92.16 £+0.37 81.03+0.43 96.58+043 7@&0743| 50.9+0.25
240 - 97.47+043 90.92+0.21 98.35+044 834R5| 54.71+0.27
300 - 98.41+0.33 95.41+0.33 - 87.83+042 669.33
360 - - 96.36 + 0.45 - 929+045 71.88+035
420 - - 97.91 +£0.46 - 95.78 £0.46 82.09 + 0440
480 - - 98.79 - 97.88+0.46 85.67+0.43
540 - - - - 98.74 +0.47 87.83+x042
600 - - - - - 90.77 £ 0.46
660 - - - - - 94.67 £ 0.47
720 - - - - - 95.68 + 0.42
Table 6: Results of dissolution test performed onfavirenz microspheres of F10 to F15
. . % drug dissolved (Avg. + S.D.)
Time (min) F10 F11 F12 F13 F14 F15
0 0 0 0 0 0 0
30 31.29+0.14] 29.10+0.1p 16.44+0.13 29.5315Q 18.71+0.10 14.68+0.1f
60 51.01+0.21] 37.34+0.1y 2553+0.12 42.0526Q 29.04+0.15 22.19+0.1p
90 54.58 +0.22| 38.63+0.20 26.54+0.14 44.7924Q 40.84+0.18 31.29+0.1p
120 70.34+0.34 41.12+0.20 33.85+0[12 53.422| 435+0.25| 36.61+0.23
150 71.42+0.34 47.38+0.22 37.63+0.18 62.9835| 54.91+0.27 41.65+0.24
180 85.54+0.40 6259+0.31 47.35+0p2 71.7638| 60.91+0.33 48.71+0.27
240 89.67+0.39 68.74+0.34 545+0.25 83.4842(Q0 67.93+0.34 56.84+0.39
300 94.87+0.46 73.33+0.34 67.34+0.33 89.2346| 78.17+0.32 61.36+0.36
360 96.84+0.47 81.25+040 73.93+0.34 94.8742| 80.85+0.41 62.76+0.37
420 - 87.12+043 7551+0.32 9596+043 8&8144| 67.86 +0.39
480 - 91.68+0.41 82.03+0.41 98.31+041 9%8143| 74.17+0.35
540 - 93.97+0.44 86.82+0.44 - 93.39+046 7%6.38
600 - 95.43+0.5] 90.45+0.41 - 94.81 + 041 83D.40
660 - 97.18+0.47 93.39+0.45 - 96.45+045 8%9.43
720 - - 95.53 + 0.4] - 96.82 +0.41 88.51+046

Release kineticsDifferent models like zero order, first order, ingi's, and peppas plots were drawn for formulation

F14. The regression coefficientz)(lvalue for zero order, first order, higuchi's, gppas plots for formulation F14
was found to be and (0.9198, 0.996, 0.968, 0.97&dpectively. The formulation F14 follows first erdrelease
and peppas plot and slope ‘n’ value is less th&nwhich confirms that the drug release throughrtisrix was
fickian diffusion.

CONCLUSION

Studies have been carried out on the study ofenfle of formulation and process parameters on dilegse rate
from Efavirenz microspheres. The research was takkm to study the influence of viscosity of theéypter phase
and temperature as process parameters and, andnt@tion of the polymer as the formulation pararetThe
drug was found to be compatible with all the thpegymers based on IR spectral studies. At highecentration of
polymer phase, temperature was required for th&ization of the microspheres after formation. Awet
interesting finding was the microspheres preparenh fthe high viscosity polymer phase were smatiesize than
those prepared from the lower viscosity polymerseghd he packaging ability, compressibility and flproperties
were found to be good. Swelling capacity was fotimte reduced upon increase in the concentratigrolyiner in
microsphere matrix. From the percentage yield amdapment efficiency studies, it was observed #raulsion
solvent evaporation method was found to be moreesstul. Surface morphology studies (SEM analysidirated
that at lower viscosity of the polymer (Ethyl Cétise 100 cps) phase, microspheres of irregulansernivith small
pits were formed. A more uniform and smooth surfaceicrospheres were formed at higher viscosity haf t
polymer phase. SEM analysis of the microspherepgreel from Eudragit RS PO showed the surface of the
microspheres was completely uneven and the richptsmetwork of the polymer chains was also obskrifeom
the dissolution studies an interesting finding whserved that the drug release rate was found tedweced upon
increase in the viscosity of the polymer phase atethe same amount of the polymer. The drug releas more
controlled from the microspheres prepared with BgdrRS PO than those prepared with Ethyl Celluld$e drug
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release from the microspheres was able to be dmttnontil 12 hrs at a drug to polymer ratio of Wizh both Ethyl

Cellulose 100 cps and Eudragit RS PO.Thus the madjectives of the present investigation were el and the
results were appropriately placed. Optimized foatiah is F14 as is shows good results. Formuldfibh contains
Drug & Eudragit in the ratio of 1:1, which has ay#ld of 94.12%,% Entrapment efficiency of 98.78%l& drug

release of 96.82% at the end of 12 hrs when cordgarether formulations.
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