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ABSTRACT

This research aims were to formulate a floatablgcémvir hollow-microspheres and control the releaxsfedrug

using polymer Eudragit RS PO for prolongation osg@ residence time. The floating microspheresenmepared
by emulsification solvent evaporation techniquee Tétio between drug and polymer in Formula 1, 2J 8 were
1: 3; 1: 3.5; and 1: 4, respectively. Drug-excipigrtompatibility were evaluated using Fourier Tremmm Infra-

Red spectrometry, and particle size distributiorsrenvcharacterized by optical microscopes; while pghand
surface morphology were observed by scanning electicroscopy. Dissolution test of acyclovir frohme t
microspheres was carried out using paddle metho® D&solution Apparatus. Density and buoyancy veste

performed by using standard procedures. Increasihgolymer concentrations increased the averageigiarsize.
The average particle size of Formula 1, 2, and 3ew#6.09, 33.08, and 37.92 pum, respectively. Tlyadri the
polymer concentrations, the higher the percentafjedoug entrapment. The highest buoyancy and péagenof
entrapment observed in Formula 3 were 76.33% fdw@rs and 72.32%, respectively. It was indicateat tihe
Formula 3 has the highest ability to float of. Tpercentage of drug dissolved for 6 hours from Fdendy 2, and 3
were 99.95 +£0.43; 101.54 +0.64 and 100.26 % &4).respectively. The higher the concentrationhefpolymer
used, the slower the dissolution rate.

Keywords: acyclovir, eudragit RS PO, microspheres, solveapevation.

INTRODUCTION

Acyclovir is a synthetic analogue of guanine usedhe treatment and prevention of infectious dissatue to
herpes simplex virus or varicella zoster. Spedifiechanism of acyclovir against herpes viruses feterwith the
mechanism of DNA synthesis and inhibit viral reption. The elimination half-lifes of acyclovir aebdout 2.5-3
hours. Therefore, acyclovir conventional tabletudtidoe consumed 4-5 times a day to achieve an apgffect [1].
Acyclovir absorption in the gastrointestinal tréeterratic and incomplete [2]. Increasing of acya@l@ontact time
with absorption site could increase the bioavalitgb{3]. Therefore, it is necessary to develop teategy for
prolongation of gastric residencec time and coimtgothe release of drug.

A method that can prolong the gastric residence igma floating system with a small density. It ks ability to
swell, then float and stay in the stomach for aglntime. Dosage forms that can be formulated anftoating
system is hollow microspheres or also called ft@atmicrospheres. One of polymer used in the fortionaof
hollow microspheres is Eudragit RS PO commonly iappin the preparation of a sustained release @o&am.
Eudragit RS PO is a synthetic polymer in form ofitelpowder with a faint amine-like odour. It is gble in
alcohols and acetone, pH independent swelling,togie; and nonirritant. Density of Eudragit RS PQri range of
0.816 to 0.836 g/cm3. Film formed from this polyrhess a low permeability to water [4].
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MATERIALSAND METHODS

Equipments

Equipments used are as follows: Fourier Transfonfrated Spectrotometer (Perkin Elmer), Scanningctibe
Microscope (HITACHI S-3400N), spectrophotometer €fitho Scientific), dissolution testing apparatus §3Rus
dissolution test Station Hanson Virtual Instrumetight microscope (Zeiss), heating magnetic stifierec Velp
Scientifica), digital scales (Shimadzu-AUX 220)sibeator and other glassware equipment that commsed in
laboratory.

Materials

Acyclovir, Eudragit RS PO, and Tween 80 were predufrom Samparindo, PT. Jebsen & Jessen Chemicals
Indonesia, and Brataco, respectively. Acetone,ldioimethane and distilled water were of analytigedde and
purchased from commercial sources.

M ethods

Preparation of Microspheres

The floating microspheres of acyclovir were preddog mixing different concentration of polymers.deagit RS
PO was dissolved in the mixture of acetone andlaliomethane. The polymer solution obtained was dddehe
dispersion of acyclovir in distilled water and milxeélhe mixture above was added dropwise into thetisa of

0.5% Tween 80 as an emulsion stabilizer agent,ediggl, and stirred constantly for 1.5 hours usimgagnetic
stirrer at speed of 300 rpm at 40 °C. The microsgheroduced were collected by filtration, washéeith distilled

water, and then dried at room temperature for 2dr$don a desiccator. The compositions of ingredieht
microspheres are shown in Table 1.

Evaluation of Hollow-Microspheres

a. Drug-excipients Compatibility

Drug-excipients compatibility study was performesing a Fourier Transform Infrared (FTIR) spectroene® he
spectra of dried acyclovir microspheres was creatdtie infrared region consists of a system wiité ability to
produce monochromatic light in the area of 400626 cni.

b. Particle Size Distribution

Particle size distribution were estimated usingadibcated microscope. A small amount of microsphenas
dispersed in liquid paraffin and droped on theesliBarticles size was observed under the microseogethe
distribution of particles size were estimated oA Particles.

¢. Shape and Surface M or phology

Shape and surface morphology of hollow-microsphevese evaluated using a Scanning Electron Miscimsco
Samples were placed on the sample holder alumimdrcaated with gold at a thickness of 10 nm. Samplere
then observed at a wide range of magnification 86M (Jeol, Japan) at voltage and current of 20d0d 12 mA,
respectively [5, 6].

d. Drug Content

The concentration of acyclovir in microspheres veaslyzed using a spectrophotometer. A certain amotin
microspheres equivalent to 10 mg of acyclovir wasiglved and crushed. The polymer in microsopheres wa
dissolved using 5 ml dichloromethane and HCI 0.tvé added gradually. The mixture was filtered &t60 mL
volumetric flask and dilluted with 0.1 N HCI as dee€l. The absorbance of sample solutions were mehsising a
UV spectrophotometer at the wavelength of maximursogption at 255,9 nm. Acyclovir concentrations aver
calculated using a validated calibration curve.

e. Determination of Drug L oading and Entrapment Efficiency
Drug loading and entrapment efficiency in the méptoeres obtained was calculated using the followimgation
bellow:

Calculated amount of acyclovir (mg)

x 100

% Drug Loading =

Total weight of the hollow microspheres (mg)

Calclated amount of acyclovir (mg)

x100

% Entrapment =
% p Theoritical content of acyclovir (mg)
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f. Deter mination the Specific Gravity of the Microspheres.
The specific gravity of the hollow-microspheres aveleterminated using a pycnometer. Specific grafityistilled
water was first determinated using cleaned andpgonometer with a certain volume (a). The emptynoyoeter
was weighed (b), and then filled with distilled @afnd weighed again (c). Specific gravity of watess calculated
using following equation:

(c—b)

p water =

Once the pycnometer has been cleaned and dried, agavas loaded with one gram of the microcapsutds
Enough ethanol was then added to the pycnometeetohe microspheres. The pycnometer was then atedand
shook to release as much air bubbles as possibtee Mistilled water was added to the pycnometeillunt
completely filled, and weighed (e). The specifiaxgty of microcapsules microcapsules, was calculated using the
equation below:

pb= —D _+ 5 water

((d=b) + (c-e))
0. Dissolution of Microspheres (USP, 2007)
The in vitro dissolution test of acyclovir from the hollow misgheres was carried out using USP type Il
disSolution apparatus, paddle method, at 37 £f6r 6 hr. Dissolution media used were 900 mL ifieial
gastric fluid at pH 1.2. A certain amount of migsheres equivalent to 200 mg of acyclovir weighed dispersed
into the dissolution medium. The rate of stirrerswaaintained at 50 rpm. At an appropriate inter@amL of
samples were withdrawn and replaced with an egeimtalolume of fresh and similar temperature of aisgson
medium to maintain the constant volume of dissotutmedium. Sample solution was diluted as needetl an
analyzed for the concentration of acyclovir by Ugpectrophotometer at wavelength 254,9 nm. Theesdrations
of acyclovir released were calculated using thiébration curve obtained.

h. Buoyancy

The buoyancy of the hollow microspheres was camigidby USP type |l dissolution test apparatus. &@Qof the
microspheres were spreaded on 900 mL of dissolutiedium containing 0.02% Tween 80. The media wiagdt
at 50 rpm and temperature set at 37 + 0.5 °C. Tdatefd particles were separated. Sample was thed dn a filter
paper and stored in a desiccator for 24 hours. Jdreentage of floating microspheres were calculaisidg
following equation: [7, 8].

Weight of floating microspheres

% Buoyancy = 100

Initial weight of hollow microspheres

i. Statistical Data Analysis
The influence of formulation on dissolution effiniey were statistically analyzed using one-way ysial of
variance, ANOVA, continued by Tukey's test.

j- Fitting of Kinetic M odel
Thein vitro releases of microspheres were analyzed for eskabd kinetics of drug release. The kinetic prafile
were fitted with zero order, first order, Higuchhd Korsemeyer-Peppas models.

RESULTSAND DISCUSSION

Preparation of acyclovir hollow microspheres waggrened by emulsification solvent evaporation methuath a
ratio between drug and polymer as follows 1 : 335, and 1: 4.

As shown in Table 1, the solvent used was a mixbfracetone and dichloromethane using Tween 80nas a
emulsion stabilizing agent. Preparation was stantiégldl determining the optimization of microencaggidn process
including: stirring speed, concentrations of enfigsj and ratio between solvent and medium. Thas#fs affect
the process of microspheres preparation [9,10].
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Table 1. Quantity of Raw Materialsfor Preparation of Microspheres

Ingredients Formulation Code
F1 F2 F3
Acyclovir (g) 2 2 2
Eudragit RS PO (g) 6 7 8
Aceton (mL) 40 40 40
Dichloromethane (mL)| 40 40 40
Tween 80 (mL) 1 1 1
Distillated water (mL)| 200 200 200

Drug-excipients Compatibility Study

The FTIR spectrometer has been known as an equipfoerdrug identification. The spectra of the hallo
microspheres prepared using different ratio of lsgcwere compared with those of Eudragit RS P@ger, and
acyclovir powder. Figure 1, FTIR spectra of acyaleshowed that this drug has several wave numbafsve
numbers of 3437.50, 3182.09, and 1703.90"' sowed the presence of N-H, OH groups, and C =rdDpy
respectively. Wave number of 1624.97 tsmowed the presence of aromatic groups and allkeean be seen in
figure 3 [7], Eudragit RSPO FTIR spectrum showeglgresence of C-O, C = O, and CH3 group at wawgbeu of
1235, 1730 and 1450 chrespectively.
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Figure 1. Profile of the FTIR spectra of Acyclovir (1), Eudragit RS PO (2), Formula 1 (F1) (3), Formula 2 (F2) (4), Formula 3 (F3) (5)

FTIR spectra of F1-F3 has an almost similar profiihen It were compared with the IR spectrum of raaterials,
the formula has some of the same spectrum witbtspa on Eudragit RS PO. Eudragit RS PO is in wawabers
between 1320-1210, 1700 -1730, and 1450 amdicated the group C = O, CO, and CH, respelgtivcyclovir
appears at wave number between 3300-3500, 1480-86801450, and 2500-3600 ¢nindicated the group NH,
C=N, C=C aromatic, and OH, respectively.

Particle Size Distribution

The particle size distribution of acyclovir micréspes was analyzed using a microscope as showigumeR2. An
Optilab viewer mounted on the microscope oculas.l&he number of particles calculated was on 1jicles
with ten times magnification.

The average particle size was increased with isangahe concentration of the polymer. The averzaticle size
of Formula 1, 2 and 3 were 26.09, 33.08 and 3jrB2respectively. It may be due to high polymeraanirations
resulted in significant increasing in the viscogsifithe polymer solution, and reducing stirring@éncy, causing in
increasing the particle size [11]. All the formiida obtained meets the requirements of partidles lsetween 1-
5.000pum [9].

Measurement of the amount and size of particlesbeagstimated using a graph illustrating the reteship between
the frequency of the particle size in each form&iamm the graph obtained, each formula has a hafed curve
depicted a normal distribution curve.
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Figure 2. Particles size distributions of microspheres F1 (Formula 1), F2 (Formula 2) and F3 (Formula 3)

Shape and Surface M or phology

The morphology of the active substance acyclowigragit RS PO and microspheres obtained was olibersiag
SEM (Scanning Electron Microscope). The surfacthefmicrospheres Formula 1 formed uneven due tprbeess
of drying the microspheres to form agglomeratesvi$taage of Formulation 2 (Figure 3b) shows thatsheface of
the microspheres as cratered and uneven due tediasint evaporation [8]. SEM photograph of Foratioh 3 was
similarly with Formulation 2 but craters or poresmed more regular and presence of cavities imiceospheres.

JTM-FTUA 15.0kV 5.8mm x500 5 00um JTM-FTUA 15.0kV 5.7mm x500 S JTM-FTUA 15.0kV

a. F-1 b. F-2 c. F-3

Figure 3. Scanning Electron Microscopy of microspheres F1 (Formula 1), F2 (Formula 2) and F3 (Formula)

Entrapment Efficiency

Acyclovir levels in microspheres were determinethgisa UV spectrophotometer. The higher the conagintr of
polymer, the higher drug entrapment efficiency [Britrapment efficiency in Formula 1, 2 and 3 we4e86, 67.5,
and 72.32%, respectively as shown in Table 2. diteapment efficiency in all formulations was I¢isan 80%.
The inefficiency of drug entrapment may be dueissalve of the active substance during prepara&pecially at
the washing process.

Table 2. Physicochemical Properties and Drug Release Characteristic of Acyclovir Floating Microspheres

Formulations| Entrapment Efficiency (%) Drug Loadi#t) Buoyancy | Density | Dissolution Efficiency
(%) (9/mL) (%)
F1 64,86 + 0,28 15,42 61,13+2,03 0,9557 68,0250
F2 67,50 +0,19 14,66 68,29+0,50 0,9516 65,1120
F3 72,32+0,33 14,39 76,31+0,63 0,9513 59,2490

The buoyancy characteristic of microspheres wamattd using dissolution medium added 0.02% TwekrnT8e
highest number of floating microspheres was obs@vdtbrmula 3. This is because of the surface afrosipheres
is porous and the air cavities in it helps the tflpeocess. In addition, the larger of average olartsize of
microspheres also help to maintain its positiothenstomach condition.
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Buoyancy
The hollow-microspheres were able to float overdiire in the dissolution medium 0.1 N HCI. Perceetaq

buoyancy for Formula 1, 2, and 3 were 61.13, 6828, 76.31%, respectively.

The lower specific gravity of the microspheres ti8ah N HCI (1.004 g/mL) ensured the floating chéesistics of
microspheres produced [7]. Specific gravity of m8pheres Formula 1, 2, and 3 were 0.955; 0.95D&% g/mL,
respectively. Its mean all formulas have a lowercdr gravity compare to 0.1 N HCI.

In-vitro Release Kinetics

31% of acyclovir was dissolved from Formula 1 atr@i@utes. It was due to initial burst release apfred drug on
the surface of microspheres. The trapped drug @suhface of microsphere can be seen from the stopic photo
of microspheres. The release of drugs then comsigtiicrease steply until dissolved maximum atttime of 360
minutes. The percentage of drug release from FarhuR, and 3 were 99.5, 101.54, and 100.26%¢eotisely .
As shown in Figure 4, this drug release profilesurs because of Eudragit RS PO nature releasgepend on the
pH and have approximately 5% quaternary ammonivoumof about for the low permeability to water, the
water is difficult to diffuse and prolong the reteq12].

Dissolution time up to 6 hours is not duration egioto control the release of active substancespscéed for a
controlled release preparation which can reducectmsumption of at least twice the conventionalpprations
[13]. However, gastric residence time of the flogtmicrospheres more than 6 hours, will help tieréasing of
drug bioavailability. It was due to the longer caetttime could improve the absorption of drug amadbdes
increasing of bioavailability [3]. The swellingrie of microspheres obtained was about 3 hours. Shiidling time
was longer than residence time of conventionaktahlthe stomach [14.
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Figure4. Invitrodrugreleased in artificial gastric fluid

Table 3. TheKinetic Models of Drug Release from the Microspheres

Formulations Kinetic Models Linear Regression | Correlation Coefficient (R)

Zero-order y =0,215x + 19,48 0.981

F1 First-order y =0,002x + 1,412 0.921
Higuchi y = 5,364x + 0,826 0.987
Korsmeyer-Peppas vy =0,692x + 0,229 0.988
Zero-order y =0,224x + 24,99 0.988

F2 First-order y =0,01x + 1,59¢ 0.940
Higuchi y = 5,576x - 4,929 0.996
Korsmeyer-Peppas vy =0,479x + 0,779 0.989
Zero-order y = 0,250x + 14,01 0.991

F3 First-order y =0,001x + 1,543 0.918
Higuchi y =6,192 x -18,91 0.992
Korsmeyer-Peppas y =0,55x + 0,601 0.995
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The release data obtained were fitted into varielease kinetic models and the results is listeéthible 3. From the
correlation coefficient values, it appears thatchmyir release mechanism from Formula 1, and 3 wasnly
following Korsmeyer-Peppas equation since it hadigher correlation coefficient value 0.988, and 989
respectively. While, the kinetic models of the dftmm Formula 2 followed Higuchi kinetics (R = 089 Higuchi
equation indicates that the release mechanism evatsotled by the diffusion of acyclovir from micnoiseres.

Dissolution efficiency of acyclovir microspheresorin Formula 1, 2 and 3 were 68.07, 65.10, and 59,23%
respectively. These results suggested that theeasorg concentration of polymers would decreasedrdlte of
dissolution of acyclovir. Dissolution efficiency veestatistically different among formulas analyzgdANOVA
(p<0.05). More over Tukey's test conducted on tidependent effect of each factors. Tukey test teshbwed that
the dissolution efficiency of Formula 1 was sigeuintly different from the Formula 2 and 3.

CONCLUSION

Microspheres obtained is a spherical in shape witiven surfaces, porous and can flddte highest entrapment
efficiency and buoyancy were obtained in the Foen8il.e 72.32, and 76.31%, respectively. Eudragit?® in the
manufacture of microspheres acyclovir can contrelrelease of active substances for 6 hours, \élgercentage
of dissolved substances maximum of 6 hours foretioemulas, F1, F2, and F3 were 99.95, 101.54,180d26%.
Based on the model of the release kinetics of thiveingredient, microspheres Formula 1 and 3ofelhg the
Korsmeyer-Peppas kinetic model (R = 0.988, and3).8spectively), while Formula 2 followed Higudtinetics
(R =0.996).
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