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ABSTRACT

Acyclovir (ACV) is an antiviral drug used for theatment of herpes simplex virus infection (HS\) aaricella
zoster virus infection (VZV). One of the problemagyclovir formulation is low solubility in watefhe objective of
this study is to find out the influence of millitigne toward inclusion complex’s character that lpiformed
between ACV ang-cyclodextrin §-CD). The milling process used ball mill with vaian of time in 1 hour, 3
hours, 6 hours. Preparation of inclusion complegdigneading method in 1:1 molar ratio. The charectdf ACV-
F-CD inclusion complex observed by using X-ray PoviRiffraction (XRD), Differential Thermal Analys{®TA),
Fourier Transform Infra-Red (FTIR), Scanning Electr Microscopy (SEM) and dissolution profile. In the
dissolution profile observed a decreasing of digon rate on milled ACV inclusion complex comphreth ACV
inclusion complex without milling. Milling processeate aggregation which is decreases the dissniutate of
inclusion complex.
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INTRODUCTION

Acyclovir (ACV) (9-[(2-hydroxy-ethoxy)methyl]-9H-ganine) is an acyclic guanine nucleoside analog l#tks a
3¢-hydroxyl on the side chain. The discovery andettgpment ofacyclovir, approved in 1982, provided the first
effective treatment for less severe Herpes SimpMekis and Varisella Zoster Virus infections in artdtary
patients. ACV is the prototype of a group of amiagents that are phosphorylated intracellulbylya viral kinase
and subsequently by host cell enzymes to beconilgitofs of viral DNA synthesis. [1,2]

The solubility of a poorly soluble drug can be @tk in many ways, such as modification ofdrug alysbrms,
addition of co-solvents, addition of surfactant] @emplexation withcyclodextrin etc. Among thessgibilities the
cyclodextrin approach is of particularinterest.J3%€V is very sparingly soluble in water [2]. Thegr solubility of
ACV give rise to difficulties in pharmaceutical foulation meant for oral or parental use, which nead to
variation in bioavailability. To overcome these fidifilties, increase in the aqueous solubility of VAG@s an
important goal hence in this investigation inclus@mmplexation of ACV was tried with-cyclodextrin fCD) with
the aim to improve its pharmaceutical properties @queous solubility and dissolution properties).

Cyclodextrin are cyclicd-1, 4)-linked oligosaccharides ofD-glucopyranose, containing a relatively hydropicob
central cavity and hydrophilic outer surface. Owittg lack of free rotation about the bonds connectihe
glucopyranose units, the cyclodextrin are not mfecylindrical molecules but the toroidal or cosieaped. Based
on this architecture, the primary hydroxyl groups #ocated on the narrow side of the cone shapde whe
secondary hydroxyl groups are located on the wathge. During the past two decades, cyclodextrin thed
derivatives have been of considerable interesthia pharmaceutical field because of their potentaform
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complexes with a variety of drug molecules. Cyckide are used to increase the solubility of watsoluble drug
through inclusion complexes formulation [3,5].

The previous studies on the inclusion complex oNVAltas been carried out by Tomar et al. (2010)alttout the
increased solubility of acyclovir used solid disgien method and the inclusion complex wtisiklodektrin using
kneading method. In this study it was found that iticlusion complexes of ACV with-siklodektrin can increase
the solubility of ACV unsignificantly.[6]

In this study, an attempt was made to improvethebdidy and dissolution rate of ACVby milling th&ACV used
ballmill method and thancomplexing withB-Cyclodextrin, therebyincreasing its bioavailakilitand
therapeuticsefficiency. The complex of ACV wifiCD was prepared by using Physicalmixture, andkingad
method  atl:1 stoichiometric ratio. Thecharactéiora of drug with B-CDusing differential Thermal
Analysis(DTA), powder X-ray diffractometry (PXRD)dn FTIR, dissolution rate profile of complexes
wereperformed.

EXPERIMENTAL SECTION

Materials
Acyclovir was received from PT. Sampharindo, Jakaridonesia, as a gift samppe.siklodekstrinpurchase from
PT. Sigma Husada. All the reagents and solvent aeadytical grade and distilled water was used.

Phase Solubility Study

Phase solubility studies were carried out accordinthe method reported by Higuchi and Connors.ef&oess of
ACV (200 mg) was added to 25 ml portions of distlivater, each containing variable amoung e€D such as 0,
2,4, 6, 8, and 10 x Tomolesl/liter. All the above solutionswith variataimount of3 -CD were shaken for 72 hours.
After shaking, thesolutions were filtered and tladsorbancewas noted at 251,8 iihve solubility of the ACV i3
-CD solution was calculated and phase solubilitydian was drawn between the solubility of ACV anffedéent
concentrations df -CD.[3,7]

The milling of ACV
Milling process of ACV using a Ball Mill (Pascal®ES) with variations in time of 1 hour, 3 hoursdd@hhours at
100 rpm.

Preparation of Complexes withp-CD

Physical Mixture

ACV with B -CD in 1:1 molar ratios were mixed in a mortar &bout one hour with constant trituration, passed
through sieve No. 100 and stored in a desiccatasfosed silica gel.

Kneading method

ACV with B -CD in 1:1 molar ratios were taken. First cyclogliexis added to the mortar, small quantity distill
water is added while triturating to get slurry ligensistency. Then slowly drug is incorporated itite slurry and
trituration is further continued for one hour. S$juis then air dried at 48 for 24 hours, pulverized and passed
through sieve No. 100 and stored indesiccators fwsed silica gel.For treatment 1 (F1) used ACVhuwitt
grinding, treatment 2 (F2) is used ACV by millinghtur, treatment 3 (F3) is used ACV bymilling 3uhg and
treatment 4 (F4) is used ACVby milling 6 hours.[6,8

Drug Content Estimation

50 mg of complex was accurately weighed and trarexfeto 100 ml volumetric flash and volume was mageo
the mark with NaOH 0.1 N. From this 5 ml was takerbO ml volumetric flash and volume is adjustedtaghe
mark with same solvent. From this 5 ml was take&5rml volumetric flash and volume is adjusted aiphe mark
with same solvent. The adsorbance of the solutian measured at 264.4 nm using appropriate bland.dfiig
content of ACV was calculated using calibrationveur

DifraksiSinar-X

The powder X-RD patterns of drugCD, and complexes were recorded by using XRD X'Pewder dy3688 with
filter Cu radiation over the interval 5-358/2The operation data were as follows: voltage 40 érent 20 mA,
filter Cu and scanning speed 1° / min.
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Differential Thermal Analysis (DTA)

The samples were analyzed by DTA using Perkin Elsystem. The sample were placed into pierced alumin
container. The studies were performed understatiatemosphere in the temperature range of 30°CO@’QG at a
heating rate of 10°C/min. The peak temperatures weterminedafter calibration with standard.

Fourier Transform Infrared (FTIR)
The IR spectra of ACV and their complexes were iokth by KBr pellet method by Perkin Elmer
Spectrophotometer.The scanning range was 400-48eD0 resolution was 4 cm-1.

Scanning Electron Micrcoscopy(SEM)

Analysis was conducted on ACV, milling produptcyclodextrin, physical mixtures and inclusion cdexgs of
each formula. Its were placed on the aluminum sarhplder and coated with gold with a thickness@hin. The
Voltage is set at 20 kV and current 12 mA.

In-Vitro Dissolution Studies

The dissolution of ACV inclusion complexes was memed to evaluate ACV release profiles. The digsmiu
patterns of the complexes werecompared with thégeume drug. Thedissolution studies were perforradthe
USP dissolution appatarus type Il. The sample, esponding to 50mg of ACV, were placed into hard
gelatincapsules. The dissolution medium was 900iHIGf 0.1 N than containing sodium Lauryl sulfaté®,B/v.
The stirring speed of the paddle was 50 rpm, aedtémperaturewas maintained at 37°C + 0.5°C. adfiime
interval (5, 10, 15, 30, and 45 min), 5 ml aliquetsre withdrawn and equal volumes of fresh mediuarew
replaced. The samples were filtered through whatfitber paper and analyzed by UV spectrophotomate255.8
nm.[6,11]

RESULTS AND DISCUSSION

Phase Solubility

The phase-solubility diagram for the complex forimatbetween ACV an@-CD presented in fig 1. This plot
showed that the aqueous solubility of drug increlasearly as a function off-CD concentration. The phase
solubility diagram can be classified as type ALading to Higuchi and Connors. It is assumed thatiticrease in
solubility observed was due to the formation of:& M inclusion complex. The solubility constant (Keas
calculated from the slope of the linear plot of pese solubility diagram according to equation,

slope

e ——
* S,y (1-slope)

WhereSas the solubility of the drug in absence of CD. Hadculated Kc value was 510,15Mrespectively.
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Fig. 1. Phase Solubility Diagram of ACV withg-CD

X-Ray Diffractometry

X-ray diffraction pattern of ACV showed a high degrof crystallinity due to the height and sharpksedhis is
becausep-cyclodextrin used is in the form of crystals. TH#fractogram of milling ACV, the interference
experienced a slight shift and an increase infietence peak, which is the diffraction ange=223,97°. This is due
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to the formation of polymorphs ACV due to the itdlidy of energy during the grinding process sottkize
conditions and crystal structure of ACV changed parad with ACV without milling.[12]

F1 inclusion complexes diffractogram pattern shangnystalline form mixed with amorphous. In thefidi€togram
showed a sharp decrease in the intensity of thelady in the diffraction angle®= 21.06. The diffractogramof F4
inclusion complexes also showed a sharp decreaskeinintensity of ACV at a diffraction angleéd 2 23,97°.
However, there was a sharp increase in intensit@oat 12,71°.The diffractogramof physical mixture shaw
decrease in the intensity of the diffraction als@te= 26,19°.
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Fig. 2. XRD Spectra of ACV (A), ACV grinding 1 hour (B), ACV grinding 3 hour (C), ACV grinding 6 hour (D), B-CD (E), inclution
complex F1 (F), inclution complex F4 (G), physicahixture (H)

Differential Thermal Analysis (DTA)

DTA thermogramof ACV exhibit an endothermic trdimgi between 165,7°C and 176,7°C correspondinigsto
melting point 154.1 ° C (Fig. 3). The thermograptA€V milling showed several endothermic peak (Fy. This
is due to the formation of ACV polymorphs that tethto the instability of energy during the millipgocess and
the conditions and crystal structure of ACVhas ¢jesn Based on the previous research, it is knoaintlte drug is
a polymorph that containhydrate form with a ratetviieen ACV with water molecules by 3: 2 in the tays
structure and in two anhidrat form with a ratiolof2 [13].The DTA thermogramof inclusion complexesand F4
(Fig. 5, 6)showed a slight shift in peak into loviemperature,which indicates the present of ACVeauule inside
the CD cavity.[12]
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Figure 3.DTA thermogram of ACV
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Figure 4.DTA thermogram of ACV milling 6 hour
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Figure 6.DTA thermogramof F4

358



Deni Novizaet al J. Chem. Pharm. Res., 2015, 7(12):354-362

Fourier Transform Infrared (FTIR)

FTIR spectroscopy is used to estimate the intexantbetweepCD and ACV in the solid state.The FTIR
spectrashowed ashift of adsorbance bands of C=Q, O-H and C-O stretching to higher frequencyijrtlicating
weak interaction between ACV af€D.[12]
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Fig. 7. FTIR Spectrum of ACV (A), ACV milling 1 hour (B), ACV milling 3 hour (C), ACV milling6 hour (D), p-CD (E), inclution
complex F1 (F), inclution complex F4 (G), physicahixture (H)

Scanning Electron Micrcoscopy(SEM)

SEM results of ACV (Fig. 8a) shows a basil crydtaim. In the ACV was milled for 1 hour the formatimf
aggregateswas observe (Fig. 8b). Similarly, in A&/ was milled for 3 hours (Fig. 8c). and6 hoursg(F8d)
aggregates formed more numerous and larger tharmiesl for 1 hour. This is because the energy ireguto
reduce the particle size increased van der Watdsaictions and electrostatic power between thagest(Spence,
et al., 2005).Wher@-CD morphology exhibite a stem irregular form aswh in Fig. . In physical mixtures and
inclusion complexes F1, F2, F3, and F4 observeglnaanystal form that different from the ACV morpbgy.
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Drug Content Measurements
The ACV content in physical mixture, the inclusicomplex F1, F2, F3, and F4 are respectively 99,1986/ 3%;

98,57%; 98,84%; dan 97,53%
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Figure 11.Dissolution studies of ACV, ACV milling 13, 6 hours, F1, F2, F3, F4 and physical mixture

361



Deni Novizaet al J. Chem. Pharm. Res,, 2015, 7(12):354-362

In-Vitro Dissolution

Figure 11.shows the cumulative dissolution profdéACV, physical mixtures, the inclusion complek, 2, F3,
and F4 are respectively 81.53%; 95.67%; 99.53%1%190.53%; and 89.04%. Inclution complex F1 exbithia
faster dissolution rate than pure drug and othemptexes. The milling process on ACV decreaseddibsolution
rate of ACV that cpmplexed withCD, the longer of the milling process, the ratalisolution is getting smaller.
The milling process on ACV created aggregation agglomeration of fine particles due to increasathse energy
and Van der Waals forces between molecules to &myglomerates. [14]

CONCLUSION

The milling process to ACV causes the formationagfregated that decrease the dissolution ratecfsion
complexes . The longer of milling process causeddiwvest of dissolutionrate of ACV.
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