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ABSTRACT

Solid dispersions of acyclovir in PEG 6000 and PVP K30 containing five different ratios were
prepared by the solvent evaporation method. Inclusion complexes were prepared by kneading
method by dissolving acyclovir and p-CD, HP p-CD at 5 different ratios in distilled water. The
optimized batches of solid dispersions (A, BS;) and inclusion complexes (Cls, Dls) of acyclovir
were analyzed by IR spectroscopy, SEM and DSC. The dissolution studies for solid dispersions
(A, BS5) and inclusion complexes (Cls, DIs) were performed in 0.1 N HCl and PBS pH 7.4 for
all optimized batches. The solubility of acyclovir was found to be more with inclusion
complexation method as compare to solid dispersion technique. Hence, the results showed that
hydroxypropyl p-cyclodextrin inclusion complex could possibly improve the dissolution
characteristics of acyclovir and would provide better bioavailability as compare to conventional
dosage form.
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INTRODUCTION

The rate and extent of dissolution of the activgredient from any solid dosage form determines
the rate and extent of absorption of drug. In aHggoorly water soluble drug, dissolution is the
rate limiting step in the process of a drug absomptPoorly soluble drugs have been shown to be
unpredictable and slowly absorbed as compared godthigs with higher solubility. Several
methods have been employed to improve the solylofipoorly water soluble drugs. Acyclovir
is a popular anti-Herpes drug among the antiviaé¢gory for the treatment of diseases including
Herpes simplex (type 1) keratitis, orofacial, cuteneous Herpesntigl herpes, and varicella
zoster infections. Among the Herpes virubesimplex (type 1) is the most sensitive followed by
H. simplex (type Il) viruses. Acyclovir is the drug of choider most of these cases but the
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problem of using this drug is that it has poor dy@lavailability. The conventional routes and
therapies available for the treatment of Herpestkes, includes orally administered tablet but
are associated with it is very low bioavailabilignging from 15-30%. Repeated administration
of high doses result in infrequent nausea, diaahoash, and headache. This problem can be
resolved by enhancing the solubility and hence oflis®n of poorly water soluble drug
acyclovir. Consequently, the rationale of this gtiglto improve the biological performance of
Acyclovir through enhancing its solubility and disgtion rate by two systems: solid dispersion
and inclusion complexation. In the present work tried to prepare solid dispersion with
polyethylene glycol (PEG 6000), polyvinylpyrrolider{PVP K 30) and inclusion complexation
with B-cyclodextrin and hydroxypropy-cyclodextrin to improve solubility and dissolutioate

of acyclovir which would help to improve bioavaiility. The solid dispersion and the inclusion
complex techniques seems to pose great potentsignificantly enhancing the solubility and
dissolution rate of different formulations(1-7).

MATERIALSAND METHODS:

PEG-6000, PVP K-30B-CD and HPB-CD were purchased from CDH (P) Ltd., New Delhi.
Acyclovir was obtained as a gift sample from AlemBharmaceutical Pvt Ltd, Varodara. All
other materials used were of pharmaceutical grade.

Preparation of physical mixtures

Acyclovir and excipients (PEG-6000, PVP K-3B3CD and HPB-CD) were accurately weighed at
different ratios (1:1, 1:2, 1:3), pulverized andxed thoroughly in mortar with pestle until
homogeneous mixture was obtained. The mixture vaasqa through the sieve, to get uniform size,
for further experiments (Table I).

Preparation of solid dispersion

Solid dispersions of acyclovir in polyethylene gi#6000(PEG-6000) and polyvinylpyrollidone
K-30 (PVP K-30) containing five different ratios (1:1211:3, 1:4, and 1:5 w/w) were prepared
by the solvent evaporation method. Acyclovir and golymer were dissolved in a minimum
amount of methanol. The solvent was removed by @alipn on magnetic stirrer at the
temperature 40°C for 1 h. The resulting residue dmsd for 2 h and stored overnight in a
desiccator. After drying, the residue was ground mortar and sieved through a mesh # 60. The
resultant solid dispersions were stored in desicaattil further investigation (Table I1).

Preparation of inclusion complexation

The inclusion complexation of acyclovivith B-cyclodextrin and HPB-cyclodextrin were
prepared in different ratios (1:1, 1:2, 1:3, 1:4dd.:5) by kneading method. Thick slurry was
prepared by adding one third water by weight toig®aots. Under stirring the appropriate
quantity of drug was added to it and then driedniroven at 45°C until dry. The dried mass was
pulverized and sieved through mesh # 60 ( Tabje Il

Characterization of solid dispersion and inclusion complex: (8-10)

Infrared (IR) studies

The optimized batches of solid dispersion {&8d BS, fig.3) and inclusion complexation (£l
and Dk, Fig. 4) were analyzed by IR spectroscopy (FTi#scd-470 plus)
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Scanning electr on microscopy (SEM)
The surface morphology of optimized batches {A8d BS) was determined by scanning
electron microscopy (SEM, Leo 430, UK, fig.5.)

Differential scanning calorimetery (DSC) analysis

The optimized batches of inclusion complexation eveubjected to differential scanning
calorimetery (DSC) analysis (Fig.6). The changeeimdothermic peaks of acyclovir and
excipients were observed, which confirms the irtigoa between drug and excipients.

Content uniformity

The content of acycloviin PEG 6000 and PVP K30 solid dispersion andinclusion
complexation with B-cyclodextrin and HP B-cyclodextrin was estimated by UV
spectrophotometric methoaasing Shimadzu 1700 spectrophotometer. An accyrateighed
guantity of solid dispersion (equivalent to 10 nigaoyclovir) was taken and dissolved in 100m|
of 0.1N HCI, from this solution 1ml of solution wdguted to 10ml and assayed for drug content
at 255 nm

Dissolution studies

The dissolution studies of optimized batches ofdsdispersion (A% and BS). and inclusion
complexation (GJ and Dk) were performed in 900ml of 0.1 N HCI (Table ligR)and PBS pH
7.4 Table IV, Fig.2) at 37°C by the USP- |l paddfmaratus at 50 rpm. In the present studies
samples (equivalent to 400mg of drug) were disgememedium. Aliquots of 5 ml from the
dissolution medium were withdrawn at different tinmeervals and replenished by an equal
volume of fresh dissolution medium. The samplesevidtered through whatman filter paper and
analyzed for acyclovir contents by measuring itsoabance at 255 nm for 0.1NHCI and at 256
nm for PBS pH 7.4 using Shimadzu 1700 UV/visible&mphotometer.

RESULT AND DISCUSSION

The solubility of acyclovir in water was found te h2.84 pg/ml. In case of physical mixture, a
small increase in solubility of drug was obtainelick can be explained due to the formation of
a minimum quantity of the complex. The effect dfetient carriers on the aqueous solubility of
acyclovir was shown in Table Il. Solubility expeents showed that the concentration of
acyclovir in water increased in presence of PEG6GMPK30,3-CD and HPB-CD. The solid
dispersion (A% BS5) and inclusion complexes (£IDls) of acyclovir were analyzed by IR
spectroscopy (FTIR- Jasco-480 plus). The changpriimciple peaks of group acyclovir and
excipients were found, which confirmed the comgtaxation between drug and excipients.The
important peaks in IR spectra of acyclovir wereP&8P3 of N-H stretch of primary amine
(NH2), 1785.94 of C=0 stretching (Fig. 3). In IRespa of PEG-6000 and PVP K-30, the
important peaks were observed at 1665.23 and 128&8pectively for C=0 stretch but in solid
dispersion these peaks were absent and new pe&k91.11 and 1107.22 for asymmetric C-O-
C stretch were observed.

In IR spectra of pur@-CD and HPB-CD (Fig.4) the important peaks were observed 21338
and 3384.94, respectively for O-H stretch of priynaicohol. Whereas in IR spectra of inclusion
complex all these important peaks were absent mstéad of this, peak of symmetric and anti
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symmetric peaks were observed at 1125.26 and 1P9Edpectively. These changes in IR peaks
clearly suggested that the acyclovir-excipients glem had been formed in case of solid
dispersion (PEG-6000 and PVPK30) and inclusion demB-CD and HPB-CD). The surface
morphology of drug and solid dispersion (ABS;) was determined by the use of scanning
electron microscopyAcyclovir existed as needle-like crystals, wherédgP K30 seen as
amorphous spherical or pieces of spherical pastiated PEG 6000 consistefllarge crystalline
particles of rather irregular size. The solid dispans appeared in the form of irregular particles
in which the original morphology of both componemisappeared and tiny aggregates of
amorphous pieces of irregular size were preserdgrefbre, the reduced particle size, increased
surface area, and the close contact between theogtytic carriers and acyclovir might be
responsible for the enhanced drug solubility fotordhe solid dispersion particles (fig.5).

DSC curves obtained for pure materi@CD, HP 3 and inclusion complexes are displayed in
fig.6. In case of acyclovir one endothermic peals whserved at 251.8 which were near to its
melting point 253°C. In the DSC curves of pBr€D and HP3-CD, the peaks corresponding to
the evaporation of water appeared in the temperatange of 50-150°C. Besides the
endothermic peaks corresponding to the loss of nwdlte thermogram of-CD displayed
melting endotherm with a shoulder, which indicatesl presence of more than one crystal form.
The inclusion complex of acyclovir with cyclodextrishowed spectra corresponding to
superposition of their parent products. In the euo¥ inclusion complex witl-CD, it exhibits
endotherms at 121.4 and 223°C. The inclusion campfeacyclovir with HPB-CD the all
important peaks were absent and a peak was obsang&i1 which show that all characteristic
features of acyclovir peak and cyclodextrin wers.l@he disappearance of the thermal features
of the drug indicated that the drug penetrated th&o cyclodextrin cavity replacing the water
molecules. The change in endothermic peaks of agiya@nd cyclodextrin were observed, which
confirms the interaction between drug and excigie@bntent of acyclovitin solid dispersion
(PEG 6000, PVP K-30), inclusion complg«CD, HPB-CD) was estimated and % drug content
of formulations A3 BS; Clsand Dkwas found to be 94.18, 94.87, 96.03 and 97.47 ctspéy.
The maximum cumulative % drug release in 0.1 N RCIAS,; BS;, Cls and Dk batch was
80.11%, 83.23%, 89.45% and 94.25% respectively|€Tband Fig.1). The drug release was
also performed in phosphate buffer saline (pH #4650 min. The maximum drug release from
batches A$ BS;, Cls and Dk was 71.63%, 73.12%, 74.12% and 83.24% respectiyEaple IV
and Fig. 2).

The release of drug from the optimized batches w@mpared with marketed preparation
(zovirax) in both medium. The dissolution rate lné drug in the solid dispersions and inclusion
complexes was evidently higher than that of m&rketed drug. This can be attributed to the
increase in solubility as drug. (Table IlI-IV antyA-2). Several mechanisms had been proposed
to account for the increase in the dissolution tknef drugs from solid dispersions. Decreased
crystallinity, increased wettability, and reductioh drug particle size were considered to be
predominant factors. Increase of dissolution ratas obtained for the inclusion complexes. This
behavior might be attributed to the high energetivorphous state and inclusion complex
formation.
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A rapid and excellent dissolution behavior was wigtd by forming solid dispersion with PVP
K30 or PEG6000 and inclusion complex W€D or HPB-CD. Among these preparations HP
B-CD inclusion complex () shows higher solubility and dissolution rate.

Tablel: Physical mix of drug and polymer

| Carrier Code Drug /Carrigtic  Mean absorbance  Conc.(mcg/ml)
PEG 6000 AP1 1:1 0.395 14.58
AP2 1:2 0.487 17.97
AP3 1:3 0.516 19.04
PVP K30 BP1 1:1 0.407 15.02
BP2 1:2 0.488 18.01
BP3 1:3 0.522 19.26
BCD CP1 1:1 0.432 15.94
CP2 1:2 0.498 18.38
CP3 1:3 0.603 22.25
HPBCD DP1 1:1 0.478 17.64
DP2 1:2 0.545 20.11
DP3 1:3 0.574 22.88

Tablell : Solubility Of Solid Dispersion (Asl-Bs5) And Inclusion Complex Of Drug (Cl1-
DI5) With Polymer

| Carrier Code Drug/Carricica Mean absorbance Conc.(mcg/ml) \
PEG 6000 AS1 1:1 1.428 52.694
AS2 1:2 1.569 57.897
AS3 1:3 1.779 65.646
AS4 1:4 1.815 66.974
AS5 15 1.788 65.978
PVP K30 BS1 1:1 1.491 55.018
BS2 1:2 1.611 59.446
BS3 1:3 1.806 66.642
BS4 1:4 1.890 69.742
BS5 15 1.917 70.738
PEG 6000 cil 1:1 1.715 63.292
Cl2 1:2 1.974 72.856
CI3 1:3 2.073 76.517
Cl4 1:4 2.285 84.317
CI5 1:5 2.307 85.137
PVP K30 DI1 1:1 2.077 76.657
DI2 1:2 2.366 87.321
DI3 1:3 2.450 90.406
Dl4 1:4 2.495 92.089
DI5 1:5 2.505 92.465
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Tablelll : Dissolution profile of optimised batches of solid dispersion, inclusion complex
and mar keted preparation in 0.1N HCI.

TIME
(MIN) CUMULATIVE6A DRUG RELEASE

AS4 BS5 Cl5 DI5 Marketed
10 21.35 21.44 23.56 25.31 20.64
20 45.89 48.68 51.62 53.24 41.22
30 68.46 72.99 71.34 75.56 54.74
40 75.81 77.91 84.22 87.36 59.11
50 78.23 81.55 87.59 91.32 60.69
60 80.11 83.23 89.45 94.25 62.36

Table 1V : Dissolution profile of optimised batches of solid dispersion, inclusion complex
and mar keted preparation in PBSpH 7.4.

TIME
(MIN) CUMULATIVE6A DRUG RELEASE

AS4 BS5 CI5 DI5 Marketed
10 19.11 20.71 21.61 24.31 18.63
20 39.56 40.89 48.22 50.51 36.56
30 58.91 61.52 66.25 70.84  48.94
40 67.26 69.11 71.63 78.61 55.66
50 69.77 70.83 74.56 80.86 57.11
60 71.63 73.12 74.12 83.24 58.02

Fig. 1: Comparison of dissolution profile of optimized batches of solid dispersion and
inclusion complexation with marketed formulation in 0.1 N HCI
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Fig. 2. Comparison of dissolution profile of optimized batches of solid dispersion and
inclusion complexation with marketed formulation in PBS pH (7.4)
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Fig. 3: IR spectra of solid dispersion
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Fig. 4: IR spectra of inclusion complex
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Fig. 5: SEM micrographs
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Fig. 6: DSC Curves
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