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ABSTRACT

Background: The success of a drug primarily depends on its bioavailability. By enhancing
the solubility and dissolution properties of drugs that are scarcely water soluble,
significantly improves their bioavailability. Methods: This study was aimed to prepare
a solid dispersion of the drug simvastatin that is a poorly water-soluble drug, through
the spray drying technique. Solid dispersion carrier PVP, adsorbent Aerosil 200 and
solvent dichloromethane were used to prepare solid dispersion. The pure simvastatin,
solid dispersion and physical mixture were analyzed using FTIR, XRD and DSC studies.
IR studies confirmed the possibility of hydrogen bonding in solid dispersion. Results: XRD
and DSC studies revealed that the amorphous form of simvastatin was present in the
solid dispersion. The spray dried form of simvastatin was formulated into a buccal tablet
by using carbopol 934 and HPMC K4M as mucoadhesive polymers. The drug release
from buccal tablets indicated that improvement in solubility, the rate of dissolution of
poorly water-soluble drug simvastatin. Conclusion: The study shows that the tremendous
potential of solid dispersions of simvastatin by using spray drying technique.

Key words: Spray drying, Crystalline, Simvastatin, Buccal tablet, Hydroxy propyl methyl
cellulose.

INTRODUCTION
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Many drugs have been developed in the
pharmaceutical field which intrinsically have
low water-solubility. The dissolution rate
of a drug has been explained by Noyes—
Whitney equation,' and is dependent on its
solubility and surface area. And it is more
suitable to cause increase in the surface
area of the drug by the size reduction of its
crystals as compared to using other meth-
ods to improve the drug solubility. Several
methods have been to solve the solubility
problem and various pharmaceutical engi-
neering techniques have been used for this
putpose, including grinding,? grinding with
additive,’ inclusion compound with cyclo-
dextrin®® and salt formation. The dissolu-

tion rate and the bioavailability of pootly
water-soluble drug have been significantly
improved by using solid dispersion of drug
and it has become a widely used technique.’
The properties and features of such solid
dispersions of drugs are affected by various
factors, such as the preparation method and
the type of the carrier used.”” And the num-
ber of water-soluble carrier materials, espe-
cially PEG" or PVP" have gained attention
for this purpose.

One of the most useful techniques in
pharmaceutical engineering that are used
to make spherical drug crystals which are
small in size, uniform and have narrow dis-
tribution, is the spray drying technique. This
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method has an added advantage over other methods, as
the granulation and drying of particles is achieved in one
single step. The spray drying technique leads to a physi-
cal transformation of the drug and forms an amorphous
or semi-amorphous phase or semi-crystalline state of
the drug,'*"” The amorphous phase is a metastable state
and quickly revert to the more stable crystalline state.
However, it significantly improves the dissolution rate
of poortly water-soluble drugs as thermodynamically;
it is a high energy state. The combination of the drug
with a hydrophilic carrier imparts a high solid-liquid sut-
face tension and forms a micro-environment in which
the solubility of the drug is increased. It also prevents
agglomeration and aggregation of individual drug parti-
cles, both of which can impart water insolubility."* Over
the past four decades, many publications have investi-
gated various pharmaceutical aspects of solid disper-
sions; however, the use of spray drying is only limited
to few marketed products.”” Major problems which
influence the success rate of spray drying technology
include: The cost of preparation, difficulties in process-
ing and physical instability of the drug.'*'® However, it
has been proposed that the mechanical strength and dis-
solution rate of solid dispersions of drug can undergo
changes with time."”

In the present investigation, the spray drying technique
was applied to pootly water-soluble drug, simvastatin
and a hydrophilic polymer Polyvinylpyrrolidone K25
(PVP) was attached to the drug by using a varied combi-
nation of Aerosil 200. The FTIR, XRD and DSC stud-
ies are performed to study the compatibility of drugand
carrier along with the presence of crystallinity and its
thermal properties. Initially, the solid dispersions were
analyzed by comparing with pure drug and the respec-
tive Physical Mixtures (PMs) in the same ratios. The
solid dispersions are then formulated into fast dissolv-
ing tablets and further subjected to i vitro characteriza-
tion.

MATERIALS AND METHODS
Materials

Simvastatin was generously given by G Amphray Pvt.
Ltd. Mumbai, India). PVP K25 (Sanofi-Aventis), Aero-
sil 200 (Degussa). The reagents and solvents used were
of analytical grade.

Solid Dispersion and Physical Mixture Preparation

Simvastatin was dissolved in an adequate amount
of dichloromethane either alone or with PVP (1:1
part by weight.). A proposed quantity of Aerosil 200
(Table 1) was added slowly to this solution to obtain

homogenous suspensions. Next, the spray drying pet-
formed using laboratory scale spray dryer (Lab-ultima,
Mumbai, India) under following set of conditions: inlet
temperature, 350°C; outlet temperature, 26-280°C; feed
rate, 6-8 ml/min; atomization air pressure, 2 kg/cm?
and aspiration, -200 mm. By mixing drug and excipi-
ents physically, the mixtures of drugs were prepared and
processed for in a mortar for ten minutes to obtain a
uniform mixture. Finally, the filtration of the samples
was carried out using a fine mesh (150 mm) and stored
in a desiccated place for future use.

Drug content

Around 10 mg of the solid dispersion of simvastatin
was accurately weighed and mixed in an appropriate
quantity of methanol. The spectrophotometric analy-
sis was carried out to determine the density or content
of the drug, at 238 nm using UV- spectrophotometer
(V-530, JASCO and Japan).

Saturation solubility

The solubility increase of simvastatin was analyzed by
adding different formulations of simvastatin to10 ml of
phosphate buffer (pH 6.6). The mixing of samples was
carried out on a water bath shaker (250°C) for two days.
Finally, the samples were filtered, diluted and spectro-
photometrically analyzed at 238 nm.

FTIR analysis

The pure drug, pure polymers, physical mixtures and
solid dispersions of drug were subjected to infrared
spectroscopy (Model-V-5300, JASCO and Japan). For
this purpose, the sample preparation was carried out
and drug pellets were formed by adding samples in
potassium bromide solution and vacuum packed. . The
pellets were further analyzed and the spectra scans were
taken between 400 to 4000cm™ at a resolution of 4cm™.

XRD patterns

The examination of XRD patterns were carried using
X-ray diffractometer (PW 3710, Philips analytical B.V.).
The drug samples were exposed to monochromatized
Cr Ka radiation (2.289 A°) and analyzed between 10 to
70°C 260. The voltage was set at 40 kV and the current
was set at 25 mA. The XRD analysis of pure drug, poly-
mers and physical mixture was catried out for the evalu-
ation of change in crystalline nature of pure drug by the
addition of other polymers.

DSC analysis

A differential scanning calorimeter equipped with an
intracooler (Mettler-Toledo, Switzerland) was used to
carry out the DSC studies. And indium/zinc standards
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were used to calibrate the enthalpy and temperature of
DSC. The samples (pure drug, pure polymers, the physi-
cal mixture of drug and polymers and SDs) were packed
in pans and heated at 200°C/min over a temperature
range of 20-1500°C. An inert experimental environ-
ment was obtained by using nitrogen gas at a flow rate
of 50 ml/min.

Preparation and Evaluation of Fast dissolving
tablets

A direct compression method was used to produce
the mucoadhesive bilayer tablets using carbopol 934
and HPMC K4M as mucoadhesive polymers.”** The
backing layer and core layer composition are shown in
Table 2. The drug was homogeneously mixed with car-
bopol 934, HPMC K4M and magnesium stearate in
a glass mortar for fifteen minutes to prepare simvas-
tatin (equivalent to 5 mg) and mucoadhesive polymer
mixture (core layer). This mixture (150 mg) was then
compressed using 8 mm stainless steel punch and die
in the hydraulic press. By raising the upper punch, the
backing layer of EC granules (50 mg) was positioned
on the first layer. The two layers were then pressed and
the mucoadhesive bilayer tablet was formed. These buc-
cal tablets were assessed for various features, including
swelling studies, hardness, thickness, weight variation,
surface pH, friability, ex-ziv0 mucoadhesive ability and
in-vitro drug release studies.

Surface pH determination

The prepared buccal tablets were analyzed for their sur-
face pH in order to determine the risks of any associ-
ated side effects. It is known that extreme pH, acidic or
alkaline, can cause irritation in the oral mucosa. Ideally
the surface pH of any drug should be close to neutral.
For this purpose, the surface pH of the formulation was
determined using the method proposed by Bottenberg
¢t al. with some modification. The surface pH was mea-
sured using a glass electrode. The tablets were kept in
1 ml of distilled water (pH 6.6 £0.05) for 2 h which
allowed them to swell and pH was measured by bring-
ing the electrode in contact with the drug surface and
equilibrated for 1 min.

Swelling studies

The percentage hydration of the buccal tablets was used
as a determinant of their swelling property. For this pur-
pose, each tablet was weighted (W1) and transferred to
phosphate buffer pH 6.6 for a specific period. The tab-
lets were removed and wiped clean by using filter paper
and were weighed again (W2). The following formula
was used to calculate the percent hydration:*

Table 1: Composition of solid dispersion and

physical mixture.

. Quantity (Parts by weight)
Formulation A "
Simvastatin erosi
PVP 200
SD 1:1 PM 1:1 1 1 -
SD 1:2:2 PM 1:2:2 1 2
SD 1:3:2 PM 1:3:2 1 3
W2-W1
% hydration = x 100

W1

Ex vivo mucoadhesive strength

The mucoadhesive or bio-adhesive ability of prepared
buccal tablets was analyzed using a specialized physical
balance and procedure employed by Gupta e/ a/. For this
purpose, a fresh buccal mucosa sample was collected
from sheep from a local slaughterhouse (Approved by
institutional ethical committee, Dept. of Pharmacol-
ogy, INMC, KLE University, Belgaum). The undetlying
loose tissues and fat were removed to obtain the muco-
sal membrane. The membrane was then washed with
dis. water and phosphate buffer pH 6.6 at 37 + 10°C,
in a two-step rinsing method. The buccal mucosa was
tied to the petri dish that contained phosphate buffer.
The buccal tablet was then attached to the lower side
of a thread using cyanoacrylate adhesive. The two sides
of the balance were adjusted at an equal position by
using five grams weight on the right-hand pan and with
a tablet in the left-hand pan. The weight was removed
from the right-hand pan, which lowered the tablet over
the mucosa and was given a five-minutes contact time.
Slowly, the weight was added to the right-hand pan until
the tablet separated from the surface of mucosa.”!

Disintegration test

Each mucoadhesive buccal tablet was analyzed for its
dissolution ability using a simple disintegration test. It
was performed by immersing the tablet in a glass petri
plate with water (20 to 25 ml at room temperature, 37 £
10°C). The buccal tablets were observed for any kind of
morphological changes.”

In vitro drug release studies

The analysis of 7 vitro drug release ability of both spray
dried simvastatin buccal tablet, as well as pure simvas-
tatin buccal tablet, was performed. The United States
Pharmacopoeia (USP) XXIII rotating paddle method
was used to analyze the release rate of the drug from the
bilayer tablets. The dissolution medium that was used
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was composed of 500 ml phosphate buffer (pH 6.6) and
release was determined at 37 £ 0.5°C, at 50 rpm. A cya-
noacrylate adhesive was used to attach the buccal tablet
backing layer to the glass slide. And the slide was placed
at the bottom of the vessel. At specific time intervals,
various samples (5 ml) were taken out of the medium
and replaced with fresh content. Filter paper (Whatman
filter paper) was used to filter the samples and appropri-
ate dilution was prepared prior to spectrophotomettic
analysis (Pharmaspec-17, Shimadzu, Japan) at 238 nm.”!

RESULTS AND DISCUSSION

The solid dispersion of simvastatin was prepared to
overcome the solubility problems associated with the
drug. Dichloromethane solvent was selected for spray
drying because of the limitation of outlet temperature
below 35°C. Vatious batches of solid dispersion wete
prepared for optimization. During initial batches of
simvastatin: PVP (1:1) the product recovery was low
because drugs formed usinga polymer carrier which
is soluble in water results in atacky or sticky forma-
tion leading to a decreased recovery of solid dispersion
and making the handling of the subsequent processes
harder. To obtain free-flowing powder and to increase
the yield, Aerosil 200 was added due to its anti-sticking

properties. SD (1:2:2) and SD (1:3:2) was obtained as
a free-flowing powder with a practical yield of 75%
and 70%, respectively. Further increase in PVP amount
diminishes the powder characteristics of solid disper-
sion.

Drug Content

Table 4 shows the drug content of prepared solid dis-
persion. The drug content of SD (1:1) was observed to
be low (63 = 3%) which might be due to loss of drug
during spray drying and stickiness of carrier. Drug con-
tent of SD (1:2:2) and SD (1:3:2) was found to be 76 *
2.37% and 87 £ 1.23%.

Saturation Solubility

Table 3 shows saturation solubility of prepared physical
mixture and solid dispersion. Pure simvastatin has satu-
ration solubility 16 + 0.77 pg/ml. For SD (1:1) solubility
was observed to be 47 * 1.08 pug/ml. The saturation
solubility was noticed to increase as the number of PVP
increases. SD (1:2:2) and SD (1:3:2) have solubility 71 £
2.15 pg/mlL and 85 * 2.49 pg/ml, respectively.

FTIR analysis

To determine if there any interaction occurs between
the excipients and drug FTIR spectroscopic analysis

Table 2: Composition of simvastatin buccal tablet.

A. Composition of core layer
Fo r?:(liztion Drug equ;:/l:a?ent (g:gzb(‘::;))l K:II: I\(IInCI:g) Stt:’!agri.ate V\-lreoitgaI:t
to (mg) (mg) (mg)
F1 Pure SIM 5 71.50 71.50 2.00 150
F2 SD (1:1) 5 71.50 71.50 2.00 150
F3 SD (1:2:2) 5 71.50 71.50 2.00 150
F4 SD (1:3:2) 5 71.50 71.50 2.00 150
F5 Pure SIM 5 47.66 95.34 2.00 150
F6 SD (1:1) 5 47.66 95.34 2.00 150
F7 SD (1:2:2) 5 47.66 95.34 2.00 150
F8 SD (1:3:2) 5 47.66 95.34 2.00 150
F9 Pure SIM 5 95.34 47.66 2.00 150
F10 SD (1:1) 5 95.34 47.66 2.00 150
F11 SD (1:2:2) 5 95.34 47.66 2.00 150
F12 SD (1:3:2) 5 95.34 47.66 2.00 150
B. Composition for backing layer
Ethyl cellulose | Carbopol 934 PVP K 32 Sodium saccharin Tartrazine v::i:r:t
(mg) (mg) (mg) (mg) (mg) (mg)
22.50 6.25 18.75 25 0.05 50
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Table 3: Drug content and saturation solubility of pure drug, prepared physical mixture and solid Dispersion.

Pure Physical mixture Solid dispersion
simvastatin 1:1 1:2:2 1:3:2 1:1 1:2:2 1:3:2
Drug content (%) = 58 + 0.82 65+ 1.63 70 £2.14 63 + 3.00 76 +2.37 87 £1.23
S 16 £ 0.77 21+1.15 29 +0.84 38+1.77 37+1.08 61+2.15 75 +2.49
solubility (ug/ml)

Table 4: Evaluation parameters of simvastatin buccal tablets formulations F1-F12.

Formulation Hardness Friability Average Surface | Mucoadhesive c(?r:;?nt Swelling Disiptegration
Code (Kg/lcm?) (%) weight (mg) pH strength (gm) %) index (%) time (h)
F 6.40 £ 0.69 |0.370 + 0.14(200.00 + 1.73 66?(?; 23.67 £ 1.52 911'2%* 72724181 | 14.00+1.00
F2 6.56+0.40 |0.374+0.15/199.34 + 0.57 65(?5* 2312 +1.29 971'_3%* 7070+ 155 | 14.00+0.50
F3 5.83+0.35 0.222+0.10200.34 + 0.57 6&‘3; 21.33+0.57 9%;;* 7343£1.92 | 14.30£0.20
F4 5.60+0.60 |0.344 +0.17|198.67 + 0.57 66‘.‘(?5* 22.33+0.16 9%;3* 7364162 | 13.00+1.00
FS 6134061 0.329+0.10199.34 + 1.52 66‘7’58* 19.33 + 0.51 gi"_gf 66.45+256 | 12.00 +0.65
F6 6.40 £ 0.52 |0.359 + 0.09|200.67 + 0.57 66‘_‘?1* 18.25 + 0.24 922'_%%* 67.36+1.33 | 12.00+0.50
F7 6.26+0.11 |0.207 00620000173 °08% | 48774213 | BB e 01081 | 11.001.00
0.25 2.49
F8 6.33+050 0.316 +0.14|199.67 + 0.57 G(fgf 19.08 + 1.83 9‘8_322* 68.87 +0.44 | 1250 +0.50
Fo 5.80+0.20 0.3250.15/199.00 + 1.00 66:_”53* 27.67 +0.57 9?1"_;‘;* 8214+137 | 16.50+0.50
F10 6.53+0.61 |0.364 +0.14|200.34 + 1.15 66‘_‘5’5* 26.45 + 1.32 9‘;_%* 83.65+1.52 | 15.000.24
F 6.20+0.60 |0.265 + 0.08/200.34 + 1.15 6535* 26.85 + 0.89 952'2%* 8237084 | 16.00+0.45
F12 6.40 052 0.285+0.10|198.67 + 0.57 6(')‘.5135’3 27.03+0.25 953'_2";’5 80.75+043 | 15.00+0.30

Average of triplicate was reported. (+ SD).

was performed. Figure 1. Shows individual IR spectra
for different formulations of simvastatin. The infrared
spectra, in the case of pure drug, forms distinctive func-
tional peaks (Figure 1a.) at 3546.51 (Free 0-H Stretch),
3010.82 (olefinic C-H stretch), 2969.1 (CH3 C — H sym-
metric stretching), 1701.8 (ester C=0O stretching), 1369.1
(Gem dimethyl C-H bend), 1269.0 (Lactone C-O-C
stretching) and 1055.6 cm™ (Secondary alcohol C-O
stretch), while, in case of physical mixtures, characteristic
peaks were observed at 2961.5, 1686.7, 1376.0, 1280.4,
1062.7 cm™ with insignificant wave numbers shift. This
tiny change might be due to the adsorbent used or due
to the amorphous nature of polymers. There is a pos-
sibility that during the preparation of physical mixture
(mixing and trituration of excipients and drugs for 10
min.) some functional group of drug and excipients

50

may overlap and can form very weak hydrogen bond-
ing which results into the negligible shift in wavelength.
The presence of Aerosil 200 in the physical mixture and
solid dispersion may influence the overall spectrum of
the drug. Aerosil shows a characteristic prominent peak
at 1115.08 cm™. In the solid dispersion, there is no sig-
nificant difference in individual spectra. The PVP and
drug promote the hydrogen bonding interaction which
is proved by a prominent peak at 1683 cm™.

XRD Analysis

The X-Ray diffraction study is conducted to evaluate
any change in the crystalline nature of pure drug by pro-
cessing with or addition of other polymers. The XRD
study of polymers, pure drug and physical mixture was
carried out on X-Ray diffractometer (Figure 2.). Pure
simvastatin during XRD studies was characterized by
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Figure 1: Infrared spectrum of different formulations of simv-
astatin. Key: (a) Pure simvastatin; (b) PVP; (c) PM 1:1; (d) PM
1:2:2; (e) PM 1:3:2; (f) SD 1:1; (g) SD 1:2:2; (h) SD 1:3:2.
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Figure 2: X-ray powder diffraction pattern of different formula-
tions of simvastatin. Key: (a) pure simvastatin; (b) PVP; (c)
PM 1:1; (d) PM 1:2:2; (e) PM 1:3:2; (f) SD 1:1; (g) SD 1:2:2; (h)
SD 1:3:2.

prominent diffraction peaks (see Figure 2a.) within the
range of 10-70 026. The characteristic peaks of simvas-
tatin were observed at 14.005, 16.32, 25.75, 28.14, 32.03,
33.05 and 39.66 026. These peaks indicate the crystalline
nature of simvastatin. The physical mixture shows dif-
fraction peaks at 14.040, 25.800, 28.24, 33.06 and 39.09
026. A considerable drop in the intensity of some key
simvastatin crystalline peaks was seen in diffractogram
of physical mixture. The obtained results indicated that
the partial loss in crystallinity of pure drug might be
detected because of the physical occurrence of amor-
phous excipients. However, in solid dispersion, the
traces of crystallinity not observed might be because
of the presence of amorphous nature of Aerosil 200
or because the Aerosil 200 gets completely covered or
adsorbed on the drug particulates.

DSC Analysis

To investigate the change in thermal properties of drug
DSC analysis of simvastatin, physical mixture, polymers

o
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Figure 3: DSC thermograms of different formulations of simv-
astatin. Key: (a) pure simvastatin; (b) PVP; (c) PM 1:1; (d) PM
1:2:2; (e) PM 1:3:2; (f) SD 1:1; (g) SD 1:2:2; (h) SD 1:3:2.
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Figure 4: In vitro release profiles of different formulations of
simvastatin. Key: (¢) Pure simvastatin; (m) simvastatin buccal
tablet F9; (A) SD 1:1 buccal tablet F10; (x) SD 1:2:1 buccal
tablet F11; (k) SD 1:3:2 buccal tablet F12.

and solid dispersion were performed. The thermogram
of simvastatin in pure form was a melting endotherm
with sharp edge at 139.5°C (Figute 3a) while due to
amorphous nature of polymers no endothermic peak
appeared in case of polymers. In the case of a physical
mixture (see Figure 3b), a graph with a peak at 134.56°C
was obtained showing insignificant variation in endo-
therm due to the presence of residual crystallinity, where
this slight variation in drug’s melting temperature can be
accredited to the addition of amorphous excipients with
the increase in the quantity of PVP a straight line graph
is formed without any endothermic transitions.

These results are also supported by diffractogram (Fig-
ure 2g) which showed the presence of amorphous
nature of drug in spray-dried form.

Tablet preparation and evaluation

In this work, mucoadhesive polymers and antihyper-
lipidemic drug simvastatin were selected for the devel-
opment of bucco-adhesive tablets. The selection was
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made based on the non-irritant, bio-adhesive nature and
because of being safe and showing no irritancy. The
purpose is to develop buccal tablets providing unidirec-
tional drug release. In the core layer, the mixture of drug
and mucoadhesive substance was incorporated (combi-
nations of CP 934P: HPMC K4M) which interacts with
the mucosal surface. A second upper backing layer then
protects this core layer from the oral cavity environ-
ment. Due to the water impermeable nature of ethyl
cellulose, it is selected as the backing layer compound.
To avoid premature cracking CP 934P and PVP K32 (in
a ratio of 1:3) were added to the backing layer. Sodium
saccharin was added as a sweetening agent, while tartra-
zine is added as a coloring agent and to distinguish the
two layers. The thickness of the formulations was found
to be 2.01 to 2.02 mm respectively.

Surface pH determination

Table 4 shows the surface pH of all buccal tablets pre-
pared. The bilayer tablets showed a surface pH between
6.23 £ 0.05 to 6.66 * 0.25. The examination specify that
the produced buccal tablets will be free from causing
irritate risks to the mucosal surface.

Swelling studies

An essential property of a buccal adhesive system is
appropriate swelling behavior. It ensures the extended
and uniform release of drug and effective mucoadhe-
sion. The hydration rate directly effects the swelling
index of the drug, which is to say, an increase in swelling
index can be taken as the weight of the tablet increases
due to hydration. Table 4 shows the swelling index of
the formulation F1-F12. The obtained results indicate
that swelling indices of the prepared buccal tablets rises
with the increasing amount of CP. Maximum swelling
index obtained in buccal tablets contains CP: HPMC in
the ratio of 2:1.

Ex vivo mucoadhesive strength

The adhesion between mucus and a polymer is defined
as mucoadhesion. This adhesive force depends on vari-
ous factors, for instance, the contact time with mucus,
the molecular weight and polymer swelling rate and the
biological membrane used in the study. The biological
membrane for mucoadhesion studies used in the current
study was the sheep buccal mucosa. Table 4 represents
the obtained values of mucoadhesive strength for all for-
mulations. The buccal tablet bio adhesive strength was
observed to be in between 18.25 £ 0.24 to 27.66 £ 0.57
g. The highest bio adhesive strength of 27.67 £ 0.57 g
was displayed by the bilayered tablets containing CP and
HPMC in 2:1 ratio (F9). Bilayered tablets showed good
mucoadhesive strength with a higher proportion of CP,

which might be due to the presence of the polymer
chains in the interfacial regions as compared to other
polymers which only undergoes superficial bio-adhesion
resulting in low bio-adhesive strength. The high adhe-
sion may also be due mucin that might form secondary
bio-adhesion bonds with it.

Disintegration test

The disintegration test can check the integrity of the for-
mation of the buccal tablet. A buccal tablet immersed in
water takes a bit of time to hydrate, as a result of which
it starts swelling and eventually it slowly disintegrates.
The time which the prepared buccal tablet takes to dis-
solve was noted to be in between 11.00 £ 1.00 to 16.50
1 0.50 hr. Table 4 represents the disintegration time for
all formulations. The achieved results indicated that due
to the high viscosity and molecular weight of carbopol
the disintegration time increases with the increase in car-

bopol.

In vitro drug release study

Figure 4 demonstrates the zz-vitro drug release graph for
selected formulations depending upon optimum swell-
ing index, mucoadhesive strength and disintegration
time. Pure simvastatin shows cumulative drug released
77.98% in 8 h. Simvastatin formulated in a buccal tab-
let (F9) shows cumulative drug released 62.34% in 8 h.
This decrease in drug release is due to properties of
mucoadhesive polymers which release the drug in a
sustained/controlled manner. The spray dried simvas-
tatin formulated in buccal tablet showed drug released
66.76%, 69.46%, 73.77% for formulation F10 (SD 1:1),
F11 (SD 1:2:2) and F12 (SD 1:3:2) respectively in 8 hr.
The obtained results suggested that an increase in the
amount of PVP in solid dispersion would increase the
drug release. This increase in drug release from spray
dried formulation may be accredited to enhanced disso-
lution of drug particles due to the amorphous excipients
presence and decreased crystallinity of drug. Increase in
drug release from solid dispersion showed the presence
of the drug in the amorphous state which is also con-
firmed by FTIR, XRD and DSC studies.

CONCLUSION

It can be concluded that to improve bioavailability, it is
essential to enhance the dissolution and solubility chat-
acteristics of drugs which are pootly soluble. One of the
approaches is the physical transformation of crystalline
pills into amorphous nature. In this study, a solid disper-
sion of simvastatin was successfully achieved using the
spray drying technique. FTIR, XRD and DSC studies
did the confirmation of the presence of an amorphous
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form of simvastatin. The possibility of hydrogen bond-
ing in solid dispersion was confirmed by IR studies and
supported by XRD and DSC.

The simvastatin amorphous form as found in a pow-
dered solid dispersion, explains better dissolution rate
compared to solid dispersion tablets as analyzed by
X-ray diffraction. Use of solid dispersion form of sim-
vastatin exhibited better results than the physical mix-
ture. It showed better solubility, decreased crystallinity
and improved dissolution rate. Dissolution studies from
buccal tablet revealed the influence of polymers and
amorphous nature of drug on the release of the drug.
The current study thus establishes a potential applica-
tion of the technique of spray drying to form solid dis-
persion of pootly water-soluble drug simvastatin.
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PICTORIAL ABSTRACT

Infrared spectrum Differential scanning calorimetry

Xeray powder diffraction

SUMMARY

In this study, a solid dispersion of simvastatin was
developed using a spray-drying technique. FTIR,
XRD, and DSC studies were carried out to provide
evidence for the existence of an amorphous form
of simvastatin. The incident of hydrogen bonding in
the solid dispersion was proved by FTIR studies and
supported by XRD and DSC studies. The present
investigation suggests that the spray-drying technique
may be used to form solid dispersions of the pootly
water-soluble drug, simvastatin.
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