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ABSTRACT

Objective: The poor solubility which causes the poor bioavailability of simvastatin is
an arduous task for the preparation of oral dosage form, which can be increased by
the preparation of solid dispersion. Materials and Methods: The solid dispersions of
simvastatin were prepared in different ratios by physical mixture method, kneading
method and melting method using PEG 6000, B-cyclodextrin and Hydroxy Propyl
B-cyclodextrin to enhance the solubility of poorly soluble drug. Results: These solid
dispersions were analyzed for the solubility by prescribed methods. The solid dispersion
of drug with HP B-cyclodextrin in 1:1 ratio has shown enormously improved solubility.
Further FTIR and X-Ray studies were carried out. The compatibility study showed that
there is no interaction between the drug and HP B-cyclodextrin and PXRD confirmed the
amorphization of crystalline drug. Conclusion: The overall result showed that the solid
dispersion of simvastatin can be prepared by various methods, of which the kneading
method was best with HP B-CD in 1:1 (drug: polymer) ratio, in comparison with melting
and physical mixture method. Hence we can conclude that the solubility of simvastatin
can be enhanced using HP B-CD.
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INTRODUCTION

Many drugs have a major challenge of poor 6000 in the preparation of SD can lead to
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preparation of a stable amorphous SD with

drug delivery. So, enhancement of bioavail- o chance of recrystallization on storage.

ability, or its solubility is of great impor-  n the recent years bioavailability of many DOI: 10,5530/ jper.53.35.92
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tance. Many techniques were discovered to drug have been increased by solid disper-

ozercfome tbese shortcomm;ors Whl(fh include sion techniques which results in reduced
salt formation, prodrug formation, par- . .
; ) > prodrug ) > P particle size and enhanced surface contact
ticle size reduction, complexation, micelles, . . . . .
. . . which helps them in enhancing dissolution
microemulsions, nanoemulsions, nanosus- s o .
rate.> Solid dispersions not only enhance

the drug solubility and stability but also
make the drug palatable. There are num-

pensions, solid lipid nanoparticles and solid
dispersions. Amongst these methods, solid
dispersion method is the most widely used

method.! However there are certain limi-
tations like problems during preparation
of SD of many drugs and recrystalliza-
tion during storage but many studies have

shown that use of many polymers like PEG

ber of methods available for preparation
of solid dispersion which include melt-
ing or fusion method, solvent evapora-
tion method, kneading methods and many

more.*
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Simvastatin (BCS II drug) is a white crystalline powder.
Its chemical name is (1S5,3R,7S,85,8aR)-1,2,3,7,8,8a—
hexahydro—3,7—-dimethyl-8-|2-[(2R,4R)-tetrahydro—4—
hydroxy—6—oxo—2H-pyran—2yl|ethyl]-1—naphthalenyl
ester.” It belongs to anti-hypetlipidemic drug category
and acts by inhibiting the enzyme 3- hydroxy-3-meth-
ylglutaryl-coenzyme-A (HMG Co-A) reductase, the
enzyme that catalyses an eatly and rate limiting step in
the biosynthesis of cholesterol.® Simvastatin has poor
aqueous solubility and bioavailability as it belongs to
BCS class-1I drug so preparation of solid dispersion is a
beneficial tool for increasing its bioavailability.*’

MATERIALS AND METHODS

Materials

The gift sample of Simvastatin was received from Dr.
Reddys’ Pharmaceuticals’ Ltd. Hyderabad. The Hydroxy
Propyl Methyl Cellulose (HPMC) and Methyl cellu-
lose (MC) polymers were gifted from Signet Chemicals
Pvt. Ltd and Loba Chem Pvt. Ltd Mumbai. The other
chemicals are ethanol, methanol, magnesium state, talc,
lactose; disodium hydrogen orthophosphate and potas-
sium dihydrogen orthophosphate were purchased from
Loba Chemicals Mumbai, India.

Methods

(A) Physiochemical and Analytical Characteriza-
tion of Pure Drug: The drug sample (Simvastatin) was
analyzed by different means such as color, odor, texture,
melting point, absorption maxima, FTIR study etc. in
order to prove the authenticity of the sample.

(i) Organoleptic Test: The Organoleptic tests (Color,
odor, taste) were observed.

Color: determined visually

Odor: determined

Texture: determined visually and by touch

(ii) Melting Point Test: The melting point of the drug
was determined by capillary method using the melting
point apparatus. Firstly one end of the capillary tube was
sealed. Then the drug was powdered properly and filled
up to three fourth heights into the capillary tube. The
tube was then placed in the melting point apparatus and
the melting point was recorded with the help of ther-
mometet. The same procedure was repeated.® Also the
digital melting point apparatus was used for confirming
the result.

(iii) Identification of drug by IR: FT-IR spectra of
selected, drug were recorded on Shimadzu FT-IR spec-
trophotometer using KBr discs. The instrument was
operated under dry air purge and the scans were col-
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lected at scanning speed 2 mm/sec with resolution of 4
cm over the region 4000-400 cm™.’
(iv) Determination of Absorption Maxima (A ):
A of the drug was determined spectrophotometrically
by ﬁsing SIMADZU Spectrophotometer. A solution of
10pg/ml concentration in phosphate buffer pH 7.0 con-
taining 0.5% SLS was scanned between 200-400nm. The
same procedure was repeated with solution of 20pg/ml
concentration for confirmation.

(v) Preparation of Calibration Curve: Simvastatin

was estimated spectrophotometrically at 247 nm by

using phosphate buffer pH 7.0 containing 0.5% SLS

(Sodium Lauryl Sulphate) as solvent."

* Preparation of Stock solution: A stock solution
of simvastatin was prepared by dissolving 10 mg of
pure simvastatin in 10 ml phosphate buffer pH 7.0
containing 0.5% SLS to produce the concentration
of 1000 pg/ml of simvastatin. The prepatred solu-
tion was the stock solution.

* Preparation of Working Standard Solution:
From the stock solution 2.5 ml solution was taken
and diluted up to 25 ml. The solution prepared was
the working standard solution that contained 100
pg/ml.

*  Preparation of Dilutions: From the working stan-
dard solution different dilutions were prepared of
5,10, 15, 20, 25, 30, 35, 40, 45 and 50 ng/ml by tak-
ing 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5.0ml
and diluting up to 10 ml each. Absorbance was mea-
sured with UV spectrophotometer at 247 nm using
phosphate buffer pH 7.0 as blank and plotted to get
the calibration curve.

(B) Preparation of Solid Dispersion with B-CD-
1. Physical Mixture: Drug, and HP 3-CD in the molar
ratios of 1:1 were mixed in a mortar for about one
hour with constant trituration, the mixture was passed
through sieve no. 80 and stored in the desiccators over
fused calcium chloride.
2. Kneading Method: First, cyclodextrin was placed in
a mortar; a small quantity of 50% methanol was added
to it while triturating to get slurry like consistency. Then
the drug was slowly incorporated into the slurry and
trituration was further continued for one hour. Slurry
was then air dried at 25°C for 24 hr, pulverized, passed
through sieve no. 80 and stored in desiccator over fused
calcium chloride."

3. Melting method: Accurately weighed carrier (PEG

6000) was melted in a water bath at 70°C, the drug was

added in the solid state and the mixture stirred until

homogeneity was attained. The mixture was then cooled
rapidly in a freezing mixture of ice and stored in a desic-
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cator for 24 hr. Subsequently, the dispersion was grinded
in a mortar and sieved through 80."

(C) Physiochemical and Analytical Characteriza-
tion of Solid Dispersion of Simvastatin

(i) Solubility Measurement

The solubility of solid dispersions of simvastatin was
determined in distilled water and phosphate buffer pH
7.0 containing 0.5% SLS according to USP dissolution
profile of simvastatin. The solubility of inclusion com-
plex of Simvastatin (SIM) and the Solid Dispersions
(SD) prepared by physical mixture method and slug-
ging method were determined by using the method, in
which the mixture equivalent to 30 mg of simvastatin
were added in 10 ml of the above solvents, in screw
capped vials and kept at equilibrium for a period of 48
hr on mechanical shaker at 3720.5°C and 50 rpm. The
content of vials were filtered through 0.2um filter and
analyzed on UV-Visible spectrophotometer at 247 nm."
(ii) Phase Solubility Measurement

Solubility Determinations of Simvastatin using HP
g-CD-

Solubility determinations were performed in triplicate
according to the method of Higuchi and Connors. An
excess amount of simvastatin was placed in a screw-cap
glass vial to which 20 ml of Phosphate buffer pH 7.0
solution containing various concentrations (0%, 2%,
4%, 6%, 8%, 10%) of HP - CD was added. The sam-
ples were shaken at 37 = 0.5°C for 72 hr on a mechani-
cal shaker. After 72 hr the samples were filtered through
a 0.45-pm membrane filter. The filtrate was diluted 10
times and analyzed spectrophotometrically at 247 nm
using a UV-Vis spectrophotometer (Shimadzu UV-1800,
Switzerland)."

The value of the apparent stability constant, Ks, for
drug—carrier combinations was computed from the
phase-solubility profiles, as described by

Slope

Ky =
Intecept(1 - Slope)
The Gibb’s free energy of transfer (AGtr °) of simvas-

tatin from phosphate buffer to solutions of carrier was
calculated as

AG, =-2.303 RT[logz—o)

tr
S

Where § O/ S is the ratio of the molar solubility of sim-
vastatin in phosphate buffer of HP 3- CD to that in the
same medium without HP 3- CD.

(iii) Compatibility Study by FTIR-

The FT-IR spectra of the pure drug, polymer mix-
ture and optimized solid dispersion formulation were
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obtained to prove the chemical integrity of the drug in
the solid dispersions.

Drug-polymer interactions were assessed by FT-IR spec-
troscopy. FT-IR spectra of selected dispersion powdert,
physical mixtures and drug were recorded on Shimadzu
FT-IR spectrophotometer using KBr discs. The instru-
ment was operated under dry air purge and the scans
were collected at scanning speed 2 mm/sec with resolu-
tion of 4 cm™ over the region 4000-400 cm™.’

(iv) Powder X- Ray Diffraction-

Powder x-ray diffraction analysis has been used to char-
acterize the physical state of the drug in the polymeric
matrices of solid dispersions. The diffraction studies of
the drug, polymer mixture and the optimized solid dis-
persion formulation were performed in a powder x-ray
diffractometer with a vertical goniometer (PW 1050/37,
Philips, Netherlands). PXRD patterns were recorded
using monochromatic Cu K « radiation with Ni filter at
a voltage of 40 kV and a current of 20 mA between 5
to 80°C 20 values.”

RESULTS AND DISCUSSION

(A) Physiochemical and Analytical Characteriza-
tion of Pure Drug-

(i) Organoleptic Test- Color of Simvastatin — White
to off — white Odor of Sim-
vastatin — Odotless Taste of
Simvastatin — Bitter, metallic
taste.

(ii) Melting Point Test- The melting point of the pure
drug simvastatin was found to
be Theoretical Melting Point:
135-138°C Practical Melting
Point: 126-135°C.

The theoretical melting point of the pure drug is 135-

138°C as per literature. The melting point determined

by capillary method was 126-135°C. So it is revealed
that the drug was pure as there was no deviation from
reported melting point.'®

(iii) Identification by FTIR-

»  Figure 1 shows the FTIR spectra for pute simv-

astatin. Some of the characteristic infrared absorption

bands were given in the Table 1 which corresponds the
structure of simvastatin.'?

(iv) Determination of Absorption Maxima (A__)-

»  Figure 2 shows the scanning spectra for 20 ug/ml

dilution of pure drug. The A__of Simvastatin in phos-

phate buffer pH 7.0 was found to be 247 nm.
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Table 1: Some Characteristic Infrared Absorption

Regions.

BOND FREQUENCY(in cm™)
OH stretching 3549
Aromatic CH, group 2968
Aromatic C=0 stretching 1724
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Figure 1: FTIR Spectra of Simvastatin (Pure Drug).
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Figure 2: Spectra of 20 pg/ml dilution for ). _Determination.

(v) Preparation of Calibration Curve-
»  Figure 3: Calibration Curve of Simvastatin with
Phosphate Buffer pH 7.0 containing 0.5% Sodium Lau-
ryl Sulphate
»  The Linear regression equation obtained between
concentration and their respective absorbance values
and calibration curve is given in Figure 3. The equation
obtained was:

Y = 0.0397x + 0.0386

With 7= 0.9991
> The linear relationship between concentration
and their respective absorbance values indicated that it
obeyed the Beer’s Lambert law.
(B) Different solid dispersions of simvastatin were
prepared by using above methods

S234

Calibration Curve of Simvastatin

y =0.0397x +0.0386
15 R =0.9991

Absorbance at 247 nm

0 10 20 30 40 50 60

Concentration (meg/ml)

Figure 3: Calibration Curve of Simvastatin with Phosphate
Buffer pH 7.0 containing 0.5% Sodium Lauryl Sulphate.

(C) Physiochemical and Analytical Characteriza-

tion of Solid Dispersion of Simvastatin

(i) Solubility Measurement-

> Solubility of drug in different solvents was given in
Table 2 collected from literature.

»  'The solubility values (mg/ml) of inclusion com-
plex and solid dispersion with PEG 6000, -
Cyclodextrin and HP B- Cyclodextrin are given in
the Table 3, Table 4 and 5 respectively.

»  From the above experiment it was clear that the
solubility was enhanced more with HP - CD as
compared to PEG 6000 and - CD. So from the
two solubility enhancers HP - CD was selected
for further study.

» From the above experiment it can be concluded that
the HP - CD by kneading method increased the
solubility more than the physical mixture method.

So between the two methods kneading method was

selected for preparation of inclusion complex for fur-

ther study.

»  From the solubility data given in the above table,
it can be conclude that there is a 6 fold increase
in solubility of the drug at 1:1 ratio. With further
increase in the amount of the HP 3- CD there was
no significant increase in solubility. Only slight
increase was found in the solubility with 1:2 ratio.

»  The improved solubility of simvastatin by com-
plexation with HP $-CD by kneading method
is due to formation of water soluble inclusion
complexes with a variety of organic compounds,
based on their ability to provide a hydrophobic
cavity in aqueous solution for a hydrophobic guest
molecule or hydrophobic moieties in the guest
molecule. By complexation, cyclodextrins can
increase the solubility, stability and bioavailability
of the guest molecule. The enhancement of water
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Table 2: Solubility of Simvastatin in Different
Solvents.®

Table 5: Solubility values (mg/ml) of Inclusion

complex and Solid Dispersion with HP - CD.

Table 4: Solubility values (mg/ml) of Inclusion

complex and Solid Dispersion with - CD.

. Solubility
Solubility

s. | o . B- (mg/mi) By | (M9/m!) By

Simvastatin . ! Physical

No. Cyclodextrin | Kneading .

Method Mixture

Method
1 1 0.420+0.46 | 0.420+0.26
2 1 0.5 1.326+0.93 | 0.465+0.74
8 1 1 2.481+0.19 | 0.663+0.39
4 1 1.5 2.486+0.81 | 0.821+0.61
B 1 2 2.528+0.38 | 0.842+0.15

solubility of drugs is especially important for their
bioavailability.'"'®

»  Further with kneading method the solubility values
for molar ratios 1:1 and 1:1.5 was almost similar.
So the ratio 1:1 was selected for further study as
with the further increase of the polymer there was
not so much increase in the solubility.

»  The similarity between the two ratios was proved
statistically by applying ANOVA.

ANOVA- Single factor- For determining the similarity

between the two inclusion complexes (molar ratio 1:1

and 1:2) statistical approach (ANOVA- single factor)

was applied.

Let null- hypothesis, H  is that there is no significant

difference between the solubility of the inclusion com-

plexes with molar ratios, 1:1 and 1:1.5.
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S. No. Solvent Solubility Solubility Sol/ublnlnéy
1. Water Practically insoluble S. ) ) HP B- (mg/ml) By (mg m_) y
N Simvastatin Cvelod . Kneadi Physical
2. Chloroform, methanol Freely soluble € yclodextrin neading Mixture
and in alcohol Method Method
&, n-Hexane Very slightly soluble 1 1 — 0.490+0.36 | 0.434+0.21
2 1 0.5 1.428+0.84 | 0.481+0.65
Table 3: Solubility values of Solid Dispersion with 3 ! L AARIES | i
PEG 6000. 4 1 1.5 2.499+0.72 | 0.853+0.52
Solubility (mg/ml) of the Solid 5 1 2 2.5170.41 | 0.887+0.33
S. PEG dispersion
Simvastatin
No. 6000 Melting Physical
Method Mixture Table 6: Solubility Data for Kneading Method.
1 1 0.420+0.42 0.420+0.21 Solubility (mg/ml)
2 1 0.5 0.726+0.67 0.456+0.26 Trial No. 1:01 01:01.5
3 1 1 1.231+0.39 0.674+0.57 1 2.481 2.486
4 1 1.5 1.576+0.45 0.867+0.65 2 2.484 2.488
5) 1 2 1.652+0.34 0.874+0.25 3 2.483 2.487

Table 6 shows again the solubility data for two
ratios. From the Table 7 it can be concluded that
the calculated F-value (0.000273) was less than the
critical F- value (5.987). Hence the null hypothesis
is accepted. So it can be revealed that there was no
significant difference between the inclusion com-
plexes with molar ratio 1:1 and 1:1.5. So the molar
ratio 1:1 was selected for further study.

(ii) Phase Solubility Measurement

>

The phase-solubility data is mentioned in Table
8 and phase solubility diagram is shown in Fig-
ure 4. The phase solubility profile is investigated
in phosphate buffer pH 7.0 is linear over a wide
range of HP - CD concentrations.

» 'The values of the stability constant depend on slope

>

values. The greater the value of the slope, the
greater is the capacity of the polymer to solubilize
the drug. The stability constant values vary slightly
with polymer molecular weight. The values of the
stability constants increase with increasing poly-
mer molecular weight. These results agree with
the well-established formation of soluble com-
plexes between the water-soluble polymeric carri-
ers and poorly water-soluble drugs.

Solubility of the drug improved that may be due
to the conversion into amorphous form from the
crystalline form and also due to improved wetta-
bility of the simvastatin particles in aqueous solu-
tion. Table 8 presented the values of the Gibb’s
free energy associated with the aqueous solubility
of Simvastatin in the presence of HP $-CD. The
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Table 7: ANOVA Table. ]
Factor F- Calculated F- Critical Significant mﬂ—l“‘_j\ﬁ\EH
Level Sqiaan éﬁ;éz;
B e
Drug: HP 0.000273 5.987 0.05 o1 LS
B-CD 1 i
f
40+ —
Table 8: Solubility of drug in solution of Different gl
Concentrations of HP - CD. L =
. S el
% HP B-CD | Absorbance | Concentration AG — Lo
0 0.061 0.132653061 0
2 0.086 0.770408163 | -4359.2886 . e e "
4 0.119 1.612244898 -6189.2120 Figure 5: FTIR Spectra of Simvastatin (Pure Drug).
6 0.155 2.530612245 -7306.3862
8 0.186 3.321428571 -7980.2430
10 0.215 4.06122449 -8478.5466
PHASE SOLUBILITY DIAGRAM
%®T
45 -
44
E 351
a
2 a3 y =0.4031x +0.0581 50
§ 251 R’ =098
T,
8 14 3750 2250 1500 750
e . . Figure 6: FTIR Spectra of HP - Cyclodextrin (HP (- CD).
0 2 4 <] 8 10 12
% HP p-cyclodextrin

Figure 4: Phase Solubility Diagram.

AGtr° values are all negative for from HP 3-CD at
various concentrations, indicating the spontane-
ous nature of solublization."

(iii) Compatibility Study by FTIR

> FT-IR has been used to assess the interaction

between drug and excipients molecules in the

solid state i.e. drug-polymer compatibility. The e = . oy — =

FT-IR spectra of pure drug, polyrner and drug— Figure 7: FTIR Spectra for Simvastatin +HP (- Cyclodextrin

polymer complex were given in Figure 5-7. Impor- (B- CD).
tant vibrations detected shown in Table 9, in the

spectrum of drug, polymers and formulations are 1121.40 cm-' (lactone and ester C-O-C bending

described as follows: vibration), respectively.
@)  The spectrum of pure simvastatin presented char-
acteristic peaks at 3550.31 cm™ (alcoholic O-H
stretching vibration), 2963.09 ¢cm™” and 2875.34

cm’! (methyl and methylene C-H asymmetric and

(i) Ithas been observed that the absorption bands of
simvastatin pure drug and Simvastatin in inclusion

complex remain unchanged. It shows that there

symmetric stretching vibration), 1704.76 cm™ (lac-
tone C=0 and ester C=0 stretching), 1464.67,
1388.50 cm™ (methyl and methylene C-H bend-

is no interaction between drug and polymer mol-
ecules in the solid state. The drug is compatible

with polymer."?

ing vibration) and 1267.19, 1226.51, 1164.79 and  (iv) Powder X- Ray Diffraction
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Figure 8: X-ray Diffraction pattern of Simvastatin.

Table 9: Some Characteristic Infrared Absorption

Regions.
BOND FREQUENCY (in cm™)
OH stretching 3549
Aromatic CH, group 2968
Aromatic C=0 stretching 1724

Powder X-ray diffractograms of pure simvastatin and its
inclusion complex with HP B-cyclodextrin (HP 8- CD)
were shown in the Figure 8 and Figure 9 respectively.
The presence of numerous distinct peaks in the X-ray
diffraction spectrum of the drug indicated that simvas-
tatin was present as a crystalline material but the spec-
trum of simvastatin + HP B-cyclodextrin (HP B-CD)
was characterized by the less intense diffraction peaks
as compared to that of the pure drug thus it can be
concluded that the drug was converted into amorphous
state.”

CONCLUSION

In the current generation of formulation development,
poor bioavailability associated with poor solubility of
drug is a major challenge. It is also a cause of higher
therapeutic dose. Solid dispersion is vetry attractive
approach for confronting this challenge which can be
proved from the above study. It can be concluded from
the above study that the solid dispersion of simvas-
tatin can be prepared by various methods, of which the
kneading method was best with HP 3-CD in 1:1 (drug:
polymer) ratio, in comparison with melting and physical
mixture method. FTIR study showed that there is no
interaction between the drug and polymer. Amorphiza-
tion of drug was confirmed by PXRD study. The results
revealed that there was an enormous enhancement of
drugs solubility by solid dispersion. The highest solubil-
ity results were obtained with HP 3-CD in comparison
with PEG 6000 and B-CD. The results of solubility stud-
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Figure 9: X-ray Diffraction pattern of inclusion complex of

Simvastatin + HP 3-CD.

ies were corroborated by the negative values of Gibbs
free energy of transfer (AGtr,) in phase solubility study.
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ABBREVIATIONS

SIM: Simvastatin;, PEG: Polyethylene glycol; SD:
Solid dispersion; FTIR: Fourier transfer infra-
red; PXRD: Powder X-ray diffraction; HP B-CD:
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tics Classification System; HPMC: Hydroxy propyl
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PICTORIAL ABSTRACT

Kneading Method for preparation of Solid dispersion of Simvastatia with HP §-CD in ratio 111
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SUMMARY
Solid dispersion of simvastatin was successfully
prepared with HP $-CD in ratio 1:1, by using
kneading method.
From the FTIR study it was concluded that no
interaction occurred between the ingredients of
the formulations i.e. the drug was compatible with
other ingredients used.
The PXRD studies revealed that the crystalinity
of the drug with HP $8-CD has decreased as the
PXRD spectrum of inclusion complex of simvas-
tatin with HP 3-CD showed less intense peaks as
compared to that of the simvastatin.
From the solubility and phase solubility’s data, it
can be concluded that there is a 6 fold increase
in solubility of the drug at 1:1 ratio. With further
increase in the amount of the HP §-CD (1:1.5)
there was no significant increase in solubility. Only
slight increase was found in the solubility with
1:2 ratio. The there was no significant difference
between the inclusion complexes with molar ratio
1:1 and 1:1.5 which was also proved statistically. So
the molar ratio 1:1 was selected.
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