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Keywords: ABSTRACT: The aim of the work is to formulate sustained release
matrix tablets of simvastatin and to optimize them using Response
Surface Methodology. The tablets were prepared by direct

compression method and evaluated as per pharmacopoeia

Central composite design, HPMC
K15M, PVPK30, % Drug released,
ts00, MDT, Sustained release

methodology. A central composite design for 2 factors at 3 levels each
was employed to systematically optimize drug release profile.
Concentration of HPMC K15M (X1) and PVP K30 (X2) were taken as
the independent variables and the in vitro dissolution (Y1), t50% (Y2)
and mean dissolution time (Y3) as dependent variables. Response
surface plots and contour plots were drawn, and the optimum
formulations were selected by feasibility and grid searches. Both the
polymers had a significant effect on drug release from the tablets. The
formulations were followed Higuchi drug kinetics and diffusion was
the prime mechanism of drug release. The polynomial mathematical
models produce for various response variables using the regression
analysis and were found to be statistically significant (P< 0.05).
Optimization study was validated using 8 confirmatory runs, indicated
very high degree of predictive ability of response surface methodology
with mean percentage error 0.197 + 0.017.The results of multiple
linear regression analysis revealed that the sustained release tablets
can be prepared using an optimum concentration of HPMC K 15 and
PVP K30. Contour plot is presented to represent graphically the effect
of the independent variables on the dependent variables selected.
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sustained release matrix tablets optimization of
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optimization many statistical experimental designs
have been recognized as useful technique.
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experiments, the Response Surface Methodology
(RSM) is a collection of mathematical and
statistical techniques useful for the modeling and
analysis of problems in which a response of interest
is influenced by several variables and the objective
IS to optimize the response. It is a set of
mathematical and statistical techniques for analysis
designed to create a mathematical model to
efficiently explore any variable. Response-surface
methodology comprises a body of methods for
exploring the optimum operating conditions
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through experimental methods *®. It is based on the
principle of design of experiments (DoE). Different
types of Response Surface methods include 3-level
Factorial Design, Central Composite Design
(CCD), Box- Behnken Design, and D- Optimal
Design. The technique is very advantageous as it
requires minimum experimentation and is very
effective and cost effective °.

Simvastatin (SIM) 1S,3R,7S,8S,8aR)-8-{2-
[(2R,4R)-4-hydroxy-6-oxooxan-2-yl]ethyl}-3,7-
dimethyl-1,2,3,7,8,8a-hexahydronaphthalen-1-yl
2,2-dimethylbutanoate is a crystalline compound, is
practically insoluble in water and hence poorly
absorbed from the GI tract. It is a potent and
specific inhibitor of 3-hydroxy-3-methyl-glutaryl
coenzyme A (HMG CoA) reductase, which
catalyzes the reduction of HMG CoA to
mevalonate.

Thus, simvastatin arrests a key step for cholesterol
biosynthesis in the liver, and is hence widely used
in the treatment of hypercholesterolemia and
dyslipidemia, as an adjunct to diet. After oral
administration, simvastatin is metabolized to its b-
dihydroxy acid form (simvastatin acid) by the
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cytochrome-3A system in liver, where it inhibits
the rate-limiting step in cholesterol biosynthesis. It
is mainly indicated in the treatment of
hypercholesterolemia.

The drug is also indicated in the treatment of
atherosclerosis, atherosclerotic plaque etc. 12,

Hydroxy propyl methyl cellulose (HPMC) is
widely used as a hydrophilic matrix base to prolong
the release of the drug due to its rapid hydration,
good compression properties, and gelling
characteristics. Along with it is easily available and
less toxic. It regulates the release of drug by
controlling swelling and cross linking ** **.

EXPERIMENTAL:

Materials: Simvastatin was provided from Lupin
Ltd (Research Park) Pune (India) and HPMC
K15M and PVP K 30 were provided from HiMedia
Laboratories Pvt. Ltd., Mumbai. Pearlitol SD 200
was obtained from Alembic Ltd., Vadodara, Mg
Stearate, aerosil, talc were provided from
Lobachem, Mumbai.

Powder X-Ray Diffraction Study: (figure 1)
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FIG. 1: X-RAY DIFFRACTION PATTERN OF (A) SIMVASTATIN (B) INCLUSION COMPLEX OF SIMVASTATIN

+ p-CD

International Journal of Pharmaceutical Sciences and Research

4352



Kesharwani et al., IJPSR, 2013; Vol. 4(11): 4351-4361.

Preparation of Sustained Release Matrix
Tablets of Simvastatin: Preparation of Sustained

release matrix tablets was done by direct
compression method. Table 1 enlists the
composition of different sustained release

formulations prepared using varying amounts of the
polymers (i.e., HPMC K15M and PVP K30) and
pearlitol SD200 as the diluent, along with the
magnesium stearate, talc and aerosil as the
lubricants.

The drug and the excipients were homogeneously
blended and subsequently compressed into a flat-
faced tablets (400 mg, 12 mm diameter) using
single-punch  tablet ~ compression  machine

E-ISSN: 0975-8232; P-ISSN: 2320-5148

levels each. The central point (0, 0) was studied in
quintuplicate. Other formulations and processing
variables were kept invariant throughout the study.
Table 2 enlists an account of the 13 experimental
runs studied, their factor combinations, and table 3
summarizes the translation of the coded levels to
the experimental units employed during the study.

The % drug release at 24 hours, Time is taken to
release 50% of the drug (t50%); Mean Dissolution
Time (MDT) was taken as the response variables.

TABLE 2: FACTOR COMBINATION AS PER THE
CHOSEN EXPERIMENTAL DESIGN

Coded factor Levels

Trial No.

(Cadmach, Ahmedabad, India). : X11 x12
TABLE 1: COMPOSITION OF SUSTAINED RELEASE T 0 1
MATRIX TABLET OF SIMVASTATIN
S. No. Ingredients Amount (mg) ol 1 -1
1 Simvastatin 40mg v = 0
2 HPMC K15M 20-60mg
3 PVP K30 10-30mg v 0 0
4 Pearlitol SD200 g.s. Vi 1 0
5 Mg Stearate 16mg
6 Talc 8mg vl -1 !
7 Aerosil 8mg VIII 0 1
8 Aspartame 2mg IX 1 1
Total 400mg
X 0 0
Experimental Design: A CCD with a = 1 was Xl 0 0
employed as per the standard protocol. The X 0 0
amounts of HPMC (X1) and PVP K30 (X2) were Sl 8 9
selected as independent variables, studied at 3
TABLE 3: VARIABLES IN 3 CENTRAL COMPOSITE DESIGN
Independent variable, factors Levels Used High (+1) (%)
Low (-1) (%) Medium (0) (%)
X, : Concentration of HPMC K15M 5 10 15
X,: Concentration of PVP K30 2.5 5 7.5

Dependent variables, responses
Y1: % Drug release at 24 Hr
Y,: Time to release 50% of drug (tso)
Y3: Mean Dissolution Time (MDT)

Evaluation:

Pre-compression Parameters: The bulk powder
was evaluated for different flow properties like the
angle of repose, Carr’s compressibility index,
Hausner’s ratio etc (Table 4) °.
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TABLE 4: EVALUATION PARAMETER OF SIMVASTATIN SUSTAINED RELEASE MATRIX TABLETS
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Post-compression Parameters:

1. Thickness Test: Thickness of tablets was
determined using Vernier’s caliper. For each
batch five tablets were used and thickness was
calculated.

2. Hardness Test: The hardness was determined
by using the Monsanto hardness tester.

3. Friability Test: The friability was measured
using a Friability tester (Electro Lab). Ten
tablets were weighed, rotated at 25 rpm or 4
minutes. Tablets were reweighed after removal
of fines (dedusted) and the percentage of
weight loss was calculated.

4. Weight Variation test: Twenty tablets were
randomly selected from each formulation,
independently weighed, the average weight and
standard deviation was determined "%,

5. Drug Content Test: Twenty tablets from each
batch were powdered and weighed accurately
equivalent to 100 mg of Simvastatin. The drug
content was determined using the standard
calibration curve.

The percent drug content was determined as an
average of three determinations. Weighed
quantity of powder samples was diluted
suitably and analyzed at 247nm for cumulative
drug release using UV-Visible spectrophoto-
meter *,

6. Dissolution Study: Dissolution parameters:
Apparatus - USP 2, Rotation Speed — 50 RPM,
Dissolution Medium- Phosphate Buffer pH 7.0
containing 0.5%SLS, Time Interval- 30 min, 1
hr, 2 hr, 4 hr, 6 hr, 8 hr, 12 hr, 16 hr, 20hr,
24hr.

a. Procedure: - Dissolution was carried out
using Phosphate buffer pH 7.0 containing
0.5% SLS prepared by dissolving 30 gm of
sodium dodecyl sulphate and 8.28 gm of
monobasic sodium phosphate in 6000ml of
distilled water and adjusting with 50% (w/v)
NaOH solution to a pH of 7.0, 900ml. 10 ml
of test solution was filtered and transferred to
a centrifuge tube containing about 10 mg of
prewashed manganese dioxide/ml.

International Journal of Pharmaceutical Sciences and Research
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The mixture was allowed to stand for 30
minutes with occasional shaking, centrifuged
and a portion of the clear solution was used as
the test solution. The absorbance was
measured spectrophotometrically of the above
test solution at about 247 nm and at 257 nm.

The amount of CysH3gOs dissolved was
determined from the difference between the
UV absorbance at the wavelength of
maximum and minimum absorbance at about
247nm and 257 nm respectively *°.

Determination of tsge,: The tsg IS determined
by plotting a graph between Cumulative %
drug released and time. Calculation of Mean
Dissolution Time (MDT) 2% The mean time
for the drug to dissolve is called as the mean
dissolution time.

EL, Tmid Am

MDT in — vitro = S55——
Iizyam

Here,

i = dissolution sample number.

n = no. of dissolution sampling times.
Tmig = midpoint time between T;and Ti;.

Am = amount of simvastatin dissolved between
times T;and Ti.1.

Polynomial Equations for different Responses:
Mathematical  relationship  generated  using
regression analysis of the studied response
variables are expressed as equations.

Y.= 88.76 - 4.42 X; - 8.11 X, + 0.19 X; X, - 1.65
X2 4056 X0 e 2)

Y,;=10.95+ 157 X3+2.43 X, - 0.72 Xy X, -
0.37 X? +0.23 X5° e (3)

Y3 =9.53 +0.63 X1 +0.73 X2 -0.20 X]_ X2 - 0.24
X2+ 019X02 e (4)
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TABLE 5: MODELING OF THE RESPONSES IN THE
EXPERIMENTAL DESIGN

o] Factar 1 Factar 2 Response 1 | Response 2 | Response 3
% Stel | Run [&:Conc.of H..JB:.Conc. of P..|% DR at 24 Hr t50% MDT

93] % g g Hr Hr

L 4 5.0 250 3934 SE 74
L 2010 15.00 250 90 B8 10.6 962
|| 3 5 5.00 750 5348 12 937
L 4 i 15.00 750 7558 14.1 10.79
L 5 12 500 500 9258 39 9.27
|| 6 1 15.00 5.00 5293 12.2 10.03
L 7 7 10.00 250 9595 9.3 975
L g 2 10100 7a0 8128 14 104
|| 9 13 10.00 5.00 &7 &1 11 9.58
| | 1o 3 10.00 500 8823 10.8 32
L 11 9 10,00 .00 952 106 934
| 12 3 10.00 5.00 57.09 109 915
L | 13 1 10.00 500 89.54 10.5 966
RESULTS AND DISCUSSION: Direct

compression method was used because of its ease
of manufacture and lower cost. A response surface
model central composite design with 2 independent
variables at 3 different levels was used to study the
effects on the dependent variables. All the batches
of dispersible tablets were evaluated for different
pre-compression and post-compression parameters
and were passed all the parameters. The dependent
variables (% Drug release at 24 hrs, tsgy, and MDT)
were obtained at various levels of the 2
independent variables (X; and X;) (table 5, 6).

Based on the result obtained from this analysis and
regression of statistically significant variables,
statistical models were generated. Analysis of
variance for the responses (ANOVA) indicated that
assumed regression models were significant and
valid for each of the responses. The results of
analysis for each response variable were given
below. From the equations it is clear that all the
responses are strongly affected by the independent
variables selected for the experiment. In
polynomial equation the main effect terms (X; &
X>) represent the average results of changing one at
a time from its low to high level.

The interaction terms (X; * Xj;) show how the
responses change when 2 variables are
simultaneously changed. The negative coefficient
for both the independent variables indicate a
favorable effect on % drug release after 24 hrs (i.e.
Y1) while a positive coefficient for the interaction
term (X1 * X3) indicates an unfavorable effect on
Y1

International Journal of Pharmaceutical Sciences and Research
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Similarly, the positive coefficient for both the
independent variables in case of Y, and Y3 indicate
a favorable effect on the responses while a negative
coefficient for the interaction terms indicates an
unfavorable effect on Y, and Y3 %

Analysis of Data: The regression equations (eg. 2,
3, & 4) are presented in the form of contour plots
and response surface plots in fig. 2 showing the
influence of independent factors on responses.

% DR at 24 Hr
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MDT 80%
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FIG. 2: CONTOUR PLOTS AND 3D GRAPHS FOR
THREE RESPONSES

As it can be seen from the plots and also from
regression equation, as the concentration of both
the polymers were increased the % of drug released
at 24 hours get decreased. Polymer HPMC K15M
(X1) was used as a hydrophilic matrix forming
agent because it forms a strong viscous gel on
contact with aqueous media, which could be useful
in sustaining the delivery of water soluble drugs
(Inclusion complex of Simvastatin).

TABLE 6: p- VALUES

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Also the PVP K30 is a hydrophilic matrix forming
agent, it also forms a strong viscous gel on contact
with aqueous media. The gel which is formed in
contact with aqueous media, consists of closely
packed swollen particles, strongly retards the
release of drug from the matrix.

The formulations containing a relatively higher %
of polymer showed less initial drug release due to
the unavailability of drug molecules at the surface
of the matrix. Whereas when the concentration of
both the polymers was increased t50% and MDT
were getting increased. From the regression
equations it's also clear that the second variable i.e.
concentration of PVP K30 influences all the three
responses more as compared to first variable as the
coefficient of X, is greater than that of the X, in all
the cases.

The values of tsoy enhanced markedly from 5.6
hours, observed at low levels of both the polymers,
to as high as 14.1 hours, observed at high levels of
both the polymers which indicated a considerable
release- retarding potential of the polymers (HPMC
K15M and PVP K30) for simvastatin *. MDT
value is used to characterize the drug release rate
from the dosage form and the retarding efficacy of
the polymer.

A higher value of MDT indicates a more drug
retarding ability and vice-versa. It was observed
that the MDT values enhanced from 7.4 hours to
10.79 hours with the increase of both the polymers.

Cum % DR at 24 Hour

ts006 (Y2)

MDT (Y3)

Source (Y1)

F- Value p-Value F- Value p-Value F- Value p-Value

Model 66.93 <0.0001 36.96 <0.0001 5.18 0.0263
X1 75.54 <0.0001 51.58 0.0002 14.00 0.0072
X, 254.18 <0.0001 124.43 <0.0001 10.39 0.0146
X1 X5 0.093 0.7691 7.36 0.0300 0.69 0.4323
X2 4.84 0.0636 1.32 0.2889 0.69 0.4335
X2 0.56 0.4785 0.52 0.4957 0.41 0.5423

Validation and Optimization of the Formulation
Parameters: To validate the model 8 check point
formulations were prepared, evaluated for the
responses and the experimental values obtained
were compared with those predicted by the model.
These plots (fig. 3a & b) are showing the desirable

International Journal of Pharmaceutical Sciences and Research

area or the optimum area for the two factors in
which the required responses can be obtained.

The overlay graph (fig. 4) simply comprised of the
contour plots from each response laid on top of
each other.

4357



Kesharwani et al., IJPSR, 2013; Vol. 4(11): 4351-4361.

In each contour plot, the undesirable area is grayed-
out and the yellow colored area that remains
defines the final optimal factor setting. This yellow
area is called the sweet spots.

Desirability

B: Conc. of PYP K30

500 200 11.00 15.00

A Cone. of HPMC K15M

Desirability

&
/151 B: Conc. of PVP K30)

A: Conc. of HPMC K15M o
B

FIG. 3: DESIRABILITY GRAPH (A) CONTOUR PLOT

(B) 3D PLOT

Overlay Plot
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650 —| 160%. 12,500

560 —

- ie o

460 —

B: Conec. of PYP K30

% DR al2 Hr _81.030
% DR at 24 Hr 96.238

t50% 9.268

MDT 80% 9.291

X1 11.19

X2 2.50

MOT B0%: 8 500
360 —

I I T T
500 7.00 5.00 11.00 13.00 15.00

A Conc. of HPMC K15M

FIG. 4: OVERLAY PLOT

Validation of RSM Results: For all of the 8
checkpoint formulations, the results of the
evaluation parameters were found to be within
pharmacopeia  limits.  The check  points
compositions, their experimental and predicted
values of all response variables, residuals and
average % error in prognosis (Table 8). The linear
correlation plots between the observed and
predicted response variables, and the residual plots

International Journal of Pharmaceutical Sciences and Research
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showing the scatter of the residuals versus observed
values in Figure 5. Upon comparison of the
observed responses with that of the anticipated
responses, the average % error variance between -
0.775+0.015t0 0.197 £ 0.017.

The linear correlation plots drawn between the
predicted and observed responses demonstrated
high values of correlation coefficients (ranging
between 0.906 to 0.993), indicated excellent
goodness of fit.

Linear Correlation

|
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F

FIG. 5: LINEAR CORRELATION PLOTS (A, C, E)
BETWEEN OBSERVED AND PREDICTED VALUES
AND CORRESPONDING RESIDUAL PLOTS (B, D, F)
FOR VARIOUS VARIABLES

The optimum formulation was selected based on
the criteria of attaining complete and sustained
drug release, highest desirability and less % error.
Upon comprehensive evaluation of feasibility
search and subsequent exhaustive grid searches, the
formulation 14 (F14) with polymer levels of
HPMC K15M, 11.19% (44.76mg) and PVP K30,
2.50% (10mg), fulfilled maximum requisites of an
optimum formulation because of better regulation
of release rate, higher desirability and less % error.
The optimum formulation showed cumulative %
DR at 24 hours 96.24%, tsq 9.28 hours and MDT
80% of 9.31 hours ** 2 (tables 7).

TABLE 7: CRITERIA FOR OPTIMUM FORMULATION

Response Criteria
Y, 97.00% (target)
Y, 9 - 12.5 Hours (in range)
Y3 9.3 Hours (Target)

TABLE 8: COMPARISON OF EXPERIMENTAL AND PREDICTED VALUE FOR THE THREE RESPONSES OF

CHECK POINT FORMULATIONS

Formulation HPMC K15M: Response Experimental Predicted Average %
Code PVP K30 Variable Value value Error
% DR at 24Hr 96.24 96.23
F 14 11.19: 2.50 {5006 9.28 9.26 0.146 £0.034
MDT 80% 9.31 9.28
% DR at 24Hr 96.23 96.28
F15 11.14 :2.50 s 9.27 9.24 0.197 + 0.017
MDT 80% 9.30 9.28
% DR at 24Hr 96.20 96.18
F 16 11.24: 2.50 tso0, 9.26 9.29 0.206 + 0.026
MDT 80% 9.27 9.29
% DR at 24Hr 96.45 96.43
F17 11.00 : 2.50 (s 9.2 9.18 0.187 + 0.046
MDT 80% 9.28 9.26
% DRat 24Hr 96.51 96.54
F 18 10.89:2.50 t500 9.18 9.14 0.170 + 0.021
MDT 80% 9.25 9.24
International Journal of Pharmaceutical Sciences and Research 4359
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% DR at 24Hr 95.71 96.69

F19 10.75 : 2.50 ts00s 9.06 9.08 -0.175 + 0.009
MDT 80% 9.19 9.21
% DRat 24 Hr 96.75 96.78
_ ts0us 9.01 9.04

F20 10.66:2.50 MDY 0% 0.23 0.20 0.166 = 0.018
% DR at 24Hr 96.63 95.60

F21 11.75: 2.50 o 9.44 9.50 -0.775 +0.015
MDT 80% 9.4 9.38

CONCLUSION: Optimization of a sustained
release matrix tablet is a complex process that
necessitates one to consider a large number of
variables and their interaction with each other. It
was concluded that the Response Surface
Methodology utilizing a polynomial equation can
be successfully used to design a sustained release
matrix tablet with predetermined release profile and
with a small no. of experimental runs.

Highest degree of prognosis obtained using RSM
corroborates that a 2-factor CCD is quite efficient
in optimizing drug delivery systems. The optimum
amount obtained were 44.76 mg of HPMC K15M
and 10 mg of PVP K30. From the FTIR study, it
may be concluded that no interaction was occurring
between the drug and the excipients. And from the
XRD study, it can clearly see that the solubility and
bioavailability of the drug was enhanced.
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