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ABSTRACT
The present work was planned with the objective of preparing nifedipine (N) solid dispersions in cross carmellose sodium(CCS) and sodium starch glycholate (SSG) and were
investigated with a view to design sustained release tablets of nifedipine. As nifedipine is practically insoluble in water and aqueous fluids; its solid dispersions in CCS and SSG
has markedly enhanced the dissolution rate of nifedipine. Matrix tablets formulated employing nifedipine dispersions in CCS and SSG with gum olibanum alone and in
combinations with methocel K4M. The matrix tablets gave slow, controlled and complete release over a period of 12 hrs. Drug release from these tablets followed first order
kinetics and the release was diffusion controlled. The’ n’ values obtained from Peppas plots were within the range of 0.45 to 0.9, indicates the drug release by both diffusion
coupled with erosion. The DSC studies were also indicating the absence of strong interactions between the components and suggesting drug-excipient compatibility in all the
formulations examined.
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INTRODUCTION
Nifedipine (N) is a calcium channel blocking drug used in the
treatment of angina pectoris and hypertension. It is practically
insoluble in water and its absorption is dissolution rate limited.
Nifedipine has a short biological half-life of 3-4 hrs and is
eliminated rapidly and its anti-hypertensive effect lasts only a few
hours1. As such sustained release (SR) products are needed for
nifedipine to prolong its duration of action and to improve patient
compliance. SR products also avoid the vasodilator related adverse
effects such as increase in heart rate, flushing and palpitations
associated with conventional nifedipine tablets and capsules. There
are few reports on the formulation of sustained release products of
nifedipine employing coated granules,2 matrix tablets and
microencapsulation 3.
In the present work matrix tablets of nifedipine and its solid
dispersions in hydrophilic carriers such as CCS and SSG were
formulated employing gum olibanum and methocel K4M as matrix
forming polymers and were evaluated with a view to obtain sustain
release. As nifedipine is practically insoluble in water, its solid
dispersions in CCS and SSG were prepared to enhance its
dissolution rate and to evaluate the feasibility of using these solid
dispersions in the formulation of matrix tablets for sustained release.
MATERIALS AND METHODS
Materials
Nifedipine USP (gift sample received from m/s Natco Pharma Ltd,
Hyderabad), methocel K4M (gift sample received from m/s Colorcon
Asia pvt Ltd, Mumbai), gum olibanum (Girijan cooperative Ltd,
Vizag), CCS, SSG and MCC (microcrystalline cellulose) (purchased
from S.D Fine chemicals Ltd, Mumbai), were used.
Method
All experiments were carried out under subdued light to prevent
photo degradation of nifedipine.
Preparation of solid dispersions
Solid dispersions of nifedipine in CCS and SSG were prepared by
dissolving nifedipine and CCS or SSG in various proportions such
as 1:1, 1:2 and 1:4, in a solvent blend of methanol and
dichloromethane (1:1) to obtain a clear solution. The solvent was
then removed by evaporation at 400c under reduced pressure. The
mass obtained was then crushed, pulverized and sifted through mesh
No.100.

Preparation of Matrix Tablets
Matrix tablets each containing 20 mg of nifedipine were prepared by
conventional wet granulation method employing nifedipine and its
solid dispersions in CCS and SSG and gum olibanum and methocel
K4M as matrix forming materials. A blend of all ingredients was
granulated with a solvent of water and methanol (1:1). The wet mass
was passed through the sieve No.16. Then the wet granules were
dried at 550c for 4 hours. The dried granules after blending with
lubricants (1 or 2 % talc), were compressed into tablets to a hardness
of 6-8 kg/cm2 on a Cad mach rotary tablet machine. The composition
of various matrix tablets was given in table 2. To minimize
processing variables, all batches of tablets were compressed under
identical conditions. The compressed tablets were evaluated for
physical parameters such as weight uniformity, hardness, friability
and drug content.
Estimation of Nifedipine
An ultraviolet (UV) spectrophotometric method based on the
measurement of absorbance at 238 nm in 1.2 pH and in phosphate
buffer of 7.4 pH was used for the estimation of nifedipine. The
method obeyed Beer’s law in the concentration range of 0-10 µg/ml.
Dissolution Rate Study on Solid Dispersions
The dissolution rate of nifedipine as such and from various solid
dispersions was studied using USP XXIII eight station Dissolution
Rate Test Apparatus(model QAE 016 and NRE 002, M/S Campbell
Electronics) employing a paddle stirrer. In 900 ml of dissolution
medium ( 0.1 N Hcl containing 10% methanol), a sample of
equivalent to 10mg of nifedipine , a speed of 50 rpm and a
temperature of 370 ±10c were employed in each test. A sample of
5ml aliquot of dissolution medium was withdrawn through a filter
(0.45μ) at different time intervals, suitably diluted and assayed
spectrophotometrically at 238 nm using a Shimadzu UV-1700
double beam spectrophotometer.
In-vitro Drug Release Study on Matrix Tablets
Release of nifedipine from the tablets was studied using the USP
XXIII eight station Dissolution Rate Test Apparatus (model QAE
016 and NRE 002, M/S Campbell Electronics) with a paddle stirrer
as per NF-XIII procedure. Dissolution fluid consisted of 900ml of
simulated gastro- intestinal fluids namely pH 1.2(0-2hr) and pH7.4
(2-12hr). The dissolution fluids also contained 10% methanol to
maintain sink condition (Cs>>> Ct where Cs is concentration at
saturation and Ct is concentration at any time‘t’) in dissolution rate
testing. One matrix tablet containing 20mg of nifedipine, a speed of
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50 rpm was assayed at 238nm for nifedipine. The kinetics of drug
release from various matrix tablets were further evaluated with the
obtained dissolution data.
Kinetics and Mechanism of Drug Release
To understand the rate and extent of drug release and the mechanism
of drug release to compare the differences among the release profiles
of these matrix formulations, various plots like log% un dissolved
versus time, for first order constant, drug released versus square root
of time, for dissolution rate constant (Higuchi constant)11 and log
Mt/M∞ versus time (Peppas constant)12,13 for ‘n’ values were plotted.
The equations necessary to calculate various constants were given as
Q = k t1/2 -------------------------------- (1)
(Mt/M∞) = Ktn ---------------------------- (2)
Where ‘Q’ is the amount of drug released at time‘t’, Where ‘Mt’ is
the amount of drug released at time‘t’, ‘M∞’ is the amount of drug
release after infinite time, ‘K’ is Higuchi square root of time release
rate constant, ‘n’ is diffusion exponent indicating the mechanism of
fickian diffusion, when between, 0.45 to 0.85 indicates anomalous
transport and 0.89 indicates case-II transport and if n > 1indicates
for zero order release.
Differential Scanning Calorimetry (DSC)
The DSC analysis was carried out to find out possible drug-polymer
interaction. The DSC was performed on a Mettler Toledo star
system. The samples were sealed in an aluminum pan and the DSC
thermo grams were recorded at heating rate of 100c/minute, over a
temperature range of 250c to 4000c.
RESULTS AND DISCUSSION
Nifedipine is practically insoluble in water and aqueous fluids due to
its highly crystalline nature and exhibits poor dissolution rate.
Various attempts made to improve the dissolution of nifedipine
include solid dispersions in water soluble carriers such as urea, 4
PVP, 5 PVP-MCC and HPC-MCC6 and complexation with
cyclodextrins 7. In the present work solid dispersions of nifedipine in
superdisintegrants such as croscormelose sodium (CCS) and sodium
starch glycolate (SSG) were tried to improve its dissolution rate. All
the N-CCS and N-SSG solid dispersions prepared gave rapid
dissolution of nifedipine when compared to nifedipine itself. With
all the solid dispersions, 90% dissolution was observed within 30
minutes. Whereas in the case of nifedipine as such, the dissolution
was very low, 30% in 1 hr. The dissolution efficiency (DE.30)
values were calculated as suggested by Khan.8 The dissolution
efficiency was increased from 16.67 percent for nifedipine to 74.46,
83.70, and 90.24 percent in the case of N- CCS to 70.54, 76.70 and
86.54 in the case of N- SSG solid dispersions of 1:1, 1:2 and 1:4
ratios respectively.
The DSC thermograms were obtained for nifedipine and granules by
wet granulation. The DSC analysis of nifedipine showed a single
endothermic peak at 171.92 ± 20c, due to the melting of the drug. In
the DSC curve of granules, the characteristic peak of the drug was
almost unchanged indicating the absence of strong interactions
between the components and suggesting drug-excipient
compatibility in all the formulations examined. The DSC
thermograms were shown in the figures 1 and 2. Matrix tablets of
nifedipine were formulated employing gum olibanum alone and in
combination with methocel K4M by wet granulation method.9The
micromeritic properties of the obtained granules were analyzed and
all the batches of granules have exhibited good flow properties and
good compressibility nature. The values were depicted in the table
1.The compressed tablets were evaluated for various physical
parameters such as hardness, friability, weight uniformity and drug
content. The values of physical parameters evaluated were within
the IP specified limits. This indicated that the tablets compressed
were stable. The values of physical parameters were given in the
table 3.

From the in-vitro dissolution studies, all the matrix tablets were
release the nifedipine over a period of 2 to 12 hours. The dissolution
profiles of various formulations (F1 to F6) were shown in figure 3.
Formulations F1, F2 composed of drug and gum olibanum in the
ratio of 1:2 and 1:3, failed to sustain the drug release. Formulation
F3 was prepared by employing bipolymeric system i.e drug, gum
olibanum, and methocel K4M at the ratio of 1:1:1. In formulation
F3, only 78.5% of drug was released over a period of 12 hrs. Then
the attempt was made to increase the drug release by employing
channeling agents. The channeling agent, microcrystalline cellulose
(MCC) was incorporated in various ratios (10%, 20% and 30%) and
formulated F4, F5 and F6 formulations. The dissolution data clearly
shows that when the channeling agent concentration increased, the
rate of drug release was also increased. Formulation F6 containing
drug, gum olibanum, methocel K4M and microcrystalline cellulose
at ratio of 1:1:1: 30 % gave slower and complete release of
nifedipine over a period of 12 hrs. The gum olibanum alone as a
matrix former was failed to retain the matrix structure for a
prolonged period of time. The formulations with gum olibanum
alone were disintegrated rapidly within 2-6 hrs and hence rapid drug
release was occurred in those formulations (F1 and F2).
It was also observed that the release of drug depends upon the
polymers used. Thus the hydrophilic polymer (methocel K4M) in
combination with a hydrocolloid such as gum olibanum may
undergo slow hydration and swelling which results in linear drug
release for a prolonged period of time. The channeling agent (MCC)
by creating channels on the matrix, causes the complete drug
release, was seen in formulation F6.Theortical sustained release
profile needed for nifedipine was calculated based on its
pharmacokinetic parameters as suggested by wagner.10 Formulation
F6 gave release close to the theoretical sustained release needed for
nifedipine. All the formulations prepared by wet granulation
method, followed first order release mechanism and r2 values
obtained were liner. Higuchi plots for all the formulations were
linear in drug diffusion process and r2 values were also linear. The
‘n’ values obtained were in between 0.45 to 0.9 indicates the
anomalous transport with erosion coupled with diffusion. The values
were depicted in table 4.
CONCLUSION
Solid dispersions of nifedipine in CCS and SSG have markedly
enhanced the dissolution rate of nifedipine. Slow, controlled and
complete nifedipine release over a period of 12 hrs was obtained
from matrix tablets formulated employing its solid dispersions in
CCS and SSG. A good sustained release matrix tablet formulation of
nifedipine could be developed using its solid dispersions in CCS and
SSG.
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Table 1: Flow properties of nifedipine granules
S. NO

Formulations

Bulk Density
(g/cm³)

Tapped
Density
(g/cm³)

Hausner’s
Ratio

Compressibility Index
(%)
I=1-V0/V

Angle of
Repose
(º)

1

F1

0.56

0.65

1.16±0.3

13.84±1.4

27.5±1.3

2

F2

0.54

0.63

1.16±0.3

14.28±0.7

26.8±0.7

3

F3

0.53

0.62

1.15±0.2

14.51±2.0

26.5±0.9

4

F4

0.52

0.60

1.15±0.4

13.5±1.5

27.8±1.1

5

F5

0.53

0.61

1.15±0.5

13.1±1.3

27.6±0.9

6

F6

0.58

0.63

1.14±0.4

14.6±1.2

26.9±0.8

Table 2: Compositions of various sustained release matrix tablets of nifedipine prepared by wet granulation.
S.NO
Ingredients (mg/tablet)
Formulations
NIFEDIPINE
(N-CCS 1:4)
Gum Olibanum
HPMC K4M
Dicalcium Phosphate
Microcrystalline Cellulose
Magnesium Stearate

1
2
3
4
5
6

S.NO
1
2
3
4
5
6

F1

F2

F3

F4

F5

F6

100

100

100

100

100

100

200
96
4

296
4

100
100
96
4

100
100
66
30
4

100
100
36
60
4

100
100
6
90
4

Table 3: Physical parameters of nifedipine matrix tablets prepared by wet granulation method.
Weight
Hardness
Friability
Drug content
Formulations
uniformity (mg)
(Kg/cm2)
(%)
(mg/tablet)
F1
400 ± 2.0
7.4 ± 0.2
0.12
19.33 ± 0.2
F2
398 ± 2.0
7.4 ± 0.3
0.15
19.65 ± 0.1
F3
401 ± 2.0
7.5 ± 0.1
0.20
19.47 ± 0.3
F4
403 ± 2.0
7.5 ± 0.4
0.15
19.39 ± 0.4
F5
399 ± 2.0
7.4 ± 0.2
0.12
19.79 ± 0.3
F6
400 ± 2.0
7.5 ± 0.2
0.22
19.54 ± 0.2

Table 4: First order rate constant, Release rate constant and Peppas constant for various sustained release matrix tablets of nifedipine by wet granulation.
S. No

Formulations

First Order rate constant
(hr-1)
K

1
2
3
4
5
6

F1
F2
F3
F4
F5
F6

0.554
0.448
0.129
0.135
0.146
0.154

r2
Value
0.985
0.996
0.984
0.976
0.981
0.988

Release rate constant
(mg/hr1/2)
K
33.68
32.14
28.36
26.52
25.52
23.34

r2
Value
0.986
0.987
0.974
0.983
0.985
0.998

Peppas constant
(n values)
“n”
Value
0.475
0.496
0.554
0.686
0.834
0.912
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r2
Value
0.983
0.980
0.976
0.984
0.993
0.986
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Fig 1: DSC thermogram of nifedipine pure drug

Fig 2: DSC thermogram of nifedipine matrix tablet

Fig 3: Dissolution profiles of nifedipine controlled release matrix tablets
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