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ABSTRACT: The objective of this study is to develop extended release matrix
tablet of antihypertensive drug benidipine hydrochloride (BH) and to study its
drug release pattern. BH has mean elimination half-life is ~3 h and requires
dosing every 4 - 5 h in order to maintain optimal relief and is used orally in the
management of hypertension and angina pectoris, but this frequent
administration produces side effects like dizziness, headache. So in this study we
have achieved to release drug for extended period of time up to more than 18 h
for treatment of hypertension, for continuous 24 h control of blood pressure
(BP), by taking polymers hydrophilic polymers, hypromellose (hydroxyl propyl
methyl cellulose [HPMC] K100M), and polyacrylate polymers, eudragit RL100
and eudragit RS100 and also chitosan (CS) in order to find the suitable
formulation. The tablets were prepared by direct compression method and also
agglomerative phase of comminution (APOC). In-vitro drug release was carried
out under simulated gastric and intestinal condition to achieve drug release.
Fourier transform infrared spectroscopy (FTIR) study was performed to study
any interaction. Stability studies (40 ºC and 75 ± 5% RH) for 3 months indicated
that benidipine hydrochloride (BH) was stable in the matrix tablets.

INTRODUCTION: Generally conventional drug
formulations which are used in treatment of chronic
disorders, has to be administered frequently in
multiple dosage regimens, which sometimes creates
various undesirable effects. So, in order to avoid or
to reduce the effects associated with multiple
dosing, controlled or sustained release solid unit
dosage forms as tablets were developed 1. The main
advantages of this type drug delivery is they shows
better patient compliance, maintain uniform drug
therapeutic level and increase the safety margin for
high potency therapeutic agents 2 by reducing dose
as well as their side effects.
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Now a day’s extended release drug delivery
playing an important role by avoiding frequent
administration of drug. Out of different extended
release system, matrix system is a simple and novel
method for modulating drug. The term matrix
indicates a three dimensional network composed of
drug(s), polymer(s) and other excipients. Because
of simplicity; ease in manufacturing and low costs,
matrix preparation has become a popular approach.
Drugs are usually embedded in hydrophilic or
hydrophobic matrices to exert control on their
release 3, 4.
The principal advantages for getting controlled
release dose formulations are to get a more uniform
plasma drug profile. In the treatment of
hypertension, there are potential advantages to be
gained from continuous 24 h control of blood
pressure (BP) by developing a sustained release
antihypertensive formulation which provide more
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consistent 24 h BP lowering activity, with
attenuation of early morning BP surges and
maximal target organ protection.
In the present paper BH used as anti-hypertensive
drug. One of the most important factors
contributing to myocardial ischemia - reperfusion
injury is believed to be an overload of intracellular
Ca2+, which may arise from a Ca2+ current via Na+–
Ca2+ exchange, leakage of Ca2+ from the
sarcoplasmic reticulum or mitochondria, release of
Ca2+ from Ca2+ binding proteins or Ca2+ influx
through Ca2+ channels 5, 6, 7, 8, 9, 10. Numerous
attempts have been made to demonstrate the cardio
protective effects of Ca2+ antagonists in ischemia–
reperfusion injury using animal models. Since the
1980s, it has been reported that Ca2+ antagonists,
such as verapamil, nifedipine and diltiazem, protect
the myocardium from post-ischemic damage 11, 12,
13
and this reports explained that the Ca2+
antagonists must be administered before ischemia
to obtain a cardio protective effect and that
administration during reperfusion produces little or
no effect 14. The 1, 4-dihydropyridine derivative
Ca2+ channel antagonists are widely used as antihypertensive or anti-anginal agents by preventing
the rapid vasodilatation that produces a reflex
increase in sympathetic nerve activity, which in
turn results in the cardiac events leading to
coronary artery disease 15, 16. Benidipine
hydrochloride and manidipine hydrochloride,
which belong to 1, 4-dihydropyridine derivative
group, have a slow onset and long-lasting effects.
Generally for formulating extended release tablet,
polymer mixtures are classified into three type’s
i.e. first type is combination of non-ionic polymers,
second type is combination of non-ionic and
anionic polymers and third type is the combination
of cationic and anionic polymers e.g., chitosan
(CS)– sodium alginate (SA), and CS - xantham
gum (XG) 17, 18. The use of polymers in controlling
the release of drugs has become important in the
formulation of pharmaceuticals. In this present
topic study we have taken the polymers like
HPMC, polyacrylate polymers (eudragit RL100
and eudragit RS100) and chitosan for preparing
extended release matrix tablet of benidipine
hydrochloride. Generally, chitosan based polyelectrolyte complexes have been employed as
potential carrier materials in drug delivery systems
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. Numerous studies have been reported in
literature
investigating
the
hydroxypropyl
methylcellulose (HPMC) 20 matrices to control the
drug release. Previous studies explained use of
different polymer like sodium carboxymethyl
cellulose, carbopols, and polyvinyl alcohol,
hydrophilic
polymers
such
as
HPMC,
methylcellulose, which form a gelling network and
act as a barrier to retard the drug release
mechanism. Generally various grades of HPMC
were used to formulate the drug as sustained
release doses form.
We have not found any research paper by using this
combination
of
polymer
for
benidipine
hydrochloride drug release, so we have prepared
number of batches by using this polymer for
extending drug release. We formulated a 250 mg
tablet containing 12 mg of BH once daily tablet for
extending drug release in spite of taking 4 - 6 mg of
tablet for 2 to 3 times daily, as frequent
administration of drug causes side effects like
dizziness, palpitation etc. to the patient and some
time poor patient compliance also increase the
symptoms of high blood pressure. In hypertensive
patients orally treated with maximum dose of 12
mg benidipine causes blood pressure to reduced
and this is maintained upto 24 h 23, which indicate
that benidipine has long-lasting pharmacological
activity 24. Benidipine, also known as KW-3049, is
a calcium channel blocker that is used for the
treatment of mild to moderate hypertension and
angina pectoris. The main objective of the present
work was to develop sustained release matrix
tablets of water soluble benidipine hydrochloride
(BH) using different polymers. Benidipine is stable
under varying light conditions and does not
decompose when exposed to high moisture or
stored at high relative. It is relatively soluble in
methanol and ethanol and slightly soluble in water.
MATERIALS AND METHODS:
Materials: BH was procured from Ranbaxy
Laboratories, Bangalore. Chitosan (50kDa) and
eudragit L100-55 were procured from Merck
Chemicals Ltd., Germany. Other ingredients like
HPMC, MCC, Lactose, Aerosol (Colloidal Silicon
Dioxide) and Glecyryl Behenate from Degussa
India Pvt., Ltd., and magnesium stearate were
procured from S.D. Fine chemicals, Mumbai.
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Preparation of Matrix Tablets: Manufacture of
matrix tablets by direct compression method
involves mainly three steps.
1. Sifting: Accurately weighed quantity of drug
and excipients were passed through sieve no. 20
and 40 respectively.
2. Blending: Drug and excipients (excluding
lubricant) were blended thoroughly for 15 min.
After the sufficient mixing of drug as well as other
components, magnesium stearate were added and
further mixed for additional 2 - 3 min.
3. Compression: The blend was mixed and was
compressed in 10 mm punch tablet machine
karnavati tablet press punching machine, the
weight of tablets was kept constant for tablets of all
batches, which was 250 mg. We have prepared as
many batches and after proper analysis of all
batches the following batches were selected for
further study. The composition was given in Table
1. The tablets were round and flat with a thickness
of 3.1 ± 0.2 mm.
TABLE 1: FORMULATION OF BENIDIPINE HYDROCHLORIDE (BH) MATRIX TABLET
Ingredients (mg)
Drug (BH)
HPMC K 100M
Eudragit RL100
Eudragit RS100
Chitosan
MCC
Lactose
Aerosol (Colloidal
Silicon Dioxide)
Glyceryl Behenate

F1
12
118
---60
---50
---5

F2
12
98
60
------70
---5

F3
12
88
30
---60
50
---5

F4
12
128
------40
60
---5

F5
12
108
---30
40
---50
5

F6
12
128
------40
---60
5

5

5

5

5

5

5

Scanning of Drug in Phosphate Buffer: The
solution containing 30 µg/ml of benidipine
hydrochloride in phosphate buffer was prepared
and scanned over range of 200 nm to 400 nm
against blank using double bean UV spectrophometer.
Compressibility Studies: The different preformulation parameters are studied like angle of
repose, compressibility index and hausners ratio.
Fourier Transform Infrared Spectroscopy
(FTIR) Studies: FTIR studies of formulation along
with pure drug (BH) were carried out at room
temperature by FTIR spectrophotometer using KBr
pellet. All the spectra were recorded in the range of
400-4000 cm-1.

Post-compressional
Parameters
of
All
Formulations: Hardness: Method: Hardness was
measured using Pfizer hardness tester. For each
batch 3 tablets were tested.
Observation: The measured hardness of tablets of
each batch was in range from 4 to 6 kg/cm2
Friability:
Method: Twenty tablets were weighed and placed
in Roche friabilator and apparatus was rotated at 25
rpm for 4 min. After revolution the tablets were
dedusted and weighed again. The percentage
friability was measured using the formula,
% F = {1-(W/Wo)} × 100

% F = friability in percentage
Wo = Initial weight of tablet
W = weight of tablets after revolution
Observation: The % friability we found in the
range between 0.5 to 1%.
Weight Variation:
Method: Twenty tablets were randomly selected
from each batch and individually weighed. The
average weight and standard deviation of 20 tablets
was calculated. The batch passes the test for weight
variation test if not more the two of the individual
tablet weight deviate from the average weight by
more than the percentage shown in table and none
deviate by more than twice the percentage shown.
Results shown in Table 2.
TABLE 2: THE AVERAGE WEIGHT, % FRIABILITY
OF TABLETS OF EACH BATCH
Formulation Average weight (mg)
% Friability
F1
251 ± 1.53
0.48
F2
249 ± 0.77
0.62
F3
250 ± 0.05
0.39
F4
238 ± 0.13
0.98
F5
249 ± 0.13
0.68
F6
247 ± 1.43
0.80

In-vitro Dissolution Studies: In-vitro dissolution
studies were carried out by using USP type II
apparatus dissolution apparatus using phosphate
buffer pH 6.8 as dissolution medium. The tablets
were submerged into 900 ml of simulated gastric
fluid (SGF: hydrochloric acid solution, pH 1.2) for
2 h, then the tablets were transferred to 900 ml of
simulated intestinal fluid of phosphate buffer, pH
6.8.
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This method was used to simulate the situation of a
tablet's transit through the gastrointestinal tract.
The 10 ml of sample was withdrawn at
predetermined time interval and same volume of
fresh medium was replaced. The samples were
analyzed for drug content at wavelength of 357 nm
using double beam UV visible spectrophotometer.
The content of drug was calculated using the
equation generated from standard curve. The %
drug release was calculated.
RESULTS AND DISCUSSION:
Spectrophotometric Characterization: λmax was
found to be at 357 nm.
Micromeritic Properties of Powder Blend: The
angle of repose of the all the formulations were
determined and the values ranged from 25.3º to
33.40º indicate excellent flow properties of
granules and it was observed to be within the
Pharmacopoeia limits. The Carr’s index values
ranged from 8.05 to 15.03% indicates excellent and
good flow properties. Hausners ratio values ranged
from 1.07 to 1.17 indicating good flow. It means
that the flow properties of granules were found to
be within the Pharmacopoeia limits. Results are
shown in Table 3.
TABLE 3: PRE-COMPRESSION PARAMETERS OF
FORMULATION BENIDIPINE HYDROCHLORIDE
(BH) MATRIX TABLETS
Formulation
(F)
F1
F2
F3
F4
F5
F6

Angle of
repose (Ɵ)
27.7±0.63
30.82±0.21
29.12±0.17
31.25±0.23
25.3±0.76
25.3±0.76

Compressibility
index (% )
11.00±0.56
16.98±0.33)
16.69±0.3
15.49±0.33
16.02±0.36
16.02±0.36

Hausners
ratio
1.12±0.04
1.12±0.04
1.19±0.02
1.13±0.02
1.12±0.02
1.12±0.02

In-vitro Drug Release Studies: We have prepared
number of batches to prepare 250 mg of benidipine
hydrochloride tablet and for explanation point of
view we have selected most suitable batches in
order to extend drug release. The drug release
pattern is shown in Fig. 1. In formulation F1
amount of HPMC along with eudragit RS100
causes the drug release i.e. about 40 - 50% drug is
released within 5 h, but as time precedes swelling
of polymer makes the tablet to extend drug release
and it was observed 99% of drug releases within 15
h. On exposure to water or biological fluid,
generally the dry polymer becomes hydrated,
swells and forms a gel barrier layer, which retards
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the diffusion of drug out of the matrix 25. In
formulation F2, we have taken HPMC along with
eudragit RL100 polymer and we found drug
release is very rapid with 99% release in 9 h which
is may be due to higher permeability of eudragit
RL 100 in medium making higher % of drug
release. So we may conclude eudragit RS100
extended drug release for more time as compared to
formulations containing eudragit RL100 and
various research studies also indicated that
formulations having eudragit RS100 prolonged
drug release as compared to formulations based on
eudragit RL 100.
In formulation F3 release extends up to more than
17 h which may be due to poly electrolyte complex
between eudragit RL100 and CS 26 and also HPMC
makes the tablet swell and extended drug release.
In order to check the effect of HPMC on drug
release we have taken HPMC100M in formulation
F4 and found all drug releases within 15 h.
Generally when a tablet is placed in the dissolution
media, wetting of the surface occurs first, followed
by hydration causing the formation of pores due to
dissolve of the excipients by increasing its porosity
strength by which it increases entry of the liquid
through the microscopic pores. But when polymer
is added to formulation, polymer content block
microscopic pores, leading to reduced drug release
rate, due to the formation of a thick and turbid gel,
which is resistant to erosion and diffusion. In
formulation F4 though drug release extends to
considerable period of time, but the tablet of this
batch possess less crushing strength causing tablet
to disintegrate easily which may be due to higher
chitosan concentration which acts as tablet
disintegrant in this batch 27, 28, 29.
Formulation F5 contain HPMC polymer along with
eudragit RS 100. When we studied the drug release
we found tablets of this batch shows extended of
drug release due to swelling of HPMC polymer and
release pattern may extend more than 18 h. Another
reason for extended drug release may be due to
presence of lactose in this formulation, which is a
water-soluble excipients, it increases the hydration
rate and relaxation of the polymer chains, resulting
in slow release of drug by diffusion from the matrix
tablet layer 30. So in formulation F5 more than 50%
drug release within 5 h, but in Formulation F3,
presence of MCC causes less disentanglement or
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more binding occurs which leads to less % drug
release is less in that period of time. In Formulation
F6 though HPMC K 100M release drug slowly for
longer period of time drug release is not uniform
and within 6 h the tablet releases drug which may
be due to higher concentration of chitosan and also
lactose also causes erosion of tablet. So the tablets
of F6 batch release drug for shorter period of time
in comparison to F4 batch tablet. Dissolution
profiles of all the batches are shown in Fig. 1.
In the current study we found formulation F3 and
F5 due to their similar drug release pattern for
extended period of time selected as suitable batch.
So in order to select the best formulation in
between F3 and F5, we prepared tablet in a novel
laboratory technique APOC (agglomerative phase
of comminution) method to study which batch has
more drug release. Generally, APOC granulation
method is one of the recent techniques used in
powder granulation technology which has a major
role in improving the aqueous Solubility of BCS
class II drug.
The drug along with HPMC along with other
polymer and micro crystalline cellulose (For F3
batch) and lactose (For F5 batch) were weighed
accurately and pass through ball mill at the constant
speed of 50 rpm which ball mill consisting of
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different size of balls for 6 - 12 h to form the
agglomerate of fine cohesive particles. These
milled powders are weighed according to
formulation weight and mixed with aerosol
(Colloidal Silicon Dioxide) and glyceryl behenate
and pressed in tablet punching machine.
When we studied the dissolution of two batches F3
and F5 prepared by the APOC technique, we found
dissolution is higher in F5 and this prepared tablet
also increases % drug release time to more than 18
h which may be due to granules formed by this
‘prolonged grinding method’, causes particle size
changes, but when we studied the F3 batch tablet,
the presence of high concentration of chitosan on
tablet might increase its hardness during grinding
process and indicate high resistance to abrasion,
thereby decreasing % drug release and so not
selected for optimization and stability.
So we may conclude APOC technique makes the
formulation stable and by this method binder less
tablets 32 may be prepared using this method, by
simplifying tablet formulation and enhancing
stability. A possible mechanism for the increased
dissolution rate is the increased internal surface
area of the granules produced by the prolonged
grinding methods. Results are shown in Fig. 1 and
2.

FIG. 1: DISSOLUTION PROFILES OF
FORMULATIONS F-1 TO F-5

Water Uptake and Erosion Studies: The uptake
of water by tablets is a crucial step for to study
swelling and erosion of the polymer matrix. Water
uptake and erosion were studied and the following
equations were used to determine the percent
weight gain or water uptake, and the percent mass
loss or erosion 33, 34.
Weight gain (%) = (wet weight - dry weight / dry
weight) × 100

FIG. 2: APOC DISSOLUTION PROFILES OF
FORMULATIONS F-3 & F-5

Weight loss (%) = (Original weight - dry
weight/original weight) × 100
Generally polymer dissolution and erosion take
place in three steps: Solvent penetration into the
polymer matrix, polymer swelling and chain
disentanglement and attainment of the threshold
disentanglement. When water penetrates into the
polymer matrix, it enhances the mobility of the
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polymer chains which eventually disentangle at the
advancing front, separating the gel layer from the
erosion/dissolution front. During our study though
HPMC K 100M increases swelling but we found
presence of lactose in F5 makes the tablet erode
early in comparison to F3 batch tablet which
contain MCC. So we may conclude polymers
which show better swelling as well as erosion
properties are good candidates for low solubility
drug.
Kinetic Study:
Drug Release Kinetics and Transport
Mechanism: To know the drug release kinetics
from these formulations, the dissolution data were
subjected to different kinetic model such as zero
order, first order and higuchi’s equation.
The Ritgere Peppas equation was applied equation
was used to characterize drug release mechanism
from the polymeric system i.e.
Mt /M∞= ktn

Where the Mt/M1≤ 0.6 data are used for
calculation, k is a constant incorporating structural
and geometric characteristics of the dosage form, n
is the release exponent, which depends on the
release mechanism and shape of the matrix tested
and t is the release time. Exponent n for polymeric
controlled delivery systems of cylindrical geometry
has values of n < 0.45 for Fickian diffusion, 0.45 <
n < 0.89 for anomalous (non-Fickian) transport i.e.
drug release was controlled by a coupled Fickian
diffusion-polymer relaxation mechanisms or
Fickian diffusion-erosion mechanisms resulting
from swelling behaviour of polymers. Results are
shown in Table 4.
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From the above observations the tablet showed the
Higuchi square root model R2 values for batch F5
(r2 = 0.998) indicates that the drug released by
diffusion and slope of Ritger-Pappas plot is 0.720
indicates that diffusion-erosion mechanisms
resulting from swelling behaviour of polymers.
TABLE 4: DIFFERENT DISSOLUTION KINETIC
PARAMETERS OF OPTIMIZED FORMULA F-5
Kinetic model
R2
n (slope)
Zero order
0.957
7.873
First order
0.985
-0.0687
Higuchi
0.998
37.563
Ritger-Peppas
0.942
0.720

FTIR Study: FTIR studies of the pure drug (BH)
and the formulation (F5) were carried out to study
the interaction between drug and excipients in the
formulation. Benidipine hydrochloride is a dihydropyridine group derivative showing peaks in the
following wavelength region 3066 (aromatic C-H
group), 2945 (CH3-CH2 group), 2519 (NH2), 1661
(C=O), 1533 (NO2), 1491 (C=C), 1348 (NO2),
1098, 700 cm‐1. Similarly HPMC shows the peaks
in wavelength region like 2900 due to methyl and
hydroxypropyl group, 2530 hydroxyl group, 1650,
1400, 1343 cyclic anhydrides, 1100cm‐1 due to
ethereal C-O-C group. When we have studied the
FTIR of most suitable batch i.e. F5, we have not
found any sharp or any intense peak as shown in
Fig. 4 of F5, which indicating there is no chemical
interaction between drug and the polymers and
excipients used in formulations as shown in Fig. 3
and Fig. 4. However, though some additional peaks
were observed in IR study of this batch, but it is
explained presence of polymers in matrix-type
films are compatible with a number of drugs 35.
FTIR spectra are as shown in Fig. 3 and 4.

FIG. 3: FTIR STUDY OF BENIDIPINE HYDROCHLORIDE
DRUG SAMPLE

Stability Studies: During our study we found
batch F5 was the most suitable batch, so stability

FIG. 4: FTIR STUDY OF TABLET OF BATCH F5

study was carried out for this batch at accelerated
condition of 40 ºC and 75% Rh condition for period
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of 3 month. After each month tablet sample was
analyzed for the in-vitro drug release study and the
results are shown in Table 5.
TABLE 5: RESULTS OF STABILITY STUDIES OF
OPTIMIZED FORMULATION F-5
Batch
Days (0) Days (30) Days (60) Days (90)
F6
99.53
99.64
99.34
98.19

RESULTS AND DISCUSSION: From the
stability study of selected batch F5 and by studying
the drug release pattern of this batch, we found the
tablets are stable at 4 ºC and 75% Rh without
showing any significant change.
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hypertension, there are potential advantages to be
gained from continuous 24 h control of blood
pressure (BP) by preparing BH sustained release
formulation.
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