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ABSTRACT: Diltiazem hydrochloride is a calcium channel blocker used in
various cardiac diseases. It is associated with problem of short biological half
life leading to high dosage frequency. Therefore, to ensure the controlled drug
delivery systems of diltiazem the alginate-chitosan microspheres were prepared
by Ionotropic gelation technique and characterized. The diltiazem hydrochloride
SR microspheres were successfully formulated by Ionotropic gelation technique
employing different proportions of sodium alginate, hydroxy propyl methyl
cellulose (HPMC) K15M and carbopol 934 in various combinations. The
prepared diltiazem hydrochloride microspheres were characterized for
entrapment efficiency, swelling index, Carr’s index, angle of repose, particle
size, assay and in-vitro drug release. Further, the final optimized formulations
were assessed for their compatibility studies using Fourier Transform Infrared
(FT-IR) Spectroscopy and stability was assessed by conducting accelerated
stability studies. All the diltiazem hydrochloride microsphere formulations were
found have good flow properties. The mean particle size was found to be within
a range of 6.1-to 9.2 μm and entrapment efficiency ranged from 70% to 94.6%.
In-vitro drug release was found to be 96% for the optimized formulation. FTIR
studies were carried out and all the excipients are found to be compatible with no
interactions. Stability studies were carried out for the best formulation F5
indicates that there is no change in entrapment efficiency and release kinetics.
The results obtained in this work clearly indicate best results using carbopol 934
a rate controlling polymer in diltiazem hydrochloride SR microspheres.

INTRODUCTION: Microspheres are defined as
“Monolithic sphere or therapeutic agent distributed
throughout the matrix either as a molecular
dispersion of particles” (or) can be defined as
structure made up of continuous phase of one or
more miscible polymers in which drug particles are
dispersed at the molecular or macroscopic level. It
has a particle size of (1-1000nm).
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These are the most frequently employed techniques
used to overcome the stability problems of these
components. It has been applied by the food and
cosmetics industries to control the delivery of
molecules and to protect them from oxidation.
Sodium alginate is an anionic polymer, which can
be easily cross-linked with calcium chloride. This
is because that the calcium ions are bound to
carboxylate residues of both mannuronic acid and
glucournic acid, which are components of sodium
alginate. Here it is the interaction of calcium ions
with glucournic acid that contributes to the
complexation mechanism. This complexation
between calcium ions and sodium alginate leads to
controlled release of drugs. 1, 2
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Elimination half-life of the diltiazem hydrochloride
is 3- 5 hours. Further, currently available slow
release oral dosage forms, such as an enteric coated
or double-layer tablets, which release the drug for
about 12 to 24 hours, still result in inefficient
systemic delivery of the drug and may lead to
potential gastrointestinal irritation.
Microencapsulation for oral use has been employed
to sustain the drug release and to minimize or
eradicate gastrointestinal tract irritation. Incase of
chronic dosing of matrix tablets unwanted intestinal
retention of the polymeric material may occur
which can also be avoided by microspheres.
Microencapsulation is used to modify and retard
drug release 3, 4, 5. Due to its small particle size, are
widely distributed throughout the gastrointestinal
tract, which improves drug absorption and reduces
risks of side effects mostly gastro intestinal mucosa
due to localized build-up of irritating drugs.
Incorporation of diltiazem hydrochloride into
polymer matrix may protect drug from light, high
temperature and oxygen, in addition to improving
its solubility and bioavailability. The solubility and
stability of diltiazem hydrochloride when
encapsulated by diverse polymers have been well
studied.

Hence, the main objective of the present
investigation is to encapsulate the diltiazem
hydrochloride into sodium alginate microsphere.
MATERIALS AND METHODS: 6, 7, 8
Materials: Diltiazem hydrochloride was a gift
sample from Hetero pharma, Hyderabad. Sodium
alginate, HPMC K15M, carbopol 934, calcium
chloride are from LOBA CHEME and all the other
ingredients used in the study were analytical grade.
Formulation of diltiazem hydrochloride SR
microspheres: Alginate particulate system for
diltiazem hydrochloride SR microspheres was
prepared using sodium alginate and different
combinations of HPMC K15M, carbopol 934. In
order to get the complete solution stirring is
continued and after that it was added drop by drop
into a solution containing calcium chloride.
Microspheres, which were formed, were kept in
original solution for 24hr for internal jellification
followed by filtration for separation. The complete
release was observed at pH 6.4-7.4 but the drug
release was not observed in acidic formed during
this phase. Composition of various formulations
was mentioned as in Table 1.

TABLE 1: COMPOSITION OF DILTIAZEM HYDROCHLORIDE SR MICROSPHERES

S.No.
1
2
3
4
5

Ingredients
Diltiazem hydrochloride
Sodium alginate
HPMC K15M
Calcium chloride
Carbopol 934

F1
2%
2%
5%
-

Drug loading & encapsulation efficiency: Drug
loading is important with regard to release
characteristics. In general, increased drug loading
will lead to an accelerated drug release. Drug
entrapment efficiency represents the initial amount
of drug proportion that has been incorporated into
the micro particles. 100 mg of diltiazem
hydrochloride micro particles were weighed and
transferred to 100 ml volumetric flask containing
pH 7.4 phosphate buffers. From this, 1 ml of
sample solution was transferred to 10 ml
volumetric flask and diluted up to the mark. From
the above stock solution 1 ml of this solution is
made upto 10 ml and the absorbance was measured

F2
2%
1%
5%
-

Formulations
F3
2%
3%
1%
5%
-

F4
2%
3%
5%
1%

F5
2%
2%
5%
1%

at 236 nm. The drug content was calculated by
using the formula.

Percentage encapsulation efficiency is carried out
by calculating the amount of drug present in 100
mg of micro particles. The in vitro release of drug
from the micro particles was carried out using USP
I basket type dissolution tester containing 900 ml of
pH 1.2 buffers for the first 2 hrs followed by 7.4
phosphate buffer for the next 22 hrs. The volume of
the dissolution media was maintained at 900 ml
with constant stirring at 100rpm and temperature of
bath was maintained at 37 ± 0.5°C.
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Aliquots (10 ml) of dissolution media were
sampled at time points specified and replaced with
fresh media immediately after sampling. Samples
were analyzed for the drug content by using UV
visible spectroscopy. The drug release data
obtained. Dissolution studies were carried out for
all the batches of the prepared formulations (05
batches).

Swelling index: This technique was used for
characterization of microspheres. The microspheres
(100mg) were placed in a petri dish with distilled
water and swelling was allowed at room
temperature and changes in weight variation
between the initial weight of microspheres and
weight due to swelling was measured by taking
weight periodically. Swelling ratio was found by
using the formula,

Where, Wo =
microspheres,

Initial

weight

of

the

dry

We = Final weight of the swollen microspheres at
equilibrium swelling in the media
Flow property: Angle of repose method was
employed to assess the flow ability. Microspheres
were allowed to fall freely through the funnel,
which was fixed at 1cm above the horizontal flat
surface until the apex of pile just touches the tip of
the funnel. The angle of repose (ø) was determined
by formula.
Where, h= height of pile formed by microspheres,
r= radius of circular base formed by the
microspheres on the ground.
Particle size analysis: The particle size of the
prepared microspheres was measured by using a
digimatic micrometer MDC-255 Mitutoyo, Tokyo,
Japan; with an accuracy of 0.001mm. The average
diameter of the 100 particles per batch was
calculated.
Assay or content uniformity: Standard assay
method can be referred for the particular active
pharmaceutical ingredient (API) in any of the

standard pharmacopoeia. Content uniformity of
API is determined by estimating the content in
strip. Limit of content uniformity is 85–115
percent.
Fourier Transform Infrared Spectroscopic
(FTIR) studies: FTIR analysis was carried out for
pure drug and for micro particles with and without
drug using potassium bromide pellet method on
FTIR spectrophotometer. Drug was mixed with
potassium bromide and spectra were taken. FT-IR
spectrum of pure drug diltiazem hydrochloride was
compared with FT-IR spectra of different diltiazem
hydrochloride formulations. Disappearance of
peaks or shifting of peaks was studied using the
apparatus FTIR 8400-S, Shimadzu, Japan
Dissolution test: Dissolution of microspheres can
be performed using LABINDIA Disso-2000
apparatus described in any of the pharmacopoeias.
The dissolution medium will essentially be selected
as per the sink conditions and highest dose of the
API.
RESULTS AND DISCUSSION: Diltiazem
hydrochloride SR microspheres prepared by
Ionotropic gelation technique was found to be
spherical and free flowing in nature. Various
physicochemical properties are depicted in Table
2.
Entrapment efficiency: Entrapment of drug within
the polymer matrix was evaluated and was found to
be raging from about 72.63 % to 94.6% as
mentioned in Table 2.
The drug entrapped in microsphere correlates with
the concentration of diltiazem hydrochloride
present in the microsphere. The study performed
with 100 mg of microsphere and evaluated data is
represented in Table 2. From the data below it is
viewed that, the practical drug content varied from
72.63% to 94.6 %. Table 2 shows the percentage of
encapsulation was greater in formulation F5 when
compared with other. The reason for increased
entrapment is predicted as sodium alginate and
calcium chloride have mediated a good crosslinking reaction by holding the drug within it. The
greater the rigidity of microspheres enabled the
greater entrapment efficiency.9
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Swelling index: Swelling studies were carried out,
to know the behavior of sodium alginate micro
particles during gastro-intestinal passage.
The swelling studies were done by incubating
micro particles in hydrochloric acid buffer pH 1.2
and phosphate buffer pH 7.4 at 37 °C. Comparison
plots of swelling studies of sodium alginate–
diltiazem hydrochloride microspheres were
tabulated in Table 2. 10
Angle of repose: All the formulations have good
flow properties ranging from 30°-38°. Optimised
formulation F5 have excellent flow property having
a value of 30°.

Particle size: The maximum of above 9.2 μm sizes
of microspheres were detected in analysis of
microencapsulated diltiazem hydrochloride that
ranges from 6.1 to 9.2 μm as tabulated in Table 2.
Microencapsulation prepared by this method
showed more heterogeneous size, rounded shape
with the smooth surface with no obvious dents.11
Assay: Content uniformity of API is determined.
The assay value of all the formulations are found to
be within the limits ranging from 87% to 102% for
different formulations as tabulated in Table 2.

TABLE 2: PHYSICOCHEMICAL PROPERTIES OF VARIOUS FORMULATIONS OF DILTIAZEM HYDROCHLORIDE SR
MICROSPHERES

S.No
1

Evaluation parameters
Entrapment efficiency (%)
1.2pH
2
Swelling index
7.4pH
3
Angle of repose
4
Particle size (microscopic evaluation) (µm)
5
Assay
(n=6) mean ± SD

F1
72.63±0.35
36±2.5
191±2.5
31°
7.6±0.52
88±0.5

F2
70.12±0.21
29±1.9
182±1.9
34°
6.9±0.50
102±0.93

F3
89.02±0.61
42±1.5
256±3.9
34°
9.2±0.41
87±0.32

F4
86.41±0.72
59±2
250±4.61
32°
6.3±0.91
96±0.61

F5
94.6±0.9 2
62±3.8
264±5.4
30°
6.1±0.89
99±0.56

FIG. 1A: THE GRAPH SHOWING FTIR OF DILTIAZEM HYDROCHLORIDE

FIG. 1B: THE GRAPH SHOWING FTIR OF DILTIAZEM HYDROCHLORIDE + HPMC K15
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FIG. 1C: THE GRAPH SHOWING FTIR DILTIAZEM HYDROCHLORIDE+ SODIUM ALGINATE

FIG. 1D: THE GRAPH SHOWING FTIR DILTIAZEM + CARBOPOL 934

FIG.1 E: THE GRAPH SHOWING FTIR DILTIAZEM + HPMC K15

Drug polymer interactions were checked by
comparing the IR spectra of diltiazem
hydrochloride with the other polymers. The
reactive functional groups in the diltiazem
hydrochloride are ester and cyclic amide. IR
spectral assignments for diltiazem HCl gives
characteristic peaks at 1743 cm-1and 1679 cm-1.

The IR spectra (Fig. 1a-1e) of combinations of
various polymers with diltiazem hydrochloride
shows that there is no change in the characteristic
peaks, indicating that there was no interaction
between the drug and polymers used in this study.
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In-vitro Studies: 12, 13
1. Preparation of pH .7.4 phosphate buffer:
Accurately weigh 0.8g of potassium dihydrogen
phosphate and dissolve it in sufficient quantity of
distilled water and make up the volume to 200ml
using a measuring cylinder.
2. Preparation of Standard graph of diltiazem
hydrochloride in 7.4 pH phosphate buffer:
Stock I: Accurately weigh amount 100 mg of
diltiazem hydrochloride into a 100ml volumetric
flask and was dissolved in 20 ml methanol the
volume was made up with buffer solution.
Stock II: From this stock solution 10 ml is
withdrawn in to volumetric flask, made the volume

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

up to 100 ml with the buffer solution concentration
of the solution is to be 100μg/ml.
Stock III: From this second stock solution (100
μ/ml), concentrations of 5, 10, 15, 20, 10, 12 μg/ml.
Solutions were prepared and corresponding
absorbance was measured at 236 nm in an UV
visible spectrophotometer.
TABLE 3: STANDARD VALUES OF DILTIAZEM
HYDROCHLORIDE
Concentration (μg/ml)
Absorbance
0
0
5
0.175
10
0.382
15
0.553
20
0.755
25
0.94

FIG. 2: STANDARD GRAPH OF DILTIAZEM HYDROCHLORIDE

Dissolution Studies: The dissolution was carried
out by using United States Pharmacopoeia (USP)
type-I dissolution apparatus for different
experimental trails using dissolution apparatus. The
various results obtained was tabulated as in Table
4. Various dissolution media are as below.
Buffer media: pH 1.2
1. Dissolution Apparatus : USP dissolution type I
apparatus
2. Dissolution Medium : pH 1.2 buffer

3. Temperature
4. RPM
5. Time

: 37± 0.5ºC
: 50
: 1,2 hours

Buffer media: pH 7.4
1. Dissolution apparatus : USP dissolution type I
apparatus
2. Dissolution medium : pH 7.4 phosphate buffer
3. Temperature
: 37± 0.5ºC
4. RPM
: 50
5. Time
: 4, 6, 8, 12, 16, 18, 24 hour

TABLE 4: DRUG RELEASE PROFILES OF DIFFERENT FORMULATIONS
Time (hrs)
0
2
4
6
8
12
16
18
24

F1
0
5.56±0.23
36.9±0.33
41.16±0.67
44.55±0.65
46.6±0.89
47.12±0.29
49.57±0.77
54.37±0.66

Percentage cumulative drug dissolved
F2
F3
F4
0
0
0
4.67±0.99
1±0.02
1.8±0.23
16±0.22
9±0.32
31.5±0.56
35.46±0.25
9.9±0.78
38.01±0.45
60±0.5
25.3±0.81
45.46±0.12
73.96±0.72
30.96±0.7
50.24±0.09
77.42±0.81
38.99±0.16
53.41±0.97
76.32±0.51
50.14±0.3
56.84±0.12
82.43±0.28
54.94±0.4
63.34±0.34

F5
0
2.12±0.35
31.3±0.44
43.8±0.23
55.85±0.5
68.46±0.41
84.23±0.09
93.7±0.81
96±0.05

(n=6) mean ± SD
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