Development and in vitro Assessment of Multiparticulate sustained release
formulation of Diltiazem Hydrochloride

BIJAYA GHOSH™, C. MALLIKARJUN SETTY' AND JASMINA KHANAM?*

Department of Pharmaceutics, V.L. College of Pharmacy, Raichur,
Karnataka - 584 101

2Department of Pharmaceutical Technology, Jadavpur University,
Calcutta-700 032

Accepted 2 May 1999

Received 8 September 1998

Diltiazem sustained release pellets were prepared by pan-coating process using nonpareil sugar cores
of appropriate size.The drug was dispersed in melted stearic acid (1:1), and the mixture was loaded on
the basic sugar cores using polyvinylpyrrolidone (PVP, 10% w/v in water) as the binder.The drug- -loaded
beads were then coated with ethylcellulose coating solution. Dissolution test was carried out in hydro-
chioric acid media of pH 1.2 (0.085 M) for the first two hours and then the media was replaced by
phosphate buffer of pH 7.2 (0.05 M). The release pattern was diffusion controlled for the formulations
having lesser amount of ethylcellulose (SA |, ethylcellulose content 9.09% of the total wt) but shifted
towards zero order with the increase in the proportion of ethylcetlulose in the formulations. A near zero-
order release profile was obtained in formulations having higher amount of ethylcellulose (SA 1V, 28.57%
w/w) which was able to sustain the drug-release upto 12 h.

Diltiazem hydrochloride, an effective drug in the treat-
ment of ischaemic heart diseases is also used in the
treatment of hypertension'2 Among the calcium chan-
nel blockers, diltiazem occupies a superior position be-
cause of its highly favourable side effect profile 3. Apart
from its role in hypertension, diltiazem is also reported
to reduce the cost of treatment in organ transplantation
by its potentiating effect of cyclosporine activity*®. How-
ever, due to short half life of the drug (3.7+1.2 h) high
frequency dosing is necessary to satisfy the requirements
of persistent medication. Sustained release formulations
of diltiazem are considered to be more effective in com-
parison to its conventional dosage forms, because of
the maintenance of plasma fevel and improved patient
compliance, significant factors in the management of
hypertension’. The present study describes the develop-
ment and in vitro evaluation of a multiparticulate sus-
tained release formulation of diltiazem hydrochloride us-
ing the pan-coating process.
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Diltiazem hydrochloride (USP) was received as a gift
sample from Torrent Laboratories Ltd. Ahmedabad, In-
dia. The other ingredients purchased were ethylcellulose
(14 cp) and diethylphthalate from Central Drug House,
Bombay; Stearic acid from S.D. Fine Chemicals, Boisar;
Chloroform and acetone from Qualigens Fine Chemicals,
Bombay. The sugar used for making the nonpareil cores
were purchased from local market and estimated for con-
formity with IP grade. Hydrochloric acid and phosphate
buffers were prepared by using the prescribed procedure
of Indian Pharmacopoeia®. Al other chemicals used were
of analytical grade. Nonpareil sugar cores were prepared

" by spraying super-saturated hot syrup over finely pow-

dered sucrose particles rotating in a coating pan to yield
very hard sugar cores®. The size fraction 450-500 pm
was chosen as the core material for drug loading. The
drug was dispersed in melted stearic acid (1:1,80° and
the mixture after cooling was passed through a sieve
{#44) to get free flowing particles. Sucrcse cores {20 g)
were taken in a coating pan (diameter 26.4 cm) rotating
at 32 rpm and adhesiveness was developed by spraying
polyvinylpyrrolidone solution (PVP, 10% w/v water).
Strearic acid-coated drug particles were then sprinkled
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Table | - Physical parameters of the sustained release pelletsv

Formulation Core:Coat Particle size Mean bulk Angle of Friability
(um) density repose (%)
(g/ml) (Degress)
SA I 10.0: 1 740 + 36.5 0.694 21.37 0.02
SA I 5.0:1 769 + 23.7 0.672 21.38 0.02
SA 33:1 833 + 130.0 0.655 21.16 0.01
SA IV 25:1 909 + 52.7 0.649 20.69 0.01
Farticle size represents mean + S.D of 50 observations. .
All other values are average of three determinations.
Table Il - Content uniformity of sustained release pellets
Formulation Expected drug Actual drug content Yield in terms Coefficient
content in 100 in 100 mg of pellets of drug of variation
mg of pellets (mg) (mg) (%)
SA | 17.045 13.265 + 0.151 77.82 1.138
SAll 15.625 12.302 £ 0.179 78.73 1.382
SA Il 14.423 11.666 + 0.129 80.90 1.106
SA IV 13.392 10.651 + 0.079 79.53 0.742

Each value represent the mean + S.D. of five determinations.

over the cascading pellets and the process of alternate
application of drug and binder was continued till the pre-
determined amount of the drug mixture had been loaded.
Finally ethycellulose (5% w/v in chloroform) plasticized
with diethylphthalate (5% w/w of the polymer) was
sprayed over the cascading pellets until the predeter-
mined weight gain in the pellets was achieved. Best coat-
ing was produced when the spraying was done for every
20 sec followed by a rest period of 2 min dry off the
pellets. Initially drying was rapid and SA I fraction could
be prepared within 2 h with the increment in the particle
size, increased number of spraying was required to de-
~ posit the same amount of coating material and longer
rest pericds (2.5-5 min) allowed to dry off the solvent. No
extra heating facility was provided to assist the vapori-
sation of chloroform but the drying was facilitated by the
high room temperature which varied between 28-33°. Pel-
lets of different core:coat ratio’s were prepared from the
same starting batch as described by Cartensen'®. For
the determination of the moisture content the standard
IP procedure was followed"'.
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Spectrophotometric analysis was performed using a
scanning ultraviolate-visible-stectrophotemeter (U-2000,
Hitachi, Japan) Beers law calibration curves were ob-
tained in hydrochloric acid of pH 1.2 (0.085 M) as well as
phosphate buffer of pH 7.2 (0.05 M) for the dissolution
studies. Drug content and homogeneity of the different
formulations were determined by spectrophotometric
assay, after removal of five 100 mg samples from each
formulations and extracting the same in phosphate buffer
by crushing the pellets. Dissolution study was carried
out in a USP XXl Dissolution apparatus (M/S Cambell
electronics). the Paddle rotation was adjusted to 100 rpm
and temperature was maintained at 37+1° throughout the
span of the experiment. Hydrochloric acid buffer of pH
1.2 (0.085 M) was used for the first two hours of drug
release. At the end of second hour, the dissolution fluid
was replaced by phosphate buffer pH 7.2 (0;05 M) and
the study was continued upto 12 h or till completion of
drug release.

Physical parameters of the various fractions, pre-
sented in the Table-1, clearly indicate that the pellets have

July — August 1999



Cumulative percent released

-

~ x~ [ [ d (o]

[o] [« O [+ o g
[} Q o [o] o

O [+ [+ o 2] [
o L ¥ )

L4

(Sanoy u) awgy
3

[+}}

Fig. 1 : Comparison of drug release from various experi-

mental formulation with that of marketed product and
the theoretical release profile

Key :+,SAl; O, SAll; [0, SALILO, SAIV; [}, Dilzem
SR-90 (marketed product), A, Theoretical release profile

good flowability and can be easily encapsulated in hard
gelatin capsule. It is evident from Table-2 that there is
good reproducibility between the batches and the drug
content was nearly 80% of the theoretical value. Since
the drug loading was done with PVP and coating proce-
dure involves the use of chloroform, moisture content
determination was carried out on the drug loaded pellets
only. These values, when converted in terms of total
weight of the pellets, were found to vary between 3.5 to
4.5% of the final preparation, with SA IV containing the
jeast amount of moisture (3.5%). The results of the in
vitro dissolution study was summarised as the cumula-
tive release versus time graph in Figure 1, which clearly
shows that the rate of drug release decreases with the
increase of coating thickness. All the formulations ex-
cept SA IV showed high rate of drug release in the initial
phase of dissolution. However, the rate declined drasti-
cally after 70-75% of total content had been released. Of
the formulations Sa IV was found to give the most gus-
tained effect and was closest of the zero order pattern.
in none of the formulations, complete release was ob-
tained and the tendency of incomplete release increased
with the increase in the proportion of ethylcellulose used
in the system. In case of SA IV only 67% of the total
drug was released upto 12 h. ‘
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Fig. 2 : Higuchi plot for the release profile of diltiazem
hydrochloride.

Key:.,SAL; A, SAIL[]SAI; 0, SAIV.

Fig. 2 To investigate the mechanism of drug release
the in vitro data were plotted as cumulative release ver-
sus square root of time (Figure 2) as described by
Higuchi®, Since linearity was observed in these graphs,
diffusion controlied release is the logical inference. How-
ever, with the increase in the proportion of ethylcellulose
in the formulation the release profile showed a shift to-
wards the zero order pattern. SA IV formulation showed
the highest zero order carrelation coefficient of 0.9874
and could sustain the drug release upto 12 h. The re-
lease profile of the experimental formulations were also
compared to that of the marketed product Dilzem SR-90
as well as theoretical release profile (Figure 1). The theo-
retical release profile was worked out by using the avail-
able pharmacokinetic data (Vd = 3.1£1.2 LUkg, t'/, =
3.7+1.2, bicavailability 40-44%) 3%, The calculated total
dose was 90 mg for a period of 12 hincluding the loading
dose of 30 mg. As expected there were deviaticns from
the theoretical release profile but SA ll formulation showed
close resemblance to the marketed product and its
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cumulative release was always on the plus side of the
theoretical requirement. SA IV formulations showed the
most sustaining effect but its release constant (k=6.09
per h) is slightly lesser than the theoretical requirement
(k = 8.19 per h). However, there is scope for correction
by making allowance for extra drug (30 mg) or by modifi-
cation of the formulation parameters.

- We conclude that stearic acid and ethylcellulose can
be used in combination to produce oral sustained release
dosage form of diltiazem hydrochloride.
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A simple and sensitive visible spectrophotometric method based on the reaction of salmeterol xinafoate
with diazotised dapsone under alkaline conditions to form a stable orange colored chromogen, which
can be quantitatively measured at 465 nm, is reported.

Salmeterol xinafoate'? chemically (RS-5-{1-Hydroxy-
2-[6(4-pheny! butoxy) hexylamino] ethyl} salicyl alcohol
1-hydroxy-2-naphthoate, is a relatively new long acting
antiasthmatic drug. HPLC?® and few spectrophotometric
method’® have been reported earlier for the determina-
tion of salmeterol in human plasma and in pharmaceuti-
cal dosage forms. In the present investigation, the au-
thors have developed a simple, sensitive spectrophoto-
metric method.
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A 1.0 mg/ml solution of salmeterol xinafoate in metha-
nol was prepared. Working standard solution (100 ug/m!)
was prepared by further dilution with distilled water. Aque-
ous solutions of sodium nitrite (3% w/v), sodium hydrox-
ide (1N) and solution of dapsone (0.5% w#v) in 10% hy-
drochloric acid were prepared in the usual way, An ELICO
UV-VIS spectrophotometer model SL-150 with 1 ¢m
matched quartz cells was employed for spectral meas-
urements.

One ml of dapsone solution was pipetted out into a
series of 10 ml volumetric flasks, 1 ml of sodium nitrite
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