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ABSTRACT

The present study aimed to design and evaluateopfdic matrix tablets of diltiazem hydrochloride,
achieve a controlled and sustained drug releasé vatluced frequency of drug administration, reduced
side effects and improved patient compliance. Ma#blets of diltiazem hydrochloride were prepabgd
using natural polymer like Gum Olibanum, hydroghipolymer like hydroxypropylmethylcellulose
(HPMC K;M) and different binders like starch, gelatin andlygthylene glycol (PEG-6000). All the
batches were evaluated for weight uniformity, hash) friability, drug content uniformity and inreit
drug release characteristics as per USP XXIV moaplr The drug release rates from matrix tablets
were compared with marketed SR [ Dilzem SR (TofPdrarma Ltd, India) ] formulations. The release
kinetics and mechanism of drug release by regrassmefficient analysis and higuchi constant and
Peppas exponential release model equation were migestigated. It was observed that all the
fabricated tablets delivered the drug following tnégi diffusion mechanism and the release mechaoism
diltiazem hydrochloride from matrix tablets indiedtFickian transport mechanism. The binder’s effect
on drug release from the dosage form was investthakhe insitu interations between the drug, polgme
and excipients during wet granulation process dso énvestigated by DSC examination.

Keywords: Diltiazem hydrochloride (DHL), hydroxypropylmetlegllulose (Methocel KM or
HPMC K;M), Gum Olibanum, Higuchi diffusion and Different&canning Calorimetry (DSC).

INTRODUCTION

Sustained release dosage form is mainly designedh&ntaining therapeutic blood or tissue
levels of the drug for extended period of time witinimum local or systemic adverse effects.
Other advantages include economy and greater pat@npliance. Sustained release dosage
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forms would be most applicable for drugs having kwerapeutic indices and short elimination
half-life [1]. Sustained release can be achieveddognulating drugs as matrix devices using
HPMC, Sodium CMC and other swellable polymer [2@ambination of hydrophilic polymer
like HPMC Ks;M and natural polymer like gum olibanum as the pay matrix resulted in first-
order release.

Matrix tablets are easy to prepare and they aré efbsctive and exhibit predictable release
behavior [5]. Diltiazem hydrochloride (DHL) is “aofent calcium channel blocker [6-7] used in
the treatment of hypertension and angina (varianla&sical angina)[8] and also used

in the management of angina pectoris, arrhythmdalaypertension.” It has small plasma half-
life (t = 3.5 hrs) and usual dose is 30 mg thrice daily.aA®sult of its short half-life, the
development of oral sustained release formulatibrthis drug is highly desirable, so as to
improve therapeutic effects with minimum side etfifegnd improved patient compliance [Sp,
the objective of the present study was to devetoyrolled and prolonged release formulation of
DHL as matrix tablets by using natural polymer Ige&mn olibanum. The drug release rates from
matrix tablets were compared with marketed SR fdatians. The release kinetics and
mechanism of drug release by regression coeffia@alysis, higuchi and peppas exponential
release model equation i.e4/M., = Kt" [10-11] were also investigated. Various natural gums
and mucilages have been examined as polymers &iaisad drug release, in the last few
decades. The use of natural polymers and their-sgnmthetic derivatives in drug delivery
continues to be an area of active research defipgteadvent of synthetic polymers. Natural
polymers remain attractive primarily because theyiaexpensive, readily available, capable of
multitude of chemical modifications and potentiatlggradable and compatible due to their
origin.

MATERIALS AND METHODS

Materials:

Diltiazem hydrochloride was obtained as gift sanmipten M/S. NATCO Pharmaceuticals Ltd,
Hyderabad, India. Gum Olibanum was purchased framg@ Corporation Ltd, Visakhapatnam,
India. Hydroxypropylmethylcellulose (HPMC 4Kl) was obtained as gift sample from M/S.
Coloran asia Pvt Ltd, Mumbai, India. Binders likarsh was obtained from Hi-pure fine chem.
Industries, Chennai, gelatin was obtained from lobemie Pvt Ltd, Mumbai and polyethylene
glycol (PEG-6000) was obtained from central drugideo (P) Itd, New Delhi, India. Other
chemicals talc, magnesium stearate (S.D. Fine GCiladsni Mumbai, India) were obtained
commercially and used as such.

Methods:

a. Diltiazem hydrochloride calibration curve:

Calibration curve of diltiazem hydrochloride wasepared using buffer pH 7.4 in the
concentration range of 1 — 1f/ml. The drug was analyzed spectrophotometricéllyco

Double beam UV-Visible Spectrophotométat 237 nm (regression coefficient= 0.999 in
buffer pH 7.4) and graph is shownfigure: |
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Figure I: calibration curve of diltiazem hydrochloride
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b. Fabrication of Dhl matrix tablets:

Drug (DHL), polymers (Gum Olibanum and HPMGN), magnesium stearate and talc were
passed through sieve no. 80 separately. Five difteiormulations with various polymer ratios
were prepared i.e. 1:1, 1:1.5, 1:2, 1:1.5:0.5 addllby keeping Diltiazem hydrochloride at 90
mg constant with magnesium stearate 1% w/w, theposition is shown in Table I.

The compositions of diltiazem hydrochloride mati@blets with different binders are shown in
Table 1.

Table I: Composition of diltiazem hydrochloride matrix tablets.

SNO INGREDIENTS FORMULATIONS WITH CODE

(mg/tablet) F1 F2 F3 F4 F5

1 Diltiazem hydrochloride 90 90 90 90 9(

2 Gum Olibanum 90 135 18( 135 9(

3 Methocel kM -- -- -- 45 90

4 Magnesium stearate 1.8 2.25 27 2.25 2.7

5 Ethanol Q.S -- - Q.S Q.S

6 Total weight (mg) 181.8 227.25 2727 27225 272.7

“--“indicates not present
1% w/w of magnesium stearate was present in edzbtta

The matrix tablets of the above formulations weoenpressed in a single punch (Cadmach
single punch tablet machine, Ahmedabad) tablet cesgon machine. A weighed amount of the
powder was introduced in the die and the die c#paeas adjusted as required. Compression
force was adjusted to obtain the required hardiféss kg/cd). A batch of 25 tablets was
prepared for all formulations.
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Table II: Composition of diltiazem hydrochloride matrix tablets with different binders

FORMULATIONS WITH CODE

S.NO INGREDIENTS (mg/tablet) s T F7 1 Fa| Fol Flol Fid Fid Fid
1 Diltiazem hydrochloride 90 90 90 9p 90 90 90 D0
2 Gum Olibanum 900 90 90 90 90 90 90 90
3 Methocel KM 90 | 90| 90| 90| 90| 90| 90 9¢
4 Starch paste 217 54 8L -+ -+ -+ + -
5 Gelatin -- -- - | 27| 54| 81 -- -
6 Polyethylene glycol (PEG-6000) -t -t -t -+ -t -+ 27 | 54
7 Magnesium stearate 2171 2,7 A7 27 R7 R7T (2.77 | 2.
8 Total weight (mg) 297 324 351 297 324 361 297 B24

“--“indicates not present
1% w/w of magnesium stearate was present in edithtta
C. Drug-excipient interaction studies:

Pre-formulation studies are very important for guecessful formulation of any dosage form.
Differential Scanning Calorimetry (DSC), Fourieransform Infrared (FTIR) Spectroscopy
studies were used for the evaluation of physicoét&ntompatibility and interactions, which
helps in the prediction of interaction of the dmugh polymers, binders and lubricants used in
case tablet formulations. Positive interactions etoimmes have a beneficial effect as far as desired
release parameters are concerned. Therefore, inpthsent studies standard diltiazem
hydrochloride, excipients and granules (obtainedviey granulation technique 1:1:1 ratio) was
used and analyzed for compatibility studies.

d. Differential Scanning Calorimetry (DSC):

Differential Scanning Calorimetry (DSC) studies wearried out using “METTLER TOLEDO
STAR® System” (Thermal analysis center: ICDpited States. The instrument is very versatile
as far interaction and compatibility studies at-farenulation stage were concerned and used to
evaluate melting point, enthalpy changes, intevastbetween the drug and polymers during wet
granulation technique and glass transition tempegatof drug with excipients and polymers.
Diltiazem Hydrochloride was mixed with the excipgierand the DSC analysis of each sample
under the analogous conditions of temperature réfge- 400° C, heating rate 10°C/min,
nitrogen atmosphere (30ml/min) and alumina as eeie. Differential Scanning Calorimetry
(DSC) was performed on pure drug (DHL), excipiarid granules (obtained by wet granulation
technique 1:1:1 ratio). DSC measurements were dar@ METTLER TOLEDO STARSystem
and samples were heated at the rate of 10°C mimels@mples were heated in an aluminum cup
up to 400°C.

1. Evaluation of tablet formulations:
All the batches were evaluated for weight unifogmibardness, friability and drug content
uniformity as per USP XXIV monograph.

a. In vitro dissolution studies:

The studies were done using the USP XXIII dissolutiate test apparatus (type Il) fitted with
six rotating paddle type (Model Electrolab, India)l the batches of tablets were evaluated (3
runs for each batch) using 900 ml of sequentialtrgedestinal release medium,i.e. 0.1N
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hydrochloric acid (pH 1.2) for first two hrs andethpH 7.4 phosphate buffer for next 6 hr,
maintained at 37 £ 0.5°C and stirred at 100 rpmrml%of aliquots were withdrawn at different
time intervals and an equivalent volume of medipne (varmed at 37°C) was added to maintain
constant volume. Withdrawn samples were analyzedtsgphotometrically at 237 nm using an
Elico double beam UV-Visible Spectrophotometer.

b. Data Analysis

Different release kinetics is assumed to refletferiBnt release kinetics mechanism. Therefore
three kinetics models including zero order releageation (Eq.1), first order equation (Eg. 2)
and Higuchi (Eq .3) were applied to process inovitata to find the equation with the best fit.

Q =K1t (Eq .1)
Q =100 (1-e-K2t) (Eq. 2)
Q = Kt Eq. 3)

Where Q is the release percentage at time t. KlaR Ky are the rate constant of zero order,
first order and Higuchi model respectively.

To investigate the mechanism of drug release thatia data were plotted as cumulative drug
release verses square root of time as describddgoighi, when the linearity was observed in
graph that indicates the diffusion controlled rekeenechanism of drug [12].

The dissolution data was further analysed to deffreemechanism of release by applying the
dissolution data following empirical equation prepd by peppas, #,=Kt" where Mis drug
release at time M, is the total amount of drug in dosage form/NWW, is the fraction of drug
release up to time t, K is the kinetic constant amdis the release exponent indicative of the
release mechanism of drug release from the formoulaiuring dissolution process [13].

RESULTS AND DISCUSSION

In the present study an attempt has been made rtoufate matrix tablets of Diltiazem
hydrochloride using gum olibanum as hydrophobicrimanaterial. Over the last few years a
large number of naturally obtained gums were evatlas release retardants. Since they are of
natural of origin (Burseraceae trees) they are togit, biocompatible and cheaper. Gum
olibanum is available in small tears or lumps oftedyellowish or yellow-reddish colour.

The matrix tablet formulations prepared by wet gtation method by using gum olibanum
alone exhibited faster drug release over the ditwenulations. The matrix tablets containing
drug, gum olibanum and HPMC,M at equal ratios (1:1:1) the drug released fotqmg period

of time up to 12 hrs. Among the matrix tablet preyplaby wet granulation proce$ was found
to be suitable for controlling the drug releasdti@®iem hydrochloride matrix tablets were also
prepared by wet granulation method with gum olibanand HPMC KM by using starch,
gelatin and PEG-6000 binder solutions as grangagents.
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a.

All the batches were evaluated for weight unifogmibardness, friability and drug content
uniformity as per USP XXIV monograph. The compasis of the matrix tablets and the results

Physical parameters of diltiazem hydrochloride matix tablets

of the physical characterization of tablets aremanized in Table IIl.

Table Ill: Physical parameters of diltiazem hydrocHoride matrix tablets

s.NG | FORMULATIONS WEIGHT *HARDNESS | *FRIABILITY c;?ﬁléﬁT

WITH CODE UNIFORMITY (mg) (kg/cm?) (%) (maltablet
1 F1 180 7.4+0.05 0.15+0.04 90.8+0.5
2 F2 225 7.5+0.05 0.18+0.04 90.5+0.4
3 F3 275 7.5+0.05 0.24+0.04 90.620.6
4 F4 275 7.4+0.05 0.1620.02 89.820.3
5 F5 275 7.5¢0.05 0.1820.02 90.210.2
6 F6 300 7.5+0.05 0.14%0.02 90.50.5
7 F7 325 7.5+0.05 0.1620.02 90.50.5
8 F8 350 7.5+0.05 0.12+0.04 89.720.2
9 F9 300 7.5+0.05 0.1520.02 90.620.6
10 F10 325 7.5+0.05 0.2020.02 90.8+0.6
11 F11 350 7.5+0.05 0.18+0.03 89.810.3
12 F12 300 7.5+0.05 0.1420.02 90.210.4
13 F13 325 7.5+0.05 0.14+0.02 89.9+0.5

b.

The release mechanism was evaluated using diffédeetic models. The drug release rate
constants (K) and regression coefficierl} @btained from First order, Higuchi and Korsmeyer-

*All values are expressed as mean + standard dmsnan =3

Tablet friability was less than 0.25%, while hardaeanged from 7-7.5 kg/émGood uniformity in drug content
was found among the various formulation batchesdvag content was more than 89% in all cases vefis ithan
0.6% standard deviation. Thus, all the tablet folations showed acceptable physical characteristics.

In Vitro Release Kinetic Analysis

Peppas models as shown in Table IV.

Table IV: Kinetics of in vitro drug release from different matrix tablets

Scholar Research Library

FIRST ORDER

RATE HIGUCHI CONSTANT PEPPAS

s.NO | FORMULATIONS CONS'_I'lANT (mg/hr'’?) CONSTANT

WITH CODE (hr®) , , ,

r r “n” r

K value K value value value

1 F1 0.351| 0.8434 28.558 0.9970 0.3d0 0.9608
2 F2 0.333| 0.9212 29.358 0.9930 0.303 0.9560
3 F3 0.277 | 0.8989 27.767 0.9902 0.370 0.9780
4 F4 0.340 | 0.9092 27.870 0.9868 0.248 0.9792
5 F5 0.184 | 0.9564 24.900 0.9964 0.234 0.9718
6 F6 0.156 | 0.9916 24.862 0.9925 0.141 0.9860
7 F7 0.104 | 0.9969 21.522 0.9969 0.161 0.9721
8 F8 0.075| 0.9931 18.377 0.9902 0.134 0.9756
309
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9 F9 0.127 0.9977 22.347 0.9978 0.219 0.9649
10 F10 0.157 0.9839 23.630 0.9994 0.238 0.97p8
11 F11 0.186 0.9977 25.029 0.9848 0.246 0.9949
12 F12 0.132 0.9887 27.576 09952 0.226 0.9763
13 F13 0.097 0.9903 19.369 0.9957 0.217 0.95171

The first order plots drawn by log percent undigsdlverses time for all the formulations were
linear and followed first order release rate. Tlupas of the line and corresponding value of K
can be calculated which is indicative of the reteade profile [14].

To investigate the mechanism of drug release thatia data were plotted as cumulative drug
release verses square root of time as describégybghi, for all matrix formulations were found
to be linear, indicating the diffusion mechanisndaig release [12].

The percent drug release verses time profile weeslfin to the peppas equation. The “n” value
of all the formulations was less than 0.5 that gatks formulations follow Fickian diffusion
mechanism [13]. The percent drug release versesgnafile plot are shown in figure Il

FIGURE II: In vitro release profile of diltiazem hydrochloride from matix tablets.
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C. Binders effect on release of drug from matrix:

Matrix tablets prepared by using starch mucilage BEG-6000 as granulating agents, released
the drug in highly steady state manner for a prgémhperiod of time. The release of drug from
these formulations depends on the concentratidheo$tarch mucilage and PEG-6000 added. As
drug release from the matrix tablets were retamigel to high binding properties of starch and
PEG-6000 expect Gelatin. Effects of starch andtigetan in vitro release profile of diltiazem
hydrochloride form matrix tablets are shown in figulll and figure IV With gelatin as
granulating agent, release the drug in a highlgdstestate manner for a prolong period of time.
The release of drug from these formulations doéslapend on the concentration of the gelatin
added. As the concentration of gelatin increasedg delease from the matrix tablets was
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increased due to rapid disintegration of gelatib@dy temperatures which relaxes the polymer
matrix for faster release of the drug. Effect olypthylene glycol (PEG-6000) on in vitro release
profile of DHL form matrix tablets is shown in figaiV.

FIGURE IlI: effect of starch on release profile ofdiltiazem hydrochloride form matrix tablets.
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FIGURE IV: Effect of gelatin on release profile ofdiltiazem hydrochloride from matrix tablets
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FIGURE V: Effect of polyethylene glycol (PEG-6000pn release profile of diltiazem hydrochloride form
matrix tablets.
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d. Drug excipient compatibility study:
Drug excipients compatibility studies were carriedt to check whether any compatibility
related problems are associated between drug ampients used in the formulations.

FIGURE VI: DSC thermogram of pure diltiazem hydrochloride
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e. Differential Scanning Calorimetry (DSC):
DSC results revealed that the physical mixtureDdfiazem hydrochloride with excipients
showed superimposition of the thermograms. Ther@osconsiderable change observed in
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melting endotherm. DSC study reveals that there mzainteraction took place between the drug
and the polymer. The DSC thermograms are showiguré VI to VIII.

FIGURE VII: DSC thermogram of granules prepared by wet granulation method (F5).
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Figure VIII: DSC thermogram of granules prepared by wet granulation using PEG-6000 as binder (F12).
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From the figure VI to VIII, it is clear that the afracteristics peaks are seen in both pure
diltiazem hydrochloride and gum olibanum withouly aange in their position, indicating no
chemical interaction between gum olibanum andadiéim hydrochloride.

The DSC analysis of diltiazem hydrochloride showesingle sharp endothermic peak at212
due to melting point of the dru@um olibanum and HPMC #/ did not show any characteristic
peak and binder agent PEG-6000 showed respectale gtetheir melting point 53.3C. The
DSC curves shows that the endothermic peaks o&zbitn hydrochloride and excipients were
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almost unchanged indicating the absence of stnotegactions between the drug and excipients.
DSC studies were performed on pure DHL, gum olibangranules prepared by wet granulation
method (F5) and granules prepared by wet granualatiethod using PEG-6000 as binder (F12)
Among the formulations prepared by wet granulatieethod, matrix tablets with starch 20 %
(F7) and PEG-6000 10 %( F12) released the drugoumif and meet the USP dissolution test
profile-11 for diltiazem hydrochloride extended eake tablets. Comparison of in vitro release of
optimized formulations (F7, F12) with market formtibn is shown in figure IX.

FIGURE IX: comparison of in vitro release of optimized formulation (F7, F12) with market formulation
(FM).
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CONCLUSION

Based on the present study, it can be concludedjtim olibanum is an appropriate hydrophobic
material that can be utilized as matrix formingrage prolong the release of water soluble drug
such as dilitiazem hydrochloride. Preparation ofric@s by wet granulation method was found
to be more effective in controlling the releaselnfg. Gum olibanum is widely available in India
and is non-toxic, biocompatible and inexpensiveah be used as substitute in place of currently
marketed matrix forming polymers. The drug relelasm all the formulations mentioned above
followed first order kinetics and the release metsra of Diltiazem hydrochloride from matrix
tablets indicated “Fickian transport mechanism”.

It was also concluded that the drug release waatlgranfluenced by the nature of the binder
incorporated in the formulations. Finally to actgew sustained release formulation of diltiazem
hydrochloride matrix tablets by using gum olibanumatrix tablets were developed to be
capable to provide prolonged release patterns @2ehrs. Formulation containing diltiazem
hydrochloride, HPMC KM and gum olibanum having equal ratios (1:1:1) feasd to satisfy
the desired criteria when used in the quantity mifee formulation F5.
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