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ABSTRACT 

Different series of Diltiazem pellets with slow release of the 
active substance were prepared, by pan coating technique, using dif- 
ferent mixtures of acrylic polymers (Eudragit El Eudragit L, Eudragit 
RL and Eudragit RS) as film coating agents. The thickness of the 
coatings were varied by different amounts of Eudragit. Release 
profiles of Diltiazem hydrochloride were investigated using USP XX 
rotating basket method (Erweka DT-D6) with 1000 ml buffer solution 
(pH values 1.5 ; 2.2 ; 5.5 ; 6.8 ; 7.0 ) at 37 O C as solvent. In vitro 
dissolution findings showed that Eudragit coatings gave prolonged 
release of Diltiazem hydrochloride. The permeability of coatings in 
gastric and intenstinal juices was found to be influenced by the 
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1650 VASILEVSKA ET AL. 

amount of Eudragit L in the formulation. Also, the drug release rate 
was found to be dependent on the amount of coating applied. In 
order to understand the drug release mechanism better, the release 
data were tested assuming common kinetic models. In the present 
study square - root of the time plots and Weibull plots were not 
sufficiently linear, although several correlation coefficients were 
high. When the goodness of fit of release data to first - order kinetics 
and Hixson - Crowell 's equation was evaluated, the difference be- 
tween these two models was often noted to be minimal. 

INTRODUCTION 

Diltiazem hydrochloride is a Calcium channel blocker widely 
prescribed for the treatment of angina pectoris, arrhytmia and 
hypertension (1-4). Its watersolubility, short elimination half-life and 
thergpeutic use in chronic diseases, make it suitable as a candidate 
for prolongation of its release from dosage forms. Thus, attempts 
have been made to develop both twice and once - a - day prolonged 
release preparations that contain this drug (5-7). 

Controlled release drug delivery systems are dosage forms 
from which the drug is released by a predetermined rate which is 
based on a desired therapeutic concentration and the drug 's phar- 
mocokinetic characteristics (8). The formulation of the controlled 
release drug delivery systems employing manufacturing technolo- 
gies such as film coating of small particles, which contain or are 
coated with drug substance, is attracting increasing attention. 

The purposes of this study were to prepare controlled 
release Diltiazem pellets using different mixtures of acrylic polymers 
as film coating agents and varying the thickness of the coating by 
different amounts of Eudragit. Release profiles of Diltiazem hydro- 
chloride from different series were investigated. 
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CHARACTERISTICS OF DILTIAZEM PELLETS 1651 

EXPERIMENTAL 

Materials 

Pharma) , Diltiazem hydrochloride (Lusofarmaco, Ital.), 
inert pellets (Upjohn, Italy). 

Eudragit RS 100, Eudragit RL 100, Eudragit E 100 (Rohm 

Preparation of coated pellets 

Batches of 200g of inert pellets were coated by using pan coating 
technique (Erweka DK 3/UG). The speed of rotation was 30-50 rpm 
and the pan angle at 30": The inlet air temperature was 40-60°, and 
coating solutions were sprayed continuously, operating at a spray 
pressure of 0.2-0.5 bar, with a spray nozzle orifice of 2mm. The 
pellets were dried in the coating pan for another five minutes at the 
same temperature and air flow. 

Preparation of Eudrauit Coatinq solutions 

The film coating agents were acrylic polymers (Eudragit E 
100, Eudragit L 100, Eudragit RL 100 and Eudragit RS 100). The 
concentration of plaSticizer Castor oil (1 0%) was given as a percent- 
age of the amount of filmcoating polymers. Coating solutions (6%) 
were prepared using alcohol (96%) as a solvent. 

The total dose of Diltiazem hydrochloride was 170 mg (initial 
dose was 60 mg, and the maintance dose was 110 mg). 

Samples type I: The maintenance dose (1 10 mg) was added 
in the form of coating solution prepared with 1% Eudragit L in diluted 
alcohol. The pellets were coated primarly with this solution. After 
that, the pellets were coated with different mixtures of Eudragit RS 
and L (Table 1). The initial dose was then added by coating of pellets 
with 1% solution of Eudragit E in diluted alcohol. 
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1652 VASILEVSKA ET AL. 

TABLE 1 
The composition of Eudragit’s solutions 

I Film forming agent 

70:30 
RS :L 60:40 

50: 50 

70:30 
RS :L 60:40 

50 : 50 

20:60:20 
RS:RL:L 20:60:20 

20: 60: 20 

Amount of coating 
mg/cm2 

4,5 
495 
43 

495 
425 
4,5 

Samples 

la 
Ib 
Ic 

Ila 
Ilb 
Ilc 

llla 
lllb 
lllc 

In the samples II and Ill total dose of Diltiazem hydrochloride 
(1 70 mg) was coated on inert pellets with Eudragit L solutions (1 %) in 
diluted alcohol. Afterwards, the pellets were coated with different 
mixtures of Eudragit polymers (Table 1). 

The composition of Eudragit solutions is described in Table 1. 

The determination of Diltiazem hvdrochloride in pellets 
The content of Diltiazem hydrochloride in pellets was deter- 

mined spectrophotometricaly (LKB) at 242 nm. The content of Diltiazem 
hydrochloride in pellets was measured in weight of pellets which 
contains 170 mg of drug substance. 

Dissolution test 
The dissolution test was carried out using USP XX rotating 

basket method ( Erweka DT-D6) with 1000 ml of buffer solutions (pH 
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CHARACTERISTICS OF DILTIAZEM PELLETS 1653 

values 1.5 ; 2.2 ; 5.5 ; 6.8 ; 7.0) at 37°C - + 0.5"C as solvent. The 
speed of stirring was 120 rpm. The amounts of Diltiazem hydrochlo- 
ride released were determined spectrophotometricaly (LKB) at 236 
nm. 

Release kinetics 

following mathematical models: 
(A) first - order kinetics - eqn. 1 (9, 10) 
(B) square - root of time equation - eqn.2 (1 1) 
(C) Hixson - Crowel 's cube - root equation - eqn.3 (12) 
(D) Weibull distribution function - eqn. 4 (13) 

The goodness of fit of the release data was tested with 

In Q = In Q -klt 
Q = k C  " 

m - Kt 
m = 1- eip [- (t -T i  ) 

m1/3 = 

RESULTS AND DISCUSSION 

Content of Diltiazem hvdrochloride in pellets 

sented in table 2. 
The contents of Diltiazem hydrochloride in pellets are pre- 

Release of Diltiazem hydrochloride from pellets 
The results of dissolution tests with coated Diltiazem pellets 

of formulation la-c are shown in Figure 1. Practically, dissolution of 
initial dose (35%), occured during the first 30 minutes, and no 
difference between samples can be noted. 

But, maintance dose (1 1Omg) released very slowly. In 12 
hours about 100% of Diltiazem hydrochloride was released from 
formulation Ic, and more than 80% from formulation Ib. But, from 
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la 
Ib 
Ic 

VASILEVSKA ET AL. 

432,9 & 1,8 
437,5 +_ 1,5 
430,O & 1,2 

TABLE 2 

Ha 
Ilb 
Ilc 

llla 
lllb 
lllc 

The determination of Diltiazem hydrochloride in pellets 

569,O +_ 2,O 
567,2 &3,0 
564,2 +_ 2,2 

577,6 & 3,5 
519,3&1,8 
478,2 &3,0 

Series I mean weight & SD mean Diltiazem. HCI 
(mg)  n = 20 I content2SD (mg) n=10 

169,OO 1,60 
170,OO & 1 ,OO 
169,OO +, 1,OO 

169,80 +, 1,60 
168,95 1,50 
169,OO 2,OO 

169,50 & 2,20 
168,OO & 1,90 
169,OO f 2,OO 

U 
aJ vl 
0 
Q) 

aJ - 
L 

' O  Y 
I 

,pH=1.5,pH=2.2, , pH-5.5 1 pH=B.S , pH=7. 
0 1 10 11 1n.5 s a a m m 7 . n  

T i m e  (hours) 

FIGURE 1 
Cumulative amounts of Diltiazem hydrochloride released from series 
la, Ib and Ic. Each point represents the mean (n = 5-10). 
Symbols : la,O Ib, A Ic. 
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10 q 1  ( 8  
pu=7. 

;bH;.1.51pH=2.2: p H = d  , pd=B.B I. - 7  

I 
I 

Time (hours) 

FIGURE 2 
Cumulative amounts of Diltiazem hydrochloride released from series 
Ila, Ilb and Ilc. Each point represents the mean (n =5-10). 
Symbols : dla,d) Ilb, A Ilc. 

0, 

2 
n 

o i 8 a 4 m 7 m i o  (I i a  IS 
~ H - 1 . 5 , p H = 2 2  pH=5.5 , pH=B.B, pH = 7. 

I 
I 

Tlme (hours) 

FIGURE 3 

Cumulative amounts of Diltiazem hydrochloride released from series 
Illa, lllb and Ilk. Each point represents the mean (n =5-10). 
Symbols : + Illa, x lllb,+lllc. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1656 VASILEVSKA ET AL. 

formulation la, after 12th hour was released only 60% of Diltiazem 
hydrochloride, which was not satisfactory. 

The results of dissolution test with the coated Diltiazem pellets 
of formulations Ila-c are shown in Figure 2. Permeability of coatings 
in gastric juice depends on percentage of Eudragit L in formulation. 
As can be seen from Figure 2, an initial release of drug in first two 
hours was different, due to the different percentage of Eudragit L in 
formulations. There was no sufficient initial drug quantity released 
from samples Ila, but increasing the percentage of Eudragit L in for- 
mulation, a sufficient initial drug quantity was released from formula- 
tions Ilb and Ilc. Also, the permeability of coatings in intestinal juices 
depends on the percentage of Eudragit L in formulation. The releas- 
ing rate for samples Ha was very low, and only about 25% of drug was 
released for 11 hours. From samples Ilb and Ilc there was released 
about 90% and 100% of Diltiazem hydrochloride for 11 hours, 
respectively. Increasing percentage of Eudragit L from 30 to 40 and 
50%, better dissolution characteristics were developed, but there is 
always a danger of unsuitable initial drug quantity released in gastric 
juice. 

The results of dissolution tests with the coated Diltiazem 
pellets of formulations Ha-c are shown in Figure 3. 

As can be seen from Figure 3, an initial drug quantity released 
from samples was very low for formulation Illa, low for formulation 
Illb, and sufficient for samples Ilk, where the amount of coating was 
2mg/cm2.The releasing rate depends on the amount of coating, and 
for 13 hours about 65% was released from formulation Illa, about 
90% was released from samples lllb and about 100% Diltiazem 
hydrochloride was released from samples Ilk. 

Kinetic of Diltiazem hvdrochloride release from pellets 
In the present study, for formulation la, diffusion model 

(square-root) was not sufficiently linear, and the linearity was best by 
using first-order kinetic, Hixon-Crowell’s equation and Weibull’s 
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distribution function. The differences between these models was 
noted to be minimal, as presented in Table 3. For formulation Ib, the 
best fit kinetic model was cube-root equation , also minimal differ- 
ences were noted with first-order kinetic model. There was no 
sufficient linearity for diffusion model and Weibull’s distribution 
function (Table 3) . The release pattern for formulation Icy including 
the highest proportion of Eudragit L (50%), corresponded best to 
first-order equation, and correlation coefficients for other kinetic 
models were low (Table 3). 

For formulation Ila the best fit kinetic models were cube-root 
equation and diffusion model, and the difference between these two 
models was noted to be minimal. But, there were no significant 
correlation coefficients with the presented kinetic models for other 
two series, Ilb and Ilc (Table 4). 

As can be seen from Table 5, on plotting logarithms of 
undissolved drug versus time, linearity was best for samples Illa, and 
correlation coefficients for other kinetic models were low. For samples 
lllb there was minimal difference between first-order kinetic model 
and Hixson-Crowell’s equation, and they were the best fit kinetic 
models for these formulations. Also the correlation coefficients for 
other kinetic models were low. For samples Ilk correlation coeffi- 
cients for all four kinetic models were low. 

CONCLUSIONS 

The results of the study showed that it is possible to produce 
coated pellets with prolonged Diltiazem hydrochloride release, by a 
pan coating method. The release rate of Diltiazem hydrochloride 
was depended on the ratio of Eudragit polymers. The coating 
thickness also had significant effects on drug release rate. 
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