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Hydroxypropyl methylcellulose (HPMC) is a semisyn-
thetic ether derivative of cellulose. It has been the domi-
nant hydrophilic vehicle used in controlled release dosage
forms because of its non-toxic nature, ease of compres-
sion, and accommodation to high levels of drug loading.
It is desirable to predict the drug release from HPMC ma-
trices with sufficient accuracy in the design of drug-con-
taining HPMC matrices.
Some studies have been reported to investigate the rela-
tionships between drug release rate and HPMC concentra-
tion or the size and shape of HPMC matrices [1–6]. How-
ever, these prediction models must be established for each
drug. In this paper, relationships between the release of
soluble drugs from HPMC matrices and the physicochem-
ical properties of drugs were investigated whereby raniti-

dine hydrochloride, diltiazem hydrochloride, isoniazid,
and ribavirin were selected as model drugs.
The volumes of drug molecules (V, nm3) were calculated
from the molecular geometries optimized using the semi-
empirical self-consistent field molecular orbital calculation
AM1 method [7]. The atomic radii used to calculate
molecular volumes were those used by Clark [8]. The
molecular volumes of ranitidine, diltiazem, isoniazid, and
ribavirin are 0.3876 nm3, 0.4996 nm3, 0.1569 nm3, and
0.2529 nm3, respectively.
The following regression equations were obtained using
stepwise multiple regression analysis for the fractions of
these drugs released from HPMC matrices shown in the
Table.
When HPMC concentration was 11% (w/w),

log ðMt=M1Þ ¼ �0:3251þ 0:5164 log t� 0:2258 V

n ¼ 21 r ¼ 0:9848 s ¼ 0:03377 F ¼ 288:8 ð1Þ

log ðMt=M1Þ ¼ � 0:3249þ 0:5165 log t

þ 2:297� 10�5 Cs � 0:2304 V

n ¼ 21 r ¼ 0:9848 s ¼ 0:03474 F ¼ 182:0 ð2Þ

When HPMC concentration was 33%,

log ðMt=M1Þ ¼ �0:3832þ 0:4973 log t� 0:3047 V

n ¼ 25 r ¼ 0:9884 s ¼ 0:02822 F ¼ 464:5 ð3Þ

log ðMt=M1Þ ¼ � 0:3805þ 0:4982 log t

þ 2:036� 10�4 Cs � 0:3512 V

n ¼ 25 r ¼ 0:9892 s ¼ 0:02780 F ¼ 319:4 ð4Þ
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Table: Fractions (%) of drugs released from HPMC matrices

t (h) Ranitidine hydrochloride Diltiazem hydrochloride Isoniazid Ribavirin

Exp. Calc. Exp. Calc. Exp. Calc. Exp. Calc.

HPMC concentration 11% (eq. 1)

0.5 26.24 27.04 22.40 25.51 31.56 30.48 30.40 29.00
1 36.84 38.67 33.63 36.48 45.65 43.60 45.62 41.48
2 56.40 55.31 52.63 52.19 63.52 62.36 65.14 59.33
3 70.66 68.20 71.43 64.34 74.03 76.89 70.85 73.15
4 81.74 79.12 82.80 74.65 86.18 89.20 75.46 84.86
5 ND –– ND –– ND –– 83.74 95.23

HPMC concentration is 33% (eq. 3)

0.5 22.13 22.34 ND –– 26.30 26.26 26.97 24.55
1 31.75 31.53 24.15 29.15 39.37 37.07 35.42 34.65
2 41.63 44.51 39.73 41.14 54.10 52.32 48.59 48.92
3 58.75 54.45 51.74 50.33 63.99 64.01 57.07 59.84
4 67.27 62.82 60.67 58.07 71.03 73.86 66.44 69.05
5 73.15 70.19 ND –– 79.74 82.53 73.94 77.15
6 80.78 76.86 76.14 71.05 ND –– 77.59 84.47

HPMC concentration is 55% (eq. 6)

0.5 21.57 20.49 ND –– 22.30 20.71 18.73 19.05
1 30.56 29.37 20.99 23.94 31.74 29.70 26.51 27.32
2 41.13 42.11 33.85 34.32 45.25 42.57 36.18 39.16
3 51.04 51.99 42.81 42.37 51.76 52.56 44.66 48.35
4 59.68 60.37 51.44 49.21 59.09 61.03 53.12 56.14
5 ND –– ND –– 68.53 68.54 63.16 63.05
6 72.88 74.53 65.99 60.75 75.69 75.35 70.71 69.31
7 ND –– ND –– ND –– 77.76 75.09
8 82.27 86.55 77.09 70.55 ND –– ND ––

ND: Not determined



When HPMC concentration was 55%,

log ðMt=M1Þ ¼ �0:4952þ 0:5137 log t� 0:1940 V

n ¼ 28 r ¼ 0:9840 s ¼ 0:03592 F ¼ 382:2 ð5Þ

log ðMt=M1Þ ¼ � 0:4878þ 0:5197 log t
þ 7:415� 10�4 Cs � 0:3543 V

n ¼ 28 r ¼ 0:9929 s ¼ 0:02443 F ¼ 560:9 ð6Þ

In above equations, Mt is the amount of drug released at
time t, M1 is the amount of drug released over a very
long time, which corresponds in principle to the initial
loading, t is the release time (h), Cs is drug solubility in
distilled water at 37 �C (g/100 ml), V is the molecular
volume of the drug (nm3), n is the number of samples,
r is the correlation coefficient, s is the standard deviation,
F is the F-statistic.
Above equations show that the coefficients of their log t
terms were very close to 0.5, meaning that diffusion was
the predominant release mechanism in the release systems
studied in this paper [9]. This was consistent with the con-
clusions reported by other researchers that water-soluble
drugs were released primarily by diffusion of dissolved
drug molecules across the HPMC gel layer [10–14].
Ritger and Peppas derived an equation for the Fickian re-
lease of soluble drugs from moderately swelling slabs [9],
shown as eq. (7):

Mt

M1
¼ 4

Dt

pl2

� �1=2

ð7Þ

Here, D is the drug diffusion coefficient, l is the initial
slab thickness.
Eq. (7) indicates that the Fickian release of soluble drug
was independent of its solubility in water. As shown in
eqs. (1)–(6) the drug solubility parameter could not im-
prove the statistical significance of the regression equa-
tions when HPMC concentration was less 33% and drug
solubility displayed a week dependence on its release from
HPMC when HPMC concentration was 55%.
According to the free volume theory [15], the diffusion
coefficients of the diffusing molecules were exponentially
dependent on their molecular volumes and smaller mole-
cules had higher diffusion coefficients. As expected, the
exponential dependence of drug diffusion coefficient on its
molecular volume could be derived from eqs. (1)–(6) and
eq. (7).

Experimental

1. Materials

Ranitidine hydrochloride, diltiazem hydrochloride, isoniazid, and ribavirin
were selected as model drugs, due to their range of desirable solubilities in
water. Ranitidine hydrochloride, diltiazem hydrochloride, isoniazid, and
ribavirin have the solubilities of 125.5 g/100 ml, 59.25 g/100 ml, 21.67 g/
100 ml, and 18.62 g/100 ml in distilled water at 37 �C, respectively.

2. Tablet preparation

Drug, HPMC (Methocel K4M), and dextrin were mixed and moistened
with a 75% alcohol. The wet mass was forced through a 16 mesh sieve.
The granules were dried at 60 �C until a constant weight was achieved,
and then calibrated through the same sieve. Magnesium stearate was added
to the dry granules. The final mixture was compressed by a single punch
press. The obtained tablet was 11 mm in diameter and 2.7 mm in thick-
ness. Total tablet mass was 300 mg containing 33% of drug, 1% of magne-
sium stearate, 66% of HPMC and dextrin. HPMC concentrations were
varied by changing the relative amounts of HPMC and dextrin, in order to
keep the matrix weight and surface area constant.

3. Drug release

All drug release experiments were carried out using a dissolution apparatus
(rotating basket), rotating at 100 rpm in 1000 ml distilled water maintained
at 37 �C. At predetermined time intervals, 5 ml samples (which were re-
placed with fresh medium) were withdrawn and the amount of drug re-
leased was determined spectrophotometrically at 314 nm for ranitidine hy-
drochloride, 235 nm for diltiazem hydrochloride, 263 nm for isoniazid, and
206 nm for ribavirin, respectively.
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