AAPS PharmSciTech, Vol. 12, No. 4, December 2011 (© 2011)
DOI: 10.1208/s12249-011-9687-x

Research Article
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Abstract. The objective of this study was to investigate the release behaviour of propranolol
hydrochloride from psyllium matrices in the presence hydrophilic polymers. The dissolution test was
carried out at pH 1.2 and pH 6.8. Binary mixtures of psyllium and hydroxypropyl methylcellulose
(HPMC) used showed that an increase in the percentage of HPMC in the binary mixtures caused a
significant decrease in the release rate of propranolol. Psyllium-alginate matrices produced lower drug
release as compared to when the alginate was the matrix former alone. When sodium carboxy methyl
cellulose (NaCMC) was incorporated into the psyllium, the results showed that matrices containing the
ratio of psyllium—-NaCMC in the 1:1 ratio are able to slow down the drug release significantly as
compared to matrices made from only psyllium or NaCMC as retardant agent suggesting that there could
be a synergistic effect between psyllium and NaCMC. The double-layered tablets showed that the
psyllium and HPMC in the outer shell of an inner formulation of psyllium alone had the greatest effect of
protecting the inner core and thus producing the lowest drug release (DE=38%, MDT=93 min). A
significant decrease in the value of n in Q=k7" from 0.70 to 0.51 as the psyllium content was increased
from 50 to 150 mg suggests that the presence of psyllium in HPMC matrices affected the release
mechanism. Psyllium powder had the ability in the combination with other hydrophilic polymers to
produce controlled release profiles. Care and consideration should as such be taken when formulating
hydrophilic matrices in different combinations.
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INTRODUCTION

The use of naturally occurring biocompatible polymeric
materials has been the focus of research activity in the design of
dosage forms for oral controlled release administration (1-6).
Polymeric hydrogels are studied for controlled release applica-
tions because of their ability in producing drug release close to
zero-order kinetics (7-13). Gums from natural sources hydrate
and swell on contact with water and have been used for the
preparation of single unit dosage forms (14).

Psyllium has been used for the treatment of constipation
(15), diarrhoea (16), colon cancer (17) and diabetes (18).
Psyllium not only has pharmacological importance, but it also
can be used to develop drug delivery devices such as
sustained release matrix tablets and hydrogels. Therefore,
the double potential of the psyllium hydrogel can be used to
prepare novel drug delivery systems (19). The main part of
psyllium seed to produce gel is its husk which can be
separated through mechanical grinding of its seeds.
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Due to the high swelling capability of psyllium when it
contacts with water, it has been used in gastroretentive
sustained release formulations of ofloxacin (20). Psyllium
husk is known to have bioadhesive properties similar to
hydroxypropyl methylcellulose (HPMC). In contact with
water medium, the mucilage swells and thus it could cause
bioadhesion via physical or hydrogen bonds. This bioadhesive
property can be beneficial to keep the tablets in the upper GI
tract and to increase the gastro-retention time. The swelling
property of psyllium was found to be greater than that of
HPMC despite taking a longer time to swell (20). The in vitro
drug release profile followed Higuchi kinetics and the drug
release mechanism was reported as non-Fickian.

Several researchers have modified psyllium husk powder to
improve its application in drug delivery systems. Gohel and
Amin (21) modified psyllium husk powder with tartaric and
succinic acid to develop a suitable sustained release tablet for
diltiazem HCl via direct compression. The treated psyllium husk
powder showed better gelling and swelling characteristics.

Kaith and coworkers (22) modified psyllium with acrylic
acids using KPS-HMTA to optimize the polymer gel. The gel
was found to be pH and temperature sensitive and selective
towards water absorption from oil-water emulsions.

Singh and coworkers (19) also conducted research to
develop psyllium hydrogels by modification using acrylic acid
and radiation. They showed that psyllium hydrogels have the
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capability to be used as double potential drug delivery devices
in the colon to provide drug in a controlled and sustained
manner. In addition, their investigation on the drug release
mechanism from the polymer matrix has led to the conclusion
that the drug release occurs via non-Fickian diffusion. In this
mechanism, the rate of drug release is dependent on the
simultaneous water migration to the matrix and the drug
diffusion through the swelling hydrogel.

As discussed above, there are several studies attempting
to modify psyllium husk properties for drug delivery pur-
poses, but there is no data reported in the literature about the
release behaviour of drug from psyllium matrices in the
presence of other hydrophilic polymers. Therefore, in the
present study, the effect of HPMC K4M, sodium alginate (Na
alginate) and sodium carboxy methyl cellulose (NaCMC) in
different concentrations on the drug release from psyllium
matrices was investigated. The kinetics of drug release from
various matrices was also investigated using power law
equation.

MATERIALS AND METHODS

Propranolol hydrochloride (S.I.M.S., Italy), HPMC K4M
(Methocel, Colorcon, UK), psyllium seed (Herbi Daru, Iran),
NaCMC (low viscosity grade, 4% solution 200 cps at 25°C.
Sigma, UK), Na alginate (low viscosity grade, 2% solution
250 cps at 25°C, BDH, UK), lactose monohydrate (Lactose
Pharma, Alpavit, Germany) and magnesium state (Merck,
Germany) were used.

Separation of Husk from Psyllium Seeds

Psyllium seeds were ground for 5 min to separate husk
from the seeds. This grinding enables to get a greater yield
(25% wiw). Grinding causes the husk to be fragmented under
collision without a significant breakage and size reduction of
the non-husk portion. The ground seeds were sieved to
separate fine husk particles (usually smaller than 425 pum)
from the seeds (usually larger than 1 mm).

Preparation of Tablets

Propranolol hydrochloride matrix tablets were produced
by mixing the drug with psyllium for a period of 10 min in a
cubic mixer (Erweka, Type UG, Germany). The mixture was
then mixed with 0.5% magnesium stearate for an additional
2-min mixing. The mixture was then compressed on an 11-mm
punch and die using a manual-tableting machine at a pressure
of 150 bar. In the case of the other hydrophilic polymers, the
binary mixtures of psyllium—polymer with ratios of 3:1, 1:1
and 1:3 were mixed with drug. Each formulation contained
80 mg propranolol hydrochloride, 200 mg polymer blends,
100 mg lactose as a filler and 0.5% w/w magnesium stearate
as a lubricant (Table I).

In the case of the preparation of tablets from ternary
mixtures of polymers (psyllium-alginate-HPMC), all poly-
mers with different ratios and propranolol HCI were mixed
for a 10 min in a cube mixer followed by the addition of 0.5%
magnesium state for an additional 2 min mixing. The mixture
was compressed into tablets as described above. All the
compositions for ternary mixtures are listed in Table I.
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Table I. Composition of Matrix Formulations (Binary and Ternary
Polymer Mixture)

Formulation Psyllium HPMC Na Alginate NaCMC
code (mg) K4M (mg)  (mg) (mg)
F1 200 0 0 0
F2 150 50 0 0
F3 100 100 0 0
F4 50 150 0 0
F5 0 200 0 0
F6 150 0 50 0
F7 100 0 100 0
F8 50 0 150 0
F9 0 0 200 0
F10 150 0 0 50
F11 100 0 0 100
F12 50 0 0 150
F13 0 0 0 200
F14 50 75 75 0
F15 66.6 66.6 66.6 0
F16 0 100 100 0
F17 100 50 50 0
F18 75 100 25 0
F19 50 100 50 0

All formulations contain 100 mg lactose, 80 mg drug and 0.5%
magnesium stearate

Preparation of the Double-Layered Tablets

In this type of tablets, the inner formulation was made
separately and was inserted into the outer layer formulation as
follows. After mixing the inner components (Table II), the
mixture was compressed by a 7-mm punch and die, and this
matrix was used as a core of tablet or inner layer of tablet. The
final weight of the inner tablet was 190 mg. Then the components
of outer layer (shell) were mixed for 10 min (Table IT), and the
half of the outer layer formulation was introduced into the 11 mm
die. Then the inner 7-mm tablet was placed inside the die and
was filled with the rest of the outer layer (the total amount of
outer layer was also 190 mg). Both inner tablet and outer layer
were compressed together at a force of 150 bar. The geometric
tablets were stored in a glass vial until use.

In Vitro Drug Release

The in vitro dissolution tests were performed on the USP
dissolution apparatus 1 (basket method; Erweka, DPT6R,
Germany), using 900 ml dissolution medium (pH 1.2 or pH 6.8)
prepared according to USP propranolol extended release

Table II. Composition for Double-Layered Tablets

Inner formulation (Core) Outer layer (Shell)

Formulation ~ Psyllium HPMC Psyllium  HPMC
code (mg) K4M (mg) (mg) K4M (mg)
F20 75 0 0 75
F21 75 0 37.5 75
F22 75 0 75 75

All formulations contain 100 mg lactose, 80 mg drug and 0.5%
magnesium stearate. Each layer contains 40 mg drug (80 mg in total)
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capsules monograph (USP 26) with a rotation speed of 100 rpm.
The amount of propranolol hydrochloride was 80 mg in all
formulations. The dissolution tests for all tablets were run for 2 h
in a simulated gastric fluid (HCl solution, pH 1.2 without pepsin)
at 37°C. After 2 h the baskets containing the matrix tablets were
immediately transferred into dissolution vessel containing
900 mL simulated intestinal fluid (phosphate buffer, pH 6.8
without pancreatin) at 37°C for 6 h. As none of the tablets
disintegrated during the dissolution run at pH 1.2, therefore, it
was easy to transfer the basket holding the whole tablet to
another dissolution medium. Samples were collected at suitable
time intervals. Five millilitres of aliquot was removed from each
dissolution vessel and filtered through a 0.45-pm filter (Millipore
Corp., Bedford, MA, USA). The same amount of fresh
dissolution fluid was added to replace the amount withdrawn.
The samples were then analysed at 288.5 nm by UV/visible
spectrophotometer. The mean of 3 determinations was used to
calculate the drug release from each of the formulation. The
maximum standard deviation for all dissolution data was less
than 6%.

Drug Release Kinetics

The dissolution profiles were described by the power law
firstly proposed by Peppas and Korsemeyer, and known as
Peppas model, where log cumulative percentage of drug
release is plotted against the log of time (23,24). In this
approach, so-called diffusion model, it is assumed that the
drug is initially uniformly distributed through a polymeric
matrix. In order to investigate the release kinetics from the
studied matrices, the drug release data between 5% and 60%
were fitted to Eq. 1 as proposed by Ritger and Peppas (25).

0 = kt" (1)

where Q is the percentage of drug released at time ¢, k is the
kinetic constant representing structural and geometric charac-
teristic of the tablet and # is the release exponent indicative of
the drug release mechanism (25). For matrix (cylindrical)
tablets, an n value equal to or less than 0.45 indicates Fickian
mechanism (or case-I) mainly controlled by diffusion. For n>
0.89 (i.e. 0.89<n <1.00), a super case-II transport takes place,
when dissolution process is controlled mainly by erosion and the
release rate is independent of time (‘zero-order’ kinetics).
Intermediate values (i.e. 0.45 <n <0.89) represent a non-Fickian
or anomalous transport and suggest that erosion (polymer
matrix relaxation) and drug diffusion both contribute to the

overall drug release mechanisms (25). A very high k value may
be an indication of a burst release from the matrix.

To compare the effects of polymer or diluents concen-
trations on the drug release, the criteria mean dissolution
time (MDT) and dissolution efficiency (DE) were used as
described in Eqgs. 2 and 3 respectively

> tAM;

MDT = 2)
2. AM;
j=1

In Eq. 2 (26), j is the sample number, # is the number of
dissolution sample times, ¢ is the time at midpoint between ¢
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and r—1 (easily calculated with (t+1-1)/2) and AM; is the
additional amount of drug dissolved between ¢ and t—1. DE is
as described below:

A
JY xdt

DE =2

— 0,
= g X 100% (3)

In Eq. 3 (27), Y is the percent drug release as a function
of time, T is the total time of drug release and Yigg is 100%
drug release.

RESULTS AND DISCUSSION

Figure 1 shows the dissolution characteristics of matrices
prepared with ground psyllium husk and binary mixtures of
psyllium husk and HPMC K4M. In vitro release profiles of
propranolol showed that the use of psyllium husk in the
absence of HPMC produced relatively fast dissolution. This
indicates that psyllium husk is not able to produce extended
release matrices containing free water soluble drug per se.
This is due to a high swellability of the psyllium husk
(psyllium mucilage mainly consists of 75% xylose and 23%
arabinose) in contact with water which in turn destroys the
integrity of these tablets during the dissolution period after
swelling. This is opposite to the results reported by Chavan-
patil and coworkers (20). They showed that higher concen-
trations of psyllium in a formulation had the ability to reduce
drug release and maintain its integrity. This could be due to
the presence of different excipients/polymers used in these
two studies. Chavanpatil ez al. (20) used the highest viscosity
grade of HPMC (i.e. HPMC K100M) and p-cyclodextrin
which they have the capability to make strong gel layer
around the matrix compared to HPMC K4M and lactose
(highly water soluble filler) used in the present study.
Interesting results were observed when binary mixtures of
psyllium husk and HPMC were used as a matrix former. The
results showed that an increase in the percentage of HPMC in
binary mixtures of psyllium—HPMC resulted in a decrease in
the release rate of propranolol (Fig. 1). Figure 1 shows that
by addition of 50 mg HPMC to formulations containing
150 mg psyllium husk (ratio of psyllium-HPMC is 3:1)
remarkable reduction in the release rate was observed. The
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Fig. 1. The effect of HPMC K4M on drug release from matrices
containing psyllium
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DE and MDT values changed considerably from 95% and
22 min when psyllium was just the matrix former to a value of
62% and 95 min upon addition of the 50 mg of HPMC in
formulation 2 (F2). There was no difference in the drug
release between matrices containing 200 mg HPMC and
matrices made from binary mixtures of polymers (50 mg
psyllium and 150 mg HPMC). These results were confirmed
by dissolution efficiencies and mean dissolution times
(Table III). The matrices containing 200 mg HPMC and
matrices made from binary mixtures of polymers (50 mg
psyllium and 150 mg HPMC) had DE values of 47% and 46%
and mean dissolution times of 93 min and 98 min respectively,
indicating not only their similarity but also their ability in
producing lower release rates for these formulations. HPMC
is a non-ionic hydrophilic polymer. When the HPMC was
replaced by sodium alginate, which is an anionic polymer, in
the matrices containing different concentrations of psyllium,
different drug release patterns were obtained compared with
the binary mixtures of psyllium and HPMC. The results
showed that the slowest drug release occurred for the
formulation when the ratio of psyllium-alginate was 1:3
(Fig. 2). This ratio had the lowest DE value of 61% and an
MDT of 73 min. This release rate was considerably slower
than the matrices containing only alginate (DE=80%, MDT=
79 min). Drug release from the alginate matrices alone was
quite fast. One of the most extensive methods studied for the
controlling the release of drug molecules is cross-linking. This
is a method that allows the incorporating of polymers to
produce hydrogels that can prolong drug release. Psyllium as
such increases the retardant property of sodium alginate. It
can be concluded that neither pure psyllium nor sodium
alginate are able to slow down the drug release, whereas their
binary mixtures (3:1, 1:1 and 1:3) showed a significant

Table III. Release Characteristics of the Formulated Tablet Matrices

Formulation
code DE480 min (%) MDT (min) RSQ n value

F1 94.93 22.07 - -

F2 61.91 95.44 0.9507 0.51
F3 56.08 95.78 0.9909 0.64
F4 45.41 97.93 0.9975 0.70
F5 46.92 92.98 0.9953 0.71
F6 72.02 67.17 0.9974 0.32
F7 66.63 73.26 0.9990 0.53
F8 60.84 73.10 0.9961 0.58
F9 80.38 78.84 0.9941 0.72
F10 96.22 18.15 - -

F11 64.66 70.89 0.9974 0.50
F12 91.01 40.10 - -

F13 87.09 41.48 - -

F14 61.53 83.39 0.9997 0.61
F15 55.36 89.34 0.9986 0.63
F16 51.67 87.73 0.9658 0.71
F17 61.25 85.12 0.9993 0.62
F18 69.42 79.11 0.9965 0.47
F19 50.81 88.00 0.9979 0.63
F20 58.33 100.60 0.9938 0.66
F21 64.13 92.31 0.9945 0.61
F22 37.91 93.31 0.9966 0.67

—Indicates drug release was too quick for n values to be obtained
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Fig. 2. The effect of sodium alginate on drug release from matrices
containing psyllium

reduction in the drug release (DE values of 72%, 61% and
67%, respectively).

The use of chemically or physically cross-linked poly-
saccharides, such as carboxy methyl cellulose, is one of the
marked thrust on research activities related to the use of
natural polysaccharides for the development of the hydrogels
as colon specific drug delivery devices (28). The effect of
sodium carboxy methyl cellulose (NaCMC) on the release of
propranolol from psyllium matrices was interesting (Fig. 3).
The drug release from matrices containing either psyllium or
NaCMC was faster (the DE value of psyllium alone as a
matrix former was 95% and an MDT of 22 min, whereas
NaCMC as just the matrix former had a DE value of 87% and
an MDT of 41 min). These are all depicted in Table III.
Therefore, it is expected that if binary mixtures of psyllium—
NaCMC were used the drug release still would be faster. In
fact, the results showed that matrices containing the ratio of
psyllium—-NaCMC 1:1 are able to slow down the drug release
significantly (p<0.05) compared with matrices made from
only psyllium or NaCMC as retardant agent (DE=65%,
MDT=71 min). It is known that for a densely cross-linked gel
the release of a solute is more difficult than from a loosely
cross-linked network (29). Bajpai and Giri (30) showed that
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Fig. 3. The effect of sodium CMC on drug release from matrices
containing psyllium
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CMC in conjugation with cross-linked polyacrylamide formed
a type of highly swelling hydrogel which had the ability to
imbibe as much as 60 g water per grammes of dry gel. The
crosslink density of a hydrogel is as such intimately related to
the degree of swelling and consequently the release behav-
iour of the hydrogel. The ability of the ratio of psyllium-
NaCMC 1:1 to slow down the drug release significantly shows
that there should be a synergistic effect between psyllium and
NaCMC possibly due to an interaction between polysacchar-
ides (xylose and arabinose) present in psyllium husk with the
sodium CMC. It can be concluded that when anionic
polymers such as sodium CMC and sodium alginate were
used in combination with psyllium, generally binary mixtures
showed slower release rate compared to single polymer due
to synergistic effect whereas this is not the case when non-
ionic polymer such as HPMC was used in binary mixtures
with psyllium husk. The possible explanation for this could be
the cross link between polysaccharide (xylose and arabinose)
contained in psyllium husk and negatively charged polymers.
Xylose, particularly arabinose, could be protonated at lower
pH (gastric-simulated medium). Therefore, in the case of
protonation, there is a possibility of cross-linking between
these polysaccharides and ionic polymer such as alginate or
carboxy methyl cellulose.

Further investigation was carried out to use ternary
mixtures of polymers (psyllium-alginate—-HPMC). These
ternary polymer mixtures were formulated into tablets using
the same model drug propranolol hydrochloride and their
dissolution behaviours were investigated. Their dissolution
profiles are depicted in Fig. 4. The results showed that by
changing the ratios of psyllium-alginate—-HPMC, different
drug release rates with different release patterns could be
obtained. This indicates that by changing the ratio of these
polymers the drug release could be modulated to achieve a
desirable release profile. The results showed the fastest drug
release occurring when alginate was in the smallest concen-
tration as compared to the other two polymers (psyllium—
alginate-HPMC 1.25:0.325:1.5), and the slower drug release
was observed for the matrices containing more HPMC with
psyllium and alginate at the same levels (psyllium-alginate—
HPMC 0.75:0.75:1.5) or without psyllium (psyllium-alginate—
HPMC 0:1.5:1.5).
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L 40
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o e 1 5 =
s 20 1.5:0.75:0.75
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10 &
-8-0.75:0.75:1.5
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Time (min)

Fig. 4. The release behaviour of propranolol HCI from ternary
polymers containing psyllium
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Interesting results were obtained when psyllium was
used in a double-layered tablet formulation design (Table IT).
In these formulations, the core of tablets was made with a
smaller tablet size, and then the core was placed within the
outer layer formulation and compressed with a bigger punch.
The aim of the presence of outer layer in this study was that
to see if the amount of HPMC was kept constant in outer
layer what would happen if psyllium was incorporated to this
layer from 0 to 75 mg. Their release profiles were shown in
Fig. 5. The results showed that when psyllium was incorpo-
rated in the core formulation and HPMC in outer layer
formulation, the release of drug is faster than when mixtures
of psyllium—HPMC was included in the outer layer formula-
tion (F22). This indicates that HPMC alone is not able to
protect the core, but when psyllium was incorporated to the
shell formulation alongside with HPMC, due to synergistic
effect between HPMC and psyllium which was discussed
before the gel produced around the tablet is strong enough to
protect the core. This leads to slow release of the drug from
formulation F22. Comparing F21 and F22 showed that when
the ratio of psyllium—-HPMC in the shell formulation is 1:1 the
drug release is slower than when the ratio of psyllium-HPMC
is 0.5:1. DE and MDT values for F20, F21 and F22 are 58%
and 101 min, 64% and 92 min and 38% and 93 min,
respectively. The F22 formulation had the lowest DE of all
the formulations.

DE, mean dissolution time, and mean dissolution rate
(MDR) were calculated and the results were reported in
Table III. Generally speaking, the statistical analysis of the
DE, MDR and MDT from the drug release profiles indicated
that a decrease in the drug release profiles occurred for the
formulations that had the ability to retard the drug release in
their binary mixtures.

The drug releases from psyllium alone and NaCMC
alone as matrix formers were too quick to allow ascertaining
the kinetics of drug release occurring. Also the binary
mixtures of psyllium and NaCMC in the ratios of 3:1 and
1:3 were too quick and as such drug kinetics were not
calculated for them as they did not fit the criterion for Peppas.
With the exception of formulation F6 where psyllium and Na
alginate were in the ration of 3:1 with Fickian diffusion
occurring with a value of n as 0.32, all the other formulations
had anomalous transport occurring with n values ranging
from 0.47 to 0.72.
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Fig. 5. The effect of outer and inner composition on drug release
from geometric matrix tablets
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It is clearly seen that when the psyllium content
increased from 50 (F4) to 150 mg (F2), the n value was
significantly decreased from 0.70 to 0.51. This indicates that
the presence of psyllium in HPMC matrices can affect the
release mechanism. Similar values of n of 0.6 (31) and 0.64
(32) were found for propranolol hydrochloride release from
hypomellose K4M and hypomellose K15M matrices, respec-
tively. Other values of n obtained for soluble drugs include
0.71 for centperazine release (33) and 0.59 for alperenolol
release (31) from matrices containing NaCMC and hypomel-
lose, indicating diffusional-controlled release. Comparing n
values of all binary mixtures of psyllium—-HPMC and psyl-
lium—Na Alginate showed that in the presence of psyllium the
contribution of diffusion is more than the contribution of
diffusion when psyllium was removed from HPMC or alginate
formulations. In the case of ternary mixtures of polymers
(F14 to F19), there was no particular trend for n values as
reported in Table I. However, it might be concluded that the
contribution of diffusion is very high when the concentration
of alginate is very low (F18) showing lower n value of 0.47 as
compared to the higher concentrations of alginate where the
n values varied between 0.61 and 0.71.

CONCLUSION

The presence of HPMC K4M, sodium alginate and
sodium carboxy methyl cellulose (NaCMC) in the different
concentrations on the drug release from psyllium matrices
had interesting results. HPMC was able to remarkably retard
drug release from the psyllium matrices. The Na alginate was
also able to reduce/retard drug release from the psyllium
matrices as indicated in Table III. The NaCMC however had
to be in the right ratio of 1:1 with psyllium to see a significant
retardation of the drug release profile. The ternary mixture of
the polymers proved very useful in being able to produce
different drug release profiles. The results from the double-
layered tablets showed that when psyllium was incorporated
in the core formulation and HPMC in the outer layer
formulation the release is faster than when mixtures of
psyllium—HPMC was included in the outer layer formulation
in a ratio of 1:1. With anomalous transport being the
dominant kinetics of drug release with values ranging from
0.47 to 0.72, it is very evident that that manipulation and
combination of polymers in different ratios and viscosity
grades should be carefully considered when formulating
hydrophilic polymers.
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