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Abstract
Purpose: To evaluate a weakly cationic exchange poly(methacrylic acid-co-divinylbenzene) resin (PMD)
as a new filler-binder for direct compression tablets.
Methods: Powder properties of PMD and MCC were characterized. Tablets made from PMD and MCC
with and without propranolol hydrochloride were evaluated for diameter, thickness, friability, assay,
disintegration, dissolution and compression behavior.
Results: Tablets made from PMD (thickness: 3.54 - 4.46 mm) were thicker than those of MCC (2.93 3.33 mm). At compression pressures ≥ 309 MPa, the crushing strength of PMD tablets was so high that
it exceeded the capacity of the tester (500 N). PMD tablets rapidly disintegrated (0.43 - 9.56 min), but
MCC tablets did not disintegrate within 60 min. The crushing strength of PMD tablets containing 10 and
100 mg propranolol hydrochloride was 406.1 and 177.9 N, respectively, which were lower than that of
tablets without the drug. Tablets made from PMD also exhibited faster drug dissolution. The slopes of
-3
-3
-1
the linear portions of Heckel plots for PMD and MCC were comparable (5.02×10 and 5.12×10 MPa ),
respectively.
Conclusion: PMD has good compressibility at high compression pressures, which should make it a
suitable filler-binder for direct compression tablets.
Keywords: Poly(methacrylic acid-co-divinylbenzene), Microcrystalline cellulose, Filler-binder, Direct
compression tablet, Heckel plots.
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INTRODUCTION
Ease of manufacturing, convenience in
administration,
accurate
dosing,
good
stability, low cost, etc. make tablets still the
most widely used dosage form [1]. To this
end,
tablet
manufacturing
by
direct
compression is of special interest because
production requires fewer processing steps,
instruments and time compared with wet
granulation. Moreover, it offers a tablet
manufacturing route to drug substances that
are particularly heat- and moisture-labile.
Nonetheless,
the
quality
of
directly
compressed tablets is highly dictated by the
characteristics of starting excipients. Tablets
containing a high amount of excipients and
drug
substances
that
have
poor
compressibility may not be prepared by direct
compression. Due to this limitation, a
compressible filler, referred to as “fillerbinder”, is developed specially for direct
compression tablets.
Though several filler-binders are available in
the market, efforts to find more compressible
filler-binders or that have multifunctions,
persist [2-4]. For examples, a free-flowing
form of calcium lactate pentahydrate has
been found to be an effective filler-binder for
direct compression [2]. Kumar and Medina
developed and evaluated novel cellulose II
powders as multifunctional filler-binders in the
formulation of direct compression tablets [3,4].
The ibuprofen tablets prepared by the
cellulose II powders met the accepted
disintegration and dissolution qualities
specified for a USP pharmaceutical tablet,
without the addition of a disintegrant [4].
Poly(methacrylic
acid-co-divinylbenzene)
(PMD) is a weakly cationic exchange resin,
which is primarily used as drug carrier for the
development of controlled release dosage
forms. Due to its ability to swell in water, the
resin is also used as a disintegrant in tablet
formulations [5]. To the best of our knowledge,
the resin has never been described as a fillerbinder. However, in our previous work, it
seemed that the resin was directly
compressible [6]. Therefore, this study was

aimed at evaluating PMD as a filler-binder for
direct compression tablets, and comparing it
with
the
widely
used
filler-binder,
microcrystalline cellulose (MCC).

EXPERIMENTAL
Materials
Poly(methacrylic
acid-co-divinylbenzene)
(Amberlite IRP 64®, Sigma Chemical Co.,
USA), microcrystalline cellulose (Avicel PH
®
102 ,
FMC
Corporation,
USA)
and
propranolol
hydrochloride
(Changzhou
Yabang Pharmaceutical Co., China) were
purchased and used as received. The rest of
the chemicals used were of analytical grade.
Powder characterization
The morphology of the test and standard fillerbinders was viewed ( 500 magnification) with
a scanning electron microscope (SEM,
CamScan MX 2000, UK). The particle size
was determined in triplicate by a laser
scattering particle size distribution analyzer
(Partica LA 950, Japan). Two grams of
samples were used in each run. The particle
size and size distribution were presented as
the diameter which occupied 50 % of
cumulatively undersized particles (d50) and
the polydispersity index (PI), respectively [7].
True density was determined with a helium
gas pycnometer (Micromeritics 1305, USA) on
1 g samples of the powder. Bulk and tap
densities were determined as follows. Fifteen
grams of each sample were weighed and
poured in a 25 ml tarred graduate cylinder.
The cylinder was gently tapped three times
and the bulk volume read to determine bulk
density (ratio of weight to volume). For tap
density, the cylinder was further tapped to
constant volume, tap density computed (ratio
of weight to volume). All density determinations were in triplicate.
Flowability of the powders was assessed
based on compressibility index and Hausner
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ratio according to Eqs 1 and 2, respectively
[8].
 d tap  d bulk 
  100..........
Compressibility index  
(1).....(1)
 d

tap



Hausner ratio 

d tap
d bulk

...............(2)

where dbulk and dtap are the bulk and tap
densities, respectively.
The degree of swelling of the filler-binders
was volumetrically
and
gravimetrically
determined in triplicate as follows. One gram
of sample was weighed and placed in a 10 ml
cylinder. The cylinder was tapped to constant
volume (v0) which was recorded. An excess
amount of deionized water was added to the
cylinder and 2 h later, the volume of the
swollen sample (v1) was recorded, and the
volumetric swelling (%) calculated as in Eq 3
[6].
 v v 
Volumetric swelling   1 0   100...............(3)
 v0 

Gravimetric swelling was determined by
placing 1 g of sample (w0) on a filter paper
that has been wetted with water whose weight
(wet paper) had been recorded. An excess
amount of deionized water was added and left
to wet the sample for 2 h. Thereafter, the
water was drained off, and the weight of the
swollen sample was calculated (w1) by
subtracting the final from initial weight of the
wetted filter paper. Gravimetric swelling (%)
was calculated as in Eq 4 [9].
 w  w0 
  100...............(4)
Gravimetric swelling   1
 w0 

Preparation of tablets
Each filler-binder (300 mg) was accurately
weighed on an analytical balance, and placed
in the die of a hydraulic hand press (Specac
P/N 15011/25011, UK), and compressed
using stainless steel flat-faced cylindrical
punches (9.35 mm in diameter) at pressures
ranging from 34 to 344 MPa and a constant
dwelling time of 5 s.

Tablets (300 mg) containing a mixture of
propranolol hydrochloride (10 or 100 mg) and
a filler-binder (PMD or MCC) were also
prepared. The tablets were compressed at
344 MPa using the tablet press indicated
above and at the same dwelling time. The
tablets were stored in sealed containers until
evaluation.
Evaluation of tablets
Thickness and diameter of ten tablets from
each batch were measured with a dial caliper
(Peacock G, Japan). Crushing strength was
measured with a texture analyzer (Stable
Micro Systems TA.XT plus, UK). In this
measurement, ten tablets were individually
pressed by a stainless steel flat-faced (6 mm
in diameter) cylindrical probe moving at 0.1
mm/s. The crushing strength was the
pressure that caused a diametrical break in
the tablet. Friability was determined with a
Roche friabilator. Ten tablets were weighed
(m0) and placed in the friabilator operating at
25 rev/min for 4 min. After removal of fines,
the tablets were re-weighed (m1), and the
friability (%) was calculated by Eq 5 [8].

 m  m1 
  100 ...............(5)
Friability   0
 m0 
Disintegration test was conducted in a USP
disintegration tester (Sotax DT 3, Switzerland)
in deionized water and 0.1M HCl maintained
at 37 ± 1 C for tablet with and without drug
content. Dissolution test was determined
using a USP basket type dissolution
apparatus (Dissolutest Prolabo, France) in
1000 ml of 0.1M HCl at 37 ± 1 C, with the
basket rotated at 100 rev/min [8]. The
dissolved drug was assayed by an ultraviolet
spectrophotometer (UV, Agilent 8453 E, USA)
at 289 nm. Six tablets from each batch were
for this test.
Drug content was determined by a developed
procedure (% recovery > 98) as follows. Five
tablets from each batch were crushed in a
mortar. Thereafter, three portions of the
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crushed powder (50 mg each) were weighed
and separately placed in 250 ml volumetric
flasks, and 0.1M of HCl was added to adjust
to volume. The mixture was stirred on a
magnetic stirrer for 30 min, and the
supernatant assayed spectrophotometrically
at 289 nm. Drug content was calculated and
expressed as % labeled amount.
Heckel analysis
Heckel described the increasing densification
of tablets with increasing compression
pressure (P) via first order kinetics as in Eq 6
[10].

ln

1
 kP  b ...............( 6)
1 - D 

RESULTS
Powder properties
Scanning electron microscopy (SEM) results
demonstrated that MCC and PMD mainly
comprised irregular agglomerates of fibrous
and polygonal particles, respectively (Figure
1). Particle size (d50) was 84.91  1.16 and
25.96  0.70 m, while polydispersity index
(PI) was 2.24  0.04 and 3.19  0.03 for MCC
and PMD respectively, while true density was
1.61  0.09 and 1.37  0.01 g/ml,
respectively. Bulk and tap densities of MCC
were 0.38  0.00 and 0.48  0.02 g/ml, while
those of PMD were 0.54  0.02 and 0.64 
0.01 g/ml, respectively.

where D is the relative density calculated
using Eq 7.

D

d app
d tru

.......... .....( 7)

dtru is the true density of filler-binders and dapp
is the apparent density of tablets at the
respective compression pressure, which was
calculated using Eq 8 [3].
Figure 1: SEM of (a) MCC and (b) PMD

d app

4Wtab

.......... .....( 8)
πd 2 h

W tab, d and h are the weight, diameter and
thickness of tablets, respectively. Heckel plot
for tablets consisting of filler-binders only was
constructed by plotting ln 1/(1-D) against P,
and then the value of slope (k) was computed
by regression analysis of the linear portion of
the plot. The slope value allowed for the
interpretation of overall compression behavior
of filler-binders.
Statistical analysis
Independent sample t-test was used to verify
significant difference of results of the
determined parameters with p-value set at <
0.05. The statistical test was run on an open
source software, OpenStat.

Compressibility index was 20.88  2.45 and
15.17  4.43 %, and Hausner ratio 1.26 
0.04 and 1.18  0.06, for MCC and PMD,
respectively. The volumetric swelling of MCC
and PMD was similar, being 21.08  0.94 and
19.67  3.00 %, respectively. However, the
gravimetric swelling of MCC (82.28  2.55 %)
was significantly lower than that of PMD
(155.56  2.91 %).
Tablet properties
The diameters of tablets made from MCC and
PMD were comparable, being in the range of
9.54 - 9.65 mm. In contrast, the thickness of
the tablets was clearly sensitive to the type of
filler-binder and compression pressure (Table
1). At all pressures, the tablets made from
PMD were thicker than those prepared with
MCC. For both filler-binders, the tablet thick-
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Table 1: Properties of tablets made from plain filler-binders
Pressure
(MPa)
34
69
103
137
172
206
240
275
309
344

Thickness
(mm)
MCC
PMD
*
3.330.03
4.460.06
*
3.090.02
4.260.09
*
3.000.02
3.800.13
*
2.960.02
3.770.06
*
2.950.02
3.610.07
*
2.930.05
3.570.04
*
2.970.03
3.650.06
*
2.940.02
3.620.05
*
2.960.02
3.540.08
*
2.950.03
3.600.03

Crushing strength
(N)
MCC
PMD
*
203.811.9
49.213.6
*
301.711.2
102.712.6
*
358.07.8
196.676.3
*
404.77.2
233.746.1
*
414.65.9
268.425.4
399.55.3
416.638.6
411.83.8
413.429.6
*
414.67.6
458.936.1
> 500
417.04.9
> 500
408.910.3

Friability (%)
MCC
0.14
0.18
0.04
0.06
0.07
0.02
0.11
0.07
0.11
0.02

PMD
2.99
0.80
0.04
0.04
0.05
0.04
0.04
0.08
0.05
0.02

Disintegration
time (min)
MCC
PMD
> 60 0.430.09
> 60 0.430.07
> 60 1.361.12
> 60 1.020.40
> 60 2.771.99
> 60 5.542.46
> 60 6.242.14
> 60 7.691.16
> 60 9.561.14
> 60 7.951.17

* Indication of significant difference (p < 0.05) compared with MCC

ness decreased at low compression
pressures but thereafter remained constant
when compression pressure was further
increased. Compared with PMD, the MCC
tablets had higher crushing strengths under
applied compression pressure ranging from
34 to 206 MPa (Table 1). In this range of
pressure, the crushing strength of MCC
tablets increased with increasing compression
pressure. However, increase in compression
pressure from 206 to 344 MPa did not cause
further increase in crushing strength. PMD
gave softer tablets at low compression
pressures (< 206 MPa). Nonetheless, the
crushing strength of PMD tablets dramatically
increased as compression pressure was
increased to 344 MPa. Interestingly, as the
compression pressure was increased from
206 to 344 MPa, PMD produced stronger
tablets than MCC. PMD tablets compressed
at ≥ 309 MPa were so strong (> 500 N) that
they could not be evaluated with the hardness
tester.
Table 1 also presents the friability and
disintegration time of the tablets. Almost all
the tablets showed low friability (< 1 %). MCC
tablets did not completely disintegrate within
60 min. As with PMD tablets, disintegration
time increased as crushing strength
increased. Nonetheless, all PMD tablets
completely disintegrated within 10 min.

MCC and PMD containing 10 and 100 mg
propranolol hydrochloride, are tagged with 10
and 100, respectively. The drug content of
MCC/10, MCC/100, PMD/10 and PMD/100
tablets was 97.00  0.96, 97.24  4.35, 96.82
 1.44 and 105.16  4.89 %, respectively,
which are within the USP required limits (90 110 %). Tablets prepared with PMD were
thicker than those produced with MCC, being
3.56  0.02, 3.56  0.01, 3.02  0.01 and 3.15
 0.02 mm for PMD/10, PMD/100, MCC/10
and MCC/100, respectively. These data
followed the pattern for those for plain fillerbinder tablets. The crushing strength of
MCC/10 and PMD/10 was 256.7  8.8 and
406.1  17.3 N, respectively, which were
lower than those of the plain filler-binder
tablets. When the dose of drug was increased
from 10 to 100 mg, the crushing strength of
tablets decreased to 208.1  5.3 and 177.9 
28.5 N for MCC/100 and PMD/100,
respectively. However, these tablets exhibited
low friability, which was 0.11, 0.30, 0.01 and
0.59 % for MCC/10, /100, PMD/10 and /100,
respectively.
PMD/10 and PMD/100 tablets disintegrated
completely in 4.59  0.82 and 5.37  1.51
min, similar to those made from the plain
resin. The disintegration time of MCC/10 and
MCC/100 was 10.76  0.85 and 9.89  1.03
min, respectively, which were shorter than
those of tablets made from plain MCC (> 60
Trop J Pharm Res, June 2012;11(3): 375
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min). The dose of drug (10 or 100 mg) had no
significant effect on the disintegration time of
tablets made from either of the filler-binders (p
> 0.05).
The dissolution profiles of the tablets are
illustrated in Figure 2. Drug dissolved faster
from PMD tablets than from MCC tablets.
After 60 min, drug dissolution from the tablets
was virtually complete, being 99.93 ± 4.22,
97.84 ± 1.71, 99.80 ± 1.61 and 94.98 ± 1.48
% for PMD/10, PMD/100, MCC/10 and
MCC/100, respectively. ]

Figure 2: Dissolution profiles of MCC/10 (Δ),
PMD/10 (▲), MCC/100 (○) and PMD/100 (●)
tablets

The linear portion of the Heckel plots is shown
in Figure 3. The compression behavior of both
filler-binders substantially fitted Heckel
equation (R2 > 0.90). The value of the Heckel
slope for PMD (5.02×10-3 MPa-1) was very
close to that for MCC (5.12×10-3 MPa-1).

Figure 3: Linear Heckel plots for plain MCC (◊)
and PMD (□) tablets

DISCUSSION
The observed morphology of MCC agreed
with an earlier finding on the filler [1]. The
particle size of PMD was smaller (p < 0.05)
than that of MCC but its size distribution was
broader than that of MCC (p < 0.05). The true
density of PMD was lower than that of MCC
(p < 0.05). Generally, a solid substance with a
low degree of crystallinity also displays low
true density [11,12]. PMD is amorphous [13]
while MCC is crystalline [12], thus exhibiting
the lower true density. PMD provided the
higher bulk and tap densities as compared
with MCC (p < 0.05). This might primarily
result from the smaller size of PMD which was
able to fill into smaller interspaces of the
powder bed [10].
Compressibility index and Hausner ratio data
indicate that the flowability of PMD was not
significantly higher than that of MCC (p >
0.05), which exhibited good and fair-topassable flowability, respectively [8]. The
slightly superior flowability of PMD may be
due to its less fibrous shape and higher bulk
and tap densities.
The degree of gravimetric swelling of PMD
was twice that of MCC (p < 0.05), indicating
that the resin could adsorb a great amount of
water, this is probably as a result of the fact
that the carboxyl group (-COOH) of the resin
was more dissociable, and thus had a higher
affinity for water than the hydroxyl group (OH) of MCC. However, MCC and PMD
exhibited the similar degree of volumetric
swelling (p > 0.05), implying that there was no
correlation
between
gravimetric
and
volumetric swelling.
At all compression pressures, the tablets
made from PMD were thicker than MCC (p <
0.05). The cause may be attributed to the
different true density of the filler-binders.
Theoretically, the greater the true density the
less the volume occupied by a unit weight of a
material, and hence the smaller the tablet
obtained from the filler. Since PMD possesses
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a lower true density than MCC, PMD tablets
would be expected to show greater.
MCC is well known to exhibit excellent
compressibility even at low pressures [1]. This
is supported by the findings of the present
work. However, PMD showed better
compressibility
than
MCC
at
high
compression pressure due probably to
stronger interparticular bonding of the former
as it could form double hydrogen bonds
between the carboxyl groups, as the
structures in Fig 4 illustrates [11]. This effect
was not exerted at relatively low compression
pressure because of the higher elastic phase
in PMD and hence its greater resistance to
compression [14].
The low friability of all plain MCC tablets can
be attributed to the excellent compressibility
of MCC, which yielded tablets with high
crushing strengths, even at low compression
pressure. In addition, the fibrous morphology
of MCC might have facilitated locking
between particles, leading to low friability [3].
The low friability of plain PMD tablets may be
due to their high crushing strengths.

Figure 4: Possible hydrogen bonds formed by (a)
MCC and (b) PMD

Although MCC tablets swelled in water, they
did not completely disintegrate within 60 min.
A similar observation had earlier been made
[3,4]. In contrast, PMD tablets completely
disintegrated within 10 min, including those
with higher crushing strength than MCC
tablets. It would appear that PMD possesses
an inherent disintegrant property which may

be linked to the gravimetric swelling of PMD
which was about twice that of MCC although
they exhibited similar degree of volumetric
swelling.
Tablets containing the drug exhibited lower
crushing strength than the tablets made with
only filler-binders. This is to be expected since
the drug is poorly compressible and would
have hindered the formation of bonds
between the filler-binder particles. The lower
disintegration time of the drug-loaded tablets
when compared with the plain filler-binder
tablets, prepared may be due to the high
solubility of the drug which after dissolving in
the tablet matrix, created aqueous channels in
the tablet that aided disintegration.
Drug dissolution from PMD tablets was faster
than from MCC, which can be attributed to the
shorter disintegration time of the former. It is,
however, not clear why tablets with the higher
drug content exhibited slower dissolution than
those with lower drug content. However,
based on Noyes-Whiney equation, the
dissolution rate is proportional to the gradient
between the drug solubility (Cs) and
concentration (Cb) in the bulk solution, i.e.,
(Cs-Cb) [11]. It should therefore be expected
that the higher-dose tablets will produce a
higher concentration of the dissolved drug in
the dissolution medium. Since the solubility
parameter is constant, this would in turn lower
dissolution gradient, leading possibly to lower
rate of drug dissolution than for lower-dose
tablets. Interestingly, both MCC and PMD
tablets achieved virtually complete dissolution
of the drug, indicating that the drug was not
bound to the resin (PMD).
The slope of the Heckel plot may be indicative
of the plasticity of filler-binders that deform
under compression. Typically, a higher value
of the slope is related to a greater degree of
plastic deformation [3,10]. MCC is known to
deform plastically under compression [1,3].
The Heckel slopes for MCC and PMD were
comparable, thus indicating that PMD
probably also undergoes plastic deformation
under compression. When viewed by SEM
Trop J Pharm Res, June 2012;11(3): 377
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(not
shown
here),
no
substantial
fragmentation of compressed MCC and PMD
particles was observed.

5

CONCLUSION
PMD had good compressibility at high
compression pressures. The resin seems to
undergo
plastic
deformation
under
compression just like MCC. PMD tablets, with
and without propranolol hydrochloride,
showed adequate crushing strength and
friability, as rapid disintegration and
dissolution of the drug in the absence of a
disintegrant. Consequently, PMD appears to
be suitable as a filler-binder for immediaterelease direct compression tablets.
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