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Abstract

Background: Sustained-release matrix tablets have been used to present a
wide range of drugs for oral use. Matrix tablets are formed by compaction of
drug granules prepared by granulation of drug-polymer mix. Objective: This
study was to evaluate different granule sizes of ibuprofen produced using two
polymers and determine whether granule size and polymer type influenced
Ibuprofen release from the sustained-release matrix tablets. Method: Ethyl
cellulose and Carbopol 940 were used separately at a concentration of 20% to
prepare ibuprofen granules. Dried granules were sieved into sizes; 0.25, 0.5, 1
and 2 mm respectively. Compatibility studies were carried out using FT-IR
and DSC. The micromeritics of batches of the different sizes of granules and
physico-mechanical properties of tablets formed were evaluated. The dissolu-
tion profiles were assessed in-vitro using enzyme-absent phosphate buffer for
8 hours. Drug percentage release was fitted into release kinetic models so as
to describe drug release pattern and mechanism. Results: Swelling index in
both polymers increased with granule size. All tablets passed mechanical tests
of crushing strength and friability (with ranges of 6.2 - 8.6 KgF and 0.4% -
0.9% respectively). For the Ethyl cellulose matrix tablet, E, followed first or-
der (R* = 0.987), but E, and E, are best described by the Korsemeyer-Peppas
(R*> = 0.9738 and 0.9802 respectively) whereas E, followed Zero order kinetic
model (R*> = 0.9844). However, the Carbopol 940 matrix tablet, C,-C, fol-
lowed the Korsemeyer-Peppas model (R* = 0.9795 and 0.9732 respectively).
Also while C, best fits Higuchi kinetics (R*> = 0.9853), the C, is best explained
using the zero order (0.9711). Conclusion: Although tablets of larger sized
granules irrespective of the polymer used were best described by zero order
(E, and C,), the smaller sizes (E, and C,) followed Korsemeyer-Peppas model,
the polymer used or granule size had no statistically significant effect on the
percentage drug release of ibuprofen from tablet matrix.
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1. Introduction

Due to the associated low incidence of side effects and wide application to all age
groups, Ibuprofen, one of the mostly used non-steroidal anti-inflammatory drugs
(NSAIDS) has been well prescribed and presented in different dosage forms [1].
The common forms are those administered via the oral route because of its ease
of application, available technology and patient acceptability. As oral solids rea-
dily found in the Nigerian pharmaceutical market, ibuprofen has been presented
as hard capsule-containing powder (Vitamofen® and Ibucap®), immediate re-
lease tablet (Reprofen”), prolonged-release microbeads capsule (neurofen back
pain®), as a semisolid gel (neurofen softgel”), drug-in-lipid matrix as liquid in
soft capsule (emprofen®) and as matrix caplets (Brustan-N®) [2] [3].

The matrix tablet is a commonly found solid formulation of ibuprofen of all
the oral presentations of the drug in the Nigerian pharmaceutical market. A
possible reason could be due to available technology and comparatively low cost
of production.

The matrix tablets are usually formed by the compaction of granules of the ac-
tive ingredient. In many matrix tablet formulations, a particular prepared gra-
nule size of the drug is used and the resultant matrix is evaluated for regulatory
approval. Particle size has been known and reported to influence micromeritics,
dissolution, solubility, and bioavailability and enhance drug exposure. It affects
other similar processes because it gives information on the specific surface area
to volume ratio of the particle and its associated effects [4] [5] [6] [7]. Granule
and tablet properties can be influenced by size as it affects segregation after
mixing, porosity in the granule bed, even the granules flow properties [8].
Mathematical models such as the zero order, Higuchi model or the Korsmeyer-
Peppas model have been used to describe drug release kinetics of matrix tablets.
Such matrix compacts are composed of varying sizes or predominantly a partic-
ular size of granules. Only few isolated studies, from our literature search, were
found, to have investigated the effect of particle size on the release kinetics of a
formulated solid dosage form, even though none was specific to ibuprofen ma-
trix tablets [9] [10] [11]. On this, cogent questions arise such as does the size of
the granules in the matrix affect the way the active ingredient (e.g., ibuprofen) is
released? Is there any relationship in the polymer used on the release kinetics of
the drug, ibuprofen?

These are questions that this research aims to answer by using two different po-
lymers in formulating ibuprofen matrix tablet employing different well-defined

granule sizes. It then investigates to what extent the granule size influences the
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release kinetics of ibuprofen (chemical structure shown in Figure 1). Ehtyl cel-
lulose and Carbopol 940 are the two polymers employed in this study as the ma-
trix formers. While ethyl cellulose is widely used in oral and topical pharma-
ceutical formulations, its main use in oral formulation is as a hydrophobic po-
lymer for tablets and granules. Such polymer is used as matrix former to modify
release of the drug actives, improve on stability of a drug formulation or conceal
an unpleasant taste of a drug [12]. Carbopol 940 on the other hand is a synthetic
high molecular weight homopolymer of acrylic acid, cross-linked with alkyl-
ether. Carbopol 940 is a useful suspending agent and thickener in suspensions
and emulsions, improving viscosity of cosmetics or as matrix former in tablets.

Figure 1 shows the chemical structure of ibuprofen.

2. Materials and Methods
2.1. Materials

Ibuprofen powder (Pauco Pharmaceutical Industry Nig. Ltd.), ethanol (Sigma—
Aldrich, Germany), Ethylcellulose (Sigma—Aldrich, Germany), Carbopol 940
(Sigma— Aldrich, Germany), Magnesium stearate, talc (BDH Chemical Ltd., Eng-
land), microcrystalline cellulose PH 101 (Gujarat Microwax Ltd., India).

2.2. Compatibility Studies
2.2.1. Differential Scanning Calorimetry (DSC)

Thermograms of the pure Ibuprofen and Ibuprofen-polymers were recorded with
a DSC machine, (DSC 204, NETZCH TECH.LTD., Germany). A 1 mg quantity
of the sample was weighed into an aluminum pan which crimped non-hermetically
and in a liquid nitrogen environment at a flow rate of 7.0 ml/min to 20.0 mL/min
for maintaining inert atmospheres. The heating range was 50°C - 600°C at a rate

of 10°C per minute.

2.2.2. Fourier-Transform linfrared Spectroscopy (FT-IR)
The FT-IR spectra of the ibuprofen powder and ibuprofen-polymer mixtures

OH

Figure 1. Chemical structure of Ibuprofen.
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Table 1. Composition of Ibuprofen tablets.

Ingredients per tablet

Batch 1 Batch 2
El E2 E3 E4 Cl C2 C3 C4
Ibuprofen (mg) 200 200 200 200 200 200 200 200
Ethylcellulose (%) 20 20 20 20 - - - -
Carbopol 940 (%) - - - - 20 20 20 20
Talc (%) 1 1 1 1 1 1 1 1
Magnesium stearate 1 1 1 1 1 1 1 1

Microcrystalline cellulose

(MCC)gs to

400 mg 400 mg 400 mg 400 mg 400mg 400mg 400 mg 400 mg

Key: Batch 1 or the E series: Batch containing 20% of Ethyl cellulose as matrix former to produce gra-
nules. The granules were of sizes E1 (0.25 mm), E2 (0.5 mm), E3 (1.0 mm), and E4 (2.0 mm). Batch 2, the
C series is Batch with 20% of Carbopol 940 as matrix former and granules formed were of sizes C1 (0.25
mm), C2 (0.5 mm), C3 (1.0 mm), C4 (2.0 mm).

were recorded using FTIR-spectrometer (WQF 520, Beijing Rayleigh Analytical
Instrument Corporation, BRAIC China). The pellets were prepared on the po-
tassium bromide (KBr)-press and the spectra were recorded over the wave

number range of 3900 to 600 cm™.

2.3. Preparation of Ibuprofen Granules

Granules of ibuprofen were prepared by the wet granulation method. Two batches
of granules were prepared using 2 different polymers (Ethylcellulose for batch 1
and Carbopol 940 for batch 2). Each polymer was used at 20% polymer concen-
tration. Each batch of granule was prepared by mixing 40 g of ibuprofen powder
and 5.6 g of microcrystalline cellulose in a mortar with appropriate binder in spe-
cified quantity dissolved in 95% ethanol to obtain a damp cohesive mass. Gra-
nules prepared with different polymers were passed through a 4 mm stainless
sieve using a spatula, then dried in the laboratory oven (Techmel Techmel, USA)
at 60°C for 1 hour. The dried granules were placed in a sieve shaker (Endecott,
UK) comprising a stack of sieve ranging from 2 mm - 0.25 mm respectively to

obtain finer granules. Four different particle sizes were obtained from each batch.

2.4. Compaction of Granules

Each mass of granules with specific size were lubricated with 1% each of talc and
aerosil, then compressed into solid compacts using a single punch tableting press
(Cadmach, India) fitted with 12.5 mm flat faced punches at a constant compres-
sion force of 15 KN.

2.5. Evaluation of Granules

The micromeritics and densities of the granules were evaluated as described in
literature [13].
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2.6. Evaluation of Matrix Tablet

2.6.1. Tablet Dimensions and Mechanical Properties
The breaking force of 10 tablets selected from each batch was determined using
the Monsanto hardness tester (Rolex, Chandigarh) while the friability of 5 se-
lected tablets were determined using a Roche friabilator (UNID 056830 Camp-
bell Electronic, Mumbai, India).

The tablet dimensions (thickness and diameter) were measured using the
micrometer screw gauge (KFW Scientific Industries Ambala Cantt, India). Ten
(10) tablets randomly selected from each batch were measured and the mean

values determined.

2.6.2. Swelling Index

One tablet from each batch was weighed and kept in a petri dish containing
NaOH buffer 7.2 for four hours, after which the tablet was withdrawn and then
the tablet was re-weighed. The percentage weight gained by the tablet was calcu-

lated as follows:
M -M
Swelling index = ———2x100 (1)
M,

M, = weight of tablet at a time (#);
M, = weight of tablet at time (¢,).

2.7. Dissolution Study

The release profile of ibuprofen matrix tablet was studied using 900 ml of phos-
phate buffer (pH 6.8) dissolution medium employing the United State Pharma-
copoeia (USP) dissolution testing apparatus 1 (basket method). The medium
was maintained at 37°C = 0.5°C and 50 rpm. 10 ml aliquot was withdrawn and
immediately replaced with equal volume of fresh dissolution medium at 30 mi-
nutes intervals, for 8 hours, then filtered through a Whatmann filter paper No. 2.
The drug concentration at each time interval was determined from the filtrate
which was assayed using the UV 2100 spectrophotometer at wavelength of 263

nm, where ibuprofen exhibits peak absorbance.

2.8. Standard Calibration Curve

A 500 mg of ibuprofen powder was dissolved in 50ml of phosphate buffer (pH
6.8) in a 100 ml beaker to produce an ibuprofen concentration of 1 mg/ml. A
serial dilution was made from the stock solution to give concentrations of 1, 2, 3,
4, 5, 6 and 7 pg/ml respectively. Absorbance of the resultant serial dilutions was
read at wavelength 263 nm using a UV spectrophotometer. Graphical plot, using
the values of concentration and absorbance, was done using Microsoft excel to

obtain the standard curve.

2.9. Kinetic Analysis of In-Vitro Release Rate

The results of in-vitro release profile obtained for all the formulations were fitted
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DSC /(mW/mg)

into five release kinetic equation models: zero order kinetic model (cumulative %
drug release versus time), first order kinetic model (log cumulative percentage
drug remaining versus time), Higuchi’s model (cumulative % drug released ver-
sus square root of time), Korsemeyer-Peppa’s model (log cumulative % drug re-
leased versus log time) and the Hixson Crowel’s model (cube root of drug release
vs. time). The release pattern is then described by the models to which the data
best fits.

3. Results and Discussion

3.1. Compatibility and Thermal Stability Studies
of Ibuprofen/Excipients

The DSC thermograms for pure ibuprofen and polymers are shown in Figures
2-4. The melting point of the pure drug molecule (ibuprofen) as obtained from
the endothermic peak isotherm was at 79.7°C. This is in agreement with report
in literature [14]. The endothermic peak observed for Ibuprofen and ethylcellu-
lose was at 77.8°C. This was no major change in the peak from that obtained for
pure Ibuprofen. This implies that there was no interaction between pure Ibu-
profen and ethylcellulose. However, the transition energy for denaturation of the
mixture is 3.555 J/g/K. Comparing that to the transition energy required to
breakdown pure ibuprofen, it was reduced to half of its original value, implying
that ethyl cellulose may lower the thermal stability of ibuprofen and thus be re-
considered when decided to be used to serve as an ideal excipient for the prepa-
ration of ibuprofen products.

The endothermic peak obtained for the Ibuprofen and Carbopol 940 mixture
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Figure 2. DSC Thermogram of pure ibuprofen powder.
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Figure 4. DSC thermogram of the physical mixture of Ibuprofen and ethyl cellulose.

was 79.1°C. This is not an appreciable difference when compared with peak of
pure Ibuprofen [15]. The transition energy required to denature Ibuprofen-Car-
bopol 940 mixture was 6.805 J/g/K. This energy is slightly higher than that re-
quired to break down the pure drug. Such slight increase in the transition energy
could confer some stability on ibuprofen and hence, Carbopol 940 can be used as

a compatible excipient for the production of ibuprofen tablets [16].
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Ibuprofen and the polymers were also evaluated using the FT-IR peak match-
ing method. The results are shown in Figures 5-7. Pure Ibuprofen showed sev-
eral peaks at the finger print region. The physical mixture of ibuprofen and
ethylcellulose exhibited similar peaks at the finger print region. These observed
peaks indicate that the pure drug did not change in the physical mixture with
ethylcellulose, hence no adverse interaction occurred between the ethylcellulose
and lbuprofen [15]. The observed peaks of the physical mixture of Ibuprofen
and Carbopol 940 showed alterations when compared to that of the pure drug.
This indicates a likely interaction between Ibuprofen and Carbopol 940 physical
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Figure 5. FTIR spectrum of pure Ibuprofen.
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Figure 6. FTIR spectrum of the physical mixture Ibuprofen and Ethyl cellulose.
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Figure 7. FTIR spectrum of the physical mixture of Ibuprofen and Carbopol 940.

mixtures. However this is not likely to affect the stability of the drug appreciably
because the DSC indicates adequate compatibility between ibuprofen and the

polymer.

3.2. Physicochemical Properties of Ibuprofen Tablet

The formulated matrix tablets exhibited satisfactory mechanical properties
(Table 2). The tablet hardness ranged from 6.2 and 8.6 KgF and they all passed
the friability test, where none was cracked or cleaved but maximum weight loss
after test was less than 1%, the accepted official standards [17]. The tablet poros-
ity, an indication of how well a dissolution medium will gain entry into the tab-
let, was within the range of 30% and 41% where size 0.50 mm (E2 and C2) in
each respective batches showed highest values.

The extent of swelling was determined in terms of percentage weight gain by
the tablet (Table 2). Swelling describes the degree of hydration of the tablet.
From the study, the swelling index ranged from 19.05% to 36.58% in Batch 1 and
26.83% to 43.90% in Batch 2. Generally, swelling of the tablets batches in the
study is directly related to the granules sizes. This may be as a result in larger
polymer matrix is present in the granules of larger sizes. However, the degree of
swelling in the two batch series, when compared showed that polymer used in
batch 2 contributed to higher swelling. This disparity in swelling value can be
explained due to the molecular structure of the polymers used. While ethyl cel-
lulose (used for batch 1) are cellulose derivatives prepared by etherification of
available hydroxyl groups, giving it the hydrophobic nature that likely retarded
rate of solvent entry into the tablet matrix to cause higher swelling. Carbopol 940
on the other hand is a synthetic high molecular weight polymer of acrylic acid

forms hydrogel in water/ alkaline medium as the carboxyl groups in its structure
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are hydrated [18]. Carbopol 940 can absorb hydrophilic solvent e.g. water read-

ily, swelling to several of its original volume.

3.3. In Vitro Release Studies

In this study, in Batch 1, tablets exhibited a total percentage release of 99.04% at
8 hours while Batch 2 exhibited a maximum percentage release of 95.58% at
same duration (Figure 8 and Figure 9). Batch 2 gave a lower release of the Ibu-
profen from the tablets at the time under consideration. Drug release from a
matrix is influenced by dissolution of the active in the device but also by poly-
mer matrix swelling, its viscosity of on swelling, polymer erosion, and diffusion

of drug out of the swollen matrix former [19]. A proper understanding of the

Table 2. Physical properties of the ibuprofen granules.

Batch 1 Batch 2

Parameters
El

weight variation (g) 0.41 + 0.02
Thickness (mm)  3.43 + 0.06
Hardness (kgF) 8.60 £ 0.01
Diameter (mm)  12.20 + 0.01

Friability (%) 0.91

Tablet porosity (%) 34.88

Swelling index (%) 19.05

E2 E3 E4 Cl1 C2 C3 C4
0.40£0.02 0.42+0.01 0.41+0.02 0.42+0.02 0.40+0.01 0.40x0.01 0.40+0.01
345+0.02 3.39+0.01 3.40+0.02 3.25%+0.05 3.60+0.02 3.67+0.06 3.76+0.02
7.60+046 7.00+0.75 6.80+049 7.60%+049 6.80+1.09 6.60+1.20 6.20+1.71

12.18 +0.01 12.15+0.02 12.13+£0.01 12.30+£0.01 12.50 +0.02 12.18 +0.01 12.15+0.02

0.46 0.45 0.43 0.96 0.83 0.76 0.48
36.23 31.09 32.70 30.31 41.60 39.28 40.42
26.83 29.27 36.58 26.83 29.27 33.33 43.90

Key: values are presented as mean + S.D.
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Figure 8. Ibuprofen release profile for tablet batches from ethyl cellulose matrices.
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Figure 9. Release profile of Ibuprofen from tablet batches from Carbopol 940 matrix.

interplay of these factors will reflect in the explanation given for any release ki-
netics of a controlled release delivery system [20]. Carbopol 940 used as the ma-
trix former for batch 2, despite higher swelling, possess greater viscosity and
likely reduced drug diffusion out of the matrix. A highly viscous matrix (ob-
tained with increase in Carbopol 940 concentration) will limit rate of drug diffu-
sion out of the delivery device. Similar result was reported in published work
where in Carbopol 940 polymer used at 36% as matrix former controlled release
beyond 12 hours [18] [19] and [21].

The regression coefficients obtained for the different release kinetic models
(e.g. zero order, first order and Hixson Crowel etc.) are found on Table 3.

The tablet batches most fitted to the kinetic models are reflected by the high-
est value of the regression coefficient in a set of models. Both E4 and C4 were
best described by the zero order kinetics, meaning that a constant amount of the
active is released independent of the amount of the drug in the matrix. E1 and
C3 were best described by the first order and Higuchi kinetic models respective-
ly. The tablets from the other granule sizes (E2, E3, C1 and C2) are best de-
scribed by the Korsemeyer-Peppas release mechanism. The n values for all the
tablet batches, which reflect the mechanism of release, fall within the 0.45 < n <
0.89 (n-values 0.689 to 0.719). This range implies that the drug release mechan-
ism is erosion and diffusion controlled. All the formulation showed good linear-
ity (R* = 0.96 - 0.98). It can be concluded that effect of release kinetics was found

to be diffusion coupled with erosion.

DOI: 10.4236/0alib.1107920

11 Open Access Library Journal


https://doi.org/10.4236/oalib.1107920

E. I. Akpabio et al.

Table 3. Release kinetics of ibuprofen tablet matrix.

R2
Batch/

Kinetic model  Zero order First order Higuchi Hixson- Korsemeyer

Crowel Peppas n
El 0.8797 0.987 0.9809 0.9813 0.9752 0.719
E2 0.9584 0.9111 0.9563 0.967 0.9738 0.715
E3 0.9561 0.8508 0.9561 0.9551 0.9802 0.717
E4 0.9844 0.9111 0.9426 0.967 0.9831 0.719
Cl1 0.976 0.9214 0.9641 0.967 0.9795 0.698
C2 0.9706 0.9041 0.7839 0.9559 0.9732 0.703
C3 0.9559 0.948 0.9853 0.9827 0.9673 0.691
C4 0.9711 0.844 0.9515 0.92234 0.9673 0.689

Table 4. Some release kinetic parameters of ibuprofen from matrix tablet.

Time (hr)/Batches E, E, E, E, C, C, C, C,
tso 2.1 3.3 2.7 3.5 34 4.0 2.5 3.6

ty, 70 62 67 67 77 72 63 71

The time taken for 50% and 90% respectively (t;, and t,) of the drug to be re-
leased is given in Table 4. Generally, the time for the E-series tablets to release
50% (mean time of 2.9 hrs) of drug is shorter than how long it took to release the
remaining 40% to arrive at 90% release (mean time is 3.8 hrs). A possible explana-
tion is that of gradual clogging of the pathway of dissolved drug diffusion through
the capillary network within the ethyl cellulose matrix (since it is hydrophobic).

The resulting pore network becomes more tortuous resulting with slower drug
release. Similar observation has been observed in published works [22]. Of the
E-batch series, E1 and E3 but of the C-series C3 had the shortest time to release
50% of the drug but C1, E4 and C4 took the longest period to arrive at same 50%
drug release. Both E1 and C1 had the longest time to reach 90% drug release for
each of the respective batch series. A possible understanding could be that while
it took longer for the tablets of larger granules to be completely wetted for the
drug to become dissolved in the matrix (as seen by higher value of t,), once dis-
solved, larger quantity of the drug is released as compared to the sum of the

smaller quantities of that released from the tablets of small-sized granules.

3.4. Effect of Polymer Type on the Release
of Ibuprofen Sustained Release Tablets

Ibuprofen is a poorly water soluble drug and its dissolution would have been a
rate-limiting step towards its release. However it is soluble in the phosphate buf-
fer used as the dissolution medium. Thus the property of polymer-type used as

matrix former primarily affected rate of dissolution medium entry to drug ma-
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trix and its subsequent release after dissolution within the matrix. Since Carbo-
pol 940, being a cross linked acrylic acid hydrophilic polymer, is swellable, can
form gels of high viscosity. The tablet matrix with carbopol 940 showed rapid gel
formation in the dissolution medium likely due to ionization of the carboxylic
acid functional groups during neutralization in the phosphate buffer, an alkaline
medium [23]. This rapid gelation led to relative retarded release of the drug.
This could be due to the fact that the polymer so cross-linked inhibits the drug
from penetrating the gel at high amounts. Therefore, the drug molecules would
remain in the interstitial spaces within the gel domain and only initial release is
relatively rapid.

Ethyl cellulose is a cellulose polymer and has shown to be efficient to control
the release of ibuprofen. Ethyl cellulose is hydrophobic in nature, due to the hy-
drophobic barrier there is reduced wettability and reduced particle surface area
available for dissolution. Ethyl cellulose releases the drug primarily through ero-
sion. Generally, Batch 2 tablet series sustained the drug release better than batch
1 tablet series. Thus, although the type of polymer used affected the release rate
at different times, there was no statistically significant difference in the polymer

type used (p < 0.05).

3.5. Effect of Particle Size on the Release of Ibuprofen Sustained
Release Tablets

From the study carried out, increase in particle size resulted in the overall drug
from the matrix tablet. Tablets with higher granule size have higher void spaces
and lesser surface area to volume ratio, hence it is more porous (see Table 3),
and the medium can easily penetrate into the tablet causing a rapid release of the
drug than that of tablets with smaller particle size which have a lower void spaces.

In Batch 1, tablets from granule size of 2 mm released more (99.04%) than
those of 1 mm (98.10%), 0.5 mm (97.20%) and 0.25 mm (95.16%). Also, in Batch
2, particle size of 2 mm released more (95.58%) than those of 1 mm (95.33%),
0.5 mm (95.29%) and 92.40%). From the result, however, there is no statistical
significant difference in the effect of particle size on the release of ibuprofen sus-
tained release tablets (P < 0.05).

4. Conclusion

While the individual particle sizes seem to have an effect on the drug release ki-
netics of ibuprofen from the matrix system used in this study, such effects are
not statistically significant. It therefore holds true that there will be no need to
separate the particle sizes to respective ranges before use in formulation of ma-
trix tablet for sustained release but a good blend of the several sizes would likely

give an acceptable drug release kinetics that is within standards.
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