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Abstract

Background. /rvingia gabonensis kernel polymer has gained attention in drug delivery systems because
of its compatibility and degradation under natural and physiological conditions.

Objectives. This study aimed to evaluate /rvingia gabonensis polymer as a matrix system for the controlled
delivery of ibuprofen in comparison to xanthan gum and hydroxypropylmethylcellulose (HPMC).

Materials and methods. /rvingia gabonensis polymer was extracted using established methods and dried
using the oven- and freeze-drying methods. Ibuprofen tablets were prepared by direct compression and
the effects of polymer concentration (10—-50%), excipients (lactose, microcrystalline cellulose and dicalcium
phosphate dihydrate) and polymers (xanthan gum and HPMC) on the mechanical and drug release proper-
ties of the tablets were evaluated. Density measurements and the Heckel and Kawakita equations were
used to determine the compression properties of the tablets. Friability, crushing strength and the crushing
strength—friability ratio (CSFR) were used to evaluate the mechanical properties of the tablets, while dis-
solution times were used to evaluate drug release from the matrices. The drug release mechanisms were
determined by fitting the dissolution data into classic kinetic equations.

Results. Irvingia gabonensis polymer deformed plastically with a fast onset and a high amount of plastic
deformation compared with xanthan gum and HPMC. This polymer was directly compressible and formed
intact non-disintegrating tablets; the mechanical and dissolution properties of lrvingia gabonensis polymer
tablets generally decreased with increasing concentration of ibuprofen. The ranking of dissolution times was
xanthan qum > freeze-dried lrvingia gabonensis > HPMC > oven-dried Irvingia gabonensis. The addition
of the excipients improved the mechanical properties of the tablets, aided ibuprofen release, and altered
the release kinetics, which was largely defined by the Korsmeyer—Peppas model. Increasing the proportion
of xanthan gum and HPMC in the matrices resulted in a decreased amount of ibuprofen released after 9 h,
with xanthan gum having a greater effect.

Conclusions. /rvingia gabonensis polymer matrices may be effective in the preparation of controlled release
tablets, and their right combination with xanthan gum or HPMC could provide a time-independent release
for longer durations.
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Introduction

Plant polymers have sparked a lot of interest as excipi-
ents in recent years due to their abundance, good bio-
compatibility, non-toxicity and, in some circumstances,
superior drug release properties compared with synthetic
polymers.! Because of their natural origins, they are ap-
pealing and suitable alternatives to the pharmaceutical
excipients. There will always be a need to develop new
excipients to meet drug formulation-specific requirements
and to provide more effective and less expensive alterna-
tives to conventional excipients. Hydrophilic polymers
have been widely used as a directly compressible polymeric
matrix for controlled and targeted drug delivery of phar-
maceutical formulations. The direct compression method
is an economical method for the preparation of matrix
tablets due to its simple manufacturing process compared
to other controlled release systems.?* Owing to their hy-
drophilic properties, a variety of natural and modified
polymers, including xanthan gum, alginates, guar gum,
carrageenan, karaya gum, and khaya gum,"?*-¢ have been
successfully used in the preparation of oral controlled
release matrix tablets. A few of these polymer matrices
are very effective in offering zero-order time-independent
drug release kinetics and, in some cases, they have outper-
formed established polymers.

The seeds of Irvingia gabonensis (O’Rorke) Bail (Irving-
iaceae family), also known as African bush mango or wild
mango, has recently gained much interest. Irvingia gab-
onensis seed contains lipids and polymeric substances;
the lipids from its seed are useful as a suppository
base,” tabletting lubricant® and sustained release agent’;
additionally, the mucilage has been used as emulsifying
and suspending agent,'° polymer for microbead formula-
tions™ and tablet binder.* When Irvingia gabonensis was
used as a binding agent in metronidazole tablets, they pos-
sessed lower mechanical strength and slower drug release
properties than standard gelatin binder.* Recent studies
have reported the material and compression properties
of Irvingia gabonensis kernel polymer.!? The results showed
that this polymer was directly compressible and formed
intact non-disintegrating tablets with acceptable crushing
strength and friability, comparable with standard poly-
mers.\2 Irvingia gabonensis kernel polymer provided con-
trolled release of model drugs when used as binding agent
in metronidazole tablets and polymer for the formulation
of microbeads, indicating its utility as a controlled release
polymer.*!! However, the suitability of Irvingia gabonensis
polymer as a directly compressible excipient for the for-
mulation of controlled release matrix tablets has not been
investigated.

Thus, in the present study, Irvingia gabonensis polymer
was evaluated as a directly compressible controlled release
excipient in ibuprofen matrix tablets in comparison with
xanthan gum and hydroxypropylmethylcellulose (HPMC).
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The tablet properties and drug release from the matri-
ces were studied, as well as the effects of drug concentra-
tion, excipient, polymer type, and polymer concentration
on the release kinetics of the matrix formulations. Drug
release mechanisms were also investigated to determine
the effects of formulation excipients and other parameters
on the drug release characteristics of matrix tablets.

Materials and methods
Materials

The materials used in the study included: ibuprofen
(BASF AG, Ludwigshafen, Germany), microcrystalline
cellulose (MCC; Person Pharmaceuticals Ltd., Backing-
henshire, UK), dibasic calcium phosphate anhydrous,
dihydrate, dicalcium phosphate (DCP) dihydrate (BDH
Chemicals Ltd., Poole, UK), directly compressible lactose
(BDH Chemicals Ltd.), xanthan gum (Myprotein Co.,
Manchester, UK), hydroxypropylmethylcellulose (Ranb-
axy Laboratories Ltd., Gurgaon, India), and Irvingia gab-
onensis mucilage (from Irvingia gabonensis kernel (dika
nut), bought on the local market at Okolobiri, Nigeria).
The procedure for the extraction of the polymer has been
reported elsewhere.*!2

Preparation of matrix tablets
by direct compression

Ibuprofen—polymer matrix tablets were prepared to con-
tain different concentrations (10% w/w, 20% w/w, 30% w/w,
and 50% w/w) of ibuprofen. The drug—polymer blend
was mixed in a mixer (VSF 3843C; Forster Equipment
Co. Ltd., Leicester, UK) for 10 min. Tablets (500 +10 mg)
were compressed for 30 s at different predetermined loads
ina 10.5 mm die, in combination with flat-faced upper and
lower punches, using a Carver hydraulic hand press (Model
C; Carver Inc., Menomonee Falls, USA). Before compres-
sion, the die and flat-faced punches were lubricated with
a 1% w/v dispersion of magnesium stearate in acetone.
The tablets were then stored in an airtight container over
silica gel for 24 h to allow elastic recovery and hardening
to occur. Their weight and dimensions were determined,
and the relative density of the tablets was calculated.!®

The effects of excipient (microcrystalline cellulose, lac-
tose and dicalcium phosphate) and polymers (xanthan
gum and HPMC) and drug:lrvingia gabonensis:polymer
ratio (1:3:1, 2:7:1, 2:6:2, 2:5:3, 2:4:4, and 2:0:8) were also
evaluated.

Compression properties

The compression properties of the polymers were
analyzed using Heckel and Kawakita equations.!*18
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The Heckel equation is used to compute the relationship
between the relative density of the powder bed during
compression (D) and the applied pressure (P), which is ex-
pressed as:

In[1/(1-D)]=KP +A, (1)

where K is the slope of the linear part, which is inversely
proportional to the material’s mean yield pressure (P,); and
In means natural logarithm. The intercept (A) was used
to compute the relative density D using®:

Da=1- eA (2)

The relative density Dy, which characterizes the phase
of rearrangement at low pressures, may be calculated using:

Dg=Da—Dy 3)

The degree of volume reduction (C) in the Kawakita lin-
ear model' is expressed as:

C=(Vy-V,)/Vo=abP/(1+bP), (4)

where V, is the initial bulk volume and V,, is the bulk vol-
ume after compression. Equation 5 can be rewritten as:

P/C =P/a+ 1/ab (5)

The constant a defines the minimum porosity of the ma-
terial before compression, whereas b represents its plastic-

ity. The pressure term P is obtained by taking the recipro-
cal of b.20

Tablet properties

Tablet crushing strength (CS) was determined with
a DBK tablet hardness tester (model EHO1; DBK Itru-
ments, Mumbai, India), while the tablet friability (F)
was determined with a Thermonik Friability Apparatus
(model C-FTA 20; Campbell Electronics, Mumbai, India)
for 4 min at 25 rpm (100 revolutions). All tests were done
in triplicate.

Disintegration test

The disintegration times of the matrices were determined
with a disintegration tester model T-TD20 (Campbell
Electronics) in distilled water at 37 £0.5°C.

In vitro dissolution studies

The dissolution test was performed using the USP X XIII
basket method (model T.DR-6; Kshitij Innovations, Am-
bala, India), with 900 mL media maintained at 37 +0.5°C
rotated at 50 rpm. To mimic the GI condition, the media
contained 0.1 M hydrochloric acid (pH 1.2) for the first
2 h and Sorensen’s phosphate buffer (pH 7.4) for the rest
of the experiment. Samples (5 mL) were withdrawn at fixed
intervals and replaced with fresh media to maintain a sink
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condition. The sample was diluted and ibuprofen release
was measured using a ultraviolet (UV) spectrophotom-
eter at 222 nm (UV-Visible Spectrophotometer model U.V.
Pharmaspec 1700E, 23 OCE; Shimadzu Corp., Kyoto, Ja-
pan). All tests were performed in triplicate.

Drug release kinetics

The in vitro drug release data were fitted to zero-or-
der, -2 first-order,?>?® Higuchi,?* Hixson—Crowell,?>2¢ and
Korsmeyer—Peppas? kinetic equations in order to study
the mechanism(s) of drug release.

The zero-order equation is as follows?1-23;

Q=Qo + kot, (6)

where Q is the amount of drug release at time t; k, is the ap-
parent dissolution rate constant or zero-order release
constant; and Qy is the initial concentration of the drug
in the solution resulting from a burst effect.

The first-order equation is as follows?*23;

In Q =In Qg + kit, (7)

where k; is the first order release constant.
The Higuchi equation is as follows?*:

Q=kut'? 8)

where ky, is the Higuchi release constant.
The Hixson-Crowell equation is as follows?>2°;

QOI/3 - Ql/3 = kst» (9)

where k; is the constant incorporating the surface/volume
ratio.
The Korsmeyer—Peppas equation is as follows?”:

Qt/Q = kit?, (10)

where kj is the release rate constant which considers
the structural and geometric characteristics of the tablet;
and n is the diffusional exponent or release exponent, in-
dicative of the drug release mechanism. A value of n = 0.5
indicates Fickian Diffusion (Higuchi Matrix), 0.5 <n < 1.0
indicates anomalous (non-Fickian) diffusion, n = 1.0 in-
dicates case II transport (zero-order release), and n > 1.0
indicates super case II transport.?’

Comparing the correlation coefficient values enabled
the identification of the best fit model(s).

Statistical analyses

To compare the effects of the drug concentration, excipi-
ents and polymers on the mechanical and drug release prop-
erties of the tablets, the analysis of variance (ANOVA) was
performed using GraphPad Prism v. 4.0 software (Graph-
Pad Software Inc., San Diego, USA). The Tukey—Kramer
multiple comparison post-test was used and p < 0.05 was
considered significant.
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RESUItS and dlSCUSSlOn ® /rvingia gabonensis kernel mucilage oven-dried
350+ A |rvingia gabonensis kernel mucilage freeze-dried
Compression properties ¢ xanthan gum M HPMC
. . 300 |
of ibuprofen matrix tablets
Representative Heckel plots for matrix tablets containing 2501
20% w/w ibuprofen prepared through direct compression
are shown in Fig. 1. The Heckel plots generally exhibited 200
&
® rvingia gabonensis kernel polymer oven-dried 150+
A |rvingia gabonensis kernel polymer freeze-dried
284 & xanthan gum B HPMC 100
50 |
2.4 1 0 . . . X
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applied pressure [MPa]

§ Fig. 2. Kawakita plots for matrix tablets containing 20% w/w ibuprofen
5 2.04 prepared through direct compression
= HPMC — hydroxypropylmethylcellulose; P/C — pressure/degree of volume
reduction.
1.6 -
2 regions or 2 phases of compression for formulations
containing Irvingia gabonensis polymer.?® The mean yield
1.2 . i i , pressure (P,) was calculated from the regions of the plots
0 50 100 150 200 showing the highest correlation coefficient for linearity, with
applied pressure [MPa] R > 0.990, generally from 84.82 MPa to 169.69 MPa. For-
Fig. 1. Heckel plots matrix tablets containing 20% w/w ibuprofen mulations containing HPMC and xanthan gum displayed
prepared through direct compression R >0.990 at all compression pressures, indicating that the for-
HPMC — hydroxypropylmethylcellulose; In — natural logarithm; D - density. mulations deformed mainly by plastic flow. Representative

Table 1. Parameters derived from Heckel and Kawakita plots of ibuprofen matrix tablets

Polymer Coqcentration Heckel plot Kawakita plot
ofbuprofen | Dy lg/em?) | P, MPal | Dilg/em’] | Dolg/em? | PcMPal | Dilg/cm’
Oven-dried 10 0229 33333 0820 0591 1638 0427
livdngle oo 20 0223 38462 0860 0637 1376 0412
30 0214 45455 0883 0669 0799 0372
50 0206 509.09 0903 0697 0254 0323
Freeze-dried 10 0234 250.00 0832 0598 1325 0392
Irvingia gabonensis 20 0218 26316 0872 0654 1152 0363
30 0214 33333 0890 0676 1133 0350
50 0210 50000 0905 0695 1047 0337
Xanthan 10 0254 45455 0774 0520 3266 0432
gum 20 0.247 526.32 0.794 0547 1.808 0386
30 0243 52632 0898 0655 1299 0373
50 0237 55556 0905 0668 1299 0366
HPMC 10 0202 37037 0801 0599 0334 0293
20 0.199 400.00 0809 0610 0439 0285
30 0.197 625.00 0838 0641 0399 0279
50 0.194 666.67 0840 0646 0460 0270

Do - relative density at loose packing; Py - yield pressure; DA - relative density at zero or low pressure; DB - relative density at rearrangement phase at low
pressures; Pk — pressure required to reduce the powder bed by 50%; DI — packed initial relative density; HMPC — hydroxymethylpropylcellulose.
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Kawakita plots for the matrix tablets containing 20% w/w
ibuprofen are presented in Fig. 2 and demonstrate a linear
correlation at all compression pressures with R? > 0.999.
The parameters derived from density measurements and
the Heckel and Kawakita plots are presented in Table 1.

It was found that the values of Dy and D; decreased with
increasing concentration of ibuprofen. The rankings for D,
and D; were found to be xanthan gum > Irvingia gabonen-
sis > HPMC. There was no significant difference between
the density values for freeze-dried and oven-dried Irvingia
gabonensis gum, indicating a comparable packing behavior.

In contrast, D, and Dy increased as the ibuprofen con-
centration in the formulations increased. The rankings
of D4 and Dg were found to be freeze-dried Irvingia gabo-
nensis > oven-dried Irvingia gabonensis > HPMC > xan-
than gum. There was no significant difference between
the densification behaviors of the Irvingia gabonensis mu-
cilage prepared employing both drying methods.

The P, and Py are pressure parameters that are inverse
measures of plasticity.”” The Py relates mainly to the on-
set of plastic deformation, while Py relates to the amount
of plastic deformation occurring during the compression
process.!*® The P, values of the formulations increased
with an increase in the concentration of ibuprofen whereas
Py generally decreased. This suggested that ibuprofen de-
layed the onset of plastic deformation but increased the to-
tal amount of plastic deformation. Materials that are brittle
or easily fragmenting are known to have high P, values,
while those that deform plastically or elastically typically
exhibit low yield pressure.??-3! Thus, the addition of a non-
polymeric material, such as ibuprofen, reduced the plas-
ticity of the materials but increased the total amount

U

of plastic deformation.? The rankings for the P, values
for the formulations were found to be HPMC > xanthan
gum > oven-dried Irvingia gabonensis > freeze-dried Irvin-
gia gabonensis, while the ranking for P, was found to be
xanthan gum > oven-dried Irvingia gabonensis > freeze-
dried Irvingia gabonensis > HPMC. Thus, formulations
containing Irvingia gabonensis polymer exhibited a faster
onset of plastic deformation than HPMC and xanthan gum,
and higher amounts of plastic deformation than xanthan
gum, but lower deformation than HPMC. Formulations
containing HPMC exhibited the slowest onset of plastic
deformation while xanthan exhibited the highest amount.
High plastic deformation has been related to tablets with
high crushing strength and a greater ability to withstand
rigorous handling.?®

Effect of drug concentration

The mechanical and drug release properties of the ibu-
profen matrices are shown in Table 2. It was found that
the crushing strength of the matrix tablets decreased with
increasing concentration of ibuprofen in the matrix tablets,
while the friability increased. The ranking of the crushing
strength was found to be HPMC > xanthan gum > freeze-
dried > oven-dried Irvingia gabonensis; in contrast,
the ranking was reversed for friability. Studies have shown
that crushing strength assesses the strength of the tab-
let while friability tests assess the weakness of the tablet;
the greater the crushing strength—friability ratio (CSFR),
the stronger the tablet.1132° It was determined that tab-
let crushing strength decreased with an increase in drug
concentration, with the following ranks: HPMC > xanthan

Table 2. Effect of drug concentration on the mechanical and drug release properties of ibuprofen matrix tablets

Oven-dried 10 15332015 087 +0.00 1762 325
bigiei el 20 1000 £0.26 094 £0.03 1064 230
30 867035 1,06 +0.07 818 1.90
50 7334025 279047 263 1.05
Freeze-dried 10 1833 046 074 £000 2447 360
Irvingia gabonensis 20 1200 £036 082 £0.07 1463 340
30 9.00+0.10 0.89+0.08 1011 270
50 867 031 1,66 £0.20 522 1.95
Xanthan gum 10 73.67 £0.56 0.20 £0.00 368.35 5.75
20 5566 +0.97 034003 16374 420
30 52334038 035033 14951 390
50 47.00 089 042 £0.42 111.90 365
HPMC 10 91.33 +0.64 0.00 £0.00 - 370
20 69.68 £0.25 024 £000 290,29 270
30 60.00 040 028+0.15 21429 225
50 54,69 +0.42 034007 160.79 180

CSFR - crushing strength-friability ratio; HPMC — hydroxymethylpropylcellulose; tys — time for 25% drug release.
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in the crushing strength, CSFR and friability values for
all the polymers. Freeze-dried Irvingia gabonensis kernel
produced tablets with significantly higher (p < 0.05) crush-
ing strength and CSFR, and lower friability values than
oven-dried Irvingia gabonensis kernel polymer.

The drug release profiles of ibuprofen tablets contain-
ing different drug concentrations are shown in Fig. 3, and
the time for 25% drug release (t,s) is shown in Table 2. It was
observed that the dissolution time decreased with an in-
crease in drug concentration in the matrix. The decrease
in tablet dissolution times could be attributed to the high
concentration of the drug weakening the matrix lattice,
which provides a diffusion pathway for matrix erosion/
disintegration.3* The ranking of t,5 for the formulation was
xanthan gum > HPMC > freeze-dried Irvingia gabonen-
sis > oven-dried Irvingia gabonensis. Thus, the formulation
containing Irvingia gabonensis polymer exhibited a faster
dissolution rate, while xanthan gum showed the slowest
dissolution rate.

Drug release kinetics from dosage forms are critical
in improving the frequency of administration, bioavail-
ability, patient acceptability, and, in many cases, the oc-
currence of harmful or toxic consequences.?® The cor-

® /rvingia gabonensis kernel mucilage oven-dried
A |rvingia gabonensis kernel mucilage freeze-dried
@ xanthan gum MW HPMC

100
90 {
80 4
70 4
60 A
50 4

40

% ibuprofen released

30 -
20 4

10

0 5 10 15 20 25
time [h]

Fig. 3. Dissolution profiles of ibuprofen matrix tablets containing 20% w/w
drug concentration

HPMC - hydroxymethylpropylcellulose.

gum > oven-dried Irvingia gabonensis > freeze-dried
Irvingia gabonensis. Polymers are known to undergo
plastic deformation, resulting in increased solid bond
formation, which increases the strength of the tablet.3233
However, the addition of drugs into the polymer reduces
the number of solid bonds within the polymer, causing
a decrease in tablet strength and an increase in friability.
There were statistically significant differences (p < 0.05)

relation coefficients obtained from the kinetic equations
indicating the best fit for each of the models are presented
in Table 3. The diffusional exponent or release exponent
(n), obtained from the Korsmeyer—Peppas equation, is in-
dicative of the drug release mechanism.?” The drug release
parameters derived from the Korsmeyer—Peppas equation
for the matrices showed super case II drug release kinetics
with n > 1.0. This indicates that drug release from these

Table 3. Drug release parameters for ibuprofen matrix tablets obtained from different release models

Polymer concentration
Oven-dried Irvingia 10 374 0685 005 0855 2217 0842 133 0850 053  0882* 128
Geloonandt 20 369 0722 006  0947% 2174 0877 116 0862 044 0882 141
30 375 0719 008 | 0972 2214 0876 116 0868 043 0891 143
50 294 0680 003 0764 1766 0858 103 0913 040 | 0939* 142
Freeze-dried 10 377 0688 004 0822 2217 0833 138 0841 057  0880* 121
Irvingia gabonensis 20 383 0705 005 = 0875 2258 0853 136  08%6 = 056 | 0890* 125
30 383 0711 005 0900 2267 0870 134 0889 054 0920 130
50 301 0631 003 0662 1838 0823 118 0906 = 048  0934* 132
Xanthan gum 10 206 0843 003 0898 1181 = 0957 122 0968 067  0980* 086
20 193 0712 001 0778 1178 0910 = 116 0972 059 = 095 103
30 196 0679 001 0740 1209 0889 = 112 | 0968* 056 = 0951 110
50 169 0690 001 | 0751 1038 0900 = 099 = 0968* 049 = 0937 = 1.12
HPMC 10 191 0670 001 0713 1173 0867 101 0939 047  0952* 116
20 190 0466 001 | 0512 1279 0729 110 = 0891 049  0891% 125
30 192 0461 001 0508 1302 0725 110 = 0895 048 0895 128
50 155 0439 001 0477 1070 0717 = 010 | 0916* 047 = 0905 = 126

* drug release kinetics with the highest correlation coefficient; HPMC — hydroxymethylpropylcellulose; ko — the apparent dissolution rate constant or zero-
order release constant; ky — Higuchi constant.
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formulations is controlled by more than one process, usu-
ally a combination of diffusion and erosion mechanisms.
Drug release from hydrophilic matrices, such as HPMC,
has been attributed to the formation of a strong viscous
gel when the polymer hydrates in contact with water.33¢

Effect of excipients

Directly compressible excipients have been used
to change the size of drug tablets and to enhance their
mechanical characteristics and compression.?” Although
the mechanical properties of ibuprofen tablets prepared
with Irvingia gabonensis mucilage were acceptable, the tab-
lets became more friable (friability > 1%) as the drug con-
centration increased.?® Therefore, 3 direct compressible
excipients, namely MCC, lactose and dicalcium phos-
phate (DCP), were added to the matrix tablet formulation
in the drug—polymer—excipient at a ratio of 1:3:1. It was
found that the mechanical and drug release properties
of the tablets (Table 4) with added excipients were sig-
nificantly (p < 0.001) higher than those without added
excipients. The crushing strength and CSER of the for-
mulations increased, while the friability decreased upon
addition of the excipients. There was a significant differ-
ence (p < 0.001) in the crushing strength, friability and
CSER of matrix tablets that contained the excipients and
of those containing the binary mixtures of ibuprofen—poly-
mer. The ranking of the excipient effect on the crushing
strength and CSFR was found to be DCP > lactose > MCC.
The ranking was reversed for friability. Comparing all
of the polymers, the ranking of excipient effect on crushing
strength and CSFR was HPMC > xanthan gum > freeze-
dried Irvingia gabonensis > oven-dried Irvingia gabonen-
sis polymer, and it was reversed for friability. Generally,
the matrix tablets containing the 3 different excipients
had friability values <1%, and thus had enhanced ability
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to withstand the rigours involved in transport and han-
dling of the formulations.

The addition of the excipients in the matrix tablet formu-
lations facilitated the release of ibuprofen from the tablets.
Lactose and MCC had lower t,5 values than DCP, although
there was no significant difference (p > 0.05) in the dissolu-
tion time (t;5 and tso — time for 25% and 50 % drug release,
respectively) in both oven- and freeze-dried Irvingia gabo-
nensis kernel matrices. Lactose is a water-soluble excipient
that dissolves upon contact with the dissolution media
creating a diffusion pathway for the release of the drug.
On the other hand, MCC, though water-insoluble, may
have largely acted through its disintegrant property, which
could facilitate the breakup of the matrix tablet. Collec-
tively, these properties of MCC could increase the dis-
solution rate and thus cause a faster release of the drug.3?

Unlike Irvingia gabonensis kernel polymer, xanthan
gum and HPMC standard polymers containing the ex-
cipients facilitated a slower release of ibuprofen, as shown
by the higher dissolution times. The t»5 values of xanthan
gum and HPMC matrices that contained the excipients
were significantly (p < 0.001) higher than the values for
Irvingia gabonensis kernel matrices with the 3 excipients.
Hydrophilic polymers such as HPMC have been shown
to facilitate prolonged drug release from matrix tablets due
to the formation of a strong viscous gel when the polymer
hydrates come into contact with an aqueous medium.>*

The correlation coefficients from the different dissolu-
tion kinetic equations used to determine the drug release
kinetics are presented in Table 5. The results showed
that drug release from matrix tablets followed the first-
order and Korsmeyer kinetic models. The mechanism
of drug release depended on the type of polymer and
excipient used in the formulation. There appeared to be
an interaction between the polymer and excipients,
which affected the rate of drug release from the matrix

Table 4. Effect of excipient on the mechanical and drug release properties of ibuprofen matrix tablets

Oven-dried MCC 41.00 £0.46
Irvingia gabonensis lactose 4500 +0.75
DCP 51.67 £0.80

Freeze-dried MCC 44,00 £043
Irvingia gabonensis lciese 5300 +0.66
DCP 63.33 £0.32

Xanthan gum MCC 73.06 +0.78
lactose 78.00 +0.26

DCP 83.67 £0.40

HPMC MCC 87.33£0.85
lactose 90.20 £0.76

DCP 98.67 £0.31

0.40 +£0.05 102.50 0.50 2.20
0.36 +0.04 125.00 0.55 240
0.35+0.03 147.62 0.85 2.80
0.38 £0.03 115.79 0.70 3.15
0.32 +0.04 165.63 0.70 330
0.27 £0.02 234.57 2.20 3.50
0.21 £0.14 34762 4.75 5.67
0.18 +0.02 433.33 4.70 567
0.14 £0.06 597.62 4.80 5.85
0.13 +0.04 671.77 4.30 565
0.09 +0.00 1003.67 4.20 5.75
0.00 £0.00 98.67 4.65 5.85

HPMC — hydroxymethylpropylcellulose; CSFR - crushing strength—friability ratio; MCC — microcrystalline cellulose; DCP - dicalcium phosphate; tys — time for

25% drug release; tso — time for 50% drug release.
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Table 5. Drug release parameters of ibuprofen matrix tablets containing different tablet excipients obtained from different release kinetic models

Composition Zero-order First-order Higuchi Hixson—-Crowell Korsmeyer
Polymer -
(drug:polymer:excipient)
Oven-dried MCC 337 0.785 0.08 0.982 22.37 0.950 1.36 0.988 049 0.988* 149
vingia lactose 347 0688 008 0946 2264 0887 136  0962* 049 0949 148
gabonensis
DCP 340 0.698 0.08 0.929 23.20 0.888 1.55 0.954* 0.58 0.946 134
Freeze-dried MCC 2.77 0.608 0.09 0.941* 17.34 0.828 0.82 0.923 0.26 0.890 172
Ivingia lactose 366 0652 011  0973* 2361 0860 134 0938 046 0915 152
gabonensis
DCP 344 0519 0.95 0.958*  22.09 0.748 1.19 0.861 040 0.851 1.58
Xanthan gum MCC 445 0.664 0.06 0911* 2793 0.810 245 0.872 1.22 0.908 0.60
lactose 4.69 0614 0.07 0.843* 29.50 0.754 2.51 0.779 1.22 0.813 0.56
DCP 4.58 0.588 0.06 0.739 29.01 0.733 249 0.782 122 0.827* 0.57
HPMC MCC 4.49 0.625 0.07 0.831 2846 0.779 2.37 0.877 1.14 0916* 0.71
lactose 445 0.623 0.08 0.874 28.52 0.793 2.25 0.883 1.01 0.913* 0.86
DCP 4.54 0.597 0.06 0.756 28.89 0.749 2.38 0.820 112 0.864* 0.78

*drug release kinetics with the highest correlation coefficient; MCC — microcrystalline cellulose; DCP - dicalcium phosphate; ko — the apparent dissolution
rate constant or zero-order release constant; ky — Higuchi constant.

mechanisms. The above indicates that the nature and
type of excipients appeared not to alter the release mecha-
nism of formulations.

tablets.! The value of release parameters (n) derived from
the Korsmeyer kinetics model depended on the excipi-
ent. Formulations containing MCC showed the highest
values and DCP the lowest. The release mechanism was

generally non-Fickian super case II transport for Irvingia
gabonensis matrix tablets with n values greater than 1.
On the other hand, the release from xanthan gum and
HPMC matrices was found to be anomalous (non-Fickian)
diffusion. This non-Fickian release mechanism implies
that drug release is controlled by diffusion or a combina-
tion of diffusion and macromolecular chain relaxation

Effect of polymers

One method for achieving controlled time-indepen-
dent release is to use a polymer mixture to achieve sus-
tained release over the desired time. If the 2 polymers
are carefully chosen and used in appropriate quantities,
it should be possible to create a polymer system with

Table 6. Effect of polymer on the mechanical and drug release properties of ibuprofen matrix tablets

Irvingia

Composition

: o Crushing P % of drug
Polymer gabonensis (drug.(rvmg:a strength [N] Friability [%] CSFR tas [h] tso [h] released after 9 h
polymer gabonensis: polymer)
HPMC oven-dried 271 25.00 £0.40 0.88£0.18 2841 118 40 68.96
g 262 14.00 +0.60 467 011 3.00 120 44 66.16
gabonensis
253 12.00 £0.80 485+0.18 247 133 6.1 64.95
2:4:4 17.50 +1.66 1.95+0.10 897 138 66 60.93
freeze-dried 271 2633021 0.83 £0.03 3173 1.10 42 67.99
Ivingia 262 1967 £0.97 197 £0.24 098 130 55 66.04
gabonensis
253 17.334£0.70 2192025 7.91 140 64 6191
2:4:4 1867 £031 203 £0.04 920 155 73 5838
Xanthangum = oven-dried 2:7:1 17.00 £0.36 0.76 +£0.00 2237 1.30 44 66.89
g 262 12334050 1334014 927 150 54 64.09
gabonensis
2553 8.00£0.35 0.78 £0.02 10.26 1.70 6.5 5826
2:4:4 1467 £031 1.800.17 8.15 1.80 72 5643
freeze-dried 271 1867 £0.15 027 £0.07 69.14 1.30 53 65.92
Ivingia 262 13.00 +0.40 0.56 +0.00 2321 150 57 6292
gabonensis
253 10.33 £0.25 043 £0.01 2403 160 70 56.07
2:4:4 15.34 +0.57 1.04 +0.03 14.74 1.80 78 5534

CSFR - crushing strength—friability ratio; HPMC — hydroxymethylpropylcellulose; tys — time for 25% drug release; tso — time for 50% drug release.
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Table 7. Drug release parameters of ibuprofen matrix tablets containing hydroxymethylpropylcellulose (HPMC) and xanthan gum obtained from different

release kinetic models

HPMC oven-dried 2:7:1 3.37 0.782 0.05
Ivingia 262 337 0805 005

gabonensis
2:5:3 340 0.824 0.05
2:4:4 3.37 0.850 0.05
freeze- 2:7:1 3.09 0.738 0.04
dried 2622 314 0759 004

Irvingia

gabonensis 2:5:3 3.12 0.799 0.03
2:4:4 3.15 0.852 0.03
Xanthan = oven-dried 2:7:1 3.19 0.763 0.04
gum Ivingia. 26:2 327 0803 004

gabonensis
2:5:3 323 0.850 0.04
2:4:4 3.27 0.859 0.03
freeze- 2:7:1 3.15 0.761 0.04
dried 262 325 0790 004

Irvingia

gabonensis 2:5:3 3.21 0.825 0.03
2:4:4 3.25 0.854 0.03

0.995*  20.01 0.964 1.24 0.993 0.50 0.972 1.37
0.993 19.81 0.974 1.26 0.997* = 052 0.974 1.34
0.993* 1980 0976 1.30 0.990 0.55 0.963 1.29
0.986* 1934 0978 1.33 0.977 0.59 0.928 1.24
0.963 1870 0943 1.25 0.981* = 053 0.936 1.34
0.967 18.81 0.952 1.29 0.988*  0.56 0.951 1.29
0.964 18.31 0.959 1.28 0.983*  0.56 0.958 1.25
0.987 18.06 0981 1.31 0.982* = 061 0.944 1.18
0.977 1908 0957 1.26 0.996* 053 0.993 1.32
0.984 1919 0.969 1.29 0.991* = 0.55 0.974 1.30
0.992* 1861 0.983 1.27 0.986 0.56 0.975 1.24
0.991* 1869  0.984 1.39 0.987 0.67 0.961 1.12
0.966 1885 0954 1.32 0.987* 0.8 0.945 1.27
0.970 19.14  0.960 1.38 0.984* 062 0.951 1.20
0.980 1864 0973 1.40 0.984*  0.66 0.942 1.14
0.986 1862  0.980 145 0.986* = 0.71 0.955 1.07

*drug release kinetics with the highest correlation coefficient; k, — the apparent dissolution rate constant or zero-order release constant; ki — Higuchi

constant.

a time-independent release.*® The mechanical and drug
release properties of ibuprofen tablets prepared with a poly-
mer mixture of Irvingia gabonensis kernel polymer and
standard polymers, xanthan gum and HPMC are shown
in Table 6. The results showed that tablets prepared with
the drug:Irvingia gabonensis:polymer ratio of 2:7:1 exhib-
ited significantly higher (p < 0.05) mechanical strength
than those containing higher concentrations of the stan-
dard polymers. Formulations containing HPMC showed
higher mechanical strength than those containing xanthan
gum. The amount of ibuprofen released after 9 h ranged
from 55.34% w/w to 68.96% w/w. Formulations contain-
ing HPMC generally showed a slower drug release. There
was no significant (p > 0.05) difference in the drug release
properties of the formulations.

The parameters obtained from the different drug re-
lease kinetic equations (Table 7) showed that the release
kinetics from the oven-dried Irvingia gabonensis kernel
polymer with xanthan gum and HPMC generally fol-
lowed the first-order release kinetics, whereas the release
of ibuprofen from freeze-dried Irvingia gabonensis kernel
polymer matrices containing HPMC and xanthan gum
followed the Hixson—Crowell model. The release param-
eters (n) derived from the Korsmeyer kinetics model indi-
cated that the drug release from the matrix was super case
II, suggesting time-independent release kinetics. Thus,
the release kinetics of ibuprofen from the matrix tab-
lets prepared with polymer blends appeared independent
of the type and concentration of the standard polymer
in the polymer blend.

Conclusions

Our results suggest that Irvingia gabonensis polymer
is suitable as a directly compressible excipient for the for-
mulation of ibuprofen tablets, comparable to xanthan gum
and HPMC. Increasing ibuprofen concentration gener-
ally decreased the mechanical and dissolution properties
of drug tablets. Inclusion of excipients improved tablet
mechanical properties, aided ibuprofen release and altered
the release kinetics, which was largely defined by the Kors-
meyer—Peppas model. Increasing the proportion of xanthan
gum and HPMC in the matrices resulted in a decreased
amount of ibuprofen released after 9 h, with xanthan gum
having the greatest effect. Irvingia gabonensis polymer
could be effective for the preparation of controlled re-
lease tablets, and the right combination with xanthan gum
or HPMC could provide a time-independent release for
longer durations.
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