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Objective: Maize plants have been genetically engineered to produce genotypes with agriculturally desirable traits such as high starch con-
tent, pest resistance and increased nutritional value. Maize starch has been widely used as an excipient in pharmaceutical formulations. This
study aims to produce sustained release ibuprofen tablets using starch obtained from different maize genotypes as polymers. Methods: Ibu-
profen matrix tablets were prepared with the starches isolated from the maize genotypes and the unmodified plant. The mechanical properties
of the tablets were evaluated using the crushing strength (CS), friability (FR) and CSFR. A 32 factorial design was applied using the time taken
for 50 % (T50) and 90 % (T90) drug release as dependent variables while the polymer-drug ratio and polymer types were the independent
variables. Results: The CSFR was significantly higher (p<0.05) in tablets formulated with the starches obtained from the modified cultivars.
Drug release for all the formulations fitted the Higuchi model while the mechanism of release was generally by super case transport. The
polymer-drug ratio and polymer type strongly interacted to increase the dissolution times (T50 and T90) and CSFR. Starches isolated from the
genetically modified cultivars provided a more sustained release of ibuprofen from the tablet matrix through erosion and polymer relaxation.
Conclusion: The results indicate that the genetic modification of maize can quantitatively affect the drug release modifying effects of maize

starch in drug formulation.
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Introduction

Maize (Zea mays) is a major staple grown all over the world
particularly Asia, Latin America and Africa. It is the third
most important cereal worldwide after wheat and rice and
is commonly referred to as the “cereal of the future” due
to its high nutritional value and the diverse use of its by-
products [1, 2]. It has been estimated that the demand for
maize will increase by 50 % from 558 million metric tons
in 1995 to 837 million metric tons in 2020 [3]. Agricul-
tural research has focused on a large number of breeding
programs for maize to develop new genotypes or culti-
vars with improved qualities. These qualities include bet-
ter yield, increased starch content, enhanced tolerance to
drought, pest, heat stress, cold temperature stress, water
stress, weed competition, and herbicides. These breeding
programs have yielded remarkable success with nearly a
six-fold increase in grain yields and about 60 % improve-
ment in the genetic component of the grains [4]. One of
such programs by the International Institute of Tropical
Agriculture (II'TA) in Nigeria has led to the production of
Pro vitamin A-rich maize genotype (PVA 39) and drought
resistance genotype (IWD 15).

Starch is a major constituent of maize and is isolated
from the endosperm of the kernel by the wet milling pro-
cess. Its functional versatility is mainly due to its phys-
icochemical properties, biodegradability, relative ease of
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modification and biocompatibility. Maize starch has been
widely employed as diluent, disintegrant and binder in
tablet dosage forms. Modification of native starches have
been carried out to obtain newer excipients with improved
functionality [5-8]. Starch functionality depends on the
starch structure and composition, which vary with geno-
types [9]. Our earlier studies have shown that the geneti-
cally modified starches PVA 39 and IWD 15 have higher
amylose content, swelling capacity, viscosity and enthal-
pies of gelatinization than native maize starch. The in-
creased amylose content due to modification was found
to positively affect important pharmaceutically properties
like moisture sorption and viscosity [10]. These genotypic
modifications of maize might thus affect the functional-
ity of its starch in pharmaceutical dosage forms in which
it is used as an excipient. This study aims to determine
the effect of genotypic modification on the performance of
starches isolated from maize genotypes PVA 39 (SA) and
IWD 15 (SB) as sustained release polymers in ibuprofen
tablets. This will be compared with the properties of tablets
containing starch obtained from unmodified maize (SC).
Ibuprofen, a widely used over -the- counter nonsteroidal
anti-inflammatory agent is used to treat chronic pain,
inflammation and fever. It is a non-selective cyclo-oxyge-
nase-1 and cyclooxygenase-2 inhibitor with an elimination
half- life of 2hrs hence it has to be administered usually as
a 400 mg tablet three times a day. This makes it a suitable
drug candidate for sustained release formulation as in this
study [11].
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Materials and methods

Materials

Ibuprofen powder and lactose monohydrate (CAS 64044-
51-5) were purchased from Sigma Aldrich GmbH (Stein-
heim, Germany) while magnesium stearate was obtained
from BDH Chemicals, UK. Maize grain genotypes (PVA
39 and IWD 15) were obtained from the International
Institute of Tropical Agriculture (IITA), Nigeria. Starch
extraction was done using established methods [12]. All
other reagents used were of analytical grade.

Preparation of Ibuprofen matrix tablets

The tablets (500 mg) were made by compressing powder
blends according to the formula in Table 1 on a Carver
hydraulic press using the direct compression method. A
compression pressure of 1.0 metric ton and dwell time of
30 seconds was used. Prior to each compression cycle, the
punches and die assembly were lubricated with a 2% mag-
nesium stearate solution in 96% alcohol. The compressed
tablets were kept in sealed envelopes prior to further analysis

Experimental Design

A 32 factorial design was carried out by making use of
two factors at three levels. Table III shows the nine pos-
sible combinations. The dependent variables were CSFR,
the time taken for 50% (T,) and 90 % (Ty,) drug release
while the polymer-drug ratio and polymer types were tak-
en as independent variables.

Physical properties of Ibuprofen tablets

Tablet thickness was determined with a micrometer screw
gauge (Type TB-24; Erweka, Heusenstamm, Germany)
while friability was measured using a Roche (Erweka
Gmbh, Heusenstamm, Germany) friabilator operated
for 4 min at a speed of 25 rpm. The tablet hardness was
measured with a Monsanto hardness tester (Copley Sci-
entific Limited, Nottingham, UK). The weight of twenty
randomly selected tablets was taken separately to check for
variation from the average weight.

In vitro release studies

Dissolution studies were carried out in a dissolution ap-

paratus (Model NE4-COPD; Copley Scientific Limited,

Table 1. Formula for Ibuprofen Matrix Tablet (~ 500 mg)
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Nottingham, UK) with phosphate buffer solution pH 7.4
maintained at 37+0.5 °C as the medium. A tablet from
each batch was placed in 900 ml of the medium and the
apparatus operated at 100 rpm. A 10 mL sample was with-
drawn at 5, 10, 15, 30, 60, 120, 180, 300, 420, 540 and
720 minutes intervals respectively and replaced with equal
volumes of fresh dissolution medium maintained at the
same temperature. The withdrawn samples were filtered,
diluted 10-fold and the absorbance measured at a wave-
length of 221 nm on a UV spectrophotometer (T85 PG
Instruments Limited, UK). The tests were carried out in
triplicates.

Kinetics of Drug Release
The in vitro release data were fitted into various kinetics

models [13-17]

Higuichi model: Q = k;t%2 (1)
Hixson: (100-Q)3=100"/3- kgt 2)
Zero-order: Q=K t (3)
First order: Log Q = logQ, — K,t/2.303 (4)
Korsmeyer—Peppas:  Q/Q,= ke 5)

The mechanism of drug release was obtained by plot-
ting log cumulative percentage of the drug release (first
60% drug release) versus log time. The parameter Q is the
amount of drug released after time t, Q, is the initial con-
centration of drug, Q/Q, is the fraction of drug released,
ky; k; ky k;and k, represent the release constants for Higu-
chi, first-order, zero-order, Hixson and Korsmeyer—Peppas
models respectively. The parameter, n Korsmeyer-Peppas
equation represents the drug release mechanism. For a cy-
lindrical tablet, values of n equals to 0.5 indicates a Fickian
diffusion mechanism, 0.50 < n < 1 represents non-Fickian
transport, n = 1 is Case II transport or typical zero- order,
and n > 1 indicates super case II transport [18].

Data analysis

The data was subjected to a two- way analysis of variance
(ANOVA). P< 0.05 were considered significant at 95%
confidence interval. Contour and surface plots were gener-
ated using Minitab 19 Statistical Software (Minitab Inc.,
USA).

Ingredients (%w/w) Pharmaceutical role F1 F2 F3 F4 F5 F6 F7 F8 F9
Ibuprofen API 20 20 20 20 20 20 20 20 20
SA Polymer 20 40 60 -- - - - -
SB Polymer - - - 20 40 60 - -
SC Polymer -- -- - - - -- 20 40 60
Talc Glidant 1 1 1 1 1 1 1 1 1
Magnesium stearate Lubricant 1 1 1 1 1 1 1 1 1
Lactose Diluent 58 38 18 58 38 18 58 38 18
Polymer: drug ratio 1:1 2:1 3:1 1:1 2:1 3:1 1:1 2:1 3:1

SA-starch extracted from genetically modified cultivars PVA 39; SB-starch extracted from genetically modified cultivars IWD 15; SC- starch isolated from unmodified maize grain; API- active

pharmaceutical ingredient
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Results and Discussion

Mechanical properties of Ibuprofen tablets

The determination of the mechanical strength of a tablet
is an essential aspect of quality assurance in tablet produc-
tion. The crushing strength and friability are two impor-
tant parameters used to evaluate the mechanical properties
of tablet formulations [19].

Table II reveals that all the starch samples produced soft
tablets with crushing strength ranging between 0.83-1.97
kgF/cm? decreasing as the polymer: drug ratio increases.
None of the formulations met the limit for friability with
values above 1 %. The weight variation was observed to be
high. This is because ibuprofen is known to exhibit poor
tableting behavior because of its hydrophobic structure,
low flowability, and tendency to stick to the tablet punch-
es, all of which have been shown to lead to variations in
tablet weight [11]. The crushing strength/friability ratio
(CSFR) has been shown to be a useful parameter for tab-
let quality because it simultaneously evaluates both the
strength and weakness of tablets [20]. Tablets with higher
CSFR are stronger than those with low values [21]. The
CSFR was significantly higher (p<0.05) in tablets formu-

Table Il. Mechanical properties of Ibuprofen Tablet Formulations
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lated with the starches obtained from the maize genotypes
as shown in Table II. Formulation F3, containing 60% of
SA was the strongest with CSFR value of 0.92. This can
be correlated with its having the highest amylose content
of the three starches [10]. Reports have shown that there
is a direct relationship between the amylose content, paste
viscosity, bondt strength and tablet mechanical strength
[22]. (Table III and IV)

In vitro release properties.

A good tablet should combine good physical strength with
adequate release profile. Drug dissolution precedes absorp-
tion and is related to bioavailability. Table III shows that
the higher the polymer: drug ratio, the slower the drug
release from the tablet. The decrease in the rate of drug
release could be due to the increased polymer concentra-
tion rendering the gel matrix less porous and consequently
slowing drug diffusion out of it [23]. Although Ibuprofen
tablets containing starch from the maize genotypes pro-
vided a more sustained release of the drug, the difference
was not significant (p<0.05).

Formulation code Crushing strength(KgF/cm3) Friability (%) CSFR Weight Uniformity (mg)
F1 1.97+0.06 3.06 0.64 0.46+0.02
F2 1.83+0.21 6.46 0.28 0.44+0.01
F3 1.07+0.12 1.16 0.92 0.46+0.01
F4 1.77+0.25 2.10 0.84 0.44+0.01
F5 1.03+0.06 3.07 0.34 0.45+0.01
F6 0.90+0.10 4.38 0.21 0.45+0.01
F7 0.83+0.15 4.05 0.20 0.44+0.01
F8 1.00+0.20 4.03 0.25 0.44+0.01
F9 0.87+0.15 4.19 0.21 0.46+0.00
Table Ill. 32 Factorial design for Ibuprofen tablet formulations
Batch Variable levels Real values Response
X1 X2 X1 (Polymer type) X2 (Polymer: drug) CSFR Tso (hrs) Teo (hrs)
F1 -1 -1 SA 1:1 0.64 2.31 4.19
F2 -1 0 SA 2:1 0.28 3.00 5.27
F3 -1 +1 SA 3:1 0.92 4.04 6.74
F4 0 -1 SB 1:1 0.84 2.96 5.26
F5 0 0 SB 2:1 0.34 3.26 5.63
F6 0 1 SB 3:1 0.21 4.71 7.76
F7 +1 -1 SC 1:1 0.20 2.46 4.42
F8 +1 0 SC 2:1 0.25 2.70 4.71
F9 +1 +1 SC 3:1 0.21 3.13 5.30
Table IV. Release kinetics parameters for Ibuprofen tablet formulations
Drug release models

Formulations Powt:‘r law R2

Zero-order First order Higuchi Hixson
F1 1.16 0.8402 0.9191 0.9844 0.8952
F2 0.95 0.8501 0.9101 0.9876 0.8914
F3 0.28 0.9445 0.9678 0.9881 0.9611
F4 2.43 0.8264 0.8926 0.9787 0.8718
F5 0.94 0.8690 0.9200 0.9910 0.9040
F6 3.40 0.9580 0.9759 0.9855 0.9703
F7 1.22 0.8470 0.9195 0.9870 0.8974
F8 2.71 0.8860 0.9426 0.9919 0.9256
F9 3.97 0.9240 0.9620 0.9940 0.9508
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Figure 1 shows the drug release profiles, while Table IV all the formulations fitting the Higuchi model which rep-
presents the result of the simulation of drug kinetics using  resent the best model. The diffusion exponent, n, in the
the different release models. The genotypic modification ~ Korsmeyer—Peppas model was greater than 1, (except for
of the starches did not affect the drug release model with ~ Formulations F2, F3 and F5), which indicates super case
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Fig. 1. Drug release profiles from Ibuprofen matrix tablets
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Fig. 2. Surface, Contour and 3D Scatter plots showing effect of Polymer: Drug ratio and Polymer type on Dissolution times
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transport mechanism where drug release is 8controlled
by erosion and drug relaxation. Formulations F2 and F5
which contain starches from the genotypic cultivars, ex-
hibited non-fickian diffusion. The results show that the
higher the polymer: drug ratio, the higher the regression
coeflicient (R?) in the zero order model. This suggests that
higher polymer concentration is required for time depend-
ent drug release which correlates with reports from previ-
ous studies [24]. Figure 2 shows the surface and contour
plots which give a two dimensional view of the relationship
between a response variable and two independent varia-
bles. Generally, areas with darker colour indicate stronger
response. The plots reveal that polymer-drug ratio and
polymer type strongly interacted to increase the dissolu-
tion times (T, and T,,) and CSFR. This indicates that the
modification of the starches would affect drug release from
the tablets.

Conclusions

Starches obtained from genetically modified maize pro-
duced tablets of better mechanical properties than the un-
modified starch. They provided a more sustained release of
ibuprofen from the tablet matrix through erosion and pol-
ymer relaxation. While the qualitative formulation proper-
ties of the starches were unaffected by the genotypic modi-
fication, their quantitative effects on the drug formulation
were modified. This highlights the need to carefully carry
out preformulation studies before substituting starches in
drug formulations.
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