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The aim of this study was to enhance the classical adjuvant functionality of maize starch (Mst) by co-
processing with small quantities of carbopol 974P (CaPol). A pre-processed maize starch (MpS) was
coated with different concentrations of CaPol corresponding to 0.25, 0.5, 0.75 and 1.0 %w/w and spray-
dried at controlled conditions to produce the CaPol-coated motifs (MpS-CaPol). The relevant
physicochemical and functional properties of the new CaPol-coated starch, as a direct compression
and rapid disintegrating adjuvant were evaluated in the preparation of acetyl salicylic acid (ASA)
tablets. The yield of MpS-CaPol produced with the various mix were between 87 to 95% of the weight of
the start ingredients. There were no remarkable differences in the relevant physicochemical and
functional properties determined for Mst and MpS thus, the results of MpS were not presented. There
were no remarkable morphological differences between the particles of Mst and those of the coated
motifs. The variants of the new starch motif showed properties that were sensitive to the
concentrations of CaPol used in the coating. All the variants of MpS-CaPol generally showed
comparative enhanced flow and moisture uptake. The swelling capacity of the new excipients
containing different concentrations of CaPol can be ranked thus: 1 > 0.75 > 0.5 > 0.25 > 0% (Mst). The
ASA tablets showed relative increased tensile strength and dissolution as the concentrations of CaPol
increased (0 to 0.75%). The disintegration time were remarkably modified: The tablets prepared with
new excipients containing CaPol of concentrations 0.25 to 0.75 %w/w all disintegrated rapidly within 1
min while that containing 1% w/w disintegrated at 45 + 0.5 min; ASA tablets without disintegrant did not
disintegrate even after 120 min. This study has shown that spray-dried Mst granules coated with small
guantities of CaPol produced an excipient with new basic physicochemical properties that enhanced its
adjuvant functionality when used for direct compression of rapid release ASA tablets.

Key words: Maize starch, carbopol, film-coating, spray-drying, acetyl salicylic acid tablets.

INTRODUCTION

Pharmaceutical adjuvants are excipients which play a bioavailability, efficacy, toxicity and elegance (Ansel et al,
variety of important roles in drug formulation, controlling 2005). Considering the rapidly expanding field of
such properties as mechanical strength, dissolution, pharmaceutical technology, the need for excipients with



innovative physicochemical and functional properties
becomes necessary to aid in the delivery of especially
challenging molecules, develop cheaper drug brands and
novel drug delivery systems. Novel excipients such as
those with multifunctional applications ultimately help
reduce production cost by reducing the number of
production steps and excipients that will be required for
production (Moreton 1996; Tobyn et al 1998; Koo and
Squibb, 2011). To produce new excipients, a variety of
techniques have been explored, these include complex
synthesis of new polymer types using primary monomers
and the modification of existing ones to alter or confer
new properties on the native materials (Builders et al.
2013a). Co-processing of two or more existing excipients
or with other known substances is a popular method of
modification of existing materials. This technique has
been used to generate new excipients with new
functional properties. Important examples include the co-
processing of microcrystalline cellulose with other
compounds such a silicon dioxide and other polymers
(Zhou et al. 2012; Moreton, 2000)

Products such as silicified microcrystaline cellulose is
prepared by coating silicon dioxide on the microcrystaline
cellulose grains (Moreton, 2000; Rojas and Kumar 2012)

Film coating is a simple process that imparts many
advantages to products. Properties such as elegance,
dissolution, mechanical strength, protection from
moisture, light and other physical factors as well as
creating strong recognizable brands are some benefits of
film coating operation (Zaid et al. 2013).

Starch is a versatile biopolymer that is widely used in
pharmaceutical manufacture especially in solid-oral
dosage formulations. It is used in many conventional
formulations as binder, diluents and disintegrant (Builders
et al., 2013b; Manek et al. 2012). Some good attributes
that make starch attractive for drug delivery applications
include biocompatibility, biodegradability, low cost,
availability and relative easy modification potentials.
Though starches from different botanical sources are
available, maize starch (Mst) is however, the most
commonly used in conventional tablet production (Manek,
2012; ltiola, 1991; Odeku et al, 2005). Starch from
different botanical sources has been modified by different
techniques to enhance their intrinsic physicochemical and
functional properties, thereby expanding their applications
(Hauschild and Picker 2004). Etherification, esterification,
cross-linking and oxidation are some common techniques
used for modifying starches (Odeku, 2013).

The coating of the discrete granules of Mst with
carbopol is expected to enhance the functional properties
of Mst thereby expanding its applications as a
pharmaceutical excipient especially in conventional
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tablets production.

Carbopol is a group of synthetic polyacrylic polymers
that show high swelling and variable viscosities. There
are different proprietary brands of carbopols which vary
basically in their viscosity/swelling due to varying degrees
of crosslinking. The common functional brands include
carbopol® 974P NF (CaPol), Carbopol® 971P NF,
Carbopol® 71G NF, etc. This group of polymers has
demonstrated good performance in oral tablets and
capsules production. At high concentrations (3 to 30
%w/w), they retard dissolution of the drug by ensuring the
slow release of the active pharmaceutical ingredients
when used as matrix retardant; and also enable targeted
delivery of drugs to be achieved (Hauschild and Picker,
2004; Cevher et al., 2008). At lower concentrations (0.5
to 3%), carbopol is applied as binder for granule
formulation to improve the hardness and friability of
conventional rapid release tablets at low compression
forces. The use of CaPol to coat Mst implies a novel
application to its numerous uses. ASA is only slightly
soluble in water and directly compressible, forming hard,
non-disintegrating compacts (Luprizol, 2011). ASA was
chosen as the prototype drug in this study, as one of the
most appropriate to evaluate the tablet properties of the
new multifunctional excipient. The objective of this study
was to produce a novel multifunctional excipient by
coating maize starch granules with carbopol films by the
spray drying process.

MATERIALS AND METHODS

All the chemicals and reagents used were of analytical grade and
they are used as supplied: Mst, ethanol, acetaminophen (Sigma-
Aldrich Chemie, Germany), carbopol® 974P (Fluka Biochemica,
Ireland); magnesium stearate, sodium chloride, magnesium chloride
and potassium dihydrogen phosphate (May & Baker, Dagenham,
England); toluene, sodium hydroxide, potassium thiocyanate,
potassium chloride and calcium chloride (BDH Chemicals, UK).
Acetyl salicylic acid was kindly supplied by Juhel Pharmaceuticals
Nig. Limited, Enugu, Nigeria.

Preparation of carbopol 974P film-coated maize starch granules

The film-coated maize starch was prepared by spray-drying
dispersions of pre-processed maize starch (MpS) and CaPol using
a Buchi Mini Spray Dryer B290 (Buchi Labortechnik AG, Flawil,
Switzerland). MpS was prepared by maintaining 200 g of Mst at
60°C in 400 ml of 0.1 N HCI for 30 min with continuous stirring. The
starch dispersion was allowed to cool to 27°C (room temperature),
sediment and the supernatant decanted. The starch sediment was
washed with five different portions of 200 ml distilled water and then
dried in a hot air oven at 50°C for 1 h. Dispersions of CaPol
corresponding to 0.25, 0.5, 0.75 and 1.0 %w/w of the Mst (used in
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pre-processing) was prepared in 100 ml of distilled water and
appropriate amounts of the MpS were then added with continuous
mixing using a magnetic stirrer bar. The resultant dispersion was
then spray-dried with a Buchi Mini Spray Dryer B191 (Buchi
Labortechnik AG, Flawil, Switzerland): The inlet and outlet air
temperatures were 150 and 70°C, respectively and gas pump
pressure was 30%. The dry CaPol film-coated particles (MpS-
CaPol) were collected and stored in an airtight container.

Characterization of the spray-dried film-coated starch particles
Scanning electron microscopy

The scanning electron micrographs (SEMs) were used to study the
morphology of the Mst granules before and after co-processing with
CaPol (Zhao and Augsburger, 2005). The samples were prepared
by gold-plating, while imaging was carried out on a scanning
electron microscope (FEI Quanta 400, FEI Company, Oregun,
USA).

Differential scanning calorimetry (DSC) analysis

The thermal properties of Mst, CaPol and MpS-CaPol were studied
using a DSC (DSC 204 F1, Phoenix NETZSCH, Germany)
equipped with a thermal analysis system. The instrument was
calibrated using indium (156.88°C) as the internal standard and dry
nitrogen was used as the purge gas (20 ml/min). About 7 mg of the
desiccated samples of Mst, CaPol and MpS-CaPol were weighed
into the DSC aluminum pan and covered with a perforated lid. The
probes were heated within a temperature range of 25 to 400°C at a
rate of 10°C/min. The different thermal transitions of the polymers
within this temperature range were evaluated using the DSC
Proteus analytical software (Builders et al. 2010; Builders et al.
2009)

Flow properties

The flow properties of the Mst and the coated motifs (MpS-CaPol)
were determined by the indirect methods: Carr's compressibility
index and angle of repose analysis (Yamashiro et al, 1983). For the
Carr's compressibility index, the bulk and tapped volumes of the
modified starch motifs were determined. 50.0 g of the Mst and
modified motifs were poured into a 200 ml graduated measuring
cylinder. The volume occupied before (V) and after tapping (V) with
a Stampfvolumeter (STAV 2003 JEF, Germany) were used to
evaluate the Carr’'s compressibility index according to the following
equation (Aulton, 2003). This test was repeated three times for each
sample.

Carr's index = [1- VAV/,] x100 1)

Angle of repose: Samples of Mst and MpS-CaPol were each
carefully poured through a glass funnel clamped to a retort stand,
with its tip 2 cm above a graph paper placed on a flat horizontal
surface such that the apex of the cone formed by the powder just
reached the tip of the funnel. 30 g quantities of each of the powders
were allowed to flow through the funnel, under the force of gravity
to form a conical heap. The heights (h), of the powder cone and the
mean diameter (D), of the base of the powder cones were obtained
and applied to obtain the angle of repose (9), according to the
following equation (Yamashiro et. al. 1983). This test was repeated
three times for each sample.

Tan @= 2h/D 2

Moisture uptake

Quantities of Mst and MpS-CaPol motifs were placed in a Petri dish
and stored in an activated desiccating chamber at room
temperature (corresponding to 27°C) for 48 h to remove residual
moisture from the materials. The moisture sorption isotherms of the
microparticles were determined by the gravimetric method (Builders
et al, 2010). One gram of each dry polymer powder was placed in
an aluminum foil and put in a desiccator with a gauze holding tray
containing either distilled water or saturated solution of the listed
salts to provide the required relative humidity (RH) (water = 100%,
potassium chloride = 84%, sodium chloride = 75%, potassium
thiocyanate = 47% and calcium chloride = 31%, Lithium chloride =
15%). The powders were weighed at 12 h intervals until equilibrium
was attained for each sample [equilibrium was considered to be
attained when increase in weight is less than 0.1 g]. This test was
repeated three times for each sample.

The equilibrium moisture sorption (EMS) was determined using
the equation:

EMS = Me/Mq = 100% ©)

Where, M is the amount of moisture uptake at equilibrium and My
is the dry weight of sample (Builders et al. 2009). The profile of
percentage weight gain vs. RH was then evaluated for each
material.

Swelling capacity

The tapped volume (V1) occupied by 1 g of each of the powders in
a 10 ml measuring cylinder was determined before 2 ml of distilled
water was introduced to effect wetting, after which the volume was
made up to the 10 ml mark with more water. The measuring
cylinder was then allowed to stand for 24 h before the volume of the
sediment (Vz) corresponding to the volume of the hydrated or
swollen material was measured. The swelling capacity (S) was then
computed according to the equation (Aulton, 2003).

S = (V2 - V1)IV; x 100 o ).

Formulation and characterization of ASA tablets using MpS-
CaPol

Preparation of tablets

Tablets containing 200 mg of pure ASA each in combination with
100 mg of Mst or MpS-CaPol motifs were prepared by direct
compression. The compacts were prepared by thoroughly mixing
the ASA and the excipient (Mst or MpS-CaPol motifs) in a tumbler
mixer (JEL, KARL KOLB, Germany) and compressing with a load of
21.25 KN using a single press tableting machine (Shanghai
Tiaxiang & Chentai Pharmaceutical Machinery Co. Ltd.) fitted with
an 11.5 mm flat-faced punch and die. The tablets were then
collected and stored in an air-tight container for 24 h before
evaluation tests.

Tensile strength

The tensile strength of each tablet sample was evaluated by first
determining the crushing strength using a hardness tester (Erweka
ZT2, Germany). The thickness and diameter were also determined
using an electronic caliper (Mitutoyo, Japan). The tensile strength
was then calculated using the equation:

T=2F/mdH (5)



Where, F (Nm™) is the crushing strength, d and H are the diameter
and thickness, respectively (Moreton, 2010). The mean of six
tablets was evaluated for each sample.

Weight variation test

The weight variation of each tablet sample was evaluated using the
USP method. Twenty tablets from each batch were randomly
selected and the individual weight of each tablet was determined
using an analytical balance (Mettler Toledo AB54, Switzerland).
The average weights were determined. Not more than two of the
individual weights should deviate from the average weight by more
than + 5% (The British Pharmacopoeia Commission, 1993).

Tablet friability

The weight of ten ASA tablets (W) selected at random from each
batch were determined before placing on the friabilator (Erweka
TAR, Germany) and operated for 4 min at 25 rpm. The tablets were
then de-dusted and re-weighed (W,). The percentage friability was
determined according to the following equation (Moreton, 2000).

Friability (%) = [(W1 - W2)/W1] x100 (6)

Disintegration time

The British Pharmacopeia method was used to assess the
disintegration properties of the ASA tablets using an Erweka ZT4
(Erweka ZT4, Germany) disintegration apparatus (United States
Pharmacopeia, 2003). Distilled water maintained at 37 + 1°C was
used as the disintegration medium. The time taken for each tablet
to break up and pass through the mesh screen was considered as
the disintegration time.

Dissolution testing

The dissolution profile of the ASA tablets was carried out following
the USP method (The British Pharmacopoeia Commission, 1993).
The dissolution apparatus (8ST, Caleva Ltd., UK) containing 500 ml
of medium was set to a rotation speed of 50 rpm. The medium was
a 0.05 M acetate buffer solution (pH 4.5 + 0.5) maintained at 37 +
2°C. At regular 10 min intervals, 5 ml samples were removed from
the medium and replaced with equal amount of acetate buffer
solution maintained at 37 + 2°C. The drug content of the sample
was determined using a spectrophotometer (UV-160A, Shimadzu,
Japan) set at a Anay Of 265 nm?>.

Data analysis
All the measurements/tests were done in triplicates and mean
values calculated. The data obtained were analysized by analysis

of variance at p < 0.05 level of significance using Excel Microsoft
software 2003 version and results expressed as mean + SD.

RESULTS AND DISCUSSION

Preparation of film-coated starch particles by spray-
drying

Film-coating has been used to improve the surface and
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functional properties of a substrate material by adsorbing
a thin film of the coating material on the substrate’s
surface (Bruening and Dotzauer, 2009). Co-processing of
certain conventional excipients by spray drying, results in
the film-coating of the substrate material by adsorbing a
thin film of the coating material on the substrate’s surface
thereby improving its surface characteristics and other
functional properties. Co-processing of cellulose with
amorphous silicon dioxide and cassava starch with
colloidal silica has resulted in seemly novel product with
enhanced physicochemical and functional properties of
the substrate material (Missagh and Fassihi 2004;
Abdullah and Geldart, 1999; Ebenehi et al. 2013).

Spray-drying the mixture of the colloidal dispersions of
CaPol and the modified starch grains was aimed at
adsorbing films of the former on the latter. This is
expected to modify the physicochemical properties of the
starch and impart new functional properties thus,
expanding its applications as a pharmaceutical excipient.
Coating of the starch granules with small amounts of
CaPol constitutes a simple physical modification that has
the potential to alter certain important physicochemical
and functional properties of Mst as a pharmaceutical
excipient. The average yield of the coated starch
granules prepared with the different concentrations of
CaPol was between 87 and 95% of the weight of the
ingredients. This result is an indication of a high
throughput and efficient process when precautions are
taken to ensure that the collecting cup and transfer joints
of the spray drier are well sealed. Important precautions
in this process are the setting to an appropriate inlet and
outlet temperatures as well as the prevention of escape
of the spray-dried particles through the product collector.
There were only insignificant differences (p < 0.05) in the
yield of the particles obtained with the different
concentrations of CaPol. Thus, variation in the
concentrations of CaPol dispersions used for the coating
did not show any remarkable effect on the yield of the co-
processed materials.

Characterization of film-coated Mst particles
Scanning electron microscopy (SEM)

The morphological characteristics of Mst and the MpS-
CaPol granules are presented in Figure 1. The SEM
images of the Mst and MpS-CaPol showed no basic
differences in their morphological features as charac-
terized by their round and oval shapes, inter-particulate
variability and relative lack of asperity that is the usual
characteristic of Mst granules. The motifs produced by
coating with the different concentrations of CaPol showed
slight increases in size and higher incidence of apparently
aggregated clumps of granules. The samples also
showed higher incidence of aggregation with increasing
concentrations of CaPol. The MpS-CaPol granules showed
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Figure 1. Scanning electron micrograph of maize starch before and after granule film coating with carbopol. (a) Uncoated maize

granules; (b) Coated maize starch granules

higher particle sizes compared to Mst which may be
explained by way of either one or a combination of these
factors: Layering of the CaPol film on the starch granules
or swelling of the starch granules during the pre-
treatment and moist heating during the spray-drying
process.

Differential scanning calorimetry (DSC) analysis

The DSC thermographs of MpS-CaPol, Mst and CaPol
are presented as Lines 1, 2 and 3, respectively in Figure
2. The hybrid material, MpS-CaPol showed transitions
that are similar to those of Mst and CaPol. The
thermographs of Mst, CaPol and MpS-CaPol are
characterized by an initial endothermic and exothermic
transition curves. However, the various transitions were
different for each material. The endothermic curve
corresponds to the glass transition (T4) which is typical of
the amorphous portion while the exothermic represents
the melting of the materials, a feature which is
characteristic of the crystalline portion of the polymers.
The thermograph of Mst (Figure 2) is typical of starch
being characterized by an endothermic transition and a
twin melting peak (Luprizol, 2011). The melting peaks are
characteristic of the melting of the amylose and the
amylopectin components of the starch. The demarcation
in the twin melting in transitions of Mst was less
pronounced when compared to that of MpS-CaPol, a
feature that may be attributed to the acid pre-treatment of

Mst resulting in the removal of part of the amylose
portions of the Mst that corresponds to the amorphous
portion. The thermograph of CaPol is also typical of a
pseudo amorphous polymer as shown by its
characteristic glass transition curve and a melting peak at
85.5 and 310°C, respectively (Missagh and Fassihi,
2004). The T4 of MpS-CaPol was lower than that of Mst
but higher than the one of CaPol. The onset of melting of
MpS-CaPol did not show remarkable difference from that
of Mst as compared to that of CaPol. The peak melting
temperature of MpS-CaPol showed a shift to higher value
compared to those of Mst and CaPol, while the end of
this transition was lower than that of Mst but higher than
that of CaPol (Table 1). MpS-CaPol thus showed a
thermograph that is characteristic. This result thus shows
the obvious modification in the thermal properties of Mst
when co-processed with small quantities of CaPol.

Particle density and flow properties

The bulk and tapped densities of Mst and the modified
motifs are presented in Table 2. While the tapped density
of a given powder sample is definite there is however, no
unique bulk density for a given powder. This is because
the bulk density of a powder changes tremendously
depending on the way particles are packed. A powder
with a strong structural strength will resist collapse when
dispersed in a container and will have a low bulk density,
while a structurally weak powder will collapse easily and
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Temperature /

Figure 2. The DSC thermographs of maize starch, carbopol and carbopol coated maize starch. Line 1 = carbopol
coated maize starch; line 2 = Maize starch; line 3 = Carbopol.

Table 1. Thermal properties of maize starch, carbopol and carbopol coated maize starch.

Parameter Ms CaPol Ms-CaPol
Tq (°C) 97.9 85.5 92.1
AHJ/(gK) 4575 3.821 4,992
Tm (°C) 270.4 188.5 269.2
Onset 307.4 310.0 327.6
Peak 355.0 238.4 310.3
End -1.016 -1.461 -2.168

Tq: Glass transition temperature; Tr: Melting temperature.

28

have a high bulk density ©. High friction between the Mst which might be related to the technical processing of
particles results in a low apparent bulk density. With the polymers by spray-drying of the polymer mixture,
decreasing friction, the bulk density increases. The bulk resulting in a higher powder bulk volume. The relative

densities of the MpS-CaPol motifs were lower than that of higher bulk volumes of the spray-dried powders may also
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Table 2. Some physicochemical properties of starch and starch coated particles.

Parameter Mst Mst-Cab 0.25% Mst-ab 0.5% Mst-Cab 0.75% Mst-Cab 1.0%
Bulk density 0.43+0.01 0.45 +0.05 0.45+0.01 0.46 + 0.05 0.46 £ 0.01
Tapped density 0.67 £ 0.05 0.56 +0.02 0.55+0.01 0.54 + 0.02 0.55+0.01
Carr’s index (%) 34.80+1.3 19.40 £ 0.90 17.30£1.20 15.10+£1.20 19.25+1.60
Angle of repose (°) 4350+ 3.0 14.20 £ 1.60 13.50 £ 1.60 14.00 £1.30 13.50£1.70

Mst = Maize starch; Mst-CaPol 0.25% = Maize starch + 0.25% carbopol; Mst-CaPol 0.5% = Maize starch + 0 5% carbopol; Mst-CaPol 0.75% =
Maize starch + 0 7% carbopol; Mst-CaPol 1% = Maize starch + 1% carbopol.

be the reason for their increased porosity (Fazaeli et al.
2012). The bulk and tapped densities also showed
sensitivity to the changes in the concentration of CaPol
co-processed with Mst (Table 2). The decreasing density
due to increasing amount of CaPol might also be related
to increased particle aggregation due to adhesive
properties of CaPol such that increased consolidation
resulted in the particle fines cascading into the inter-
particulate spaces between the large particles. The flow
characteristics of bulk powders, especially those intended
for use as excipients for direct compression application,
is important. The flow characteristics of bulk powders and
granules can be determined indirectly by manipulating
the bulk and tapped densities using certain tested
mathematical equations (Aulton, 2003).

The flow characteristics of Mst and the CaPol-coated
motifs, as determined by the indirect methods of angle of
repose and Carr’s compressibility indices, showed similar
results that are corroborative. The results of the flow
properties of Mst and the MpS-CaPol assessed by the
angle of repose and Carr's compressibility index are
presented in Table 2. The powder flow property as
evaluated by this method is based on the inter-particulate
cohesion of the powder. As a general guide, angle of
repose less than 15° corresponds to excellent flow and
less than 25° is good flow, whereas higher values up to
50° is poor (Aulton, 2003).

By assessing flow properties with Carr’s compressibility
indices, values below 15% correspond to excellent flow,
below 16% is good while values above 25% is poor. The
flow quality of the Mst and the motifs produced by coating
with different concentrations of CaPol showed similar
characteristics when evaluated by Carr's compressibility
index and angle of repose. The motifs showed excellent
flow while Mst showed poor flow. The improved flow
properties must have been partly imparted by the coating
and spray-drying processes.

Swelling capacity
Swelling is one of the fundamental properties of starch.

Starch essentially swells in hot water but minimally in
cold water (Abdullah and Geldart, 1999; Ebenehi et al.,

2013; Rojas and Kumar 2012; Fazaeli et al. 2012;
Rawlings, 1982). Though swelling is not the principal
mechanism by which starch functions as a disintegrant
nevertheless, when cold water is added to it, the granules
absorb some quantities of water. The wicking of water
and the elastic recovery that is initiated by the water
ingress as well as the slight swelling of the starch
granules in cold water are among the factors responsible
for the classical use of Mst as a disintegrant (Srichuwong
et al. 2005).

The swelling capacity of Mst and the MpS-CaPol motifs
are presented in Figure 3. The swelling of the MpS-
CaPol motifs were sensitive to the concentration of CaPol
co-processed with Mst. Figure 3 shows a positive shift in
swelling capacity when the concentration of CaPol was
increased. The increased swelling of MpS-CaPol is
attributable to the CaPol film coat on the Mst granules
nevertheless, the high swelling potential of carbopol is
well known (Brown-Myrie et al. 2008).

Though swelling is an essential characteristic of many
disintigrants, those of starch are however, essentially the
function of the combinations of capillary activity, slight
swelling, and breakdown of the inter-particulate hydrogen
bonds resulting in elastic recovery of the compact
(Builders and Arhewoh 2016). Some polymers such as
carbopol have not been effective as disintegrants so are
not commonly used for this purpose. This is perhaps,
because of their intrinsic adhesiveness that impart
cohesive properties to the particles in the intact tablets,
such that when hydrated the colloidal gel serves as an
effective bridge and cross-link between particles thus
enhancing inter-particulate cohesiveness instead of
repulsion and disintegration (Tang et al. 2007). The
swelling capacity of Mst and the coated motifs containing
different concentrations of CaPol can be ranked thus: 1 >
0.75 > 0.5 > 0.25% > Mst.

Moisture uptake

The moisture sorption characteristics of any excipient are
among the critical factors that control the design and
optimization of many processes such as drying,
packaging and stability (Builders et al. 2009). In many
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Figure 3. Moisture sorption profile of carbopol coated starch grains.

pharmaceutical production processes, the moisture
content of the excipients and the active pharmaceutical
ingredients critically control such properties as granule/
powder flow, compaction, packaging and stabilities of the
intermediates and finished poducts (Builders et al, 2013).
In a hermetically sealed system the water activity of a
material in a saturated solution at an equilibrium
temperature and vapour pressure will correspond to the
RH of the sealed system. Thus, the water activity of
starch and the various coated motifs in this study will
correspond to the RH simulated by the saturated salt
solutions (Andrade et al. 2011).

The moisture sorption isotherm of Mst and the CaPol-
coated motifs are presented in Figure 4. All the graphs in
Figure 4 showed characteristic sigmoidal curves that
denote the existence of multilayers at the internal surface
of the materials (Andrade et al. 2011). The equilibrium
moisture sorption of Mst and the CaPol-coated motifs
generally showed sensitivity to the RHs and the
concentration of CaPol. Generally, the moisture sorption
increased with increasing RH and concentrations of
CaPol in the samples. Considering evaluation at RH
equal and above 47%, the equilibrium moisture sorption
of Mst and the coated motifs containing different
concentrations of CaPol can be ranked thus: 1> 0.75 >
0.5 > 0.25% > Mst.

The motifs containing CaPol at 0.75 and 1% showed
higher sensitivity as the moisture uptake increased

remarkably at a RH above 47% as compared to those of
the Mst and the motifs containing CaPol below 0.5%
which did not show any remarkable sensitivity until 80%
RH. The sensitivity of Mst and the coated motifs to RH as
shown by the moisture uptake characteristics
corroborates the fact that the new excipients are typically
hygroscopic (Andrade et al. 2011). And the amorphousity
increased with increasing CaPol concentration (Builders
et al. 2009; Okubayashi et al. 2004). Though native
starches are typically hydrophilic however, coating Mst
with small quantities of CaPol has further increased the
hydrophilic potential of the starch as shown by their
increased moisture uptake.

Evaluation of the tablet properties

For a robust conventional rapid release tablets, the
mechanical strength and the disintegration time are
crucial and often interrelated. The physico-mechanical
requirements for a good tablet are optimal mechanical
strength (non-friable and/or high crushing strength) and
rapid disintegration (Abdullah and Geldart 1999). Robust
ASA tablets were prepared using the MpS-CaPol as
diluent and disintegrant. The ASA tablets produced with
Mst and the coated motifs showed remarkable differences
in their crushing strength, friability, disintegration time and
drug release profile (Figure 5 and Table 3).
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Figure 4. Swelling capacity of maize starch and maize starch coated with various concentration of carbopol.

Table 3. Some mechanical properties of ASA tablets prepared with carbopol coated maize starch as disintigrant and diluents.

Excipient Tensile strength (N) Friability (%) Disintegration time (min)
Mst 30.78 £ 0.6 5.0+04 <1

Mst-CaPol. 25% 4770+ 0.4 05+0.1 <1

Mst-CaPol. 0.5% 56.89 £ 0.7 0 <1

Mst-CaPol. 0.75% 73.88+0.7 0 <1

Mst-CaPol. 1.0% 113.24 £ 0.4 0 45+ 0.5

ASA 108.41+0.4 0 >120

ASA = Acetyl salicylic acid; Mst = Maize starch; Mst-CaPol 0.25% = Maize starch + 0.25% carbopol; Mst-CaPol 0.5% = Maize starch + 0
5% carbopol; Mst-CaPol 0.75% = Maize starch + 0 7% carbopol; Mst-CaPol 1% = Maize starch + 1% carbopol.

Tensile strength

The tensile strengths of the ASA tablets are presented in
Table 3. The tablets prepared without adjuvant presented
the highest crushing strength. This could be related to the
directly compressible and non-disintegrating properties of
ASA powder in forming hard compacts when compressed
without adjuvant (Cevher et al., 2008). The crushing
strength of ASA tablets formulated with the MpS-CaPol
increased with higher amounts of CaPol. The low
crushing strength of tablets prepared with Mst as diluents
may be attributed to the low elasticity and slow plastic
deformation of starch which constituted the primary

component of the excipients (Ali and Langley 2010). The
crushing strength of the tablets prepared with the CaPol
increased with increase in concentration. This may be
attributed to the good compactibility of CaPol and its
ability to impart this onto the composite (Kedar, 2009).
The CaPol coat impacted ductility to Mst resulting in a
high degree of plastic deformation thereby increasing
inter particulate cohesive forces. Also, other factors such
as increased particle aggregation resulting in increased
irregular particles surface structure as compared to the
smooth surface of the Mst granules could be contributory
to the relative higher crushing strength of the ASA tablets
due to increase in bonding points (Alderborn and
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Figure 5. Dissolution profile of ASA from tablets prepared using Mst and the carbopol coated motifs.

Nystrom 1984).

Friability

Friability is an official quality parameter that evaluates the
mechanical strength of a tablet based on the ability to
withstand the stress of abrasion and shock, such as
occurs during handling: Packaging, shipping, dispensing
and use (Alderborn and Nystrém, 1984). The results of
friability test of the ASA tablets are presented in Table 3.
The limit value for acceptance for a robust conventional
tablet is loss not greater than 1.0%w/w of the tablets after
the standard abrasive test (The British Pharmacopoeia
Commission 1993).

Apart from the ASA tablets formulated with Mst all the
other tablets prepared with variants of CaPol-coated Mst
met the standard criteria for acceptance (Table 2). The
poor friability of the ASA tablets prepared with Mst
corroborate the low crushing strength of the tablets.
Unmodified starch is not a favored direct compressible
excipient because of its poor flow, compactibility,
moisture and lubricant sensitivity (Manek et al. 2012).
The relative better compactibility impacted by CaPoL may
be the reason for the higher crushing strength and non-
friable nature of the ASA tablets compared to that of Mst.
Generally, the mechanical strength of the ASA tablets
was responsive to the concentration of CaPol.

Disintegration time

Fast disintegration is one of the essential attributes of
rapid release tablets. Disintegration controls the
availability of the drug for dissolution and absorption from
the gastrointestinal tract (Block, 2007). Mst remains the
most commonly used disintegrant for the formulation of
conventional rapid release tablets. This is essentially
because of its functional efficiency, low cost, availability,
biodegradability and biocompatibility. The disintegration
characteristics of the ASA tablets prepared with Mst and
MpS-CaPol is presented in Table 3. The tablets prepared
with Mst and MpS-CaPol of concentrations 0.25 to
0.75%w/w showed comparable disintegration times, all
disintegrating rapidly within one minute. However, the
ASA tablets containing starch coated with 1% CaPol and
used as disintigrant disintegrated at 45 + 0.5 min while
ASA tablets containing no disintegrant did not
disintegrate even after 120 min. Although the tablets
prepared with Mst and the different variants of MpS-
CaPol showed comparable disintegration times however,
there were remarkable differences in their mechanical
strength which is an essential attribute of acceptable
robust rapid release tablet. The ASA tablets formulated
with Mst showed low tensile strength and unacceptable
friability. The long disintegration time shown by the ASA
tablets prepared with MpS-CaPol coated with 1% CaPol
indicates that there is a critical range of concentrations of
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CaPol that is required for optimal performance in a direct
compressible rapid release tablets. The rapid disinte-
gration of the ASA tablets prepared with the CaPol-
coated Mst granules as disintegrant, despite its high
tensile strength, can be related to the hydrophilic property
of CaPol which resulted in rapid ingress of water and
swelling of the polymer film surrounding the particles. The
enhanced swelling due to the CaPol coat on the Mst
granules may be responsible for the enhanced
disintegration of the ASA tablets by destruction of the
inter-particulate cohesive forces within the intact tablet
thus, annihilating the hydrogen bonds (Guyot-Hermann
and Ringard 1981).

Dissolution rate

Dissolution rate is an official in vitro quality control
parameter used to characterize and correlate the
bioavailability of solid dosage forms by quantifying the
amount and extent of drug released into a bio-simulated
solution from the dosage form. The dissolution profiles of
ASA from the different tablet samples are shown in
Figure 5. The ASA tablets containing Mst showed release
profile that were different from those of the MpS-CaPol
variants. Tablets containing Mst disintegrated most rapidly
when compared to those of ASA tablets containing no
disintigrant and the variants of MpS-CaPol. This may be
due to the poor mechanical strength and rapid
disintigration properties of the tablets containing Mst.
However, the ASA tablets containing the various MpS-
CaPol [CaPol: 0.25 to 0.75 %w/w] achieved complete (=
100) within 10 min. However, tablets containing 1% w/w
CaPol showed relatively prolonged release profile as
complete release was achieved only after 126 min. The
disintegration times for all the tablets were shorter than
the time required for achieving maximum dissolution. This
corroborates the fact that disintegration does not imply
absolute dissolution especially for poorly soluble drugs
(Panchagnula and Thomas, 2000; Sachan et al. 2009). A
tablet can have a rapid disintegration time while showing
divergent biological availability due to low solubility and
poor dissolution (Sachan et al. 2009). For a poorly
soluble drug such ASA that has dissolution as a rate
limiting step to its absorption, the determination of its
dissolution rate becomes imperative as this parameter
can be used to predict its absorption and probable
bioavailability.

Conclusion

Coating of the maize starch granules with carbopol
constitutes a simple modification technique that has
enhanced the flow, compaction and disintegrant
properties of the native starch. Though, the modification
showed only minimal changes in the external morphology
of the maize starch granules, nevertheless important

functional properties were enhanced. Thus, the novel
excipient, produced by coating the maize starch granules
with certain concentrations of carbopol by the spray
drying process and used for formulating aspirin tablets
improved the basic physico-technical properties of the
tablets. This study has shown that coating maize starch
granules with small quantities of carbopol, markedly
enhanced the adjuvant functionality of the starch. The
high throughput, minimal chemical alteration, simplicity,
potential low cost and multifunctional adjuvant properties
of this new excipient particularly in the production of
aspirin tablets has further expanded the modification
potential and applications of its primary constituents:
Maize starch and carbopol. This new excipient may also
find uses in the formulation of other active pharmaceutical
ingredients with similar phyiscochemical properties as
aspirin.
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Evaluation of some metabolic activities and immuno-stimulatory potential of the methanolic seed
extract of Garcinia kola (Heckel) in female albino Wistar rats was carried out using standard methods.
Animals in treated groups were administered 125, 250 and 500 mg/kg body weight, respectively of the
extract through the oral route for 21 days. The control group received normal saline (0.5 ml/100 g body
weight) for the same period during which food and water intakes were monitored. At the end of the
treatment period, complete and differential blood counts were evaluated for each group. Results show
that the extract at the doses of 125 and 250 mg/kg caused significant increase in body weight of treated
animals compared with those of control (p < 0.05). Similarly, there was significant increase in food and
water intake as well as faecal and urine output in groups treated with 250 and 500 mg/kg (p < 0.05).
Results of the complete blood count showed that the extract caused significant increase in total white
blood cell count (WBC) (p < 0.05) but a non-significant increase in haemoglobin (p > 0.05). There was
significant increase in lymphocytes in groups that received the extract at a dose of 125 mg/kg
compared with control (p < 0.05). These results suggest that the methanolic seed extract of G. kola
possesses immuno-stimulatory potential that may justify the ethno-medicinal claims of the efficacy of
G. kola in treatment of some immune disorders.

Key words: Garcinia kola, haematology, methanol extract, food/water, ethno-medicinal immuno-stimulatory.

INTRODUCTION

Garcinia kola (Heckel) is a tropical forest tree that grows West and Central African sub-region (Adesuyi et al.,
between 15 and 17 m high (Burkill, 1985). The fruits and 2012). It is traditionally used for the management of
seeds are edible but have strong bitter taste (Ehiem and different ailments in such communities. Various scientific
Eke, 2014). The seeds have many social and medicinal investigations have been carried out to confirm or refute
uses in traditional settings of many communities in the such traditional claims. Interestingly, it has been found
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Table 1. Effect of Garcinia kola extract on some metabolic parameters in female albino rats.

Treatment Food Intake (g) Water Intake (ml) Body Weight (g) Faecal Output (g) Urine Output (ml)
Control 385+7.2 44.6+5.3 121.4+ 4.8 30.7+3.1 18.9+1.8
G. kola (125 mg/kg) 46.3 +2.3* 53.2 + 4.8* 128.3 + 2.5+ 28.8+4.7" 15.3+3.6"
G. kola (250 mg/kg) 44.8 £5.1* 51.1 +6.2* 130.6 + 3.1* 31.3+4.2" 12.6 + 4.9*
G. kola (500 mg/kg) 40.6 +4.6" 41.8+33" 122.1+4.4" 33.6 + 5.1* 155+1.6"

Values are mean + SEM; *p < 0.05; n = 5; control = normal saline; 0.5 ml/100 g.

to exhibit effects such as hepato-protective (lwu, 1985;
Usifo et al., 2012; Adaramoye et al., 2005; Udenze et al.,
2012; Galam et al., 2013), aphrodisiac (Ralebona et al.,
2012; Bukar et al., 2016), antioxidant (Esomonu et al.,
2005), hypoglycaemic (lwu et al., 1990), antimicrobial
(Adegboye et al., 2008; Gabriel et al., 2011; Jackie et al.,
2014; Abah et al., 2014), analgesic, anti-inflammatory
and antipyretic (Olaleye et al., 2000) properties among
others.

This study evaluated the immuno-stimulatory potential
of the methanolic seed extract of G. kola in female albino
rats. This is premised on some recent ethno-medicinal
claims that the seed alone or in combination with other
herbs may be beneficial in the management of some
disorders of the immune system such as those arising
from human immune deficiency virus (HIV) and Ebola.

MATERIALS AND METHODS
Animals

Twenty five female albino rats weighing between 115 and 123 g
were purchased from the Animal House Unit of the Department of
Pharmacology, University of Jos following approval by the
Committee on use of experimental animals. The animals were
handled under ethical conditions and guidelines for the use and
care of laboratory animals (NIH, 2011). They were housed in metal
cages padded with sawdust placed on metal shelves in a well-
ventilated room at controlled ambient temperature. The animals had
access to standard solid nutritional pellets and water ad libitum.

Preparation of extract

G. kola seeds were purchased from Forestry Research Institute of
Nigeria (FRIN), Ibadan, Oyo state, Nigeria and re-authenticated at
the Federal College of Forestry, Jos in Plateau State. A herbarium
voucher specimen (number FHJ 202) was prepared. The seeds
were washed, de-husked and carefully cut into small pieces with a
clean sharp knife to enhance drying, then dried under shade in the
laboratory.

Thereafter, they were ground to powder with mortar and pestle
and extracted as described by Adaramoye (2010). In the procedure,
150 g of the powdered seed was extracted continuously with
methanol (99.5%) in a Soxhlet extractor for 72 h. The extract was
evaporated to dryness in a vacuum evaporator maintained at 40°C
until a constant yield of 73.7 g (49.13%) following repeated
weighing was obtained. The brownish colored extract was stored in
an airtight container in the refrigerator and reconstituted in distilled
water for the purpose of the experiment.

Sub-chronic administration of Garcinia kola

The rats were divided into 4 groups of 5 rats each. Group | (control)
was administered normal saline (0.5 ml/100 g body weight) while
groups I, 1Il and IV were administered the extract in daily oral
doses of 125, 250 and 500 mg/kg body weight, respectively for 21
days. Concentrations of the extracts were prepared such that final
volumes used for each administration of the extract were not more
than 1 ml. On day 22, animals were sacrificed by exsanguination
and the blood collected into EDTA bottles for haematological
evaluations.

Food and water intake

The quantity of food and water intake per day together with the
amount of faecal and urine outputs were measured throughout the
21 days of extract administration. The body weights of the rats were
also determined weekly. The mean food/water intake and
faecal/urine output were each calculated at the end of the
treatment.

Complete blood count

At the end of the three weeks the rats were anaesthetized with
phenobarbitone (60 mg/kg) and their blood collected from the
femoral vein into EDTA bottles for determination of haemoglobin
(Hb), packed cell volume (PCV), total white blood cell (TWBC) and
differential count of the white blood cells using Haematology Auto-
Analyzer (Mindray BC 3200, Shenzen, China). Differential cell
counts were done on a thin slide, prepared with a smearing blood
sample using Wright-Giemsa’s stain. The absolute number of each
white cell type was calculated by multiplying the number of each
cell counted (expressed as a decimal fraction) by the total white
blood cell (TWBC) count.

RESULTS

Effect of Garcinia kola seed extract on some
metabolic parameters

The effect of the extract on some metabolic parameters
in female albino Wistar rats is shown in Table 1. The
extract at the doses of 125 and 250 mg/kg caused
significant increase in body weights of treated animals
compared with those of control (p < 0.05). However, at
the dose of 500 mg/kg, the increase in body weight of the
treated animals was not significantly different from those
of the control (p > 0.05). There was a significant increase
in both food and water intakes in treated animals at
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Table 2. Effect of Garcinia kola seed extract on complete blood in female albino rats.

Treatment Hb (g/dI) PCV (%) TWBC x10°/L Platelets (x10%/ul)
Control 16.20 £ 0.73 43.00+1.26 11.06 £ 0.24 443.00 + 46.74
G. kola (125 mg/kg) 16.80 + 0.37" 46.80 £ 1.01" 16.88 + 1.90* 577.60 + 29.92*
G. kola (250 mg/kg) 16.60 +0.51" 48.10 + 1.53* 16.76 + 1.92* 451.20 + 95.27"
G. kola (500 mg/kg) 16.50 + 0.40" 47.40 + 0.68* 11.68+0.65" 417.80 +81.61"

Values are Mean + SEM; *p < 0.05; "p > 0.05; n = 5; control = normal saline; 0.5 ml/100 g. Hb = Haemoglobin; PCV = packed

cell volume; TWBC = total white blood cell.

Table 3. Effect of Garcinia kola seed extract on differential WBC counts in female albino rats.

Treatment Lymphocytes (%) Neutrophils (%) Monocytes (%) Eosinophils (%)
Control 73.80 £ 0.92 19.30+1.01 5.00 + 0.00 1.40+£0.24
G. kola (125 mg/kg) 76.90 + 0.58* 16.40 + 0.51* 5.00 £ 0.00 1.80 +0.20"
G. kola (250 mg/kg) 71.40+1.17" 22.00+0.95" 5.00 = 0.00 1.60 + 0.24"
G. kola (500 mg/kg) 71.20 +1.62" 21.60+1.21" 5.60 + 0.40 1.60 + 0.42"

Values are Mean + SEM; *p < 0.05; “p > 0.05; n = 5; control = normal saline, 0.5 ml/100 g.

doses of 250 and 500 mg/kg (p < 0.05). However, while
there was a non-significant increase (p > 0.05) in food
intake at the dose of 500 mg/kg, there was non-
significant decrease (p > 0.05) in water intake with the
same dose.

The extract caused increase in faecal output at doses
of 250 and 500 mg/kg. However, while the increase was
significant at 500 mg/kg (p < 0.05), it was not so at 250
mg/kg (p > 0.05). On the other hand, the extract at the
dose of 125 mg/kg caused decrease in faecal output but
this was not significantly different compared with control
(p > 0.05). The extract generally caused decrease in
urine output. The decrease in urine output was significant
at the dose of 250 mg/kg (p < 0.05) but not significant at
125 and 500 mg/kg (p > 0.05) compared with control.

Effect of Garcinia kola seed extract on full blood
count

The results indicate that the extract increased
haemoglobin level of treated animals at all the dose
levels (Table 2). However, this was found not to be
significantly different compared with the control (p >
0.05). The result of the effect of the extract on packed cell
volume showed that the extract caused increase in PCV
of animals in all treated groups. However, while this was
observed to be significant with animals in the groups that
received 250 and 500 mg/kg (p < 0.05), it was not
significant with those in the group that received 125
mg/kg (p > 0.05). There was significant increase in total
white blood cell count (Table 2) of animals in groups
treated with 125 and 250 mg/kg of the extract (p < 0.05)
while in the group treated with 500 mg/kg, the increase

was not significant compared with the +control (p > 0.05).
The results showed that the extract caused increase in
platelet counts at all the dose levels. The increase was
particularly significant at the dose of 125 mg/kg (p < 0.05)
while at higher doses of 250 and 500 mg/kg, the increase
was not significantly different compared with control (p >
0.05).

The extract significantly (p < 0.05) increased
lymphocytes count at the dose of 125 mg/kg compared
with control (Table 3). However, at the higher doses of
250 and 500 mg/kg, the extract caused non-significant (p
> 0.05) decreases in lymphocyte counts compared with
the control. The result for the neutrophil count showed
that the extract caused significant decrease in count in
the group treated with 125 mg/kg compared with control
(p < 0.05). However, at the higher doses of 250 and 500
mg/kg the extract caused non-significant increase in
count compared with control (p > 0.05). The extract
increased eosinophils count of animals at all doses used
in this experiment. The results for the effect of the extract
on monocyte count indicated that the extract had no
effect on the count, except for the non-increase at the
highest dose.

DISCUSSION

The methanolic seed extract of G. kola caused increase
in body weight of treated animals. This observation is
consistent with the increase in food intake in treated
groups. Similarly, the extract increased water intake at
the dose of 125 and 250 mg/kg but a non-significant
decrease at the dose of 500 mg/kg. There was increased
faecal output groups treated with 250 and 500 mg/kg but



a decrease output at the lower dose of 125 mg/kg. Urine
output was observed to decrease in all groups of rats
treated with the extract.

Various reports have been established to show the fact
that food and water consumption in the rat is coordinated
by the hypothalamus (Strominger, 1947; Bruce and
Kennedy, 1951). Nonetheless, there is significant
interplay between neural and chemical processes in
regulation of food and water intake. This is because
neural mechanisms are apparently mediated by chemical
regulators, especially orexin, the stimulatory hormone for
appetite (Norton et al., 1993; Ida et al., 1999; Baird et al.,
2000). Nutrition has been noted as playing an important
role in stimulating and modulating the immune functions.
This is because the immune system needs adequate
supply of nutrients to function properly. A variety of
mechanisms have been highlighted on the interaction
between the immune system and some foods and food
components in terms of modulation of the immune
functions (EI-Gamal et al., 2011). The effect of the extract
on the metabolic behavior of treated rats perhaps
suggests its immuno-stimulatory potential in the rat model
which could justify its traditional use in some immune
disorders.

There was a non-significant increase in haemoglobin
levels in all treated groups but a significant increase in
packed cell volume at 250 and 500 mg/kg. Atsukwei et al.
(2015) reported a similar finding in ethanolic seed extract
of G. kola in male wistar rats. This supports the
relationship between haemoglobin and packed cell
volume and suggests that the extract may improve
erythropoiesis through mechanisms yet to be determined
(Smith and Bidlack, 1980; Naidu, 2003). The extract
increased WBC, lymphocytes, neutrophils and platelet
counts which were particularly significant (p < 0.05) at the
dose of 125 mg/kg. Given the roles of these cellular
components in immune function, the results suggest an
immuno-stimulatory potential of the extract in the rat
model. This observation agrees with the findings of
Nworu et al. (2007, 2008) who used the mice model.
Findings from this evaluation suggest that the methanolic
seed extract of G. kola possesses immuno-stimulatory
potential that authenticates its claimed ethno-medicinal
use in management of some immune disorders.

CONFLICT OF INTERESTS

The authors have not declared any conflict of interests.

ACKNOWLEDGEMENTS

We are greatly indebted to Messrs. Luka Wazoh, the Unit
Head, and Solomon Tsaku, Senior Technical Assistant,
Animal House, University of Jos for their assistance in
taking care of the animals during the daily administration

Bukar et al. 473

of the extract. We are also grateful to Mr. Luka Dabum of
Physiology Department, University of Jos, for some of the
haematological analysis and to Topsy Computers,
Murtala Mohammed Way, Jos, for their clerical
assistance.

REFERENCES

Abah AA, Abeglusi GA, Odukoya OA, Aya-Badejo PO, Adefuye-Ositelu
AO, Adebisi KE (2014). Garcinia kola as antifungal therapy for oral
candida infection-a comparative study. IOSR J. Dental. Med. Sci.
13:20-24.

Adaramoye AD (2010). Protective effect of kolavirone, a biflavonoid
from Garcinia kola seeds in brainof wistar albino rats exposed to y-
radiation. Biol. Pharm. Bull. 33(2):260-266.

Adaramoye DA, Nwaneni VD, Anyanwo KC, Faromi EO, Emrok GO
(2005). Possible antiatherogenic effect of kolavirone (a Garcinia kola
seed extract) in hypercholesterolemic rats. Clin. Exp. Pharmacol.
Physiol. 32:40-46.

Adegboye MF, Akinpelu DA, Okoh A (2008). The bioactive and
phytochemical properties of Garcinia kola seed extract on some
pathogens. Afr. J. Biotechnol. 7(21):3934-3938.

Adesuyi AO, Elum IK, Adaramola FB, Nwokocha AGM (2012).
Nutritional and phytochemical screening of Garcinia kola. Adv. J.
Food. Sci. Technol. 4(1):9-12.

Atsukwei D, Daniel EE, Odeh OS, Adams DM, Malgwi SlI, Olih CP
(2015). Efficacy of Garcinia kola seed ethanolic extract on
haematological parameters in male wistar rats. J. Adv. Med. Pharm.
Sci. 3(1):10-23.

Baird JP, Choe A, Loveland JL, Beck J, Mahoney CE, Lord JS, Grigg
LA (2009). Orexin-a hyperphagia: Hindbrain participation in
consummatory feeding responses. Endocrinology 150(3):1202-1206.

Bruce HM, Kennedy GC (1951). The central nervous control of food and
water intake. Proc. Roy. Soc. B Biol. Sci. 138 (893):528-544.

Bukar BB, Uguru MO, Daniel J, Wannang NN, Dayom DW, Omale S,
Okwuasaba FK (2016). Penile erectile properties and elemental
analyses of the methanolic seed extract of Garcinia kola in some
experimental animals. IOSR J. Pharm. 6(2):63-71.

Burkill HM (1985). The useful plants of West-Tropical Africa. 2" Edition.
Kew, London: Royal Botanical Gardens. pp. 505-615.

Ehiem JC, Eke AB (2014). Determination of drying characteristics and
kinetics of bitter kola (Garcinia kola) using Page’s model. Agric. Eng.
Int. J. 16(4):278-284.

El-Gamal YM, Elmasry OA, El-Ghoneimy DH, Soliman IM (2011).
Immunomodulatory effects of food. Egypt. J. Paediatr. Allergy.
Immunol. 9(1):3-13.

Esomonu UG, El-Taalu AB, Anuka JA, Ndodo ND, Salim MA, Atiku MK
(2005). Effect of ingestion of ethanol extract of Garcinia kola seed on
erythrocytes in Wistar rats. Nigerian J. Physiolog. Sci. 20(1):30-32.

Gabriel FI, Emmanuel OO (2011). Pharmacological evaluation of
Garcinia kola nut for antimicrobial activity. Int. J. Pharm. Biosci.
2(2):264-269.

Galam ZN, Gambo MI, Habeeb AA, Shugaba IA (2013). The effect of
Garcinia kola seed on the liver histology. J. Nat. Sci. Res. 3(1):81-87.

Ida T, Nakahera K, Katayama T, Murakami N, Nakazato M (1999).
Effect of lateral cerebroventricular injection of the appetite-stimulating
neuropeptides, orexin and neuropeptide Y on the various behavioural
activities of rats. Brain Res. 821(2):526-529.

lwu MM (1985). Antihepatotoxic constituents of Garcinia kola seeds.
Experimentia 42:699-700.

lwu MM, Igboko OA, Okunji CO, Tempesta MS (1990). Antidiabetic and
aldose-reductase activity of biflavone of Garcinia kola. J. Pharm.
Pharmacol. 42:290-292.

Jackie O, Swamy AT, Matuku CN (2014). Preliminary phytochemical
and in-vitro control of selected pathogenic organisms by ethanolic
extract of Garcinia kola. Int. J. Curr. Appl Sci. 3(4):183-196.

Naidu KA (2003). Vitamin C in human health and disease is still a
mystery? An overview. Nutr. J. 2:7.
National Institute of Health (NIH) (2011). Guide for care and use of



474 Afr. J. Pharm. Pharmacol.

laboratory animals, 8™ edition. Washington DC, USA: The National
Academic Press.

Norton P, Falsiglia G, Gist D (1993). Physiologic control of food intake
by neural and chemical mechanisms. J. Am. Diet Ass. 93(4):450-454.

Nworu CS, Akah PA, Esimone CO, Okoli CO, Okoye FBC (2008).
Immunomodulatory activities of kolavirone, a mixture of three related
bioflavonoids of Garcinia kola (Heckel). Immunopharmacol.
Immunotoxicol. 30(2):317-332.

Nworu CS, Akah PA, Okoli CO, Esimone CO, Okoye FBC (2007). The
effect of methanolic seed extract of Garcinia kola on some specific
and non-specific immune responses in mice. Int. J. Pharmacol.
3(4):347-351.

Olaleye SB, Farombi EO, Adewoye EA, Owoyele BV, Onasanwo SA,
Eleghe RO (2000). Analgesic and anti-inflammatory effect of
kolavirone (a Garcinia kola extract). Afr. J. Biomed. Res. 3(3):171-
174.

Ralebona N, Sewani-Rusike CR, Nkeh-Chunyag BN (2012). Effect of
ethanolic extract of Garcinia kola on sexual behavior and sperm
parameters in male wistar rats. Afr. J. Pharm. Pharmacol.
6(14):1077-1082.

Smith CH, Bidlack WR (1980). Inter-relationship of dietary ascorbic acid
and iron on the tissue distribution of ascorbic acid, iron and copper in
female guinea pigs. J. Nutr. 110:1398-1408.

Strominger JL (1947). The relationship between water intake and food
intake in normal rats with hypothalamic hyperphagia. Yale J. Biol.
Med. 9:279-288.

Udenze CC, Braide BV, Okwesilieze NC, Akuodor CG, Odey MO
(2012). The effects of gavage treatment with Garcinia kola seeds on
biochemical markers of liver functionality in diabetic rats. Ann. Biol.
Res. 3(9):4601-4608.

Usifo UC, Uwaifo U, Charles I, William AA, Kerry EA (2012). The effect
of chronic ingestion of crude Garcinia kola on the histology of the
liver. Eur. J. Exp. Biol. 2(2):404-409.



African Journal
of Pharmacy and

Pharmacology

Y )
/../ -)"‘.

Related Journals Published by Academic Journals

m Journal of Medicinal Plant Research

m African Journal of Pharmacy and Pharmacology

m Journal of Dentistry and Oral Hygiene

m International Journal of Nursing and Midwifery

m Journal of Parasitology and Vector Biology

m Journal of Pharmacognosy and Phytotherapy

m Journal of Toxicology and Environmental Health
Sciences

N

‘0

T ——



	AJPP Front Template
	1 Builders et al
	2 Bukar et al
	AJPP Back  Template

