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Abstract

Plant-derived antioxidants with free radical
scavenging activities can be relevant as
chemopreventive agents against the numerous
discases associated with free radicals and reactive
oxygen species. Some phytoconstituents possess
antioxidant activities in biological systems. On
this basis, we evaluated the antioxidant potential,
and determined the total phenolic and flavonoid
contents of the ethanol extract of the stem bark of
Anogeissus leiocarpus [EESAL]. Antioxidant
assays carried out include: 2,2-diphenyl-I-
picrylhydrazyl (DPPH) radical scavenging,
phosphomolybdate, (3-carotene bleaching, ferric
reducing, and hydroxyl radical scavenging
activities. Results of DPPH assay showed no
significant difference (p < 0.001) between
EESAL and butylated hydroxyanisole [BHA],
while EESAL exhibited a significantly (p <
0.001) higher activity than BHT [butylated
hydroxytoluene]. Phosphomolybdate mcthod
recorded a total antioxidant capacity of 190.00 £
70.53 pg butylated hydroxytoluene equivalents
[BHTE]/mg dry extract, while [-carotene
blcaching assay gave percent antioxidant
ctivities of both EESAL and BHT as 81.46+1.62
and 80.90£1.39 respectively. Ferric reducing
gbilities of both EESAL and ascorbic acid
increased in a concentration-dependent manner
ith EESAL displaying a significantly (p <
.001) higher reductive activity than vitamin C.
ESAL displayed a significantly higher hydroxyl
adical scavenging activity as compared with
HT at the lowest concentration with no
qignificant difference at the highest
oncentration.  Total phenolic and flavonoid
ontents of EESAL were obtained as 608.10 +
12 pg GAE/mg and 78.96 + 3.37 pug QE/mg
spectively. Taken together, the free radical
jcavenging and antioxidant activity of EESAL is
likely due to its high phenolic content with
omplementary effects of the flavonoid
components.
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Résumé

Les antioxydants d'origine végétale avec des
activités de radicaux balayant libres peuvent étre
adéquats comme des agents chimio-préventive
contre les nombreuses maladies associées avec
les radicaux libres ct les espéces réactives de
I'oxygéne. Certains phyto-constituants possédent
des activités anti-oxydantes dans les systémes
biologiques. Sur cette base, nous avons évalué le
potenticl antioxydant, ct déterminé les contenus
totaux phénoliques et flavonoides de I'extrait
d'éthanol provenant de I'écorce de la tige
d'Anogeissus leiocarpus [EESAL]. Les essais
d'antioxydant ecffectués comprennent : 2,2-
diphényle-1-picrylhydrazyl (DPPH) des radicaux
balayant, phosphomolybdate, blanchiment de f3-
caroténe, réducteur ferrique, et les activités de
radicaux hydroxyles balayant. Les résultats du
dosage de DPPH n'a montré aucune différence
significative (p <0,001) entre EESAL et
I'hydroxyanisole butylé [BHA], tandis que
EESAL présentait une activité significative (p
<0,001) plus élevé que le BHT [hydroxytoluéne
butyl¢]. La méthode phosphomolybdate a
enregistré une capacité antioxydant totale de
190,00 + 70,53 npg équivalent de Butyle-
hydroxytoluéne [BHTE] / mg d'extrait sec, tandis
que le dosage du blanchiment B-caroténe a donné
le pourcentage d'activités antioxydants des deux
EESAL et BHT étant comme 81,46 £ 1,62 et
80,90 % 1.39 respectivement. Les capacités
réducteurs ferrique des deux EESAL et l'acide
ascorbique ont augmenté d'une manicre
dépendante de la concentration avec EESAL
affichant une plus significativement (p <0,001)
grande activité réductrice de la vitamine C.
EESAL a affich¢ une activité significativement
plus élevée des radicaux hydroxyles balayant par
rapport au BHT a la concentration la plus faible
sans aucune différence significative a la
concentration la plus élevée. Les contenus
phénoliques et flavonoides total de I'EESAL ont
¢té obtenues comme 608,10 +2,12 ug GAE / mg
ct 78,96 + 3.37pg QE / mg respectivement. Pris
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ensemble, l'activité des radicaux libres balayant
et antioxydant de I'EESAL est probablement di a
sa haute teneur phénolique avec des effets
complémentaires des composants flavonoidces.

Mots-clés: Anogeissus leiocarpus, DPPH,
antioxydants, radicaux libres, BHT, BHA

Introduction

Free radicals can be said to be biologically
cssential because of their involvement in the
induction of xenobiotic detoxification pathways,
stimulation of signal transduction pathways, and
stimulation of phagocytosis [1]. Paradoxically,
the same radicals have been directly implicated in
the pathogenesis of various diseases among
which are atherosclerosis, aging, ischemia,
reperfusion injury of many tissues, central
nervous system injury, gastritis, cancer ctc. [1].
This stems from the fact that free radicals and
reactive oxygen species (ROS), such as
superoxide anion, hydroxyl radical, nitric oxide,
peroxyl radical etc., are generally reactive with
cellular macromolecules resulting in
degradation/denaturation of proteins, lipid
peroxidation, and oxidation of DNA due to
oxidative stress [2]. These deleterious cffects of
oxidative stress can culminate into cell injury, cell
transformation or cell death [3].

Antioxidants have the capability to
scavenge free radicals and thus neutralize them
from being able to reactively damage cellular
lipids, proteins, enzymes, carbohydrates and
DNA [4]. Plant-derived antioxidants with free
radical scavenging activities can have great
relevance as chemopreventive agents against the
aforementioned free-radical-associated diseases
[5]. Some phenolic compounds and flavonoids
possess antioxidant activitics because they are
able to act as scavengers of singlet oxygen and
free radicals in biological systems [6]. Phenolics
are among the major phytochemicals that have
been considered as bioactive compounds with
health benefits based on clinical trials and
epidemiological studies of oxidative stress
related diseases.

The application of plant parts as sources
of medicinal agents dates back to ancient times
coupled with the corroboration by the World
Health Organisation (WHO) that almost 80% of
thc world inhabitants depend majorly on
traditional medicines [7]. Anogeissus leiocarpus
(DC) Guill and Perr family Combretaceae
(English/common name: Axlewood tree; Yoruba
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name: Ayin) is one of the medicinal plants
contained in the Nigeria's diverse flora and is
found majorly in the sahel to forest zones [8]. It
has varicd applications in Nigerian traditional
medicine mostly in the treatment of respiratory
diseases (asthma, catarrh, chronic bronchitis,
cough, hay-fever, hemoptysis, pneumonia,
pulmonary disorders and tubcrculosis),
ascaricide, gonorrhoea, general body pain, blood
clots etc. [9]. Various parts (leaf, stembark and
root) of A. leiocarpus are also relevant as
remedies for many ailments of livestock and
specifically, the leaves are feeds for livestock
[10]. However, a review of literature on A.
leiocarpus showed that there is a dearth of
information on the potency of extracts from the
plant to serve as free radical scavengers and
antioxidants. Therefore, the main objective of this
study was to evaluate the in vitro antioxidant
potential, and quantitatively determine the total
phenolic and flavonoid contents of the ethanol
extract of the stem bark of Anogeissus leiocarpus.

Materials and Methods

Chemicals

Chemicals used in this study are
cthylenediaminetetraacetic acid, potassium
ferricyanide, trichloroacetic acid, 2,2-diphenyl-
1-picrylhydrazyl (DPPH), Folin-Ciocalteu
reagent, gallic acid, L-ascorbic acid, 2-deoxy-D-
ribose, B-carotene, linoleic acid, thiobarbituric
acid, Tween 20, trichloroacetic acid, ammonium
molybdate, butylated hydroxytoluene (BHT),
butylated hydroxyanisole (BHA), sodium
bicarbonate, ferric chloride hexahydrate, ethanol,
hydrogen peroxide ete. All reagents used for the
study were of analytical grade and were
purchased from Sigma Co. (St. Louis, USA).

Plant source and identification

The stem bark of Anogeissus leiocarpus was
obtained from Lokoja, Nigeria. It was identified
and authenticated at the Department of Botany
and Microbiology, University of Ibadan, Ibadan,
Nigeria, and a voucher specimen was deposited in
the University Herbarium with a voucher number
UIH 22402.

Preparation of extract

The plant part of interest was washed with
distilled water (dH20) to remove any
contaminants, air-dricd under shade until it
attained a constant weight, grinded to powder,
sieved, packed into polythene bags and stored at
4°C. Four hundred grams (400 g) of the powered
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plant part was macerated in 70 % ethanol (1600
mL) for 72 hours with intermittent
stirring/shaking [11]. At the end of the extraction,
the extract was filtered using Whatman filter
paper No.l (Whatman Ltd., England) to remove
all unextractable matters, including cellular
materials and other constituents that are insoluble
in the extraction solvent. The filtrate was
concentrated using a rotary evaporator (RE-52A,
Shanghai Ya Rong Biochemistry Instrument
Factory, Shanghai) under reduced pressure (in
order to speed up the process) at 40°C and stored
at4'C until when needed. The percentage yield of
the extraction was 10.00 % w/w.

Quantitative phytochemical analysis
Determination of total phenolic content (TPC)
The amount of total phenolics in the plant extract
was determined with the Folin-Ciocalteu reagent
using the method of Spanos and Wrolstad [12], as
modified by Lister and Wilson [13].
Determination of total flavonoid content (TFC)
The determination of total flavonoid content
(TFC) was carried out as described by Nickavar
[14].

In vitro antioxidant/free-radical scavenging
activity assays

2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging assay.

The antiradical activity of the extract was
estimated according to the procedure described
by Nickavar [15]. The percentage of the radical
scavenging activity (RSA) was calculated based
onthe following equation:

DPPH Scavenged (%) =
Asample)/Acont. X 100

Acont and Asample are the absorbance values for
the control and sample respectively.

(Acont. —

The results were also expressed as equivalent
antioxidant capacity of standards i.e. mg standard
equivalents/mg dry wt of extract, which was

Ic50 Standard (mg/mL) _
150 Sample (mg/mL)

- X mg Standard equivalents
mg dry wt.

calculated as follows [16]:

Where ICS0 Vit C and IC50 sample are the
effective concentrations of vitamin C and sample
respectively.

Total antioxidant assay by phosphomolybdate
method

The total antioxidant capacity of the extract was
determined by phosphomolybdate method using
butylated hydroxytoluene (BHT) as the standard
compound [17]. The total antioxidant capacity
was expressed as pg equivalents of butylated
hydroxytoluene (BHT) by using the standard
BHT graph.

B-carotene—linoleate bleaching assay

The antioxidant activity of the extract was also

In(a/b) x 1/t = DRggmpje f DRgapdard

assayed based on the [-carotene bleaching
(BCB) method developed by Velioglu [18].
Degradation rate (DR) was calculated according
to first order kinetics, using the following
equation based on Al-Saikhan [19]:

where In is natural log, a is the initial absorbance
(@470 nm) at time 0, b is the absorbance (@470
nm) at 20, 40, 60, 80, 100 or 120 mins and t is the
initial absorbance (470 nm) at time O.

Inhibition % = (1 - 4/4o) x 100

— Rmd—DRmphaw
AA—(D D )xlw

Antioxidant activity (AA) was expressed as
percent of inhibition relative to the control, using
the following formula:

Ferricion reducing power (FRP)

The reducing power of the extract was
investigated by the Fe3+-Fe2+ transformation as
described by Fejes [20]. All tests were performed
in triplicate and the graph was plotted with the
average of the three determinations.

Hydroxyl radical scavenging assay
Non-site-specific hydroxyl radical-mediated 2-
deoxy-D-ribose degradation:

Hydroxyl radical scavenging activity was
measured by the ability of the extract to scavenge
the hydroxyl radicals generated by the Fe3+-
ascorbate-EDTA-H202 system (Fenton
reaction) [21]. The scavenging activity on
hydroxyl radicals was expressed as:

Where A, is the absorbance of the
negative control (without sample) at 532 nm, and
A is the absorbance at 532 nm of the reaction
mixture containing sample.
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Statistical Analysis

Data were analysed using Sigma Plot (version
11.0). The results were expressed as mean & SD
and the IC50 values were obtained from the lincar
regression plots. Pearson's correlation test was
used to assess correlations between means. One-
way ANOVA was used to assess differences
between means at p<0.001 level of significance.
The means were compared with control groups
using Holm-Sidak Test.

Results

Quantitative phytochemical analyses

Total phenolic content (TPC)

Quantitative assessment of TPC shows that
EESAL contained 608.10 + 2.12 microgram
gallic acid equivalents per milligram (pg
GAE/mg) of dry plant extract.
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Fig. 1: The percent DPPH radical inhibition of
BHA, BHT and EESAL. Values are the average
oftriplicate experiments.

Total flavonoid content (TFC)

We recorded a TFC value of 78.96 + 3.37
microgram quercetin equivalents per milligram
(ng QE/mg) of dry extract.

In vitro antioxidant/free-radical scavenging
activity assays

2,2-Diphenyl-1-Picrylhydrazyl (DPPH) free
radical scavenging assay:

Atalow concentration of 50 pg/ml, BHA
recorded a statistically higher DPPH free radical
scavenging activity than EESAL as shown in
Figure 1, while a comparison between EESAL
and BHT did not portray any statistical difference
(p<0.001). On the other hand, at a higher
concentration of 400 pg/ml, there was no
statistical difference in the activities of both BHA
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and EESAL, whereas EESAL gave a statistically
(p<0.001) higher activity than BHT.

Figure 2 shows the inhibitory concentration (IC)-
50 valucs of the standards (BHA and BHT), and
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Fig. 2: IC50 values of EESAL, and the
standards (BHA and BHT).

EESAL

EESAL. EESAL recorded the lowest IC50 value
of 104.74 pg/ml, followed by BHA which was
112.05 pg/ml and lastly BHT with a value of
202.35 pg/ml. Beside these values, the
equivalents of EESAL with respect to the
standards werc found to be 1.07 mg BHA
equivalents/ mg dry weight of extract and 1.93
mg BHT equivalents/ mg dry weight of extract.
B-carotene bleaching (BCB) assay

Figure 3 presents the degradation curves of the
negative and positive controls along with that of
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Fig. 3: Degradation rate of EESAL assayed by p-
carotene bleaching method. Each point represents the
average of triplicate values

EESAL. Ethanol served as our negative control
while BHT was the positive control. The percent
antioxidant activity of EESAL was found to be



105 Antioxidant potentials of Anogeissus leiocarpus

I
§‘°-
0 8.:". 2

Fig. 4: Antioxidant activity (%) of EESAL assayed by
B-carotene—linoleate bleaching. Values are mean+ SD
for triplicate assay. *Significantly different (p<
0.001).

significantly (p<0.001) higher than that of BHT
asshown in Figure 4.

Total antioxidant assay by phosphomolybdate
method

Based on this method, EESAL displayed a total
antioxidant capacity of 190.00 £ 70.53 pg
butylated hydroxytoluene equivalents
[BHTE}/mg dry extract.

Ferricion reducing power (FRP)

The result in Figure 5 shows that the ferric
reducing abilities of both EESAL and ascorbic
acid. Comparison of means at the highest and
lowest concentrations considered in this study i.e.
50 and 800 pg/ml respectively, shows that
EESAL displayed a significantly (p < 0.001)

2D Graph 2
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Fig. 5: Antioxidant activity of EESAL measured by
the reducing power method. Ascorbic acid was used as
a positive control. Each absorbance value represents
the average of triplicates of different samples
analysed.

higher reductive activity than the standard
(Vitamin C) at both concentrations.

Hydroxyl radical scavenging activity

The capability of EESAL to scavenge hydroxyl
radicals is evident from Figure 6. EESAL
displayed a significantly (p<0.001) higher
hydroxyl radical scavenging activity when
compared with the standard, BHT at the lowest
concentration of 50 pg/ml, but at the highest
concentration (800 pg/ml), there was no
significant difference in the activities of EESAL
and BHT.

Discussion
This study demonstrates that ethanol extract of
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Fig. 6: Hydroxyl radical scavenging activity of
EESAL and the positive control [BHT]. All values are
reported asmeans= SD (n=3).

the stem bark of Anogeissus leiocarpus [EESAL]
possesses potent free radical-scavenging and
antioxidant activities in comparison with
standard/reference compounds. The antioxidant
activities of plant extracts are majorly due to the
presence of phytochemicals such as
polyphenols/flavonoids, which have been known
to have the capacity to absorb, neutralize, and to
quench singlet and triplet oxygen [22]. Plants
generate phenolics as secondary metabolites and
these metabolites possess a wide range of
medicinal properties including anticarcinogenic,
antioxidant, antimutagenic, free radical-
scavenging activities etc. [23]. These activities
could be attributed to their redox properties,
presence of conjugated ring structures and
carboxyhc groups [24]. Cook and Samman
posited that flavonoids and phenolic compounds
have considerable positive effects on human
nutrtnon and health because of their strong
antioxidant potential [25]. [t was on this basis that
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it became necessary for us to determine the total
phenolic and total flavonoid contents of EESAL
since Anogeissus leiocarpus has been known to be
locally used in traditional medical practices in
Nigeria. The high TPC value obtained should be
an indication of the potential therapeutic
relevance of the plant extract based on the fact that
phenolics have been associated with diverse
biological properties [26]. Closely related to this
value has also been reported by Annegowda for
acid-hydrolysed and non-hydrolysed extracts of
Terminalia catappa [27].

Flavonoids are known to exert several
biological properties among which are anticancer,
anticarcinogenic, antiulcer, antiallergic,
antiinflammatory, antihepatotoxic, antiviral
activities etc. These varied pharmacological and
biological activities that they exhibit may be
related to their ability to effectively scavenge or
chelate reactive oxygen species [28]. Dorman
reported that plant flavonoids which show an
antioxidant activity in vitro correspondingly
function as antioxidants in vivo [29]. Acid-
hydrolysed and non-hydrolysed extracts of
Terminalia catappa have been reported to have
TFC values of 50.77 £ 0.93 and 70.36 + 2.64 mg
catechin equivalents (CAE)/g of extract
respectively [27]; while Pourmorad reported the
TFC of Adiantum capillus-veneris as 78.30 £ 4.50
mg quercetin equivalents (QE)/g of extract [29].
These values are within the range that we obtained
for EESAL although Annegowda [27] used
catechin as the standard flavonoid compound
whereas we used quercetin.

Based on DPPH assay the overall
activities of both the standard antioxidants and
EESAL were concentration dependent. The
activities of both BHA and BHT used as standard
compounds in this study conformed to the results
earlier reported in our laboratories [30]. The
principle of this assay is that antioxidants can
reduce the purple-coloured solution of DPPH to
the yellow-coloured non-radical form DPPH-H in
a concentration-dependent manner [31]. This
colour change can be quantified
spectrophotometrically at 518 nm as a measure of
the ability of the antioxidant-containing substance
to scavenge DPPH free radicals [32]. The potency
of the extract in scavenging the artificial free
radical (DPPH) seems to be more effective at
higher concentrations. This is obvious from the
higher radical inhibition exhibited by EESAL in
comparison to both BHA and BHT at higher
concentrations. It directly implies that the
bioactive component(s) correspondingly
incrcased with increasing concentrations and the
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bioactive component(s) may even be more potent
than the standard compounds if the pure form is
isolated. This standpoint is further corroborated
by the IC50 values and equivalents of standard
compounds that were obtained. The IC50 is the
concentration of an antioxidant-containing
substance required to scavenge 50% of the initial
DPPH radicals. The lower the IC50 value, the
more potent is the substance at scavenging DPPH
and this implies a higher antioxidant activity. Our
results therefore depict that EESAL is more potent
than both standard compounds (BHA and BHT)
and it can be inferred that EESAL acts as a primary
antioxidant based on its capability to scavenge
DPPH free radicals. This activity of EESAL may
account for its application in treating various
kinds of ailments especially those that are
associated with free radical generation [33].

The total antioxidant capacity of EESAL
was quantitatively determined based on
phosphomolybdate assay and the result was
reported as microgram BHT equivalents per mg
(ng BHTE/mg) of dry extract [34]. This assay
relies on the ability of an extract containing
antioxidant(s) to donate an electron to Mo (VI)
and reducing same to Mo (V) with the
corresponding formation of green coloured
phosphomolybdenum V complex which displays
maximum absorbance at 695 nm. Zengin reported
the total antioxidant capacity of methanolic
extract of Centaurea urvillei as 143.53 mgTE/g
i.e. on the basis of trolox equivalents [35]. The
value of the total antioxidant capacity of EESAL
reported in this work may point to the fact that
EESAL s very rich in antioxidant content.

The BCB method quantifies the
antioxidant activity of plant extracts based on
their ability to inhibit the oxidation of B-carotene
in the presence of linoleic acid free radicals. It
involves the incubation of linoleic acid and B-
carotene with the extract at 50 oC. Under this
condition, free radicals are generated from
linoleic acid by the abstraction of hydrogen atoms
from its methylene groups; B-carotene is
extremely sensitive to these free radicals and it
becomes decolorized as a result of the oxidation of
its double bonds [36]. The extent of decolorization
(otherwise referred to as bleaching) of B-carotene
is a measure of the amount of free radicals in the
system. The presence of an extract with
antioxidant activity reduces or prevents the initial
oxidation of linoleic acid and therefore prescrves
the yellow/orange colour of B-carotene from
bleaching. The rate of bleaching of the 3-carotene
solution is referred to as the degradation rate [37].
EESAL cxhibited the lowest degradation rates as a
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confirmation of its ability to inhibit the formation
of linoleate free radicals better than the standard
(BHT) since the lower the degradation rates, the
higher the antioxidant activity. As expected, BCB
assay graphically displayed statistical difference
between the control and the samples. The data
here suggest that EESAL is more potent than
BHT in preventing lipid peroxidation as can be
seen fromits significantly lower degradation rate.

In ferric ion reducing power (FRP) assay,
the Fe™'/ferricyanide complex in the reaction
mixture is reduced to the ferrous form (Fe™) due
to the presence of reductants in the antioxidant-
containing samples/standard [38]. The reaction
basically involves the conversion of the yellow
colour of the test solution to various shades of
green and blue colour depending on the reducing
power of the samples. The Fe* so formed can be
monitored by measuring the formation of Perl's
Prussian blue at 700 nm [39]. Based on this assay,
the reducing capacity of a compound correlates
well with its potential antioxidant activity [40].
The ferric reducing abilities of both EESAL and
ascorbic acid increased in a concentration-
dependent manner; this observation is in
consonance with the report of Huda-Faujan [38].
Since the reductive capacity is a measure of the
ability of a compound to donate electrons [41], it
follows that EESAL should be a better free
radical scavenger than vitamin C.

Some oxidation reactions involving
metals lead to the generation of free radicals;
hydroxyl radical is a typical example of such free
radicals and it can attack cellular biomolecules
such as proteins, lipids, deoxyribonucleic acid
(DNA), carbohydrates etc. [42]. Hydroxyl
radicals are therefore one of the major causative
factors involved in the irreversible damage
inflicted by oxidative stress. As a matter of fact,
the damaging effect of hydroxyl radicals is
known to be the strongest among free radicals by
causing peroxidation of lipid components of
biological membranes and other biological
damage [43]. The typical mechanism of action of
hydroxyl radical is through the abstraction of
hydrogen atoms from biological molecules
having hydrogen-containing groups such as
thiols, leading, for example, to the formation of
sulphur radicals which is capable of combining
with oxygen to generate oxysulphur radicals.
Oxysulphur radicals are known to damage
biological molecules [44]. It can be deduced from
our results in this assay that EESAL fits perfectly
into the definition of an antioxidant as being “any
substance that, when present at low concentration

compared with those of an oxidisable substrate,
significantly delays or prevents oxidation of that
substrate” [43]. The biochemical relevance of
this is that the presence of EESAL in a biological
system has the tendency to mop up hydroxyl
radicals generated as a result of normal
metabolism and thus protect biomolecules
against the damaging effects of the radicals.

Conclusion

Taken together, we have been able to show
through this study that EESAL possesses potent
free radical and antioxidant activitics in
comparison with well-known standard
compounds. These activities of EESAL may be
majorly attributed to its high phenolic content and
the possible presence of multiple hydroxyl
groups in the chemical structure of the bioactive
principles contained in the extract. The next focus
is on the in vivo activities of EESAL as a way to
corroborate or refute the results obtained here.
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