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ABSTRACT

Anthocleista djalonensiextract is widely used in Nigerian folk medicine tteat conditions whose
pathogenesis implicate oxidative stress, such abetés and hepatitis. However, little is known loé t
mechanism underlying these activities. In this gtile free radical scavenging potential of a methaxtract
of A. djalonensideaves was assessed by measuring its capabiliscéaenging 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical, superoxide anion radical,(Q) hydroxyl radical ©OH), nitric oxide radicals (NQ as well as
its ability to inhibit lipid peroxidation, using ppopriate assay systems compared to natural anthetin
antioxidants. Total phenolic, flavonoid and flavbnontents were determined by spectrophotometrithous.
This extract showed a very potent DPRHd Q~ anion radical scavenging activities (G 8.69 + 0.95 pg/ml
and 5.32 + 1.05 pug/ml respectively) and also sigaiftly inhibited the accumulation of nitrite vitro. The
‘OH radical and non-enzymatic lipid peroxidationibitory potentials of the extract were significantligher
(p<0.05) than that of standard antioxidantss¢l€ 33.06 + 5.65 pg/ml and 59.14 + 4.64 pg/ml retpely).
The plant extract yielded 0.989 + 0.097 mg galtiaquivalents phenolic content and 48.52 + 1.30ratin
equivalents flavonoid content. The present studyipies evidence that the methanol extracA ofljalonensis
is a potential source of natural antioxidants. ®heerved antioxidant potentials of the extract ssgthat it
could impart health benefits when consumed. Howefugther investigation to verify its effe@ vivo and
isolate the active principles is warranted.
© 2010 International Formulae Group. All rights srged.
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INTRODUCTION components including DNA, proteins, and
Free radicals are highly reactive lipids leading to mitochondrial malfunction,
unstable molecules that have an unpaired cell membrane damage and eventually

electron in their outer shell; superoxide, {9 apoptosis. Free radicals have been implicated
hydroxyl (OH), peroxyl (ROQ, peroxinitrite in the etiology of a wide variety of diseases
(ONOO), and nitric oxide (NO radicals, such as neurodegenerative diseases, heart

formed during a variety of biochemical disease, HIV/AIDS, cardiovascular disease,
reactions (Atta-ur-Rahman and Choudhary, diabetes, hepatitis and cancer (Halliwell,
2001). They react with various cellular 2001; Eze, 2006). Recently, the use of
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antioxidants from natural sources has become
more popular as a means of increasing the
shelf-life of food products, slowing down the
ageing process and in the treatment of human
diseases (Wong et al., 2006; Mosquera et al.,
2007). Since radicals are involved in all of
theseclinical conditions, antioxidants could
effectivelyprevent their occurrence.

The plant species Anthocleista
djalonensis(Loganiaceae) grows in wild form
in tropical and subtropical regions of America,
and in Africa it is widely used in Nigerian folk
medicine to treat sexually transmitted
infections (STI) and has been reported to have
several functions including anti-diabetes, anti-
malarial, anti-pyretic, anthelmintic, anti-
mycobacterial, anti-bacterial and wound
healing properties (Okoli and Iroegbu, 2004;
Chah et al., 2006; Nweze and Ngongeh, 2007;
Esimone et al, 2009). However, its
antioxidant  potential has not been
investigated. Since oxidative stress is reported
to be a hallmark in the pathogenesis of the
above disease conditions, we have therefore,
investigated in this study the free radical
scavenging capacity of a methanol extract of
A. djalonensis(MEAD) in different assay
systems, and determine its phenolic contents.
This is aimed at providing a possible
explanation for the ethnopharmacological
claims attributed to the plant.

MATERIALS AND METHODS

Chemicals
L-ascorbic acid, and 2,2-diphenyl-1-
picrylhydrazyl  (DPPH radical were

purchased from Fluka Chemicals, 2-deoxy-D-
ribose, sodium nitroprusside (SNP), sodium
nitrite, sulpanilamide, phosphate buffer saline
(PBS), phosphoric acid, potassium dihydrogen
phosphate (KEPQ,), potassium hydroxide
(KOH), ferric chloride (FeCh,
naphthylethylenediamine dihydrochloride,
ethylenediaminetetraacetic acid (EDTA), nitro
blue tetrazolium (NBT), sodium carbonate
(Na,CQOs), aluminium trichloride, perchloric
acid (HCIQ), butylated hydroxyltoluene
(BHT), polyvinylpolypyrrolidone, riboflavin,
ferrous sulphate, hydrogen peroxide,(h),
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thiobarbituric acid (TBA), Folin-ciocalteu
reagent (FCR) and trichloroacetic acid (TCA)
were all purchased from Sigma Chemical Co.
(St. Louis, MO).

Crude plant extract preparation

The leaves ofA. djalonensiswere
collected in June 2009 from Nneni, South
Eastern Nigeria. The plant was identified at
the Herbarium, University of Nigeria, Nsukka,
air-dried at room temperature and reduced to
fine powder by milling. The resulting powder
was subjected to extraction with 80%
methanol, concentrated using a rotary
evaporator and stored af@ until used.

Antioxidant activity assays
Quantitative DPPH-  radical-scavenging
assay

Scavenging activity on DPPHfree
radicals by the extract was assessed according
to the method reported by Gyamfi et al.
(1999) with slight modifications (Awah et al.,
2010). Briefly, a 2.0 ml solution of the extract
at different concentrations diluted two-fold in
methanol was mixed with 1.0 ml of 0.3 mM
DPPH in methanol. The mixture was shaken
vigorously and allowed to stand at room
temperature in the dark for 25 min. Blank
solutions were prepared with each test sample
solution (2.0 ml) and 1.0 ml of methanol
while the negative control was 1.0 ml of 0.3
mM DPPH solution plus 2.0 ml of methanol.
L-ascorbic acid was used as the positive
control. Thereafter, the absorbance of the
assay mixture was measured at 518 nm
against each blank with a UV-visible
spectrophotometer. DPPHadical inhibition
was calculated using the equation:

M}QOO

0

whereA, is the absorbance of the control, and
Asis the absorbance of the tested sample. The
ICso represented the concentration of the
extract that inhibited 50% of radical.
Hydroxyl radical (OH)-scavenging assay

The 2-deoxyribose assay was used to
determine the scavenging effect of the extract
on the'OH radical, as reported by Halliwell et

% Inhibition =(
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al. (1987) with minor modifications (Awah et
al., 2010). Each reaction mixture contained,
the following final concentrations of reagents
in a final volume of 1.0 ml: 2-deoxyribose
(2.5 pM), potassium phosphate buffer (pH
7.4, 20 mM), FeGl (100 uM), EDTA (104
uM), H,O, (1 mM), and L-ascorbic acid (100
MM). The mixtures were incubated for 1 h at
37 °C, followed by addition of 1.0 ml of 1%
(w/v) TBA in 0.05 M NaOH and 1.0 ml of
2.8% (w/v) TCA. The resulting mixture was
heated for 15 min at 10. After cooling on
ice, absorbance was measured at 532 nm.
Inhibition of 2-deoxyribose degradation
expressed in percentage was calculated as per

the equation:
JX100

Superoxide radical (O,")-scavenging assay

This assay was based on the capacity of
the extract to inhibit the photochemical
reduction of nitro blue tetrazolium (NBT) as
described by Martinez et al. (2001) with slight
modifications (Awah et al., 2010). Briefly,
each 3.0 ml reaction mixture contained 0.05
M PBS (pH 7.8), 13 mM methionine, M
riboflavin, 100uM EDTA, NBT (75uM) and
1.0 ml of test sample solutions. The tubes
were kept in front of a fluorescent light (725
lumens, 34 watts) and absorbance was read at
560 nm after 20 min. The entire reaction
assembly was enclosed in a box lined with
aluminum foil. The inhibition of superoxide
anion was estimated as per the equation:

AO _As

% Inhibition =(
0

Ao ~ 4 Jxmo
Lipid peroxidation assay

A modified thiobarbituric acid-reactive
species (TBARS) assay (Awah et al., 2010)
was used to measure the lipid peroxide
formed, using egg yolk homogenates as lipid-
rich media (Ruberto et al., 2000). Briefly, egg
homogenate (50Ql of 10%, v/v in PBS (pH
7.4) and 10Qul of samples were added to a
test tube and made up to 1.0 ml with distilled
water. Then, 5@u of FeSQ (0.075 M) and 20
ul of L-ascorbic acid (0.1 M) were added and
all were mixed and incubated for 1 h at%g7
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% Inhibition =(
0

to induce lipid peroxidation. Thereafter, 0.2
ml of EDTA (0.1 M) and 1.5 ml of TBA
reagent (3 g TBA, 120 g TCA and 10.4 ml
70% HCIQ, in 800 ml of distilled water) were
added in each sample and heated for 15 min at
100 °C. After cooling, samples were
centrifuged for 10 min at 3000 rpm and
absorbance of supernatant was measured at
532 nm. Lipid peroxidation inhibition was
calculated as per the equation:

% Inhibition=(u}<100
AO

Determination of total phenolic contents

Total phenolics were determined using
Folin-ciocalteu reagent (FCR) as described by
Velioglu et al. (1998), with slight
modifications. Briefly, 100ul of the extract
dissolved in methanol (1 mg/ml) was mixed
with 750 pl of FCR (diluted 10-fold) and
allowed to stand at 22 for 5 min; 750ul of
NaCO; (60 g/l) solution was then added to
the mixture. After 90 min the absorbance was
measured at 725 nm. Results were expressed
as gallic acid equivalents.
Determination of tannin contents

Tannin content in each sample was
determined using insoluble polyvinyl-
polypirrolidone (PVPP), which binds tannins
as described by Makkar et al. (1993). Briefly,
1 ml of extract dissolved in methanol (1
mg/ml), in which the total phenolics were
determined, was mixed with 100 mg PVPP,
vortexed, left for 15 min at 4C and then
centrifuged for 10 min at 3000 rpm. In the
clear supernatant the non-tannin phenolics
were determined the same way as the total
phenolics (Velioglu et al.,, 1998). Tannin
content was calculated as a difference
between total and non-tannin phenolic
content.
Determination of flavonoids and flavonols

The flavonoids content was determined
according to the method described by
Kumaran and Karunakaran (2006) with slight
modifications. Briefly, 10Qu of plant extracts
in methanol (10 mg/ml) was mixed with 100
ul of 20% aluminium trichloride in methanol
and a drop of acetic acid, and then diluted
with methanol to 5 ml. The absorbance at 415
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nm was read after 40 min. Blank samples
were prepared from 100l of plant extracts
and a drop of acetic acid, and then diluted to 5
ml with methanol. The absorption of standard
rutin solution (0.5 mg/ml) in methanol was
measured under the same conditions. The
amount of flavonoids in the plant extract in
rutin equivalents (RE) was calculated by the
following formula:

Axm,

Flavonoid content =

Ay xm
where A is the absorbance of plant extract
solution,A, is the absorbance of standard rutin
solution,m is the weight of plant extract (mg)
and m, is the weight of rutin in the solution
(mg).

The content of flavonols was also
determined as described by Kumaran and
Karunakaran (2006) with slight modifications.
Briefly, 1 ml of methanolic extract (10 mg/ml)
was mixed with 1 ml aluminium trichloride
(20 mg/ml) and 3 ml sodium acetate (50
mg/ml). The absorbance at 440 nm was read
after 2.5 h. The absorbance of standard rutin
solution (0.5 mg/ml) in methanol was also
measured under the same conditions. The
amount of flavonols in the extract was
calculated by the same formula for flavonoids.

Statistical analysis

The results were analyzed using the
Statistical Package for Social Sciences (SPSS)
version 10.0 for Windows. All the data are
expressed as mean £ SEM (n = 3). Student’s t-
test was used to compare means, and values
were considered significant at p < 0.05.

RESULTS
Effect of MEAD on DPPH radicals

As shown in Figure 1, the MEAD
possessed substantial dose-dependent
antioxidant activity with 32ug/ml of extract
almost completely inhibiting DPPHadical
(91%). The standard antioxidant L-ascorbic
acid had a significantly lower (p<0.05) C
for DPPH radical scavenging potentials JC
= 4.35 £ 0.51ug/ml) compared to the extract
(ICsp = 8.69 + 0.95ug/ml).
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Effect of MEAD on
hydroxyl (‘OH) radicals

The free radical scavenging capabilities
of the extract was further established by
investigating its ability to scavengeOH
radical, using a P&dependent hydroxyl-
radical generation assay. The extract was
observed to strongly inhibit hydroxyl radical-
induced deoxyribose degradation in a non-
site-specific assay in a concentration
dependent manner (Figure 2). TheJd@lues
(Table 1) of the extract and standard in this
assay were 33.06 + 5.68/ml and 232.31 +
6.97 ug/ml, respectively. The l§value of the
extract was significantly (p<0.05) less than
that of the standard.

Fe**-dependent

Effect of MEAD on superoxide anion (Q")
radicals

The ability of the extract to scavenge
O, radical generated from the photochemical
reduction of riboflavin resulted in a decrease
in the absorbance of the blue formazan
solution at 560 nm. As shown in Figure 3, the
activity was concentration dependent. The
ICso values (Table 2) of the plant extract and
rutin on G~ scavenging activity were 5.32 +
1.05 ug/ml and 3.47 = 0.65 ug/ml,
respectively. The I value of the extract was
not significantly different (p>0.05) from that
of the standard. At 250g/ml, the percentage
inhibition of the plant extract was 92.8%
whereas that of rutin was 98.3%. The O
radical scavenging effect of the extracts could
culminate in the prevention oOH radical
formation since @ and HO, are required for
‘'OH radical generation.

Effect of MEAD on lipid peroxidation

The TBARS formation assay was used
to assess the inhibition of #ednducedlipid
peroxidation by the extract. The MEAD
showed a very good dose-dependent inhibition
of lipid peroxidation compared to the standard
antioxidant BHT (Figure 4) with I§ value of
59.14 + 4.64 pg/ml significantly lower
(p<0.05) than that of the standard 216.27 +
7.92ug/ml (Table 1).



F. M. AWAH et al. / Int. J. Biol. Chem. Sci. 4(8314-2323, 2010

Effect of MEAD on NO' radical production
Nitric oxide (NO) released from SNP
has a strong NOcharacter which can alter the
structure and function of many cellular
components. In this study the MEAD in SNP
solution significantly inhibited (p<0.05) the
accumulation of nitrite, a stable oxidation
product of NO liberated from SNP in the
reaction medium with time compared to the
standardo-tocopherol (Figure 5). The MEAD
exhibited a strong concentration dependent
NO radical scavenging activity with 250
pa/ml of extract scavenging most efficiently.

O Ascorbic Acid

100 -
| MEAD

4 DPPH radical inhibition

Total phenolics, tannins, flavonoids and
flavonols contents

As shown in Table 2, phenolic
compounds were a major class of bioactive
components in the extract. Phenolic
compounds may contribute directly to
antioxidative action. The total phenolic
content was 0.989 + 0.097 mg gallic acid
equivalents/mg dry weight plant extract. The
total flavonoid content and the flavonol
subclass of the 80% methanol extract of A.
djalonensiswere 48.52 + 1.10 and 28.52 *
0.34 mg rutin equivalents/g dry weight plant
extract (Table 2).
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Figure 1: Inhibition of DPPH radical by methanol extract/AafdjalonensigMEAD) compared with
the antioxidant activity of L-ascorbic acithe results are expressed as mean + SEM (n=3).
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Figure 2: Inhibitory effect of methanol extract &&. djalonensisqtMEAD) on hydroxyl radical
mediated deoxyribose degradation compared-timcopherol.The results are expressed as mean + SEM of

three independent experiments.
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Figure 3: Scavenging effect of methanol extractAf djalonensigMEAD) on superoxide anion
radical by inhibition of the photoreduction of NBThe results are expressed as mean + SEM of three
independent experiments.
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Figure 4: Inhibitory effect of methanol extract &. djalonensis(MEAD) on lipid peroxidation
induced by F&/ascorbate systemmhe results are expressed as mean + SEM of thdepémdent experiments.
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nitrite upon decomposition of SNP; (5 mM) at €5 Each plot represents the mean + SEM (n=3)
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Table 1: The 1G, values for the inhibition of free radicals by nmeatil extract ofA. djalonensis

(MEAD) compared to standard antioxidants.

Sample IC 50 (ng/ml)”

DPPH radical "OH radical O, radical Lipid peroxidation
MEAD 8.69 + 0.95 33.06+565 532+1.05 59.14+4.64
Ascorbic Acid  4.35+0.51 - - -
a-tocopherol - 232.31 +6.97 - -
Rutin - - 3.47 £ 0.65 -
BHT - - - 216.27 £7.92

*Values are mean * SD (n = 3)p < 0.05, MEAD activity significantly differentém standard antioxidant; BHT, butylated
hydroxyltoluene; DPPH2,2-diphenyl-1-picrylhydrazyl radicalDH, hydroxyl radical; @, superoxide anion radical.

Table 2: Total flavonols, flavonoids and phenol contentsngtthanol extract oA. djalonensis

(MEAD)
Plant extract  Total Total Phenolic contentst
flavonols *  flavonoids * Total Non-tannins Tannins
Phenols
MEAD 28.52+0.34 4852+1.10 0.989+0.097 0.508 £9.0 0.481 +0.037

Data represented as Mean = SD (n = 3); * Expreasaug rutin
gallic acid equivalents / mg dry weight plant egtra

DISCUSSION

Medicinal plants have become
extremely popular all over the world as
antioxidants and in recent past several dietary
and herbal formulation, which have free
radical scavenging potential have gained
important in treating chronic diseases (Tiwari
and Tripathi, 2007). In biological systems,
reactive oxygen species (ROS) and reactive
nitrogen species (RNS) are continuously
generated and they plays a role in the
pathogenesis of many disease conditions by
causing extensive damage to biomolecules
and tissues (Eze, 2006; Catala, 2009).

The extract showed a potent DPPH
radical scavenging potential. The addition of
the MEAD and standard to the DPMdlution
caused a rapid decrease in absorbance at 518
nm indicating good scavenging capacities.
The antioxidant compounds in the extract and
the standard neutralized the free radical
character of DPPHby transferring either
electrons or hydrogen atoms to DPRNaik
et al., 2003), thereby changing the color from
purple to the yellow colored stable
diamagnetic molecule diphenyl picrylhydra-
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equivalents / g dry weight plant extrdicExpressed as mg

zine. This interaction depends on the
structural conformation of the bioactive
compounds present in the plant extracts of
which the hydroxyl groups of flavonoids are
highly favorable (El-Sayed, 2009). The degree
of discoloration indicated the scavenging
potential of the extracts in term of hydrogen
donating ability (Mosquera et al., 2007).
Hydroxyl radicals ‘OH) are the major
active oxygen species causing lipid
peroxidation and enormous cellular and tissue
damage (Catala, 2009). The effect of MEAD
on ‘OH radicals generated by ¥dons was
measured by determining the degree of
deoxyribose degradation, an indicator of
thiobarbituric acid—malonaldehyde (TBA-
MDA) adduct formation. This complex forms
a pink chromogen upon heating with TBA at
low pH (Ruberto et al., 2000). The antioxidant
components in the plant extracts competed
with deoxyribose against theOH radical
generated from the Bedependent system and
prevented the reaction. In this study, the
extract was a more effectiveDH radical
scavenger compared to the standard
antioxidant a-tocopherol. The antioxidant(s)
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in this plant extracts could be acting as
chelators of the P& ions in the system
thereby preventing them from complexing
with the deoxyribose, or simply donating
hydrogen atoms and accelerating the
conversion of HO, to H,O (Wang et al.,
2007). The observed ability of the extracts to
scavenge or inhibitOH radical indicates that
the extracts could significantly inhibit lipid
peroxidation sinceOH radicals are highly
implicated in peroxidation.

Superoxide anion (£) radical is also
very harmful to cellular components (Muller
et al., 2007). The plant extract was observed
to be an efficient scavenger of superoxide
anion radical. The © radical scavenging
activities of the plant extract and the reference
compound were increased markedly with
increasing concentrations. The scavenging
potential will possibly depend on the number
and locations of the hydroxyl groups in the
phenolic compounds present in the extract
(Khanduja et al., 2006). The radical
scavenging activity is also consistent with the
high level of phenolic compounds observed in
the plant extract, since phenolic compounds
such as flavonoids are known to possess high
O,” anion scavenging abilities (Rajendran et
al., 2004).

Lipid peroxidation involves the
formation and propagation of lipid radicals,
which eventually destroy membrane lipids
(Catala, 2006). The lipid peroxidation
inhibitory potential of the extract and standard
were assessed by the amount of MDA
produced in the reaction mixture. Lipids in
egg Yyolk wundergo rapid non-enzymatic
peroxidation in the presence of ferrous sulfate.
The inhibition of lipid peroxidation by the
extract was concentration dependerh.
djalonensisextract was found to be a more
efficient lipid peroxidation inhibitor compared
to butylated hydroxytoluene (BHT). This
corroborates the observed higBH radical
scavenging activity of the extracts and
suggests that the extracts may afford a
cytoprotective  effect. Considering the
destructive effect of lipid peroxides in several
disease conditions (Muller et al., 2007), the
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ability of the extract to inhibit peroxidation
could constitute part of the basis for the
ethnopharmacological claims for its use.

Despite the possible beneficial effects
of NO, its contribution to oxidative damage is
increasingly becoming evident. Sustained
levels of production of this radical are directly
toxic to tissues and contribute to the vascular
collapse associated with septic shock, whereas
chronic expression of nitric oxide radical is
associated with various carcinomas and
inflammatory conditions including juvenile
diabetes, multiple sclerosis, arthritis and
ulcerative colitis (Altug et al., 2000; Zou et
al., 2004; Hosseini et al., 2006). The toxicity
of NO increases when it reacts with
superoxide to form the peroxynitrite anion
(ONOQ), which is a potential strong oxidant
that can decompose to produ@H and NQ
(Pacher et al., 2007). The present study shows
that the MEAD has more potent nitric oxide
scavenging activity than the standard
tocopherol. The NOgenerated from SNP
reacts with oxygen to form nitrite. The extract
may inhibit nitrite formation by directly
competing with oxygen in the reaction with
nitric oxide.

Due to the potent free radical
scavenging activity of the MEAD, it was
subjected to some phytochemical analysis.
The phytochemical screening revealed the
presence of phenolic compounds as major
bioactive = components.  Phenolics and
flavonoids both have good antioxidant
potentials with considerable effect on human
nutrition and health (Knekt et al., 2002). The
antioxidant activity of plant phenolic
compounds are attributed to their redox
properties, which allow them to act as
reducing agents, hydrogen donators, singlet
oxygen quenchers and metal chelators (Lotito
and Frei, 2006).

This study, therefore, shows that the
methanol extract ofAnthocleista djalonensis
(MEAD) exhibited high antioxidant and free
radical scavenging activities and inhibited
lipid peroxidationin vitro. The antioxidant
properties indicate that this plant extract is a
significant source of natural antioxidant and
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its potential could, to a greater extent, be
attributed to its phenolic contenSince ROS

are associated with the pathogenesis of

inflammatory diseases, diabetes, STI, etc.
(Spiteller, 2006), the free radical inhibitory
effect of the extract may partially justify its

ethnomedicinal use in treating different
disease conditions. It is however, worthwhile
to further investigate thi vivo potentials of

this plant and also isolate the active
components which could ultimately lead to

their application in pharmaceutical
formulations.
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