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ABSTRACT

Antioxidant potential, lipid peroxidation inhibition ability in brain homogenate and total
phenolic and flavonoid contents of ethanol extracts of some leafy vegetables (Vernonia
amygdalina, Gongronema latifolium and Ocimum gratissimum) consumed in south-eastern
Nigeria were determined. The antioxidant and neuroprotective potentials of the ethanol
extracts were assessed by 2, 2-diphenyl-1-picrylhydrazil (DPPH) assay and through
determination of thiobarbituric acid (TBA) reactive substances in brain homogenates. Total
phenolic and flavonoid contents were quantitatively determined in the extracts
spectrophotometrically. Results obtained from the present study showed that G. latifolium
and V. amygdalina extracts were effective against hydrogen peroxide-induced lipid
peroxidation with threshold inhibitory concentrations (IC50) values of 357.36±15.6µg/ml
and 629.5±22.72µg/ml respectively while O. gratissimum achieved only 20% inhibition
(IC20) at 785.73±40.23µg/ml. In the DPPH free radical scavenging assay, 50% of DPPH
radicals were scavenged at181.5(µg/ml), 153.33(µg/ml), and 189.67(µg/ml) of V.
amygdalina, G. latifolium and O. gratissimum extracts concentrations respectively. Free
radical scavenging ability of the extracts was in the order G. Latifolium >V. Amygdalina >
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O. gratissimum. Total phenolic content was 432.79±42.2mg/100g,274.1±37.3mg/100g,
and 490.49±58.1mg/100g catechin equivalent, while flavonoid content was 843.09±21.6
mg/100g, 746.34±13.7mg/100g and 1160.98±24.5mg/100g catechin equivalent in
V. amygdalina, G. latifoliumand O. gratissimum respectively. The inhibition of lipid
peroxidation and DPPH radical scavenging followed a logistic dose response
pattern.These results indicatethat these vegetables possess neuro-protective potentials
and free radical scavenging ability. The present data scientifically corroborate with the
consumption of these plants as an exogenous sources of antioxidants that could improve
nutrition and boost antioxidant defense.

Keywords: Lipid-peroxidation; brain; antioxidant activity; V. amygdalina; G. latifolium;
O. gratissimum; phenolic compounds; flavonoids.

1. INTRODUCTION

Plants, and indeed vegetables have long been consumed as integral part of daily diets and
in many cases as a potent source of essential nutrients. The nutrient content of different
vegetables varies considerably from vitamins, essential amino acids, to minerals and
antioxidants that exist together and in varied proportion [1]. Apart from its role in human
nutrition, plants have also been reserved for the sick and convalescence because of their
peculiar medicinal values [2].

Lipid peroxidation, defined as the oxidative breakdown of polyunsaturated fatty acids, is a
free radical-mediated phenomenon which is both transition metals and enzymes catalysed
[3]. Lipid peroxidation initiators are reactive oxygen species (ROS) such as hydroxyl (OH•),
peroxyl radicals (ROO•) and the superoxide anion radicals (O2

•-), which are formed
byexogenous chemical factors and endogenous metabolic processes in the human body or
in food systems [4]. Free radical production is a well-established mechanism of cellular
injury in both plants and animals, and is used as an indicator of oxidative stress in cells and
tissues.

Brain is the target for different stressors because of its high sensitivity to stress-induced
degenerative conditions [5,6]. Brain has limited access to the bulk of antioxidants produced
by the body; neurons are the first cells to be affected by a shortage of antioxidants and are
most susceptible to oxidative stress [7].

An update of the researches carried out in the last decades with this focus showed that the
antioxidants of plant origin with properties against free-radicals could have great importance
as therapeutic agents in several diseases related to oxidative stress, since these
compounds are effective as radical scavengers and inhibitors of lipid peroxidation [5,6]. In
this context, the use of these natural products has proved to be clinically efficient and
relatively less toxic than the existing drugs [5] and produce beneficial effects for human
health through metabolic activities such as metabolic regulation, metabolic energy control,
and activation/inactivation of biomolecules, signal transduction, cell exchange, endothelium-
related vascular functions, and gene expression [8]. Lipid peroxide scavenging activities and
antioxidant potentials of plants have been reported [9-12].

O. gratissimum (OG), a perennial plant belonging to the family Lamiaceae is grown in the
tropics of Africa and warm temperature regions. In southern Nigeria the leaves are used as
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local spice and vegetables in soups. It is also grown for the essential oils in its leaves and
stems, which are used as insect repellent and as an antifungal agent [13]. O. gratissimum
has found wide use in toothpastes and mouth washes. Its leaves are used for colds and
fevers, the herbs are popularly used for treatment of diarrhoea and also applied topically as
ointments. It is used in the treatment of sore throats and tonsillitis. It is also used as an
expectorant and a cough suppressant [11]. Free radical scavenging properties of its leave
extract has been demonstrated [10,11].

V. amygdalina (VA) (Asteraceae) is a small tree or shrub (2-5 m) that commonly grows in
tropical Africa, and has been domesticated in some parts of West Africa and Nigeria (14).
The leaves are green with a characteristic odour and a bitter taste [15]. It is known as
‘Ewuro’ in Yoruba, ‘Etidot’ in Ibibio, ‘Onugbu’ in Igbo and ‘Chusa-diki’ in Hausa tribes in
Nigeria. Leaves of VA are used as vegetables in a wide variety of culinaries in Nigeria. It has
also been widely applied in traditional non-orthodox medicine in the treatment of a variety of
diseases. Different parts of this plant have been demonstrated to possess pharmacological
benefits such as antidiabetic properties [16,17], antihelminthic and antimicrobial properties
[18,19], Antimalaria/antiplasmodial activity [20], antioxidant activity [21,22],
antihyperlipidemic properties [23] and hepato-protective effect [24,25].

G. latifolium (GL) is a tropical rainforest climbing plant belonging to the Apocynaceae family.
In south-eastern Nigeria the plant is commonly known as “Utazi”.It is a shrub, with milky or
less often, clear latex. The leaves are characterised for its bitter taste, similar to that of V.
amygdalina. The leaf of G. latifolium is consumed in south-eastern Nigeria as a vegetable in
a number of local diets. The plant is well known in traditional medicine circus in the West
African sub region as a viable cure for a number of diseases and nutritional purposes.
Research has revealed anti-diabetic properties of the plant [16,26,17], hepatoprotectve
effect [27], antioxidant activity[26]. Phytochemical analysis of V. amygdalina, G. latifolium
and O. gratissimum reveals the presence of saponins, flavonoids and tannins [11,16].

The present work aims at evaluating free radical scavenging ability and the inhibition of lipid
peroxidation in brain homogenates by these plants, as an indication of possible
neuroprotective potentials.

2. MATERIALS AND METHODS

2.1 Chemicals and Solutions

Thiobarbituric acid, Folin-Denis reagent, Catechin, Trichloroacetic acid and Sodium
deodosyl sulphate (Sigma, St. Louis, MO, USA), Hydrogen peroxide and sodium carbonate
(Loba-Chemie Mumbai, India), Acetic acid, Sodium dihydrogen phosphate, disodium
hydrogen phosphate  and Ethanol (BDH Poles England), 2,2-diphenyl-1-picrylhydrazyl
(DPPH) (Fluka-Chemie, Switzerland). All other reagents used were of analytical grade.

2.2 Collection and Preparation of Plant Extracts

Fresh leaves of G. latifolium, V. amygdalina and O. gratissimum were collected from
Nekede, Owerri West Local Government Area, Imo State, Nigeria. Collection of fresh leaves
was organized in the rainy season of June 2010.The identity of the plant was authenticated
by Dr F. N. Mbagwu, of Department of Plant Science and Biotechnology, Imo state
University, Owerri, Nigeria. Plant specimens (Voucher Nos 0089-91) were deposited in the
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Institution Herbarium. The leaves were sorted to clear debris and extraneous materials,
washed and air dried at room temperature (28º±2ºC) and then further dried to constant
weight in an oven at 50oC and pulverized in a mill (BL 335 Kenwood). The ethanol extracts
were obtained by soaking 400g of the pulverized powder in 2.0L ethanol and left to stand for
5days at room temperature (28º±2ºC). The sediment was removed by coarse filtration using
a sieve and afterwards with what man no. 1 filter paper. The filtrates were separately
evaporated at 49°C under reduced pressure, using a rotary evaporator (rotavapour), and
then dried to solid form in vacuum desiccator to obtain ethanol extracts of V. amygdalina,
G. latifolium and O. gratissimum respectively. The extracts were stored at 4ºC till when
used.

2.3 Preparation of Brain Homogenates

A healthy male rabbit (450g) was obtained from a commercial breeding home in Owerri, Imo
State, Nigeria. The animal was anesthetized, sacrificed by cervical dislocation and whole
brain was removed and weighed. 10g of the brain tissue was homogenized in phosphate
buffered saline 10% (w/v) using a Homogeniser (BL 335 Kenwood) to obtain a 10% brain
homogenate. All experiments were carried out as approved by appropriate ethics committee
(SC-BCH-EC-023) and were performed in accordance with the ethical standards laid down
in the 1964 Declaration of Helsinki.

2.4 Determination of Total Phenolic Content

Total phenolic contentwas determined using the method described by Wetassinghe and
Shahidi [28]. Briefly, 50mg of V. amygdalina, G. latifolium and O. gratissimum were
dissolved in 100ml of ethanol to obtain a concentration of 0.5mg/ml. Folin-Denis reagent
(0.5ml) was added to centrifuge tubes containing 0.5ml of extracts. Tubes were shaken and
1ml of a saturated NaCO3 solution was added into each tube. Volume was then adjusted
to10ml by the addition of 8ml of deionised water and the content was vigorously mixed.
Tubes were allowed to stand at room temperature for 25 min and then centrifuged for 5min
at 4000xg. Absorbance of the supernatants was measured at 725nm. A blank sample for
each extract was used for background subtraction. Content of total phenolics in each extract
was determined using a standard curve prepared for (+) catechin (R2=0.998).Total extracted
phenolic compound was expressed as mg (+) catechin equivalent/100g extract.

2.5 Determination of Total Flavonoid Content

The total flavonoid content of Plant extract was determined colorimetrically according Zou,
Lu, and Wei [29]. In brief, 0.5ml of sample prepared above was mixed with 2ml of distilled
water and subsequently with 0.15ml of 5% NaNO2 solution. After 6 min of incubation, 0.15
ml of 10% AlCl3 solution was added and then allowed to stand for 6 min, followed by addition
of 2ml of 4% NaOH solution to the mixture. Immediately, water was added to the sample to
bring the final volume to 5ml, the mixture was thoroughly mixed and allowed to stand for
another 15min. The absorbance was read at 510nm. Content of total flavonoid in each
extract was determined using a standard curve (R2=0.999) prepared for (+) catechin. Total
extracted flavonoid was expressed as mg (+) catechin equivalent/100g extract.
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2.6 Determination of Free Radical (2, 2-Diphenyl-1-Picrylhydrazyl (DPPH)
Scavenging Activity

The DPPH radical is a stable organic free radical with an absorption maximum band around
515–528 nm. It is a useful reagent for evaluation of antioxidant activity of compounds. In the
DPPH test, the antioxidants reduce the DPPH radical to a yellow-coloured compound,
diphenylpicrylhydrazin, and the extent of the reaction will depend on the hydrogen donating
ability of the antioxidant [30].

The scavenging activity of extract for the radical 2, 2-diphenyl-1-picrylhydrazyl (DPPH) was
measured by the method described by Velázquez et al. [31]. Extracts were dissolved in
methanol at concentrations of 2.65–170mg/ml, and 0.75ml of each sample was mixed with
1.5 ml of DPPH (Fluka-chemie, Switzerland) (0.02mg/ml) in methanol, with methanol serving
as the blank sample. The mixtures were left for 15 min at room temperature and its
absorbance then measured at 517nm. Catechin (0–50mg/l) was used as positive control. The
radical-scavenging activity was calculated as follows:

%DPPH radical Scavenging =

The IC50 (concentration causing 50% inhibition) values of the extracts and vitamin E(standard
antioxidant substance) were determined graphically.

2.7 Inhibition of hydrogen Peroxide-Induced Lipid Peroxidation in Rabbit Brain
Homogenate

The ability of V. amygdalina, G. latifolium and O. gratissimum extract to inhibit lipid
peroxidation in rabbit brain was studied by incubating rabbit brain homogenate treated with
hydrogen peroxide (10μM) and different concentrations of the extracts (0–1000μg/ml) [32]. A
mixture of rabbit brain homogenate (200µl), V. amygdalina, G. latifolium or O. gratissimum
extract from 0 to 800µg/ml, and hydrogen peroxide (10µM) were incubated for one hour.
Thiobarbituric acid reactive substances were measured according to the criteria established
by Liu et al. [33]. Briefly, to the incubation mixture was added 0.75ml of 20% acetic acid (pH
3.5), 0.75ml of thiobarbituric acid (1.0%) and 0.2ml of sodium dodecyl sulphate (8.1%), and
heated at 100ºC for one hour. 2ml of TCA (10%) was added and centrifuged at 6000rpm for
5minutes and optical density of the resulting supernatant read at 532nm wavelength.
Quercetin was used as standard

2.8 Data Analysis

Results of triplicate determinations of  percentage Inhibition were calculated as means ±
standard deviation. These results were then ploted against concentrations of plant extracts
and standards by curve-fitting both symmetric (sigmoid) and asymmetric (logistic dose
response) transition eqautions using Table curve 2D (systat USA). This was done by robust
minimization of ln (sqrt{1+Residuals2) and high pearson (VII lim). Maximum iterations were
set at 100 with both intercept and zero intercepts. Inhibitory concentrations (IC5 – IC100) were
determined by evaluation of x= root(y). The results of the IC50were then subjected to one-

100100 ×=
Control
Test

-n%Inhibitio

Blank absorbance - Sample absorbance
Blank absorbance X 100
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way analysis ofvariance(ANOVA) and significant differences between means were
determined at alpha =0.05 using Excel+Analysi-it (Leeds UK) as formerly described [34,35].

3. RESULTS

3.1 Effect of Ethanol Extracts of V. amygdalina, G. latifolium, O. gratissimum
and Vitamin E on Scavenging of 2, 2-Diphenyl-1-Picrylhydrazyl (DPPH)
Radical

Fig. 1 presents the DPPH free radical scavenging abilities of V. amygdalina, G. latifolium, O.
gratissimumextractsand vitamin E. According to this Figure, the datashowed that the plants
results favourably comparedwith vitamin E profile. All the extract achievedover 65%  radical
scavenging at the tested concentrations.The extracts were alsoeffective at low
concentrations (10µg/ml). G. latifolium was most effective achieving 75.54±0.80% free
radical scavenging at 400µg/ml of extracts. Free radical scavenging ability was in the order
G. latifolium> V. amygdalina > O. gratissimum.IC50 for V. amygdalina, G. latifolium and O.
gratissimum as evaluated from the inhibition graph (Fig. 1) were181.5µg/ml,153.33µg/ml,
and 189.67µg/ml respectively.

Fig. 1. Effect of ethanol extracts of V.amygdalina, G.latifolium, O.gratissimum and
vitamin E onscavenging of 2, 2-diphenyl-1-picrylhydrazyl (DPPH) Radical. Note that

scavenging of DPPH radical followed a logistic dose response pattern
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3.2 Effect of Ethanol Extracts of V. amygdalina, G. latifolium, O. gratissimum
and quercetin on H2O2 Induced lipid Peroxidation in Rabbit Brain
Homogenates

The result obtained from this study (Fig. 2) Showedthat ethanolextracts of V. amygdalina, G.
latifolium and O. gratissimum inhibited hydrogen peroxide(H2O2)induced lipid peroxidation in
rabbit brain homogenates. G. latifolium exerted the highest inhibition of lipid peroxidation
process among the extracts with an inhibitory concentration (IC50) value of 357.37±15.6µg/ml,
followed by V. amygdalina with an inhibitory concentration (IC50)value of 589.88±22.72µg/ml.
O. gratissimum was not appreciably effective and IC50 was non-determinable. However, its
inhibitory concentration (IC20) was 754.28±30.23µg/ml.

Result of the study (Fig. 2) showed that the extracts and quercetin inhibited lipid peroxidation
process in a dose dependent fashion. Extracts of V. amygdalina and O. gratissimum inhibited
H2O2 induced lipid peroxidation in rabbit brain homogenatesin a logistic dose response (LDR)
pattern (R2=0.998), while G. latifolium and quercetin followed a sigmoid abc pattern (R2=
0.973 and 0.971 respectively) (Table 1).

Fig. 2. Effect of  ethanol extracts of V. amygdalina, G. latifolium, O. gratissimumand
quercetin on H2O2 induced lipid peroxidation in rabbit brain homogenates

3.3 Total Phenolic and Flavonoid Content of Ethanol Extracts of V.
amygdalina, G. latifolium and O. gratissimum

Fig. 3 shows the total phenolic and flavonoid contents of V. amygdalina, G. latifolium and O.
gratissimum. Flavonoid content was 843.09±21.6mg/100g, 746.34±13.7mg/100g and
1160.98±24.5mg/100g Catechin equivalent; while total phenolic content was
432.79±42.2mg/100g, 274.1±37.3mg/100g, and 490.49±58.1mg/100g Catechin equivalent in
V. amygdalina, G. latifolium and O. gratissimum respectively. Phenolic and flavonoid content
of O. gratissimum was significantly (p<0.05) higher than V. amygdalina and G. latifolium.
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Table 1. Models of inhibition of H2O2- induced lipid peroxidation process by extracts of
A) V. amygdalina, B) G. latifolium, C) O. gratissimum and D) Quercetin

MODEL IC50 Equation R2
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Where y = % inhibition of peroxidation, x = extract/antioxidant concentration
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Fig. 3. Phenolic and flavonoid content of V. amygdalina, G. latifolium and O.
gratissimum expressed as mg/100g Catechin equivalent. (Different superscript

showed significant difference at p<0.05)

4. DISCUSSION

The ethanol extracts of V. amygdalina, G. latifolium, and O. gratissimum possessed a high
total phenolic and flavonoid content [36,37]. Their phytochemical content is comparable to
those of established medicinal plants and vegetables.  Flavonoids and phenolic compounds
are important plant derived antioxidants, and their In-vitro and In-vivo properties have been
extensively reported [38,39]

DPPH radical has been widely used in In-vivo assessment of free radical scavenging ability
via the capacity of antioxidants to donate electron or H+ to DPPH [30]. V. amygdalina, G.
latifolium, and O. gratissimum possessed high antiradical property. G. latifolium was more
effective at scavenging DPPH radicals when compared to V. amygdalina and O. gratissimum
as can be seen in their IC50values (153.33µg/ml, 181.5µg/ml and 189.67µg/ml) respectively.
The extracts favourably compared to Vitamin E, a standard free radicals scavenger with
IC50value of 138.88µg/ml. Vitamin E and G. Latifolium successfully scavenged 75% of the
radicals at 400µg/ml of extracts. The DPPH radical scavenging properties of V. amygdalina,
G. latifolium, and O. gratissimum were comparable to Vitamin E. The high free radical
scavenging properties of these extracts are indicative of a high antioxidant activity mediated
via electron or hydrogen ions donation, which is attributable to their rich phenolic and
flavonoids contents. Earlier studies have indicated that flavonoids exert their biological effect
at the cellular level by specific interaction, with molecular targets such as nucleic acid,
polysaccharides, protein and nerve cells [38,39]. Flavonoids and generally plant derived
phenolic compounds are electron rich and therefore could act as sink for protons and free
radicals [38,39]. G. latifolium had a significantly (p<0.05) lower phenolic and flavonoid content
but possessed better inhibition of hydrogen peroxide-induced peroxidation of rabbit brain. It is
known that G. latifolium contains phytochemicals other than phenolic compounds and
flavonoids. These other phytochemicals in combination with phenolic and flavonoid content
may have acted in combination to bring about the synergism that produced a better
antioxidant property. Wu and co-workers have shown that some other agents like carnosine,
anserine and free amino acids possessed antioxidant activities [40]. Malondialdehyde (MDA)
and 4-hydroxynonenalsHNE) are products of lipid peroxidation [41]. Lipid peroxides and MDA

e d

f

b
c

a

V. amydalina G. latifolium O. gratissimum
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f



Annual Research & Review in Biology, 4(22): 3345-3358, 2014

3354

react with thiobarbituric acid and this substance has been extensively measured as an index
for assessing lipid peroxidation level in tissues [42]. The threshold inhibitory concentrations of
the ethanol extracts of the plants against   lipid peroxidation in rabbit brain homogenate
revealed that the extracts were appreciably effective against peroxidation in a dose
dependent fashion. G. latifolium extract had a higher level of inhibition of lipid peroxidation
than V. amygdalina and O. gratissimum extracts. Production of TBARS was significantly
lower (p<0.05) in brain homogenates treated with extracts of G. latifolium,
(IC50=362.59±15.6µg/ml), than V. amygdalina (IC50=629.5±22.72µg/ml) and O. Gratissimum
(IC50not determinable, but IC20 =785.73±40.23µg/ml). The ability of the extracts to scavenge
free radicals and inhibit peroxidation in the brain homogenates could be attributed to their
phenolic and flavonoid contents, the prevalence of phenolic and flavonoid-rich components in
human diet have been associated with significant reduction of risk factors in chronic human
pathologies like neurodegeneration, cancer [39], diabetes and cardiovascular diseases.

Plant phytochemicals such as polyphenols have been reported to be able to form complexes
with metals, scavenge free radicals and exhibit strong antioxidant activity, which is mainly
due to their redox properties that allow them to act as reducing agents, hydrogen donators
and singlet oxygen quenchers [36], this makes free radicals unavailable for the initiation of
lipid peroxidation. Antioxidants effects have been reported for flavonoids. They possess
several beneficial effects, such as anti-inflammatory, anti-allergic, and anti-viral as well as an
anticancer activity [39]. They have also been suggested to play a protective role in liver
diseases, cataracts, and cardiovascular diseases [36]. Flavonoids such as quercetin and
silybin acting as free radical scavengers have been shown to exert a protective effect in
reperfusion ischemic tissue damage [43,44]. A correlation between the antioxidant activities
and total phenolic contents of many species has been reported [45,46].The capability of the
extract of V. amygdalina, G. latifolium, and O. gratissimum to inhibit lipid peroxidation is
attributable to their reported rich phytochemical contents and observed free radical
scavenging ability. Their polyphenolic compounds may have formed complexes with free
radicals, thereby preventing them from catalysing and initiating lipid peroxidation or could
have scavenged the radicals produced. The neuroprotection of the cerebellum by the
methanol extract of V. amygdalina leaves on the gamma-irradiated brain of Wistar rats has
been reported [47].

A study has shown that a number of events associated with Alzheimer’s disease are capable
of stimulating production of free radicals and depletion of antioxidant [48]. The oxidative
breakdown of polyunsaturated fatty acids (PUFA) is a chain-reaction, which can be initiated
by a number of oxidants, pro-oxidants and trace metals (Cu, Fe). The brain is rich in PUFAs
and has a high oxygen demand (consumes about 20% of respiratory oxygen) [49] which
predisposes it to oxidative damage. The brain has also been found to contain low level of
antioxidants [50], and trace metals such as Fe and Cu which catalyzes free radicals chain
reaction. The combination of these factors results in a fast depletion of antioxidants stores
and production of partially reduced oxygen intermediates, thus, a tilt towards peroxidation of
brain lipids, protein damage and DNA lessions. In the present study, the Fenton type reaction
inhibited by the extracts in this study demonstrated their antioxidant ability and potentials to
stop the initiation of the chain reactions leading to peroxidation of membrane lipids, protein
damage and DNA lesions. Polyphenols are known to cross the blood-brain barrier and can
exert their antioxidant and iron chelating properties in the brain. The Inhibition of lipid
peroxidation in brain homogenates is analogous to neuro-protection. These extracts may be
useful against the deleterious effect of free radicals mediated damage in cellular components.
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5. CONCLUSION

Extracts of G. latifolium, V. amygdalina, and O. gratissimum have demonstrated good ability
to scavenge free radicals and protect against hydrogen peroxide-induced lipid peroxidation in
rabbit brain homogenates. These effects of these extracts are analogous to neuro-protection
and hence they possess beneficial properties for the management of neuro-degeneration.
The vegetables could serve as rich sources of antioxidants for improving nutrition and health.

Following the findings of this study, we recommend an increased awareness on the benefits
of consuming these vegetables. The results obtained in the present study provided scientific
support to use these plants based on its antioxidant and neuroprotective properties.
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