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ABSTRACT

The differences in chemical composition of natural antioxidants provides challenges at
separating, detecting, and quantifying individual non-enzymatic antioxidants in complex
food/biological systems. Consequently, the antioxidant capacity is a better approach at assaying
beneficial health effects that can result from the combined actions of individual antioxidant
species. Antioxidant assay methods are based either on electron transfer (ET) or hydrogen atom
transfer (HAT) mechanisms. The results obtained are different because of the mechanisms, redox
potentials, and pH with reference to the solvent requirements of the various assay methods.
Antioxidant activities of ethanolic extract of Moringa oleifera were evaluated and compared with
that of caffeic acid using different in vitro methods of 1,1-diphenyl-2-picryl-hydrazyl free radical
(DPPH) scavenging, and Phosphomolybdenum antioxidative power. At tested concentrations of
1ImM and 2mM, caffeic acid showed an inhibition of 84.63% and 84.93% on the DPPH radical
respectively, while Moringa oleifera extract gave 83.43% and 85.43% inhibition respectively.
The extract showed significant antioxidant activities in the tested analytical methods. The study
showed that extracts of the medicinal plant Moringa oleifera is a good scavenger of free

radicals.
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Introduction

A number of in vitro methods of assessing radical scavenging ability are available. Artificial
species such as 2, 2"-azinobis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS) [1], 1, 1-diphenyl-
2-picrylhydrazyl (DPPH) [2], and N, N-dimethyl-p-phenylendiamine (DMPD) [3] have been
used. The conditions of application may vary from one to another depending on pH, solvents,
wavelength of measurement, which may lead to the achievement of different results [4]. These
radicals are artificially generated and as such are not obtainable in vivo. Howbeit, they are
useful in ranking antioxidant activity of food substances in which they occur. They may
therefore be used in evaluating food antioxidant activity which is an indicator of the antioxidant

potential prior to their consumption.

The importance of oxidation of foodstuffs in the human body cannot be underestimated as it is
essential for the survival of cells [5]. A side effect of this oxidation is the production of free
radicals and other reactive oxygen species (ROS) such as superoxide anion (O2*7), hydroxyl
(*OH), peroxyl (ROOe), alkoxyl radicals (ROe), hydrogen peroxide (H:20:), singlet oxygen
(O2'Ag) and reactive nitrogen species (RNS) mainly NO (nitric oxide), ONOO (peroxy nitrate),
NO: (nitrogen dioxide) and N20s (dinitrogen trioxide). These may attack biological
macromolecules, giving rise to protein, lipid, and DNA damage, cell aging, oxidative stress-
originated diseases (e.g. cardiovascular and neurodegenerative diseases), and cancer [6, 7, 8, 9].
These free radicals affect the adjoining stable molecules by electron transfer. When this happens,
the attacked molecule itself becomes another free radical setting up a chain of reactions, resulting
in the destruction of the living cell [10]. Antioxidants scavenge or quench ROS and RNS
products of respiration that can cause oxidative damage to cells [11, 12]. There is increasing
evidence linking the involvement of such species with a variety of normal in vivo regulatory
systems [13]. When ROS and RNS accumulates, they can disrupt the activities of protective
enzymes such as superoxide dismutase, catalase and peroxidase and cause lethal cellular effects
(e.g. senescence and apoptosis) by altering the normal structures of membrane lipids, cellular
proteins, DNA and enzymes, thus down regulating cellular respiration [14]. Furthermore, ROS
have been shown to influence cell signaling pathways [15, 16, 17]. Food items can also be

oxidized resulting in chemical spoilage that leads to rancidity and /or deterioration of the
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nutritional quality, color, flavor, texture and eventual safety of foods [18, 19, 20]. Evidence
exists that half of the world’s fruit and vegetable are lost due to postharvest deteriorations caused
by oxidative reactions [21, 22, 23]. Defense mechanisms against the effects of excessive
oxidations are augmented by the action of various natural antioxidants and thus the measurement
of antioxidant activity is imperative [24, 25, 26]. Antioxidant activity relates to the kinetics of a
reaction that takes place between an antioxidant and the prooxidant or the radical it reduces or
scavenges, whereas antioxidant capacity determines the thermodynamic conversion efficiency of
an oxidant probe upon reaction with an antioxidant [27, 28].

Any substance whose presence, at relatively low concentration, in comparison to those of the
oxidizable substrate, reduces the oxidation of the substrate is referred to as an antioxidant [29,
30, 31]. They are classified as either primary/ chain-breaking antioxidants, or secondary/prev-

entative antioxidants [32].

The methods of assessing antioxidant activity fall into two broad categories based on either
activity in foods or bioactivity in humans [33]. There is the increasing need to assess the ability
of the antioxidant(s) to provide protection for the food against spoilage that may result from
oxidation and reduction reactions. The principles of other assay methods of determination of
antioxidant activity involves measurement of activity in foods, particularly fruits, vegetables and
beverages, bearing in mind the need to access the dietary burden as a result of in vivo activity of
the active antioxidants present [34]. Oxidative stress in humans arises from an imbalance in the
antioxidant status (ROS and RNS levels) in reference to defense and repair mechanisms [35, 36].
The body’s endogenous defense machinery include enzymes such as superoxide dismutase,
catalase and glutathione peroxidase, vitamin E, uric acid and serum albumins [37, 38]. In
addition to these, food-derived antioxidants has been found to be important as it complements
the body’s endogenous defense machinery [39, 40]. The sum of endogenous and food-derived
antioxidants represents the total antioxidant activity of the extracellular fluid [41]. Cooperation
of all the different antioxidants provides greater protection against attack by reactive oxygen or
nitrogen radicals, than any single compound alone. The overall antioxidant capacity gives a more
relevant biological information compared to that obtained by the measurement of individual
components, as it considers the cumulative effect of all antioxidants present in plasma and body
fluids [42].
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Antioxidants can deactivate radicals by two major mechanisms: Hydrogen Atom Transfer
(HAT) and Single Electron Transfer (SET) [43, 44, 45]. Regardless of mechanism, the end result
is the same, differing only in kinetics and potential for side reactions [46, 47]. Both reactions can
occur in parallel, with the mechanism dominating a given system being determined by
antioxidant structure and properties, solubility and partition coefficient, and solvent system [48,
49]. Ultimately, bond dissociation energy (BDE) and ionization potential (IP) are major factors

that determine the mechanism and the efficacy of antioxidants [50, 51].

An organism’s defense against the attack of ROS and RNS is provided by antioxidants and lack
of equilibrium between free radicals and antioxidants leads to oxidative stress [52] which is a
disturbance in the prooxidant-antioxidant balance in favor of the prooxidant that leads to
potential damage. The term antioxidant is reserved for any compound, whose presence in low
concentrations, has the ability to block or significantly delay the reaction of a substrate with
molecular oxygen or ROS/RNS. ROS, RNS and RSS that result from the respirative cycle of
oxidative phosphorylation may attack biological macromolecules like cellular DNA, giving rise
to single- and double-strand breaks that may eventually cause cell ageing, cardiovascular
diseases, mutagenic changes and cancerous tumor growth. When natural defenses of the
organism (of enzymatic, non-enzymatic or dietary origin) are overwhelmed by an excessive
generation of ROS/RNS, a situation of oxidative stress occurs, in which cellular and extracellular
macromolecules (proteins, lipids and nucleic acids) can suffer oxidative damage, causing tissue
injury. It has been established that the consumption of foods rich in natural antioxidants provides
an efficient way of combating tissue injuries, undesired transformations and prevent health risks
[53].

Some other compounds, known as retarder molecules, have the ability to reduce the rate of
oxidation only when they are present in high concentrations and are often wrongly reported as
antioxidants [54]. Consequently, in addressing the assessment of antioxidant effect, factors such
the difference between antioxidant capacity and antioxidant activity are of primary importance.
Considering antioxidant activity as the reaction between a single antioxidant species and the free
radical, the antioxidant capacity is the reaction between an antioxidant solution, containing a
mixture of antioxidant compounds and the radical [55]. While antioxidant activity is defined as
the rate constant of the reaction between a unique antioxidant and a given free radical,

antioxidant capacity is the number of moles of free radical scavenged by an antioxidant testing
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solution that could lead to a different result for the same radical [56].The potential self-reactivity
of radicals derived from parent antioxidants, versus the reaction products [57]. The specificity of
the antioxidant compound towards the free radical as there are no universal antioxidants able to

efficiently quench any type of reactive oxygen species [58].

Many studies have been conducted in the field of free radicals, oxidative stress and
antioxidant activity of food. This gives antioxidants a prominent beneficial role, and
regardless of the quantity ingested, the absorption is very limited, and in some cases
prooxidants have been shown to be beneficial to human health [59,60]. The determination of
antioxidant activity and specific antioxidant compounds can be achieved with the use of a
large number of different assays, all of them with advantages and disadvantages [61] .
Interest in antioxidants, particularly those intended to prevent the presumed deleterious
effects of free radicals in the human body, as well as the deterioration of fats and other

constituents of foodstuffs has increased in recent years [62, 63] .

Methodology

The sample of the plant is sourced in llorin, Kwara State, North Central Nigeria, where it grows
as an ornamental plant. The chemical substances used in the experiments were all of analytical
reagent grade. The visible spectra and absorption measurements were recorded in matched
cuvettes using Genesys 10S UV-VIS spectrophotometer.

Fresh leaves of Moringa Oleifera were collected and dried under shade. 1g of the leaves was
homogenized in 10ml of the solvent. The residue was weighed and dissolved in dimethyl

sulfoxide (DMSO) to obtain the desired concentration. Aqueous extracts were prepared fresh.

Stock solutions were prepared by dissolving a weighed amount in a total volume of
10ml ethanol to give 10mM concentration. Working solutions of 1mM and 2mM
concentrations were prepared from the 10mM stock solutions for each assay [64]. All other
reagents used were prepared by accurate dilutions from stock solutions. Reactions were

carried out in triplicate.
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DPPH radical scavenging activity

The free radical scavenging activity of the extract was measured by the 1, 1-diphenyl-2-picryl-
hydrazil (DPPH¢) wherein the bleaching rate of a stable free radical, DPPHe is monitored at a
characteristic wavelength in the presence of the sample [65]. In its radical form, DPPHe absorbs
at 517nm, but upon reduction by an antioxidant or a radical species its absorption decreases.
Briefly, 0.1mM solution of DPPHe in ethanol was prepared and 1ml of this solution was added to
3ml of the extract solution in ethanol at different concentrations (ImM and 2mM). After
30minutes, the absorbance was measured at 517nm. Lower absorbance of the reaction mixture

indicates higher free radical scavenging activity.

% inhibition calculated as: Scavenging effect (%) = [(OD of control-OD of sample) / (OD of
control)] x100.

The DPPH- radical displays an intense UV-VIS absorption spectrum. In this test, a solution of
radical is decolorized after reduction with an antioxidant (AH) or a radical (Re) in accordance
with the following scheme: DPPHe + AH — DPPHe-H + A+, DPPH* + R* — DPPH-*-R.

Phosphomolybdenum antioxidative power assay

This method is based on the reduction of phosphomolybdic acid to phosphomolybdenum
blue complex by sodium sulfide[66]. The Phosphomolybdenum blue complex obtained is
oxidized by the addition of nitrite and this causes a reduction in intensity of the blue color.
Caffeic acid, 0.1ml (ImM - 2mM) was mixed with the Phosphomolybdenum reagent (1ml),
(containing 0.6M H2SO., 28mM Na.SO4 and 4mM ammonium molybdate). The mixture was
incubated in a water bath for 90minutes at 95°C. Samples were cooled after the incubation and
OD measured at 695nm against a blank in triplicate and percentage inhibition calculated

according to:
Inhibition % = (1- OD of sample / OD of control) x 100
Results

The two in vitro methods presented in this study are based on the ability of antioxidants to
reduce a radical cation / anion which can be monitored spectrophotometrically by determining
decrease in absorbance. The ions monitored included 1, 1-diphenyl-2-picryl-hydrazil (DPPH)
and Phosphomolybdenum.
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DPPH free radical scavenging activity

Radical scavenging activities are very important due to the destructive role of free radicals in
foods and in biological systems. The DPPH radical scavenging activity is generally quantified in
terms of inhibition percentage of the pre-formed free radical by antioxidants. In the DPPH
assay, the samples were able to reduce the stable DPPH radical to the yellow colored,
diamagnetic diphenyl-picrylhydrazine, indicating their abilities to scavenge DPPH radical.

Figure 1.1 shows the percentage DPPH scavenging activity of 84.63% for caffeic acid and
83.43% for the extract at 1mM concentration. At 2mM concentration, the values obtained are
84.93% for Caffeic acid and 85.44% for the ethanolic extract of Moringa oleifera.

Phosphomolybdenum Antioxidative Power (PAP) Assay

PAP assay measures the reduction degree of Mo (V1) to Mo (V). It is a quantitative method to
investigate the reduction reaction rate among antioxidant, oxidant and molybdenum ligand
involving thermal generation of auto-oxidation during prolonged incubation period at higher

temperature and acidic pH. It gives a direct estimation of reducing capacity of an antioxidant.

Being distinctive from FRAP and CUPRAC assays it remains intact irrespective of
concentration of free metal ions and unlike CUPRAC and FRAP, it forms a green
Phosphomolybdenum complex without induction of free metal ions in solution thus making it

unique among in vitro antioxidant assays methods [67].

The result of this assay is presented in Fig.1.2. Caffeic and Moringa oleifera extract at 1mM
concentration shows percentage inhibition of the phosphomolybdate ion of 67.81% and 71.90%
respectively. At 2mM concentrations, the percentage values are 56.02% for Caffeic acid and
65.37% for the extract, an indication that Moringa oleifera extract is a better scavenger of the

phosphomolybdate radical than caffeic acid in a concentration- dependent manner.
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Figure 1.1 DPPH free radical scavenging activity of caffeic acid and Moringa oleifera extract.

Solutions were prepared at 1mM and 2mM concentrations. DPPH (1ml, 0.1mM) solution was
added to 3ml each of the aliquot of the solutions to make a total volume of 4ml reaction mixture.

Each value is the average of three experiments with error bars indicating SEM.
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Figure 1.2 Phosphomolybdenum antioxidative power of caffeic acid and Moringa oleifera

extract.
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Phosphomolybdenum solution, (1ml), was added to 0.1ml of Caffeic acid and the extract at
molar concentrations of 1ImM and 2mM. Each bar represents the mean + SEM of experiments

carried out in triplicates.
Conclusions

Nowadays, there seems to be an increased global interest in the identification and isolation of
pharmacologically potent  antioxidant compounds from natural sources, with low mammalian
toxicity. The increase in the occurrence of different chemicals, pesticides, pollutants, coupled
with smoking and alcohol intake and even some synthetic medicines has increased the chance of
free radical-based diseases. Plants produce large amounts of secondary metabolites that may
prevent oxidative stress, thus presenting a potential source of new compounds with antioxidant
activity. Increasing knowledge of antioxidant phytochemicals and their inclusions can
sufficiently support the human body’s ability to combat diseases. In recent times, herbal
medicines have become important in managing pathological conditions of diseases caused by
free radicals. It is therefore imperative to explore and identify our traditional therapeutic
knowledge of plant sources and interpret according to recent advancements at fighting oxidative
stress, in order to accord it a deserving place.

The most effective way to eliminate free radicals that cause oxidative stress is with the
help of antioxidants as they combat free radical-induced tissue damage by preventing the
formation of radicals, scavenging them, thereby promoting their decomposition. Many
synthetic drugs protect against oxidative damage, but they have adverse side effects. An
alternative solution to the problem is the consumption of natural antioxidants from food
supplements and traditional medicines. In almost all the traditional systems of medicine,
medicinal plants play a major role and constitute their backbone. Prevention is a more
effective strategy than treatment of chronic diseases. The incorporation of herbs into everyday
meals may be beneficial as a diet in which culinary herbs are included generously provides a
variety of active phytochemicals that could promote good health by protecting tissues against O,.
induced damage thereby prevent the onset of chronic diseases. Medicinal plants are the most
important source of life saving drugs for the majority of the world’s population.

The results obtained shows that the leaves of Moringa Oliefera possess considerable
quantities of non-enzymatic antioxidants. Extracts of the leaves effectively scavenged or

inhibited all the radicals tested.
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It is evident from the study that extracts of the leaves of this plant exhibit effective antioxidant
and radical scavenging activity in -vitro, implying they can be used in pharmacological and

food industries due to its antioxidant properties.
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