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Abstract

Background: The pathogenesis of reactive oxygen species (ROS) linked chronic diseases such as
hypertension, rheumatoid arthritis, and diabetes has warranted the intensive search for plants with
antioxidant properties.

Aim: The in vitro and in vivo antioxidant properties of ethanolic leaves extract of Moringa oleifera Lam
(Moringaceae) and its effect on lipid indices in male albino rats were investigated.

Material and Methods: The in vitro antioxidant properties of the extract were determined; while the in
vivo studies involved three groups of five male rats orally administered with extract [1 mL (200 mg/
kg-1)], alpha-tocopherol [1 mL (500 mg/kg-1)] and 1 mL 5 % Tween 20 (control) respectively for 21 days.
The effects on enzymatic antioxidants and lipid indices were evaluated.

Results: Hydrogen peroxide scavenging ability of the extract was significantly (P<0.05) higher than that
of alpha-tocopherol. Superoxide dismutase and catalase activities were increased, while triacylglycerides
and very low density lipoprotein were significantly (P<0.05) lowered by the extract. Malonaldehyde
levels were not significantly (P<0.05) different in the extract, á-tocopherol and control treated groups.

Conclusion: The extract had appreciable phenol content and exhibited in vitro antioxidant properties.
The extract also had modulating effects on enzymatic antioxidants, showed lipid-lowering ability and
caused changes in types of lipoproteins found in serum.
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Introduction
Recently, the incidences of chronic diseases

have been on the increase and these are probably due
to several factors which include changes in lifestyle, diet,
and greater consumption of processed foods and drinks.
It is widely reported that free radicals play an important
role in the pathogenesis of chronic diseases: such as
cancer, rheumatoid arthritis, and cardiovascular diseases
such as hypertension [1, 2]. This is because major

cellular components which include lipids (peroxidation
of unsaturated fatty acids in membranes), proteins
(denaturation), carbohydrates and nucleic acids are
susceptible to damage by free radicals. Free radicals are
generated as byproducts of normal aerobic metabolism
as well as metabolic reactions with drugs, toxins and
alcohol.

Polyphenols constitute the largest class of
phytochemicals and dietary polyphenols have been
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shown to play important roles in human health. They are
natural antioxidants present in plants, conferring
protection against free radicals when consumed, thus
are important in maintaining good health [3, 4].
Antioxidants are powerful metal chelators and operate
cooperatively, employing a series of redox reactions to
detoxify free radicals [5].  Recent research strongly
support high intake of fruits, vegetables and whole
grains, which are rich in polyphenols, as a link to lowered
risks of many chronic and degenerative diseases [2].

Furthermore, the role of serum lipoprotein
disturbances and abnormal lipid metabolism
characterized by hyperlipidaemia as an etiological factor
in the development of coronary heart diseases has also
been reported [1]. Therefore, evaluation of plants for
their antioxidant and lipid lowering capacity is a good
approach to finding safer and cheaper ways of managing
chronic diseases.

Moringa oleifera Lam. (Moringaceae) is native
to India, Africa and the Middle East. It has long been
identified by some traditional herbalists to cure many
diseases, and has been used as food and nutritional
supplement [6]. However, it is only recently that modern
scientists began to corroborate its benefits. The plant
has been shown to have little side effects [7, 8]; and has
been given to malnourished babies in some parts of
Africa [9].

Nevertheless, the mode of action of its medicinal
properties has not been completely elucidated. Therefore,
the in vitro and in vivo evaluation of the effect of M.
oleifera leaves extract on antioxidant parameters and
lipid indices are important in order for the plant to serve
as a suitable alternative to synthetic drugs in the
management of chronic diseases. The plant’s product
ability to elicit in vivo antioxidant activity could point to the
most probable way the extract achieves its
pharmacological activity.

The present study seeks to assess the in vitro
antioxidant capacity of M. oleifera ethanolic leaves extract
in order to establish the antioxidant potentials of the plant
and determine the activities of serum superoxide
dismutase and catalase in order to ascertain the effect of
the extract on enzymatic antioxidants. In addition, the
extract’s effect on lipid peroxidation was investigated to
enable an assessment of its membrane deterioration
effect likewise serum lipid profile was evaluated in order
to determine the extract’s effect on lipoproteins
distribution.

Materials and Methods

Extract preparation
The leaves of M. oleifera were collected in Nimo,

Anambra state, Nigeria. They were identified and
authenticated at the Department of Botany, Nnamdi
Azikiwe University herbarium (Herbarium no NAUH 48).
The collected leaves of the plant were air dried under
shade for 14 days and pulverized. The pulverized leaves
(400 g) were extracted by maceration with 1 L of 80 %
ethanol for 24 h at 4 ÚC. The M. oleifera ethanolic leaves
extract solution was filtered through Whatman filter
paper No. 1 and freeze dried (FT33-Armfield, England).
The extract was weighed, percent yield calculated, and
stored in an air-tight container at 4 0C.

In vitro Studies
The in vitro antioxidant capability of M. oleifera

ethanolic leaves extract was evaluated. The parameters
determined include total phenol content, total flavonoid
content, total antioxidant capacity, reducing power and
hydrogen peroxide scavenging ability. Vitamin C was
used as a reference antioxidant due to its role as
scavenger of free radicals through electron transfer.
Absorbance was measured spectrophotometrically
(Amershan Biosciences Ultraspec. 3100 Pro UV visible;
UK).

Estimation of total phenol content
The total phenol content of the ethanolic extract

sample was determined using Folin-Ciocalteu reagent
according to the modified method of Khanahmadi et al.,
[10]. The amount of total phenol content in the extract
solution was determined from gallic acid calibration
curve and was expressed as mg of Gallic Acid Equivalent
per gram sample (mg GAE g-1).

Estimation of total flavonoid content
The total flavonoid content of the ethanolic extract

sample was determined by aluminum trichloride
colorimetric method using rutin as standard [11]. The
method was based on formation of a flavonoid-aluminum
complex. The amount of flavonoid was calculated from
rutin calibration curve, results expressed as mg of Rutin
Equivalent per gram of sample (mg RE g-1).

Total antioxidant capacity
The total antioxidant capacity was evaluated by

phosphomolybdenum method as described by Nabasree



3

Ogbunugafor  et al. In vitro and In vivo Evaluation of Antioxidant Properties of Moringa oleifera

Maced J Med Sci.

and Bratatti [12]. The assay was based on the reduction
of Mo (VI) to Mo (V) by the sample and subsequent
formation of a green phosphate/Mo (V) complex at acidic
pH. Extract solution in ethanol (0.3 mL; 100 μg mL-1) was
mixed with reagent solution (3 mL; 0.6 M sulphuric acid,
28 mM sodium phosphate and 4 mM ammonium
molybdate). A blank composed of 3 mL of reagent
solution and methanol was also prepared. All tubes were
capped and incubated in boiling water bath at 95 oC for
90 min. Absorbance of samples were read against blank
at 695 nm. The antioxidant capacities of samples were
expressed as mg Ascorbic Acid Equivalent per gram of
sample (mg AAE g-1).

Determination of reducing power
The reducing power ability of the extract was

determined using the method of Adesegun et al., [13] by
mixing 2.5 mL of extract solution of various concentrations
(25, 50, 75, 100, 150, 200, 250, 300, 400, 600, 800 μg
mL-1), with 2.5 mL of 1 % potassium ferricyanide and
incubated at 50 oC for 20 min. Trichloroacetic acid (2.5
mL, 10 %) was added and centrifuged (1000 × g, 10 min).
The supernatant (2.5 mL) was mixed with equal volume
of distilled water and ferric chloride (0.5 mL, 0.1 %).The
absorbance was measured at 700 nm against a reagent
blank and the procedure was repeated using ascorbic
acid.

Hydrogen peroxide scavenging ability
The decomposition of hydrogen peroxide by the

extract was estimated by the method of Oktay et al., [14].
Hydrogen peroxide solution (2 mM) was prepared with
standard phosphate buffer (pH 7.4). Sample (25, 50, 75,
100, 150, 200, 250, 300, 400, 600, 800 μg mL-1) in
distilled water was added to hydrogen peroxide solution
(0.6 mL). Absorbance of hydrogen peroxide at 230 nm
was determined spectrophotometrically after 10 min
against a blank solution containing phosphate buffer
without hydrogen peroxide. The percentage scavenging
potential of hydrogen peroxide of the plant extract and
standard control (alpha-tocopherol) were determined.

In vivo Studies
Test animals: Fifteen male normotensive rats

used for this experiment were purchased from the rat
colony at the Department of Veterinary Parasitology and
Entomology, University of Nigeria, Nsukka. The animals
were housed in standard rat cages to minimize their
discomfort and were fed with commercial livestock feed
(Topfeeds Ltd, Asaba, Delta State, Nigeria) and water

ad libitum. The feed was composed of crude protein, 18
%; fat, 6 %; crude fiber, 5.00 kcal kg-1; calcium, 1.00 mg;
available phosphorous, 0.40 mg; lysine, 0.85 mg;
methionine, 0.35 mg; salt, (minute); metabolizable
energy, 2900 kcal kg-1. The animals were acclimatized
for 14 days and handled in accordance with the guidelines
of Institute for Laboratory Animal Research (ILAR).

Chemicals and Equipment: Hydrogen peroxide
(H2O2), Epinephrine (C9H13O3N), Tween 20 and alpha-
tocopherol (vitamin E) were purchased from Sigma-
Aldrich, Germany. All other chemicals used, including
solvents, were of analytical grade. UV-Visible
spectrophotometer (Amershan Biosciences Ultraspec.
3100 Pro; UK) was used for spectrophotometric
measurements.

Animal treatment: Rats weighing between 180-
220 g were sorted into 3 groups of 5 rats each. The
respective groups were orally administered with M.
oleifera ethanolic leaves extract [1 mL (200 mg kg-1)],
alpha-tocopherol [1 mL (500 mg kg-1)], and 1 mL of 5 %
Tween 20 (control) for 21 days. Alpha-tocopherol which
is a lipid-soluble antioxidant that plays a role in protecting
membranes from oxidative damage [16] was used as
reference antioxidant.

The animals were fasted overnight and
anaesthetized with chloroform. The animals were
sacrificed by severing the jugular vein with a surgical
blade. Blood was allowed to flow freely and was collected
in plain bottles. The blood was allowed to clot and then
centrifuged at 1500 × g for 5 min after which the clear
supernatant (serum) was separated from pellet and
used for enzymes assay.

Determination of Superoxide dismutase
activity (SOD): The method of Sun and Sigma as
described by Ogbunugafor et al., [17] was adopted. The
reaction mixture (3 mL) contained 2.95 mL sodium
carbonate buffer (0.05 M, pH 10.2), 0.02 mL of serum
and 0.03 mL of epinephrine in 0.005 N HCL used to
initiate the reaction. The reference cuvette contained
2.95 mL buffer, 0.03 mL of substrate (epinephrine) and
0.02 mL of water. An extinction coefficient for epinephrine
at 480 nm of 4020 M-1cm-1 was used in calculating
activity.

Determination of Catalase activity (CAT):
Serum catalase activity was determined according to
the method of Beers and Sizer as described by Usoh et
al., [18]. The reaction mixture (3 mL) contained 0.1 mL
of serum in phosphate buffer (50 mM, pH 7.0) and 2.9 mL
of 30 mM H2O2 in phosphate buffer pH 7.0. An extinction
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coefficient for H2O2 at 240 nm of 40.0 M-1cm-1 as described
by Aebi, [19] was used for the calculation.

Determination of lipid peroxidation index
(LPO): Lipid peroxidation was estimated based on the
formation of TBARS (thiobarbituric acid reactive
substances) as an index of lipid peroxidation according
to the method of Niehaus and Samuelson as described
by Usoh et al., [20]. Malonaldehyde (MDA) which is an
index of LPO was calculated with extinction coefficient of
1.5 x 105 M-1cm-1.

Determination of lipid concentration: The
concentration of total cholesterol (TC), low density
lipoprotein (LDL-cholesterol), high density lipoprotein
(HDL-cholesterol), very low density lipoprotein (LDL)
and triacylglycerides (TAG) was estimated in rats’ serum
after administration of the M. oleifera ethanolic leaves
extract, alpha-tocopherol and control respectively. The
TC, HDL and TAG in serum were determined
enzymatically using commercially available test kits
(Boehringer, Mannheim, Germany). LDL-cholesterol was
calculated by the Friedewald formula:

LDL cholesterol = total cholesterol (TC) – HDL
cholesterol – triacyglycerides ÷ 5

VLDL = Triacylglycerides ÷ 5 Tietz, [19].

Statistical analysis
Results were expressed as Mean ± SEM.

Statistical significant difference (P<0.05) was determined
using student’s t-test. All data were analyzed using
Statistical Package for the Social Science 15.0 for
windows (SPSS 15.0).

Results

Plant extraction
The percentage yield of M. oleifera ethanolic

leaves extract (w/w) was 18.88 %.

In vitro Antioxidant determination
Total phenol content of the extract was 7.10 ±

0.02 (mg GAE g-1), total flavonoid was 98.20 ± 0.60 (mg
RE g-1) while total antioxidant capacity was 35.20 ± 0.07
(mg AAE g-1). The extract at varying concentrations (25
- 800 μg mL-1) was observed to have reducing power
potential.

There was no significant (P<0.05) difference in

the reducing power potential of M. oleifera leaves extract
and ascorbic acid. In addition, the hydrogen peroxide
scavenging potential of the extract increased with
increasing concentration of extract except that after 600
μg mL-1 a decline set in. The same reaction pattern was
obtained with alpha-tocopherol control standard.
However, the hydrogen peroxide scavenging potential
of the plant extract was significantly (P<0.05) higher than
the control.

Figure 1: Reducing power potential of Moringa oleifera ethanolic
leaves extract and ascorbic acid.

Figure 2: Hydrogen peroxide scavenging potential of M. oleifera
ethanolic leaves extract and alpha-tocopherol.

In vivo Studies
Effect on Antioxidant enzyme, lipid peroxidation
and lipid profile

There was increased SOD activity in serum of
both M. oleifera extract and alpha-tocopherol treated
animals (Fig. 3). However, SOD activity was significantly
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(P<0.05) higher in the serum of M. oleifera extract-
treated rats than alpha-tocopherol or control-treated
rats. Similarly, the leaves extract showed significant
(P<0.05) higher CAT activity in serum of M. oleifera
extract-treated rats than alpha-tocopherol or control-
treated rats (Fig. 4). However, there was no significant
(P<0.05) difference in CAT activity between alpha-
tocopherol and control treated rats.

Tocopherol treated animals. Although, no significant
(P<0.05) difference was observed in LDL between M.
oleifera leaves extract and control treated while significant
(P<0.05) difference was observed between M. oleifera
leaves extract and alpha-Tocopherol treated animals
likewise between alpha-Tocopherol and control treated
rats. In addition, HDL was lowered in M. oleifera leaves
extract and control treated rats compared to alpha-
Tocopherol treated. Similar pattern of LDL significance
(P<0.05) was obtained with HDL values. Furthermore,
there was no significant (P<0.05) difference in VLDL
obtained between M. oleifera leaves extract and alpha-
Tocopherol treated, also between groups treated with
alpha-Tocopherol and control respectively. However,
significant (P<0.05) difference in VLDL obtained wasFigure 3: Superoxid dismutase activity in rats treated  with Moringa

oleifera ethanolic leaves extract, vitamin E, and control respectively.

Figure 4: Catalase activity in rats treated  with Moringa oleifera
ethanolic leaves extract, vitamin E, and control respectively.

MDA serum concentration was increased in M.
oleifera leaves extract treated animals, but this was not
significantly (P>0.05) different from alpha-tocopherol
and control treated animals (Fig. 5).

Nevertheless, it was observed that total
cholesterol was not significantly (P<0.05) changed in the
three groups of treated rats. However, there was an
increase in LDL in the M. oleifera leaves extract and
control treated animals compared to the alpha-

Figure 5: Concentration of malonylaldehyde (mM L-1) in rats treated
with Moringa oleifera ethanolic leaves extract, vitamin E, and control
respectively.

observed between M. oleifera leaves extract and control
treated rats. Similar pattern of VLDL significance (P<0.05)
was obtained with TAG values wherein TAG was lowered
by M. oleifera leaves extract (Table 1).

Table 1: Lipid Profile (mg dL-1) of rats treated with M. oleifera,
vitamin E and control respectively.

Values with dissimilar letter (a, b and c) are significantly (P < 0.05) different from each other
with respect to the parameter investigated.

Discussion
The need to address the health challenges

faced in modern times, particularly with regard to chronic
diseases; which is recording greater incidences gave
the impetus for the study. This has presented a critical
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need to finding solution for their management using
plants (medicinal, herbs, foods and spices), quite
abundant in the locality.

From the results of the present study, total
phenols, antioxidant capacity, reducing power potential
and hydrogen peroxide scavenging potential of the M.
oleifera ethanolic leaves extract suggest that the extract
has antioxidant property which supports reports that
plants have strong antioxidant properties [21].

The total antioxidant capacity of the extract
which was appreciable, points to the electron donating
and reductive ability of the extract. This result suggests
that the extract may act as radical chain terminator and
transforms free radical species to stable non-reactive
products [22]. Furthermore, the hydrogen peroxide
scavenging potential of M. oleifera ethanolic leaves
extract which was higher than that of ascorbic acid,
indicates that the extract may be able to protect cells
from oxidative damage particularly DNA breakage
occasioned by exposure to toxic hydrogen peroxide
[23].

It is evident from the results that M. oleifera
ethanolic leaves extract had an effect on serum enzymatic
antioxidants and lipid parameters in test rats. The elevated
activity of superoxide dismutase (SOD) and catalase
(CAT), may suggest an induction of the enzymes by the
extract in the rats. SOD and CAT are both inducible
enzymes whose production can be stimulated. Earlier
reports supports this finding that SOD and CAT can be
induced in animals as was observed with black rice
extract [24], and ethyl acetate fraction of Globimetula
branuii leaf-extract [25]. Increased activity of the enzymes
could mean enhanced antioxidative capacity of the
animals [22]. The antioxidant enzyme SOD is the first
line of defense against reactive oxygen species,
converting them to toxic H2O2, in living systems. Catalase,
further carries out the detoxification of H2O2 into molecular
oxygen and water.

However, high vitamin C content in the leaves of
M. oleifera has been reported [26]. Vitamin C can act as
a pro-oxidant as well as an antioxidant. It could therefore
be suggested that vitamin C may have played pro-
oxidant role in the observed induction of antioxidant
enzymes as well as the observed increase in MDA level
in the M. oleifera ethanolic leaves treated rats. This is
supported by previous studies that oxidants react directly
with cellular macromolecules [21] oxidizing them [23].
Moreover, the increased MDA levels in the M. oleifera
treated rats may be accounted for by the high vitamin C

and/or iron content of the leaves [26, 29]. Iron, which
though maintains proper cell function, has been reported
to act as pro-oxidant in vivo when administered at high
doses [30]. However, it is worthy to note that the increased
MDA level in the M. oleifera treated rats may suggest
lipid peroxidation even though it was not significant (p >
0.05) compared to the other groups. Nevertheless, future
studies could adjust the dose of the plant extract to
eliminate the peroxidation effect.

Furthermore, lipids have been implicated in the
pathogenesis of inflammatory diseases, such as
rheumatoid arthritis and cardiovascular diseases [27];
therefore, M. oleifera leaves extract which had lipid
lowering effect particularly of triacylglycerides and VLDL,
is an encouraging one. In addition, this result is in
agreement with Aattar, [28] who found that several herbs
reduce high concentrations of blood lipids.

The findings of this study reflects the beneficial
effects of M. oleifera ethanolic leaves extract towards
contributing to maintaining good health particularly in
protection from coronary heart diseases, cancer and
aging which have been linked to reactive oxygen species.
Moreover, the use of plants are gaining wide acceptance
among scientists, nutritionist, food manufacturers and
health givers in healthcare delivery programmes. These
groups of professionals are moving towards functional
foods with specific health benefits [21].

Conclusion
In this study, M. oleifera leaves extract exhibited

a strengthening effect on the antioxidant capacity of the
test animals. The plant extract also showed lipid lowering
ability and revealed that it may be effective in management
of chronic diseases with etiology in oxidative stress. The
possible changes that treatment with M. oleifera ethanolic
leaves extract might have on serum lipids was highlighted
in this study. Although result from animal studies cannot
definitely be extrapolated directly to humans, further
studies need be done on standardization of dosage in
order minimize any negative side effect.
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