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Abstract: Antioxidants help to mop up free radicals that serious damage to the body system and hence are referred to as free
radical scavengers. The main objective of this study was to assess the antioxidant property of ethanol seed extract of Picralima
nitida in malaria-induce mice. The activities of the antioxidant enzymes myeloperoxidase (MPO), superoxide dismutase
(SOD), thioredoxin reductase (TrxR) were assayed; malondialdehyde (MDA) and nitrite levels were determined. The levels of
nitrite and MDA and the SOD activity of the drug-treated groups of mice were significantly (p < 0.05) lower on days 3 and 5
post treatment compared to the group induced with malaria but not treated (positive control). The MPO activity of the drugtreated groups of mice was significantly (p < 0.05) higher on day 3 post treatment while its activity in mice treated with 40 and
80 mg/kg b.w. of the extract were significantly (p < 0.05) lower on day 5 post treatment compared to the positive control. In
the group treated with 80 mg/kg b.w. of the extract, the TrxR activity was significantly (p < 0.05) lower on days 3 and 5 post
treatment compared to the positive control. Picralima nitida seed extract was found to possess good antioxidant properties.
Keywords: Antioxidants, Free Radicals, SOD, MDA, TrxR

1. Introduction
Antioxidants are broadly classified into two divisions,
hydrophilic and lipophilic antioxidants. Water-soluble
antioxidants react with oxidants in the cytosol and the blood
plasma, while lipid-soluble antioxidants protect cell
membranes from lipid peroxidation. These compounds may
be synthesized in the body or obtained from the diet [1].
Antioxidants such as glutathione and ubiquinone are mostly
present within cells, while others such as uric acid are more
evenly distributed. Some antioxidants are only found in a few
micro-organisms and these compounds can be virulent
factors [2] in these micro-organisms. These antioxidants
normally interact with one another and with other metabolites
and enzyme systems in a synergistic way [3]. The amount of
protection by any antioxidant depends on its concentration,
its relative reactivity towards a particular reactive oxygen
species and the status of the antioxidants with which it
interacts. Some compounds contribute to antioxidant defense
by chelating transition metals and preventing them from

catalyzing the production of free radicals in the cell.
Oxidation reactions do produce free radicals which can
start chain reactions [4] that normally cause damage or death
to the cell. Antioxidants which terminate these chain
reactions by removing free radicals include thiols, ascorbic
acid or polyphenols, glutathione, vitamin A, vitamin E as
well as enzymes such as catalase, superoxide dismutase and
various peroxidases [5]. Insufficient levels of the antioxidants
or inhibition of the antioxidant enzymes, cause oxidative
stress [6]. Antioxidants are widely used in dietary
supplements though have not been suggested so helpful in
dealing with oxidative stress and excess of them may be
harmful [7]. Antioxidants also have other industrial uses,
such as food preservatives, cosmetics and to prevent rubber
and gasoline degradation [8].
Oxygen is a highly reactive molecule that damages living
organisms by producing reactive oxygen species [9].
Consequently, organisms contain a complex network of
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antioxidant metabolites and enzymes that collaborate to
prevent damage to cellular components such as DNA,
proteins and lipids [1]. Generally, antioxidants systems either
prevent these reactive species from being formed or remove
them before they can damage vital components of the cell [4]
[9]. However, reactive oxygen species also have useful
cellular roles, such as redox signaling. Thus, the function of
antioxidant systems is not to remove oxidants entirely, but to
keep them at an optimum level [10]. The reactive oxygen
species produced in cells include hydrogen peroxide,
hypochlorous acid, and free radicals such as hydroxyl radical
and superoxide anion, peroxynitrite and peroxynitrous acid
[11]. The hydroxyl radical is particularly unstable and will
react rapidly and non-specifically with most biological
molecules. It is produced from hydrogen peroxide in metalcatalyzed redox reactions such as the Fenton reaction [12].
These oxidants damage cells by starting up chemical chain
reactions such as lipid peroxidation, oxidizing DNA or
proteins. Damage to DNA can cause mutation while damage
to proteins causes enzyme inhibition, denaturation and
degradation [13, 11].
Superoxide anion is produced as a by-product of several
steps in the electron transport chain [14]. Peroxide is
produced from the oxidation of reduced flavoproteins, such
as complex I of electron transport chain. In plants (algae and
cyanobacteria), reactive oxygen species are also produced
during photosynthesis [15], especially under high light
intensity [16]. This effect is offset by large amounts of iodide
and selenium in algae and cyanobacteria [17]. Superoxide
dismutases (SODs) are a class of closely related enzymes that
catalyse the breakdown of the superoxide anion into oxygen
and hydrogen peroxide [18]. They are an important
antioxidant defense in nearly all cells exposed to oxygen
except Lactobacillus plantarum and related lactobacilli [19].
Superoxide dismutase plays a critical role in reducing the
oxidative stress implicated in atherosclerosis and other lifethreatening diseases, reducing internal inflammation and
lessening pain associated with conditions such as arthritis
[20].
Hypochlorous acid is produced by myeloperoxidase from
the reaction between hydrogen peroxide and chloride ion;
this potent oxidant contributes to the antimicrobial activity of
phagocytes [21]. However, it has been proven that either
chronic or prolonged production of hypochlorous acid by the
myeloperoxidase-hydrogen peroxide-chloride ion system
contributes to tissue damage and the initiation and
propagation of vascular diseases [22]. Furthermore, lowdensity lipoproteins oxidized by this system accumulate in
macrophages and exerts pro-inflammatory effects on
monocytes and endothelial cells [23, 24]. Another crucial
enzyme among the antioxidant enzyme system is thioredoxin
reductase; a member of the nucleotide pyridine disulfide
oxidoreductase family, which includes glutathione reductase,
alkyl hydroperoxide reductase and lipoamide dehydrogenase
[25]. Thioredoxin reductase catalyses the disulfide reduction
of oxidized thioredoxin using NADPH via the FAD molecule
and the redox-active cysteine residues [26]. There are two
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main divisions of thioredoxin reductase: the high molecular
weight (HMW TrxRs) and low molecular weight (LMW
TrxRs) thioredoxin reductase enzymes (27).
The SOD activity of mice infected with Plasmodium
berghei and treated with graded doses of Aframomum
sceptrum was significantly enhanced compared to the mice
infected but not treated [28]. Seymour et al. [29] presented an
evidence in support of MPO as a major arm of oxidative
killing by neutrophils. In their work, they proposed that the
essential contribution of MPO to normal innate host defense
is manifest only when exposure to pathogens overwhelms the
capacity of other host defense mechanisms. In animals
infected with Schistosoma mansonii, treatment with
artesunate caused significant decrease in expression of
Schistosome thioredoxin reductase and cytochrome c
peroxidase compared to treatment with praziquantal [30].
Taofit et al. [31] conducted a research on the
toxicopathological evaluation of Picralima nitida seed
aqueous extract in Wistar rats and found out that the extract
exhibited mild and selected toxicity on the liver.
Picralima nitida has been a drug of choice in the treatment
of illnesses in traditional medicine practice in some parts of
Africa such as Ghana, Nigeria and others. In Ghana, the plant
is commonly known as Akuamma. Various parts of the plant
have been employed in the treatment of diseases such as
diarrhea, hypertension, gastrointestinal problems, and malaria
among other diseases [32]. In an experiment conducted by
Adumanya et al. [33], it was observed that the leaves of P.
nitida when administered to adults confirmed positive with
Plasmodium falciparum, reduced drastically the level of
parasitaemia in the patients. Acute and subchronic toxicities
of aqueous seed extract of P. nitida showed that the drug is
very unlikely to be toxic on chronic administration [34]. This
work was aimed at assessing the antioxidant properties of
Picralima nitida seed extract using some biochemical
studies.

2. Materials and Methods
2.1. Materials
2.1.1. Animals
The experimental animals used for this study were white
albino mice of either sex weighing 20-34 g. The mice were
between 3-4 months old and were obtained from the Animal
Unit of Faculty of Biological Sciences, University of Nigeria,
Nsukka.
2.1.2. Collection and Identification of the Seeds
Seeds of Picralima nitida were collected from Isuofia,
Aguata Local Government Area of Anambra State and were
authenticated by Mr. Ozioko A. of the Bioresource
Development and Conservation Programme (BDCP)
Research Centre, Nsukka.
2.1.3. Chemicals/Reagents
All the chemicals used in this study were of analytical
grade and products of May and Baker, England; BDH,
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England and Merck, Darmstadt, Germany. The reagents used
for all the assays were commercial kits and products of
Randox, QCA, USA and Biosystem Reagents and
Instruments, Spain.
2.2. Methods
2.2.1. Extraction
Seeds of Picralima nitida plant were harvested and then
dried under room temperature (29-35°C) for three weeks,
after which they were pulverized into powdered form with a
Crestor high speed milling machine. The powdered seed (1
kg) was then macerated in 5 volume (w/v) absolute ethanol
and left to stand for 48 hours. Afterwards, the extract was
filtered through muslin cloth on a plug of glass wool in a
glass column. The resulting ethanol extract was concentrated
and evaporated to dryness using rotary evaporator at an
optimum temperature of 45°C to avoid denaturation of the
active ingredients. The concentrated extract was stored in the
refrigerator throughout the period of the experiment.
2.2.2. Procurement of Malarial Parasite
Malarial parasite (Plasmodium berghei) was obtained from
malaria infected mice at Veterinary Medicine Department of
University of Nigeria, Nsukka. Ten drops of the parasitized
blood obtained with the aid of a capillary tube through the
ocular region of the mouse was diluted with 1 ml of normal
saline. Thereafter, 0.2 ml of the diluted parasitized blood was
used to infect three mice that served as hosts from which
subsequent ones were infected.
2.2.3. Experimental Design
A total of 180 albino mice of either sex weighing 20-34 g
were housed in separate cages, acclimatized for one week
and then divided into six groups of thirty mice each as
follows:
Group 1: Normal mice treated with the vehicle, 3% tween
80 (Normal Control)
Group 2: Mice inoculated with malaria parasite and treated
with 3% tween 80 (Positive Control)
Group 3: Mice inoculated with malaria parasite and treated
with 20 mg/kg b.w. of the extract
Group 4: Mice inoculated with malaria parasite and treated
with 40 mg/kg b.w. of the extract
Group 5: Mice inoculated with malaria parasite and treated
with 80 mg/kg b.w. of the extract
Group 6: Mice inoculated with malaria parasite and treated
with the standard drug, artesunate (Standard Control)
The route of administration was via oral route with the aid
of an oral intubation tube and the extract was given in 3%
tween 80. Treatment lasted for 5 days during which analyses
were carried out on days 3 and 5.
2.2.4. Determination of Myeloperoxidase Activity
Myeoperoxidase (MPO) activity was assayed using the
method of Bos et al. [35]. An aliquot, 150 µl of serum was
added to a mixture containing 0.0 mmol H2O2, 10 mmol
KH2PO4 (pH 6.0) and 0.4 mmol O-dianisidine
dihydrochloride. The reaction was performed at 37°C and

absorbance was measured at 460 nm every 15 sec for 4 mins,
and the linear portions of the tracing was used for analysis.
2.2.5. Determination of Superoxide Dismutase (SOD)
Activity
The activity of this enzyme was assayed using the method
of Fridovich [36]. An amount, 0.1 ml of serum was added to
the tubes containing 0.75 ml of ethanol and 0.15 ml of
chloroform under chilled condition and centrifuged. To 0.5
ml of supernatant, 0.5 ml of 0.6 mM EDTA solution and 1.0
ml of 0.1 M carbonate-bicarbonate buffer (pH 10.2) were
added. The reaction was initiated by the addition of 0.5 ml of
1.8 mM epinephrine and the increase in absorbance at 30
second interval for 3 minutes was measured. Readings were
taken at 480 nm.
2.2.6. Determination of Thioredoxin Reductase (TrxR)
Activity
Thioredoxin reductase activity was assayed using the
method of Holmgren and Bjorsnstedt [37]. The assay mixture
(1 ml) contained 0.2 M Na+-K+-phosphate buffer (pH 7.6), I
mM EDTA, 0.25 Mm NADPH, and 1 mM DTNB. After
initiating the reaction with NADPH, the increase in
absorbnce at 412 nm was monitored for 3 min at 25°C.
2.2.7. Assay of Lipid Peroxidation Product (MDA)
The lipid peroxidation product (MDA) was determined
using the method of Wallin et al. [38]. To 0.10 ml of serum in
test tube, 0.45 ml of normal saline was added and mixed
thoroughly. Thereafter, 0.5 ml of 25% trichloroacetic acid
(TCA) (w/v) and 0.5 ml of 1% thiobarbituric acid was added
to the mixture. The blank tube contained the same volume of
reagents but 0.10 ml of distilled water instead of serum. The
mixture in the separate tubes was heated in water bath at 95º
C for 40 minutes. The content was allowed to cool before
reading the absorbance of the clear supernatant against
reagent blank at the wavelength of 532 nm and 600 nm.
Thiobarbituric acid reacting substances (TBARS) were
quantified as lipid peroxidation product by referring to a
standard curve of malondialdehyde (MDA) concentration
(i.e. equivalent generated by acid hydrolysis of 1, 1, 3, 3tetraethoxypropane (TEP) prepared by serial dilution of a
stock solution).
2.2.8. Determination of Nitrite Concentration
Nitric oxide generation and release was determined using
the method of Sanai et al. [39]. For this assay, 0.9 ml of
distilled water was added to 0.1 ml of the sample. An amount,
0.5 ml of sulphanilamide solution was added to the mixture
and allowed to stand for 2 minutes. A little amount, 0.1 ml of
N-(1-naphthyl)- ethylenediamine dihydrochloride solution was
added and the absorbance was measured at 543 nm.
2.2.9. Statistical Analysis
The data results were subjected to one-way ANOVA with
repeated measures, t-test and correlation analyses. Significant
differences were observed at p < 0.01 and p < 0.05. The
results were expressed as mean ± standard error of mean (S.
E. M.). This analysis was carried out using Statistical
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Package for Social Sciences (SPSS) version 18.

3. Results and Discussion
3.1. Results
In figure 1 and table 1, the serum myeloperoxidase (MPO)
activity of normal mice treated with 3% tween 80 (normal
control) is shown to be 0.11 ± 0.00 IU/L while that of
infected mice treated with 3% tween 80 (positive control)
was higher with the value 0.16 ± 0.00 IU/L. The serum MPO
activities of the mice groups 3, 4 and 5 treated with 20, 40
and 80 mg/kg b.w. of the extract were found to be 0.24 ±
0.01, 0.27 ± 0.01 and 0.25 ± 0.02 IU/L respectively on day 3
post treatment. On day 5 post treatment, their MPO activity
decreased significantly to 0.12 ± 0.01, 0.14 ± 0.01 and 0.15 ±
0.01 IU/L. The treated with 5 mg/kg b.w. of artesunate
(standard control) showed an MPO activity of 0.29 ± 0.02
IU/L on day 3 post treatment which further decreased to 0.13
± 0.01 IU/L on day 5 post treatment. Compared to the
positive control, the MPO activity of all the extract-treated
groups were significantly (p < 0.05) higher on day 3 post
treatment while on day 5 post treatment, the enzyme’s
activity in groups 3 and 4 were significantly (p < 0.05) lower.
Even when compared to the standard control, the MPO
activity of group 3 was significantly (p < 0.05) lower and
was found to have decreased by 0.05 IU/L on day 3 post
treatment while the enzyme’s activity of group 5 was
significantly (p < 0.05) higher and would have increased by
0.02 IU/L on day 5 post treatment.

Figure 1. Effect of treatment with ethanol seed extract of P. nitida on serum
myeloperoxidase activity of malaria-infected mice.
Group 1: Normal mice treated with the vehicle, 3% tween 80 (Normal
Control)
Group 2: Mice inoculated with malaria parasite and treated with 3% tween
80 (Positive Control)
Group 3: Mice inoculated with malaria parasite and treated with 20 mg/kg
b.w. of the extract
Group 4: Mice inoculated with malaria parasite and treated with 40 mg/kg
b.w. of the extract
Group 5: Mice inoculated with malaria parasite and treated with 80 mg/kg
b.w. of the extract
Group 6: Mice inoculated with malaria parasite and treated with the standard
drug, artesunate (Standard Control)

Table 1. Values for serum myeloperoxidase (MPO), superoxide dismutase (SOD) and thioredoxin reductase (TrxR) activities, malondialdehyde (MDA) and
nitrite levels.
Parameters/Post
Treatment Days
MPO (IU/L)
Day 3
Day 5
SOD (IU/L)
Day 3
Day 5
TrxR (IU/L)
Day 3
Day 5
MDA (mg/dL)
Day 3
Day 5
Nitrite (mg/dL)
Day 3
Day 5

Mice Groups
Group 1

Group 2

Group 3

Group 4

Group 5

Group 6

0.11 ± 0.00*
N. D.

0.16 ± 0.00
N. D.

0.24 ± 0.01*
0.12 ± 0.01*

0.27 ± 0.01*
0.14 ± 0.01*

0.25 ± 0.02*
0.15 ± 0.01

0.29 ± 0.02*
0.13 ± 0.01*

87.94 ± 1.52
N. D.

89.84 ± 0.91
N. D.

67.99 ± 4.66*
55.67 ± 0.56*

74.50 ± 1.70*
47.26 ± 1.96*

78.29 ± 2.78*
52.49 ± 1.35*

74.84 ± 2.84*
50.87 ± 2.74*

0.162 ± 0.000*
N. D.

0.164 ± 0.000
N. D.

0.156 ± 0.010
0.138 ± 0.010*

0.146 ± 0.000
0.126 ± 0.010*

0.134 ± 0.000*
0.124 ± 0.000*

0.142 ± 0.000*
0.129 ± 0.000*

5.42 ± 0.13*
N. D.

6.05 ± 0.16
N. D.

2.85 ± 0.05*
3.66 ± 0.18*

2.78 ± 0.01*
3.08 ± 0.20*

2.91 ± 0.17*
3.34 ± 0.08*

2.10 ± 0.05*
3.14 ± 0.03*

0.048 ± 0.007
N. D.

0.050 ± 0.008
N. D.

0.013 ± 0.000*
0.031 ± 0.001*

0.014 ± 0.000*
0.034 ± 0.001*

0.013 ± 0.000*
0.031 ± 0.002*

0.014 ± 0.000*
0.034 ± 0.001*

* = significant (p < 0.05) compared to the positive control
Results are expressed as Mean ± Standard Error of Mean
N. D. = Not Determined
Group 1: Normal mice treated with the vehicle, 3% tween 80 (Normal Control)
Group 2: Mice inoculated with malaria parasite and treated with 3% tween 80 (Positive Control)
Group 3: Mice inoculated with malaria parasite and treated with 20 mg/kg b.w. of the extract
Group 4: Mice inoculated with malaria parasite and treated with 40 mg/kg b.w. of the extract
Group 5: Mice inoculated with malaria parasite and treated with 80 mg/kg b.w. of the extract
Group 6: Mice inoculated with malaria parasite and treated with the standard drug, artesunate (Standard Control)
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Table 1 and figure 2 show the effect of treatment on
serum superoxide dismutase (SOD) activity of malariainfected mice. The serum SOD activity of the normal
control was 87.94 ± 1.52 IU/L while the positive control
showed higher activity of 89.84 ± 0.91 IU/L. The result of
day 3 post treatment assay revealed that the groups of mice
treated with the extract showed SOD activity of 67.99 ±
4.66, 74.50 ± 1.70 and 78.29 ± 2.78 IU/L respectively. Day
5 post treatment assay result showed decreased activities of
55.67 ± 0.56, 47.26 ± 1.96 and 52.49 ± 1.35 IU/L
respectively. The standard control showed SOD activity of
74.83 ± 2.84 IU/L on day 3 post treatment which further
decreased to 50.87 ± 2.74 IU/L on day 5 post treatment.
The SOD of all the extract-treated groups of mice were
significantly (p < 0.05) lower on days 3 and 5 post
treatment compared to the positive control. Even in
comparison with the standard control, the SOD activity of
group 4 was non-significantly (p > 0.05) lower and was
found to have decreased by 3.27 IU/L from day 3 to day 5
post treatment.

showed TrxR activity of 0.156 ± 0.010, 0.146 ± 0.000 and
0.134 ± 0.000 IU/L respectively which reduced
significantly to 0.138 ± 0.010, 0.126 ± 0.010 and 0.124 ±
0.000 IU/L on day 5 post treatment. The standard control
showed TrxR activity of 0.142 ± 0.000 IU/L on day 3 post
treatment which further reduced to 0.129 ± 0.000 IU/L on
day 5 post treatment. The TrxR activity of group 5 was
significantly (p < 0.05) lower on day 3 of post treatment
compared to the positive control while the activity of TrxR
of all the experimental groups were significantly (p < 0.05)
lower on day 5 post treatment.

Figure 3. Effect of treatment with ethanol seed extract of P. nitida on serum
thioredoxin reductase activity of malaria-infected mice.

Figure 2. Effect of treatment with ethanol seed extract of P. nitida on serum
superoxide dismutase activity of malaria-infected mice.
Group 1: Normal mice treated with the vehicle, 3% tween 80 (Normal
Control)
Group 2: Mice inoculated with malaria parasite and treated with 3% tween
80 (Positive Control)
Group 3: Mice inoculated with malaria parasite and treated with 20 mg/kg
b.w. of the extract
Group 4: Mice inoculated with malaria parasite and treated with 40 mg/kg
b.w. of the extract
Group 5: Mice inoculated with malaria parasite and treated with 80 mg/kg
b.w. of the extract
Group 6: Mice inoculated with malaria parasite and treated with the standard
drug, artesunate (Standard Control)

The serum thioredoxin reductase (TrxR) activity (table 1,
figure 3) of the normal control was 0.162 ± 0.000 IU/L
while the positive control showed a higher activity of 0.164
± 0.000 IU/L. The result of the assay on day 3 post
treatment revealed that the extract-treated groups of mice

Group 1: Normal mice treated with the vehicle, 3% tween 80 (Normal
Control)
Group 2: Mice inoculated with malaria parasite and treated with 3% tween
80 (Positive Control)
Group 3: Mice inoculated with malaria parasite and treated with 20 mg/kg
b.w. of the extract
Group 4: Mice inoculated with malaria parasite and treated with 40 mg/kg
b.w. of the extract
Group 5: Mice inoculated with malaria parasite and treated with 80 mg/kg
b.w. of the extract
Group 6: Mice inoculated with malaria parasite and treated with the standard
drug, artesunate (Standard Control)

As shown in table 1 and figure 4, the serum
malondialdehyde (MDA) concentration of normal mice
treated with 3% tween 80 was found to be 5.42 ± 0.13
mg/dl while that of infected mice treated with 3% tween
80 was 6.05 ± 0.16 mg/dl. On day 3 post treatment, the
result of the test on MDA concentrations of the mice
groups treated with extract were 2.85 ± 0.05, 2.78 ± 0.01
and 2.91 ± 0.17 mg/dl respectively. These concentrations
further decreased to 3.66 ± 0.18, 3.08 ± 0.20 and 3.34 ±
0.08 mg/dl on day 5 post treatment. The standard control
showed an MDA concentration of 2.10 ± 0.05 mg/dl on
day 3 post treatment which further got elevated to 3.14 ±
0.03 mg/dl on day 5 post treatment. The MDA
concentrations of the extract-treated groups of mice on
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days 3 and 5 post treatment were significantly (p < 0.05)
lower compared to the positive control. Also, in
comparison with the standard control, the MDA
concentration of group 3 was significantly (p < 0.05)
higher and was found to have increased by 0.23 mg/dl
from day 3 to day 5 post treatment.

Figure 4. Effect of treatment with ethanol seed extract of P. nitida on serum
malondialdehyde level of malaria-infected mice.
Group 1: Normal mice treated with the vehicle, 3% tween 80 (Normal
Control)
Group 2: Mice inoculated with malaria parasite and treated with 3% tween
80 (Positive Control)
Group 3: Mice inoculated with malaria parasite and treated with 20 mg/kg
b.w. of the extract
Group 4: Mice inoculated with malaria parasite and treated with 40 mg/kg
b.w. of the extract
Group 5: Mice inoculated with malaria parasite and treated with 80 mg/kg
b.w. of the extract
Group 6: Mice inoculated with malaria parasite and treated with the standard
drug, artesunate (Standard Control)

The results of the effect of the extract on serum nitrite
concentration (table 1, figure 5) showed that the normal
control produced 0.048 ± 0.007 mg/dl of nitrite whereas the
positive control produced 0.050 ± 0.008 mg/dl of nitrite. The
test result on day 3 post treatment revealed that the extracttreated groups of mice produced the serum nitrite
concentrations of 0.013 ± 0.000, 0.014 ± 0.000 and 0.013 ±
0.000 mg/dl respectively. However, on day 5 post treatment,
the serum nitrite concentrations of these groups were further
elevated to 0.031 ± 0.001, 0.034 ± 0.001 and 0.031 ± 0.001
mg/dl. The standard control produced 0.014 ± 0.000 mg/dl of
nitrite anion on day 3 post treatment and 0.034 ± 0.001 mg/dl
on day 5 post treatment. The nitrite levels of groups 3, 4 and
5 on days 3 and 5 post treatment were significantly (p < 0.05)
lower compared to the positive control. In comparison with
the standard control, the nitrite concentrations of the mice
groups 3, 4 and 5 were non-significantly (p > 0.05) lower and
were found to have decreased by 0.002, 0.000 and 0.002
mg/dl respectively on days 3 and 5 post treatment.

Figure 5. Effect of treatment with ethanol seed extract of P. nitida on serum
nitrite level of malaria-infected mice.
Group 1: Normal mice treated with the vehicle, 3% tween 80 (Normal
Control)
Group 2: Mice inoculated with malaria parasite and treated with 3% tween
80 (Positive Control)
Group 3: Mice inoculated with malaria parasite and treated with 20 mg/kg
b.w. of the extract
Group 4: Mice inoculated with malaria parasite and treated with 40 mg/kg
b.w. of the extract
Group 5: Mice inoculated with malaria parasite and treated with 80 mg/kg
b.w. of the extract
Group 6: Mice inoculated with malaria parasite and treated with the standard
drug, artesunate (Standard Control)

3.2. Discussion
At inflammatory sites, activated neutrophils produce MPO
to naturally deal with harmful micro-organisms; hence,
increase in the activity of this enzyme is an indication of the
formation of cytotoxic hypochlorous acid and tyrosyl
radicals. These radicals are able to kill pathogenic organisms
during infections [40]. On day 3 post treatment, group 4
(mice treated with 40 mg/kg b.w. of the extract) showed the
highest MPO activity, followed by group 5 (mice treated with
80 mg/kg b.w. of the extract) and the least activity was
shown by group 3 (mice treated with 20 mg/kg b.w. of the
extract). The group of mice treated with 5 mg/kg b.w. of
artesunate (the standard control) showed a higher activity of
MPO than the extract treated groups on day 3 post treatment
but a lower activity than group 4 and group 5 on day 5 post
treatment. The evidence showing that the extract treatment
caused a non dose-dependent decrease on day 3 post
treatment and a dose-dependent decrease on day 5 post
treatment revealed that the extract affects the formation of
cytotoxic hypochlorous acid and tyrosyl radical. The
significant (p < 0.05) increase in MPO activity of the treated
groups when compared with the positive control on day 3
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post treatment could be attributed to the priming period of the
treatment. Group 3 had the least MPO activity on day 5 post
treatment among the extract treated groups; an indication that
the anti-inflammatory activity of this extract is better at lower
doses. The time dependent effect of the treatment with this
extract on MPO was better on day 5 than day 3 post
treatment. The findings of this study on MPO agrees with the
observation of Saraf et al. [41] who observed that emblin
isolated from Embelia robes, tested against acute lung
inflammation was found to significantly reduce MPO
activity.
The reactive oxygen species, superoxide ion, is normally
dismutated into oxygen and hydrogen peroxide by
superoxide dismutases [42] in living systems. Group 5
produced the highest SOD activity; followed by group 4 and
the least activity was showed by group 3 on day 3 of post
treatment. However, on day 5 post treatment, group 3
produced the highest SOD activity, followed by group 5 and
the least activity by group 4. The standard control showed
lower SOD activity than groups 4 and 5 on day 3 post
treatment while on day 5 of post treatment, it showed a lower
SOD activity than groups 3 and 5. The evidence showing that
the extract treatment caused a dose-dependent decrease on
day 3 of post treatment and a non dose-dependent decrease
on day 5 of post treatment revealed that the extract was able
to mop up superoxide ion radical. Since Group 3 showed the
least SOD activity on day 3 of post treatment, it shows that at
shorter treatment regimen, the dismutation property of this
extract is better with lower doses but at longer treatment
regimen, intermediate doses are better; hence, Group 4
showed the least SOD activity on day 5 of post treatment.
The time dependent effect of the treatment showed better
effect on day 5 than day 3 post treatment. In support of the
findings of this study, George et al. [43] observed a decrease
in the activity of SOD when malaria infected mice were
treated with aqueous extract of Aframomum sceptrum; an
indication that P. nitida exhibits its antioxidant property by
dismutation of superoxide ion radical into oxygen and
hydrogen peroxide.
Thioredoxin reductase (TrxR) is an antioxidant enzyme
system responsible for transferring electrons from NADPH to
thioredoxin which plays a role in the antioxidant capacity of
cells [44]. The effect of the treatment with P. nitida seed
extract on TrxR of mice on day 3 post treatment showed that
group 3 had the highest TrxR activity; followed by group 4
and the least activity was shown by group 5. On day 5 post
treatment, group 3 showed the highest activity followed by
group 5 and the least activity was shown by group 4. The
standard control produced a lower TrxR activity than groups
3 and 4 on day 3 post treatment while on day 5 post
treatment; it produced a higher TrxR activity than groups 4
and 5. The evidence showing that the extract treatment
caused a dose-dependent decrease in TrxR on day 3 post
treatment and a non dose-dependent decrease on day 5 of
post treatment revealed that the extract plays vital role in
reducing the amount of oxidants in biological system, hence
a reduction in the rate at which this enzyme transfers

electrons to thioredoxin in its antioxidant role. The time
dependent of effect of the treatment showed better effect on
day 5 than day 3 post treatment. This observation correlates
with that of Shadia et al. [45], show asserted that chloroform
extract of Citharexylum quadrangular leaves showed
ameliorative action on the decreased thioredoxin reductase
(TrxR) activity due to S. mansoni infection.
Degradation of polyunsaturated fatty acid peroxides yields
MDA as one of the end products and the measurement of this
compound has been used as an indicator of lipid peroxidation
[46]. Group 5 produced the highest MDA concentration;
followed by group 3 while group 4 produced the least MDA
concentration on day 3 post treatment. On day 5 post
treatment, group 3 showed the highest amount of MDA,
followed by group 5 while group 4 showed the least
concentration. The standard control showed a better activity
against lipid peroxidation than the extract treated groups on
days 3 post treatment while group 4 produced a better
activity against lipid peroxidation than the standard control
on day 5 post treatment. The evidence showing that the
extract treatment caused a non dose-dependent decrease in
MDA concentration revealed the extract possesses the
potential of maintaining the integrity of cell membrane. The
time dependent effect of the treatment showed better effect
on day 5 than day 3 of post treatment. In agreement with the
finding of this study, Fakeye et al. [47] reported that
methanol and hydroethanol extracts of the stem bark and
leaves of P. nitida exhibited significant reduction in MDA
level in vivo by the 1, 1-Diphenyl-2-picrylhydrazyl (DPPH)
free radical-scavenging method.
Nitrite anion (NO2-) is an intermediate in the oxidation of
ammonium to nitrate [48]. It is the acute marker of nitric
oxide formation in biological systems [49]. Nitrite has a
deleterious effect on haemoglobin by converting it to
methaemoglobin which has lower capacity to bind oxygen.
Group 4 produced the highest nitrite concentration while
groups 3 and 5 showed the same concentration of nitrite on
days 3 and 5 post treatment. The standard control equally
produced a decreased nitrite concentration compared with the
positive control. Groups 3 and 5 produced better effect than
group 4 on days 3 and 5 post treatment. The evidence
showing the extract treatment caused a non dose-dependent
decrease in nitrite concentration revealed that the extract
possesses the ability to clear nitrite (storage form of nitric
oxide) thereby reducing the rate of oxidation of haemoglobin
content of the red blood cells. The time dependenct effect of
the treatment showed better effect on day 3 than day 5 post
treatment.
Correlation statistics between the antioxidant parameters
(MPO, SOD, TrxR and nitrite) showed that the values for
nitrite concentration were negatively significant (p > 0.01)
with the values for MPO activity but positively significant (p
< 0.05) with values for SOD activity and also positively
significant (p < 0.01) with TrxR activity while the values for
SOD activity were positively significant (p < 0.01) with the
values for TrxR activity.
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4. Conclusion
In conclusion, the ethanol seed of extract of P. nitida has
been proven to enhance the activities of superoxide dismutase,
myeloperoxidase and thioredoxin reductase in malaria-infected
mice. The levels of malondialdehyde and nitrite in malariainfected mice were significantly reduced by the same extract;
hence, good antioxidant properties which help in mopping up
free radicals, due to malaria and other diseases.

References
[1]

S. Vertuani, A. Angusti, and S. Manfredini, “The antioxidants
and pro-antioxidants network: An overview”, Curr Pharm
Des, vol 10, no 14, pp. 1677-1694, 2004.

[2]

R. A. Miller, and B. E. Britigan, “Role of oxidants in
microbial pathophysiology” Clin Microbiol Rev, vol 10, no 1,
pp. 1-18, January, 1997.

[3]

J. Chaudiere, and R. Ferrari-Iliou, “Intracellular antioxidants:
From chemical to biochemical mechanisms” Food and Chem
Toxicol, vol 37, no 9-10, pp. 949-962, October, 1999.

[4]

H. Sies, “Oxidative Stress: Oxidants and Antioxidants”, Exp
Physiol, vol 82, no 2, pp. 291-295, March, 1997.

[5]

P. Jha, F. Marcus, L. Eva, F. Michael, and Y. Salim, “The
antioxidant vitamins and cardiovascular disease: A criticl
review of epidemiologic and clinical trial data” Ann Int Med,
vol 123, no 11, pp. 860-872, 1995.

[6]

[7]

[8]

[9]

J. K. Baillie, A. A. R. Thompson, J. R. Irving, M. G. D. Bates,
A. I. Sutherland, W. MacNee, S. R. J. Maxwell, and D. J.
Webb, “Oral antioxidant supplementation does not prevent
acute mountain sickness: double blind, randomized placebocontrolled trial” Quart J Med, vol 5, pp. 341-348, 2009.
G. Bjelakoric, D. Nikolova, L. L. Gluud, R. G. Simonetti, and
C. Gluud, “Mortality in randomized trials of antioxidant
supplements for primary and secondary prevention: Systemic
review and metabolic analysis”, J Am Med Ass, vol 297, no 8,
pp. 842-857, 2007.
W. Dabelstein, A. Reglitzky, A. Schütze, and K. Reders,
“Automative fuels”, Ullmann’s Encyclopedia of Industrial
Chemistry, 2007, retrieved on 4th September, 2014.
K. J. Davies (1995, Nov). Oxidative Stress: The Paradox of
Aerobic Life: Biochemica Society Symposia vol 61, pp. 1-31,
November, 1995.

[10] S. G. Rhee, “Cell signalling: H2O2, a necessary evil for cell
signaling” Science, vol 312, no 5782, pp. 1682-1694, 2006.
[11] M. Valko, M. Izakovic, M. Mazur, C. J. Rhodes, and J. Telser,
“Role of oxygen radicals in DNA damage and cancer
incidence”, Mol Cel Biochem, vol 266, no 1-2, pp. 37-56,
March 2004.

132

[14] G. Lenaz, “The mitochondrial production of reactive oxygen
species: Mechanisms and implications in human pathology”,
IUBMB Life, vol 52, no 3-5, pp. 159-164, January, 2008.
[15] B. Demming-Adams, and W. W. Adam, “Antioxidants in
photosynthesis and human nutrition”, Science, vol 298, no
5601, pp. 2149-2153, December, 2002.
[16] A. Krieger, “Singlet oxygen production in photosynthesis”, J
Exp Bot, vol 56, no 411, pp. 337-346, August, 2004.
[17] F. C. Küpper, I. J. Carpenter, G. B. Mc Figgans, C. J. Palmer,
T. J. Waite, E. M. Boneberg, S. Woitsh, M. Weiller, R. Abela,
D. Grolimund, P. Potin, A. Butler, G. W. Luther III, P. M. H.
Kroneck, W. Meyer-Klaucke, and M. C. Feiters, “Iodine
accumulation provides help with an inorganic antioxidant
impacting atmospheric chemistry”, Proceedings of the
National Academy of Sciences of the United States of
America, vol 105, no 19,, pp. 6954-6958, March, 2008.
[18] I. M Zelko, T. and R. Folz. Superoxide dismutase multegene
family: A comparison of the CuZn-SOD (SOD1), Mn-SOD
(SOD2) and EC-SOD (SOD3) gene structures, evolution, and
expression. Free Rad Biol and Med, vol 33, no 3, pp 337- 349,
August 2002.
[19] F. Johnson and C. Giulivic. Superoxide dismutases and their
impact upon human health. Mol Aspects Med, vol 26, no 4-5,
pp 340-352, 2005.
[20] K. Dale (2006). Superoxide dismutase boosting the body’s
primary antioxidant defense. Life Extension Magazine, 2006,
Retrieved on 26th August, 2014.
[21] J. Arnold and J. Flemming. Human myeloperoxidase in innate
and acquired immunity. Arch Biochem Biophys, vol 500, pp
92-106, 2010.
[22] M. J. Davies, C. L. Hawkins, D. I. Pattison and M. D. Rees.
Mammalian haeme peroxidases: from molecular mechanism
to health implications. Antioxid Redox Signaling, vol 10:
1199-1234, 2008.
[23] B. Zouaoui, I. Legssyer, P. Van Antwerpen, R. L. Kisoka, S.
Babar, N. Moguilevsky, P. Delree, J. Ducobu, C. Remacle, M.
Vanhaeverbeck and D Brohee. Triggering of inflammatory
response by myeloperoxidase-oxidized LDL. Biochem Cell
Biol, vol 84, pp 805-812, 2006.
[24] D. Calay, A. Rousseau, L. Mattart, V. Nuyens, C. Delporte, P.
Van Antwerpen, N. Moguilevsky, T. Arnould, K. Z. Boudjeltia
and M. Raes. Copper and myeloperoxidase-modified LDLs
activate Nrf 2 through different pathways of ROS production
in macrophages. Antioxid Redox Signaling, vol 13, pp 14911502, October 2010.
[25] C. H. Jr., Williams, L. D. Arscott, S. Muller, B. W. Lennon, M.
L. Ludwig, P. E. Wang, D. M. Veiner, K Becker and R. H.
Schirmer. Thioredoxin reductase: Two modes of catalysis have
evolved. Eur J Biochem, vol 267, pp 6100-6117, October 2000.

[12] S. Stohs, and D. Bagchi, “Oxidative mechanisms in the
toxicity of metal ions”, Free Rad Biol Med, vol 18, no 2, pp.
321-336, February, 1995.

[26] G. Waksman, T. S. R. Krishma, C. H. Jr., Williams and J.
Kuriyan. Crystal structure of Escherichia coli thioredoxin
reductase refined at 2 Å resolution. Implications for a large
conformational change during catalysis. J Mol Biol, vol 236,
pp 800-816, February 1994.

[13] Y. Nakabeppu, K. Sakumi, K. Sakamoto, D. Tsuchimoto, T.
Tsuzuki, and Y. Nakatsu, “Mutagenesis and carcinogenesis
caused by the oxidation of nucleic acids”, Biol Chem, vol 38,
no 4, pp. 373-379, April, 2006.

[27] M. Akif, K. Suhre, K. Verma and S. C. Mande.
Conformational flexibility of Mycobacterium tuberculosis
thioredoxin reductase: Crystal structure and normal mode of
analysis. Acta Cryst, D61, pp 1601-1603, September 2005.

133

Nwankwo Nicodemus E. et al.: Free Radical Scavenging Property of Picralima nitida Seed Extract on
Malaria-Induced Albino Mice

[28] B. O. George, J. Okpoghono, E. Osioma and O. O. Aina.
Changes in oxidative indices in Plasmodium berghei infected
mice treated with aqueous extract of Aframomum sceptrum.
Frontiers in Science, vol 2, no 1, pp 6-9, 2012.

[39] S. Sanai, M. Tomisato, N. Shinsuka, Y. Mayoko, H. Mayoko,
and N. Akio, “Protective role of nitric oxide in S. aurues
infection in mice”, Infect Immunol, vol 66, pp. 1017-1028,
1998.

[29] S. J. Klebanoff, A. J. Kettle, H. Rosen, C. C. Winterbourn and
W. M. Nauseef. Myeloperoxidase: A front-line defender
against phagocytosed microorganisms, J Leuk Biol, vol 93, no
2, pp 185-198, February 2013.

[40] B. A. Liden, “Vashe wound therapy” Podiatry Manage, vol 1,
no 1, pp. 121-124, December, 2008.

[30] D. S. Ashour, Z. S. Shoheib, A. A. Abdeen. Artesunate effect
on Schistosome thioredoxin glutathione reductase and
cytochrom c peroxidase as new molecular targets in
Schistosoma mansonii-infected mice, PUJ, vol 5, pp 155-164,
June 2012.
[31] T. O. Sunmonu, O. B. Oloyede, T. A. Owolarafe, M. T.
Yakubu, O. O. Dosumu. Toxicopathological evaluation of
Picralima nitida seed aqueous extract in Wistar rats, Turk J
Biochem, vol 39, no 2, pp 119–125, 2014
[32] O. Erharuyi, A. Falodun, and P. Langer, “Medicinal uses,
phytochemistry and pharmacology of Picralima nitida
(Apocynaceae) in tropical diseases: A review” Asian Pac J
Trop Med, vol. 1, no 1, pp. 1-8, January, 2014.
[33] O. C. U. Adumanya, C. N. Osuji, G. A. Obi-adumanya, and T.
O. Akunna, “Antiplasmodial effect of some medicinal plants
(Picralima nitida and Dialium guineense) and their
combination with artesunate”, Int. J. A. PS. BMS, vol. 2, no 4,
pp. 189-194, 2013.
[34] E. E. Ilodigwe, I. C. Urukwem, D. L. Ajaghaku, I. S.
Mbagwu, and C. A. Agbata, “Acute and subchronic toxicities
of aqueous antidiabetic herbal decoction commonly taken in
South Eastern Nigeria”, Int J Res Pharm and Biomed Scs, vol
4, no 4, pp. 1256-1263, 2013.
[35] A. R. Bos, R. Weaver, and D. Ross. Characterization and
quantification of the peroxidase in human neutrophils,
Biochem et Biophys Acta, vol 525, pp 4133-4141, 1990.

[41] M. N. Saraf, R. Shirole, L. B. Badgujar, and A. Kshatriya,
“Biochemical and cellular correlates of embelin against
bacterial endotoxin induced airway inflammation”, Frontier
Immunoloogy, August 2013, Conference Abstract: 15th
International Congress of Immunology, Milan, Italy.
[42] I. Zelko, T. Mariani, and R. Folz, “Superoxide dismutase
multigene family: A comparison of the CuZn-SOD (SOD1),
Mn-SOD (SOD2) and EC-SOD (SOD3) gene structures,
evolution, and expression”, Free Rad Biol Med, vol 33, no 3,
pp. 337- 349, August, 2002.
[43] B. O. George, J. Okpoghono, E. Osioma, and O. O. Aina,
“Changes in oxidative indices in Plasmodium berghei infected
mice treated with aqueous extract of Aframomum sceptrum”,
Frontiers in Science, vol 2, no 1, pp. 6-9, 2012.
[44] T. Satyajit, P. C. Subhankari, and R. Somenath, “Superoxide
radical generation mediated Plasmodium berghei infection in
Swiss mice” AJMS, vol 5, no 1, pp. 69-81, 2012.
[45] M. K. Shadia, M. M. Azza, M. F. Ebtehal, and B. F. Dalia,
“Influence of some micronutrients and Citharexylum
quadrangular extract against liver fibrosis in Schistosoma
mansoni infected mice”, Afr J Pharm Pharmacol, vol 7, no 38,
pp. 2628-2638, October, 2013.
[46] T. P. Prohp, and T. O. Onoagbe, “Effects of extracts of
Triplochiton scleroxylon (K. Schum) on plasma glucose and
lipid peroxidation in normal and streptozotocin-induced
diabetic rats” J Physiol Pharmacol Adv, vol 2, no 12, pp. 380388, 2012.

[36] I. Fridovich, Superoxide dismutase: An adaptation to a
pragmatic gas. J Biol Chem, vol 264, pp. 7762-7764, May
1989.

[47] T. O. Fakeye, O. A. Itiola, and H. A. Odelola, “Evaluation of
the antimicrobial property of the stem bark of Picralima nitida
(Apocynaceae)”, Phytother Res, vol 14, no 5, pp. 368-370,
August, 2000.

[37] A. Holmgren, and T. M. Bjorsnstedt, “Thioredoxin and
thioredoxin reductase”, Method Enzymol J, vol 252, pp. 199208, 1995.

[48] H. Kroupova, J. Machova, and Z. Svododova, “Nitrite
influence of fish: A review”, Vet Med-Czech, vol 50, no 11,
pp. 461-471, November, 2005.

[38] B. Wallin, B. Rosengren, H. G. Shetzer, G. Cameja, “Lipid
oxidation and measurement of thiobarbituric acid reacting
substances (TBARS) formation in a single microtitre plate: Its
use for evaluation of antioxidants”, Anal Biochem, pp. 10-15,
January, 1993.

[49] J. W. Calvert, D. J. Lefer, “Myocardial protection by nitrite”,
Cardiovascular Research, vol 83, pp. 195-203, February, 2009.

