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Abstract— Antioxidants are chemical molecules that serve
as defensive agents in biological systems against the
harmful effects of free radicals and are very important in
maintaining the optimal function of the body. The
antioxidant and toxicity properties of Ximenia americana
methanol root extract were investigated using the
Drosophila melanogaster model. Findings from the
research showed that the extract caused an increase in the
activities of all the Oxidative stress biological markers;
Catalase, Total thiol, Glutathione-S-transferase, and
Superoxide dismutase investigated in a concentration-
dependent manner, but the increased observed was not
significant (P> 0.05) compared to the control. Also, the
concentrations (5 mg, 20 mg, and 60 mg) used in the
studies improved non-significantly (P>0.05) the survival of
the treated groups in D. melanogaster when compared to
the control. The present study revealed that X. americana
root is relatively safe and has potent antioxidant activity
due to an increased in the activity of the antioxidant
enzymes (catalase, Total thiol, Glutathione-S-transferase)
by the extract as such can be employed in the management
of diseases that are implicated in oxidative stress.
Keywords— Antioxidant, Drosophila melanogaster, Free
radical, Oxidative stress, Ximenia americana.

. INTRODUCTION

Antioxidants are chemical molecules that protect the
biological system against oxidative damage [1]. Oxidative
damage are caused by reactive oxygen and nitrogen
species(free radicals) generated during normal biological
activities in living organisms [2]), [3]. These reactive species
have some useful functions within the body of the living
things; however, excess concentrations overwhelm the body's
immune system thereby causing severe harmful effects [4], [5]
. Some of these complications include many processes such as
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aging and diseases like neurodegenerative disorders, diabetes,
cancer, Alzheimer’s, dementia, arthritis, Parkinson’s,
cardiovascular and Huntington’s diseases [4]; [6], [7]. The
production of these ‘free radicals’ in the body of humans
usually causes an imbalance between pro-oxidant and
antioxidant production called 'oxidative stress' [4]. Oxidative
stress often leads to irreversible damage to the body cells,
proteins, carbohydrates, nucleic acids and lipids [8], [9].
Antioxidant compounds are either endogenous
(enzymes/proteins) or exogenous (small molecules like
ascorbic acid, carotenoids, tocopherol, flavonoids) in nature
and are capable of protecting the human body against damage
done by the harmful effect of oxidants [4].

Plant parts like fruits and vegetables are used as foods and in
traditional medicine for other purposes including antioxidants
in managing some of the above disease conditions [10], [11] ,
[12]. The plant Ximenia americana Linn (Olacaceae), is one of
such plants. All parts of the plant (leaves, fruits, seed, stem
bark, roots, and root barks) are useful in folk medicine to
manage a wide range of diseases [9], [13], [14].

Researchers have reported on the multiple traditional uses of
this plant for humans and animals both for food and medicinal
purposes. Crushed bark is used for the treatment of hepatitis
and malaria. Boiled and filtered pieces of bark in a tea glass
were served for treatment of malaria, ulcer, leprosy skin
infections and trypanosome congolense [15], [16], [17] , [14].
Dried crush bark powder is applied on wound surfaces for the
treatment of infected wounds. Dried or fresh stem bark boiled
in water is taking orally for treatment of snakebite. Bark is
chew to treat swelling pancreas. Also, stem bark has been
shown to possess antioxidants activity [18]. The fresh leaves
are widely used to treat bloody urine in livestock [19]. Further
work on the plant has shown that it has anti-inflammatory
activities and is believed to possess antineoplastic and
antimicrobial activity [13], [20]. Also, Croke and co-worker
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(2017) reported on a wide range of biological activities of X.
americana. These include antimicrobial, antifungal,
antitrypanosomal, antirheumatic, analgesic, molluscicide,
pesticidal and also, have hepatic and hematological effects
[21]. Similarly, Agyigra et al (2017) reported on the
gastroprotective effect of the stem bark of this plant [15].

Additionally, other researchers have reported on the
medicinal uses of X. americana. The plants' leaves and twigs
are used for fever, colds, and treatment of mouth aches, as a
laxative, and eye lotion [22]. The roots are used for the
treatment of skin problems, abdominal pains, mouth ulcers
dysentery, headaches, leprosy, hemorrhoids, edema, sexually
transmitted diseases, guinea worm and sleeping sickness [23].

Ximenia americana linn is a tropical plant that belongs to the
family Olacaceae, the plant is commonly found in the
Sudanese to Guinean Savannahs and African Zones [16],
[19]. It is commonly known as wild plum, blue sour plum, Sea
Lemon and tallow nut[19]. The plant is spread as a small tree
or scrambling spiny shrub that grows up to 6 m height.
Branches normally arching down often armed with straight
spines, leaves are simple alternate or clustered on spur shoots
with rounded and occasionally softly haired. It has small
greenish-white, fragment flowers, born on short shoots and
greenish- cream, scented and 5-10 mm long in small, branched
inflorescences[24]. Its fruits are oval shiny and are up to 3cm
long. Light green, turning yellow, orange or red on ripening.
The fruit is a yellow-red edible drupe which is oval,
approximately 2.5cm in diameter and contains one large
endospermic seed within its green pulp containing a small
embryo near a thin testa. The seeds have up to 65% oil
content. Seeding morphology is variable when young the
leaves are densely hairy, but become smooth and shiny with
growth [24], [19], [15] .

The fruits of the plants are green but turn golden yellow or red
when ripe and when eaten is refreshing and has an almond
acid taste. When taken in large quantities act as a vermifuge
[18]. A decoction of the roots or fruits is used to treat
dysentery in calves [25].

The seeds of Ximenia americana are reported to contain non-
drying oil used in soap manufacture and lubrication [25] and is
used traditionally in a country like Ethiopia to soften leather.
Also, there was a documented report on the use of the
extracted oil from the plant seeds by women in Ethiopia as a
contraceptive and medically the oil is used in the treatment of
hepatitis, kidney problem and abdominal pain [19].

The antioxidant and toxicity properties of parts of the plant
have been carried out using different animal models[18], [26],
[9], however, this is the first time of using Drosophila
melanogaster (Fruit Fly) model to investigate the toxicity and
antioxidant activities of the root of the plant.

60

Drosophila melanogaster (Fruit Fly) is a very reliable and
useful model in carrying out biological assays. It belongs to
the genus ‘Drosophila’ (dew lover), species ‘melanogaster’
(dark gut). Its classification includes; domain eukaryote,
kingdom Animalia, phylum Arthropoda, class Insecta and
order Diptera.

The Fruit Fly model has many advantages over vertebrate
models. These include the ease and inexpensive of breeding in
laboratory conditions, have a shorter life cycle i.e. they breed
quickly (8-14 days) depending on the temperature and relative
humidity, they produce large numbers of externally laid
embryos, they can be genetically modified [27] in numerous
ways and they have only four pair of chromosomes which can
be easily manipulated. Also, they can be found on all
continents, including Islands. D. melanogaster is a common
pest in homes, restaurants, and in other places where foods
and fruits are serves, it is often referred to as “Vinegar Fly’
[28], [3], [29], [30].

II. MATERIALS AND METHODS
2.1 Materials

2.12 Plant collection and identification

The roots of the plant Ximenia americana were collected in
Makabun Village in Kaura Local Government Area, Kaduna
State, Nigeria. The plant was identified by a plant taxonomist
Mr. J. J. Azila of Federal College of Forestry Jos, Plateau
State Nigeria, voucher number FHJ 243 was deposited at the
herbarium of the college.
The plant roots were washed with clean water, the outer scale
carefully removed and air-dried at room temperature, then
pulverized manually using wooden mortar and pestle. The
powdered sample was stored at 4°c in an airtight container and
properly labeled for further work.

2.13 Drosophila stock, reagents, and equipment

Drosophila melanogaster stock (Harwich strain) each sex was
used, analytical grade methanol (CAS: 67-56-1, Lot: 1214788)
by Fisher scientific UK, Eppendorf centrifuge 5427 R, Jenway
7315 UV- Spectrophotometer, Analytical weigh balance,
rotary evaporator (RE-52A by PEC MEDICAL USA). All
other solutions, reagents, and buffers used were prepared
using glass wires and distilled water.

2.21Methods

2.22 Extraction of plant material
Methanol)

The dried powder plant material was extracted in 70%
Methanol by cold maceration in ratio 1: 10 (Solute to Solvent)
for 72 hours using an amber bottle with intermittent shaking.
At the end of the 72 h, the crude methanol extract was filtered
using Whatman Nol and the filtrate concentrated in a rotary
evaporator and dried using a free dryer. The dried extract was
used to carry out phytochemical, toxicity and antioxidant

(Using 70%v/v
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activity of Ximenia americana using the Drosophila
Melanogaster model.

2.23 Phytochemical tests

Chemical tests were employed for the preliminary
phytochemical screening of the plant secondary metabolites.
The dried powdered extract of the methanol root was used to
test for Alkaloids, Saponins, Tannins, Anthraguinones,
Flavonoids, Cardiac glycosides, carbohydrate, steroids and
terpenoids using established protocols described by [31], [12],
[32].

2.24 In vivo antioxidant assay

Graded concentrations (5 mg, 20 mg, and 60 mg) of the
methanol root extract of X. americana was administered to
randomly selected fruit flies (50) of both genders via oral
route by incorporating into the fly food (10 g) for 7 days.
Concentrations were prepared by dissolving the weighed dried
plant extract in 1 ml distilled water. Control was prepared by
adding 1 ml distilled water into 10 g food. Each experimental
assay has 5 replicates. At the end of the day 7, both treated
(exposed) and untreated (control) flies were harvested in
cleaned dried disinfected vails (label appropriately) on light
ice anesthesia, weighed and homogenized using 0.1 M
phosphate buffer saline (BPS), pH 7.0 and centrifuged using
Eppendorf centrifuge 5427 R at 4000 rpm for 10 min at 4°C.
The supernatant(homogenate) collected was employed in
determining the activities of Catalase (CAT), Glutathione-S-
transferase (GST), Superoxide Dismutase (SOD) and Total
thiol as biomarkers of oxidative stress according to existing
protocols.

2.25 Estimation of catalase (CAT) activity

Catalase  activity  (EC 1.11.1.6) was  assayed
spectrophotometrically according to the method of Aebi, 1984
with little modification. The protocol involved monitoring the
disappearance of H,O, in a reaction mixture Briefly, the
reaction medium contained 1800 ul of 50 mM phosphate
buffer saline (pH 7.0), 180 pl of 300 mM H,0,, and 20 pl of
the sample (1:10 dilution). The reaction was running for 120
Seconds (10 seconds interval) at 240 nm using Jenway 7513
UV- visible spectrophotometer. The control mixture
containing: 50 mM phosphate buffer (pH 7.0) and 0.1 ml of
the cell homogenate. The activity of CAT was expressed as
mmol of H,O, consumed/min/mg protein [33].

2.26 Estimation of glutathione — S-transferase (GST)
activity

Glutathione is a tripeptide (L-y-glutamyl-L-cysteinyl-glycine)
amino acid and has multiple cellular functions in living things
[34]. It has a carrier potent thiol group in the form of cysteine
residue as such act as an antioxidant [35] directly by
interacting with reactive species (free radicals) and
electrophiles or indirectly by operating as a cofactor for
different enzymatic reactions [36], [37].

Glutathione —S- transferase activity was assayed according to
the method previously described by Habig and Jakoby with
little modification, using 1-chloro-2, 4-dinitrobenzene
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(CDNB) serves as the substrate. The reaction mixture
consisted of 270 pl of the solution containing (20 mL of 0.25
M potassium phosphate buffer, pH 7.0, 10.5 mL of distilled
water, and 500 pl of 0.1 M GSH at 25°C), 20 pl of the sample
(1:5 dilution), and 10 pl of 25 mM CDNB. The reaction was
analyzed for 2 minutes (10 seconds intervals) at 340 nm in a
Jenway 7315 UV Spectrophotometer. The activity of GST
was expressed in mmol/min/mg protein using the molar
extinction coefficient (¢) of 9.6 mM?' cm?® for CDNB
conjugate [38].

2.27 Estimation of superoxide dismutase (SOD) activity

Superoxide dismutase is a major cellular enzyme that
dismutase reactive oxygen species (ROS) ‘superoxide’ into
hydrogen peroxide and oxygen by the reaction;

202"+ 2H" - H202 + O
The level of SOD activity was determined by the method

previously described by Misra and Fridovich (1972). The
ability of the enzyme to inhibit the oxidation of the substrate

in the reaction mixture was read at 418 nm using

spectrophotometer (Jenway 7315 UV Spectrophotomete) at 30
second interval for 120 seconds [1].

2.28 Estimation of total thiol level

The total thiol level was determined in both the control and
exposed flies according to the method previously described by
Ellman, (1959) with little modification. The reaction system
was made up of 510 ul of 0.1 M PBS (pH 7.4), 25 ul of the
sample, and 30 pl of 10 mM DTNB. At the end of 30 minutes
incubation at room temperature (25°C), the change in
absorbance was measured at 412 nm using Janeway 7315 UV-
spectrophotometer. A standard curve was plotted for each
measurement using GST (35 pl) as a standard, the results were
expressed as pmol/mg protein [39].

2.29 Statistical analysis

Results obtained from biochemical assay were analyzed using
Analysis of Variance (ANOVA) followed by Turkey's posthoc
test to identify differences between test groups [Graphpad
prism version 8.0.2 (263)]. Results were expressed as the
standard error of the mean (xSEM), P<0.05 was considered
statistically significant.

I1l.  RESULTS AND DISCUSSION

Results from the phytochemical screening of the methanol
root extract of the plant showed the presence of tannins,
flavonoids, cardiac glycosides, steroids, carbohydrates and
anthraquinones (Table 1). Plants that have phenols and
polyphenols constituents like flavonoids and tannins have
been previously reported to possess both antioxidant, Iron
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chelating and anti-inflammation activities [18], [40], [41],
[42], [43]. The presence of these plant secondary metabolites
in X. americana methanol extract may be a possible reason
for its anti-oxidative stress activity. Similarly, the extract
revealed the presence of Anthraquinones, a plant secondary
metabolite that has been reported to have anti-cancer, anti-
inflammatory, antimicrobial, diuretic, vaso-relaxant, and
phytoestrogen properties, suggesting their useful application
clinically [44].

3.1 Seven days survival assay

The percentage of flies ' survival increased with an increase in
the concentration of the plant extract, with the higher survival
observed with 60 mg when compared to the control (Fig.1).
This result showed the possible protective benefit of X.
americana as used by traditional medicinal practitioners,
hence its extract increased the survival of treated fly when
compared to untreated. The difference between the two
experimental groups (treated and untreated) was not
significant (P > 0.05) statistically.

3.2 Catalase (CAT) activity

The activity of catalase enzyme occurs in the second phase of
the dismutation reaction that aimed at scavenging hydrogen
peroxide (H.Oy free radical anions into H,O and O; especially
in the electron transport system in animal cells (com). Thus,
CAT activity can be referred to as ‘dismutation of hydrogen
peroxides’

H202+ H202— 2 H20 + O2

Our result showed a non-significant (P>0.5) increase in
catalase activity in a concentration-dependent manner in the
exposed flies when compared to the control. The highest
activity was observed with 60 mg and lowest with the 5 mg
concentrations (Fig. 2). This result has shown that at the
concentrations of the extract used in this work, X. americana
exhibits antioxidant activity by elevation of CAT activity and
hence may help counteract the harmful effect of this free
radical species (ROS) by converting (H.O2) into water and
oxygen. This result is in agreement with Maikai and co-
worker 2010, who demonstrated by in vitro method the
antioxidant activity of stem bark of this plant [18], [9],[45] ,
[46], [47], [48] , [26], [49].

3.3 Total
activities

Thiols generally are organic molecules that contain sulfhydryl
groups (-SH) and constitute a major antioxidant fraction that
helps detoxified free radicals in the human body [8]. Total
thiols are made up of both intracellular (e.g. Glutathione,
thioredoxin) and extracellular thiols (e.g. albumin) that exist
both in the free form (oxidized or reduced glutathione), or
thiols in plasma proteins [8]. Besides their role in free-radical
defense, thiols also serve in signal transduction during

thiol and glutathione-S-transferase (GST)

communication, apoptosis and other numerous functions at the
molecular level [50], [3] . The status of these organic
compounds in the body is an indicator of its antioxidant
efficacy. Our results indicated a serial increase in the total
thiol with increased concentration (5 mg, 20 mg, and 60 mg)
of the extract when compared with the control. However, the
difference was not statistically significant (p>0.05) (Fig. 3).
Also, the activity of GST increases with concentration from
lower to higher. GST activity observed with the higher
concentration (60 mg) is more than the control but the
differences is not significant (P>0.05) (Fig. 4). These findings
indicated that methanol root extract of X. americana is capable
of improving both the total thiol content and GST activity in
treated Drosophila melanogaster and possibly have some in
Vivo antioxidant protective activity in this model.

3.4 Superoxide dismutase (SOD) activity

SOD is the major enzyme that helps the body systems to
destroy the very destructive ROS ‘superoxide’ into weak ROS
‘hydrogen peroxide’ and ‘water’ in the reaction below [51] ,

207 + 2H* - H202 + O2

In the above reaction, SOD initiates the conversion of two
superoxide anions into a molecule of hydrogen peroxide
(H207) and oxygen (0Oy), this is the initial step is cooping free
radicals. Our findings show the level of enzyme (SOD)
activity decreased (indicative of autoxidation of substrate)
with increased concentration of the tested extract in the
exposed groups. whereas, its level of activity is more in the
non-treated group. (Fig. 5). The observed difference was not
statistically significant (P>0.05). This demonstrated that the
methanol plant extract has activity against the free radical
generated by the substrate(epinephrine) in the reaction
mixture.

Table 1. Phytochemical constituents of Ximenia americana
methanol root extract

Phytochemical constituents Results
Tannins
Flavonoids
Carbohydrates
Steroids
Anthraquinones
Cardiac Glycosides
Alkaloids
Saponins
Terpenoids

+ 4+ 4+ + + +

KEY: +=present, - = absent.
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Fig. 1.7 Days fly survival on X, americana methanol methanol root exiract on treated and control
The percentage of ly survival slightly increased with concentration, but the increase was not

significantly different (P>0.05) when compared to the control.
ns=not significant
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Fig 2. CAT activity of X. americana methanol root extract in treated and control flies.
the activities increase with concentration but not significant compared to the control
(P >0.05).
ns=not significant
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Fig. 3. Total thiol content of X. emericana methanol root extract on treated and control flies.
The increase in total thiol content of the extract was not significantly different (P >0.05) when

compared to the control.
ns= not significant.

IV. CONCLUSION

A careful study of our results above showed that the plant X.
americana has useful phytochemicals that have been
established to possess antioxidant activity, and are employed
in the management of certain disease conditions (e.g.
Atherosclerosis, Cancer, Pulmonary dysfunction, Cataracts,
Arthritis, Diabetes, Shock, trauma, renal diseases, and
inflammatory diseases). Also, the chosen concentration of
methanol root extract of X. americana in our current study
demonstrate some level of safety observed by slight increased
survival, increase total thiol content, CAT and GST activities
as well as decreased SOD in D. melanogaster. These results
put together suggest that methanol root extract of X.
americana plant can counteract free radical that is generated
during normal redox activity and diseased states in living
things. Therefore, we concluded that using the D.
melanogaster model, the methanol root extract of X.
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Fig. 4. GST activity of X. americana methanol root extract on treated and control fies.

Activity of GST increased with concentration but the increase was not significant

(P >0.05).
ns=not significant

things. Therefore, we concluded that using the D.
melanogaster model, the methanol root extract of X.
americana is safe and has antioxidant activities and may be of
benefit in managing illnesses that are associated with it.
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