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Abstract

This research evaluated the antioxidant capacity (in vitro and in vivo) of the aqueous extracts of mesocarp, exocarp and the ethanol extract of the
seeds of C. lanatus. DPPH scavenging ability, FRAP, serum MDA concentration, CAT, GPx and SOD activities were determined following
standard methods. Results showed that the highest percentage DPPH radical scavenging activity in the endocarp was 96.4500+.58%, for the
mesocarp, the highest percentage of DPPH scavenging activity was 96.76+.61%, for the seed extract, the highest percentage DPPH radical
scavenging activity was 69.98+1.09%.The endocarp showed the highest DPPH radical scavenging ability followed by the mesocarp. FRAP
activity of extracts of the plant parts (endocarp/exocarp, mesocarp and the seeds) were all lower than that of Gallic acid used as standard at all
concentrations. For the endocarp/exocarp, the highest ferric reducing antioxidant power scavenging activities was 0.04+.00 pMfe®'/g extract. For
mesocarp, the FRAP was 0.01£0.00 pMfe*'/g extract. The highest ferric reducing antioxidant power for the seeds extracts was 0.05+0.00
uMfe?*/g extract. The endocarp showed the highest FRAP radical scavenging ability. Groups 4,5,6,7,8 and 9 (3.03£0.28, 3.07+0.14, 2.75+0.15,
2.46%0.38, 2.62+0.54 and 2.81+0.04 respectively) decreased MDA concentration significantly (p < 0.05) when compared to group 2 (5.95+0.64).
The test groups 4 and 5 (20.55+0.99 and 26.03+1.08) increased catalase (CAT) activities significantly (p < 0.05) when compared to group 2
(13.7741.49) but the catalase activities in the test groups 6, 8 and 9 (11.87+0.64, 11.21+0.67 and 11.64+1.54 respectively) decreased
significantly (p < 0.05) when compared to group 2 (13.77+1.49). The GPx activity was significantly higher in groups 6, 7, 8 and 9 (25.2140.43,
24.2342.19, 24.845+0.25 and 9 respectively) compared to group 2 (21.29+1.90). The aqueous extract of C. lanatus endocarp had the highest
DPPH scavenging activities followed by the mesocarp, the aqueous extract of the endocarp also showed the highest activity of FRAP. The
mesocarp, endocarp and seed extracts showed significant degrees of endogenous antioxidant activities by reducing MDA concentrations and
stabilizing endogenous antioxidants.
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INTRODUCTION The rind of the fruit is mid- to dark green and usually mottled

or striped, and the flesh, containing numerous pips spread
throughout the inside, can be red or pink (most commonly),
orange, yellow, green or white (Maynard et al., 2012). The
plant (C. lanatus) is one of such medicinal plant that has
attracted scientific interest due to its bioactivities (Erhirhie et
al., 2013). C. lanatus sp. is a natural source of antioxidants
such as beta carotene (Charoensiri et al., 2009), vitamin C
(Altas et al, 2011), citrulline (Collins et al., 2007). The red
fleshy part makes C. lanatus an excellent source of lycopene
(Perkins-Veazie et al., 2001). The tissue protective effects of
its juice have been reported (Akashi ef al., 2004).

C. lanatus fruit

In this study, we examined and compared the in vitro and in
vivo antioxidant activities of the aqueous extracts of the
mesocarp and endocarp as well as the ethanol extract of the
seeds of C. lanatus (watermelon). The plant C. lanatus is an
annual plant that grows up to 3m long and new growth has
yellow or brown hairs. Leaves are 60 to 200 mm long and 40
to 150 mm wide. These usually have three lobes which are
themselves lobed or doubly lobed. The plant have both male
and female flowers on 40-mm-long hairy stalks. It’s long,
weak, trailing or climbing stems which are five-angled (five-
sided) and up to 3 m (10 ft) long. Young growth is densely
woolly with yellowish-brown hairs which disappear as the
plant ages. The leaves are large, coarse, hairy pinnately-lobed
and alternate; they get stiff and rough when old. The plant has
branching tendrils. The white to yellow flowers grow singly in
the leaf axils and the corolla is white or yellow inside and
greenish-yellow on the outside. The flowers are unisexual,
with male and female flowers occurring on the same plant
(monoecious). The male flowers predominate at the beginning
of the season; the female flowers, which develop later, have
inferior ovaries, the styles are united into a single column. The
C. lanatusfruits are usually large with a kind of modified berry
called a pepo with a thick rind (exocarp) and fleshy center
(mesocarp and endocarp). The wild type have fruits up to
20 cm (8 in) in diameter, while cultivated varieties may exceed
60 cm (24 in).
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Taxonomy of C. lanatus

Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida
Order: Cucurbitales
Family: Cucurbitaceae
Scientific name: | Citrullus lanatus
Synonyms: Citrullus vulgaris
Genus: Citrullus
Species: Lanatus

(NPDC, 2000).

The phrase “Reactive Oxygen Species (ROS)” is used to
describe a number of reactive Biomolecules and free radicals
derived from molecular oxygen. Oxygen-based radicals are
usually produced during aerobic respiration. These molecules,
produced as byproducts during the mitochondrial electron
transport of aerobic respiration or by oxidoreductases and
metal ion catalyzed oxidation, have the potential to cause a
number of deleterious events. It was originally thought that
only phagocytic cells were responsible for ROS production as
their part in host cell defense mechanisms. Recent work has
demonstrated that ROS have a role in cell signaling, including;
apoptosis; gene expression; and the activation of cell signaling
cascades (Hancock et al, 2001). A number of environmental
factors (e.g., UV radiation, ionizing radiation, xenobiotics,
tobacco smoke) as well as an activation of superficial receptors
of the cell may contribute to the increased production of ROS
in those organisms (Bartsch and Nair, 2000). The presence of
antioxidants help ells to quench the effect of ROS and free
radicals. Plants usually produce secondary metabolites known
as phytochemicals that help to protect them against oxidative
attacks resulting from metabolic activities, when animals eat
such plant parts such as fruits, leaves etc. they tend to also
acquire those plant secondary products which may also serve
the same purpose as antioxidants. Different mechanisms may
be followed in the antioxidant pathways but the generally
known fact is that antioxidant quenches the effect of free
radicals by donating lone pair electrons to them thereby
making them stable.

MATERIALS

Plant Material

The plant material used in this study include the exocarp,
fleshy mesocarp and seeds of the ripe fruit of C. lanatus
(watermelon). The ripe watermelon fruit was purchased from
Keffi market and identified at the Department of Plant Science
and Biotechnology of Nasarawa state University, Keffi,
Nigeria.

Experimental animal models

The in vivo study was carried out using 45 male albino rats,
weighing between 79-220g which were purchased from
National Veterinary Research Institute (NVRI) Vom, Jos,
Nigeria. The animals were housed in well ventilated cages in
the animal house, Department of Biochemistry and Molecular
Biology, Faculty of Natural and Applied Sciences, Nasarawa
State University, Keffi. They were fed with water and starter
mash (vital feed) for two weeks (14 days) to acclimatize them
to laboratory condition before commencement of the study.

Acetaminophen/Silymarin

The drug, acetaminophen was supplied as a research support
from Emzor Pharmaceutical Ltd., Lagos while the Silymarin, a

branded drug (Sylibon 140) from Micro Laboratory, India, was
purchased from a pharmaceutical store in Keffi town.
Solutions was ere made in appropriate volume of distilled
water in sample bottles and refrigerated in readiness for the
study.

METHODS

Preparation of the C. lanatus sample

The water melon fruit was washed under a running tap and cut
into medium pieces using knife. The fleshy mesocarp,
exocarp/endocarp of the water melon were blended seperately
with blending machine set at high speed for some minutes and
separately soaked in distilled water for 24 hours for extraction
of the bioactive constituents, after which it was sieved using
muslin cloth. The juice was filtered using filter paper, the
filtrate was concentrated using water bath to get the extract.
The seeds was air dried for two weeks and pounded then
soaked in ethanol and tightly covered. It was allowed to extract
for 48 hours, after which it was sieved and filtered, the filtrates
was concentrated using water bath to get the seed extract. The
crude extracts were stored in a refrigerator until
commencement of the experiment.

Determination of DPPH radical-scavenging activity:

The Free radical scavenging activity of different extracts of C.
lanatus (mesocarp, endocarp/exocarp and the seeds) were
measured by 1,1-diphenyl-2-picrylhydrazyl (DPPH). “Briefly,
0.1 mM solution of DPPH in ethanol was prepared. This
solution (1ml) was added to 3 ml of different extracts in
ethanol at different concentrations (5, 10, 15, 20, 25, 30 pl/ml).
Here, only those extracts are used which are solubilized in
ethanol and their various concentrations were prepared by
dilution method (Vaidyaratnam ef al., 2002)”. The mixture was
shaken vigorously and allowed to stand at room temperature
for 30 minutes, the absorbance was measured at 517 nm by
using spectrophotometer (Ahmed et al., 2013). Reference
standard compound being used was ascorbic acid and the
experiment was done in triplicate according to the method of
(Patel and Petel, 2011). The ICs, value of the sample, which is
the concentration of the sample required to inhibit 50% of the
DPPH free radical, was calculated using log dose inhibition
curve. Lower absorbance of the reaction mixture indicated
higher free radical activity (Koleva et al., 2002). The percent
DPPH scavenging effect was calculated by using the equation

DPPH scavenging effect (%) or Percent inhibition = Ag— A, /
AO x 100

Where A, was the absorbance of the control reaction and A,
was the absorbance in the presence of tests or standard
samples.

Determination of Ferric Reducing/Antioxidant Power
(FRAP)

FRAP assay was carried out according to the method of Benzie
and Strain (1996) with minor modifications for assay on a 96-
well microplate. “The FRAP reagent was prepared by mixing
25 ml of 300.0 mmol/L acetate buffer, 2.5 ml of 10 mmol/L
TPTZ solution, and 2.5 ml of 20 mmol/L FeCl3 solution in a
10:1:1 ratio. 10 pL of sample was mixed with 200 pL. of FRAP
reagent; the contents were mixed vigorously and was warmed
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to 37°C in oven prior use. Ferric tripyridyltriazine (Felll-
TPTZ) complex is reduced to ferrous tripyridyltriazine (Fell-
TPTZ) form in the presence of antioxidants and develops
anintense blue color, with maximum absorption at 593 nm. A
total of 50 ul samples extract were added to 1.5 ml of the
FRAP reagent and mixed well. The absorbance was measured
in three replicates. Standard curve of iron (II) sulphate (Fe,
(SO,)) solution (200, 400, 600, 800, 1000 ppm) was prepared
using the similar procedure. The results were expressed as
pmol Fe (I1)/100g extract sample”.

Experimental Design for in vivo studies

The test Albino rats were weighed and divided into nine (9)
groups of five (5) animals per group and treated thus;

Group 1 (normal control): The rats in this group were given
only water and starter mash.

Group 2 (negative control): They were given water, feed and
Acetaminophen (2g/kg).

Group 3 (standard control); were given water, feed and
silymarin (200mg/kg) pre-treatment for two (2) weeks,
then fasted for up to seven hours, followed by
intoxication with Acetaminophen (2g/kg).

Group 4; were given water, feed and aqueous extract of water
melon mesocarp (200mg/kg) pre-treatment for two (2)
weeks, then fasted for seven hours, followed by
intoxication with Acetaminophen (2g/kg).

Group 5; were given water, feed and aqueous extract of water
melon mesocarp (400mg/kg) pre-treatment for two (2)
weeks, then fasted for seven hours, followed by
intoxication with Acetaminophen (2g/kg)

Group 6: The rats were given water, feed and aqueous extract
of water melon exocarp (200mg/kg) pre-treatment for
two (2) weeks, then fasted for up to seven hours,
followed by intoxication with Acetaminophen (2g/kg).

Group 7: The rats were given water, feed and aqueous extract
of water melon exocarp (400mg/kg) pre-treatment for
two (2) weeks, then fasted for up to seven hours,
followed by intoxication with Acetaminophen (2g/kg).

Group 8: The rats were given water, feed and ethanol extract
of water melon seeds (200mg/kg) pre-treatment for two
(2) weeks, then fasted for up to seven hours, followed
by intoxication with acetaminophen (2g/kg)

Group 9: The animals were given water, feed and ethanol
extract of the water melon sees (400mg/kg) pre-
treatment for two (2) weeks, then fasted for up to seven
hours, followed by intoxication with acetaminophen

(2g/kg).
Blood sample collection for endogenous Antioxidant Assay

The rats were humanely sacrificed after 48 hours of
intoxication under anaesthesia (Diethyl ether) and blood
collected for analysis of antioxidant parameters. The whole
blood was collected in covered test tubes and allowed to stand
for 60 minutes for clotting to occur. The clotted blood were
centrifuged at 3000rpm for 5 minutes to separate the serum
which was used for the analysis.

Determination of Malondialdehyde (MDA) Concentration
Lipid peroxidation was determined spectrophotometrically by

measuring the level of the lipid peroxidation product,
malondialdehyde (MDA) as described by Wallin ef al. (1993).

Principle: Malondialdehyde (MDA) reacts with thiobarbituric
acid (TBA) to form a red or pink coloured complex which in
acid solution absorbs maximally at 532 nm.

MDA + 2TBA — MDA: TBA adduct + H2O

Procedure: “To a test tube was added 0.1 ml of sample, 0.9
ml of distilled water, 0.5 ml of 25 % TCA and 0.5 ml of 1 %
TBA in 0.3 % NaOH. The mixture was shaken thoroughly,
incubated at 95 °C for 40 minutes and cooled in a cold water
bath. After the cooling, 0.1 ml of 20% SDS (sodium dodecyl
sulphate) was added and the absorbance of the mixture
determined at wavelengths of 532 nm and 600 nm against a
corresponding blank. The level of lipid peroxidation (MDA
concentration) was determined in terms of thiobarbituric acid
reactive substances (TBARS) as follows”

A532-4600

0, ARS =
o TBARS = o

x 100

[Slope form standard curve = y = 0.5208x (mg/ml)]

Determination of Superoxide Dismutase (SOD) Activity

Superoxide dismutase (SOD) was assayed using method
described by Xin ef al. (1991).

Principle: Superoxide dismutase (SOD) reduces superoxide
radical to hydrogen peroxide. The theory of this method is
based on the competition between SOD activity and
iodonitrazolium violet in reacting with superoxide, which is
generated by xanthine oxidase (XOD) reaction.

(a) Xanthine + O, ——— » Uricacid + O,
() 0, + 0, +2H" ﬂb H,0, + 0,
(©) O, + violet SO—Dy oxidized detector

The SOD activity measured is related to 50% inhibition of the
detector reduction.

Procedure: “Distilled water (0.9 ml) and serum sample (0.1
ml) was pipetted into a test tube and mixed thoroughly with 0.9
ml of carbonate buffer. 75 pl of xanthine oxidase was then
added and the absorbance determined at wavelength of 500 nm
for 3 minutes at 20 seconds interval. The changing rate of
absorbance was used to determine superoxide dismutase
activity”

Determination of Catalase (CAT) Activity

This was determined according to the method described by
Aebi (1983).

Principle: The ultraviolet absorption of hydrogen peroxide can
be easily measured at 240 nm. On the decomposition of
hydrogen peroxide (H,O,) with catalase, the absorption
decreases with time and from this decrease catalase activity
can be measured.

Procedure: “Phosphate buffer (2.5 ml), H,O, (2 ml) and
serum sample (0.5 ml) were pipetted into a test tube. To 1 ml
of the reaction mixture was added 2 ml of dichromate acetic
acid reagent. The absorbance of the mixture was then
determined at wavelength of 240 nm at a minute interval into
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four places. Catalase activity was calculated using the
following equation”

Absorbance 1
Absorbance 2

0.00693

0.23 Xlog

Catalytic concentration (/L) =

Assay for Glutathione peroxidase (GPX)

This was done according to the method of Paglia and Valentine
(1967). Glutathione peroxidase (GPX) catalyses the oxidation
of glutathion (GSH) by Cumene hydroperoxide. In the
presence of glutathione reductase (GR) and NADPH the
oxidized glutathione (GSSG) is immediately converted to the
reduced form with a concomitant oxidation of NADPH and
NADP'. The decrease in the absorbance at 340 nm is
measured.

2GSH+ROOH - GSSG+ ROH + H,0
GSSG + NADPH+H" ——3» NADP'+2GSH

Procedure: “A known volume, 0.5ml of heparinized whole
blood was diluted with 2 ml of diluting reagent and this was
used for the essay. 50ul of diluted sample was mixed with 1ml
of R; and R, respectively. The initial absorbance of both test
and blank were read after Iminute and the timer started
simultaneously. Absorbance were read again after 1 and 2
minutes intervals at 340nm.

Glutathione peroxide activity was calculated from the formula
below,

w/1 of haemolysate = 8412 x AA 340nm/min.”
Statistical analysis

Data obtained were analyzed using one-way ANOVA with the
help of the software, SPSS. Further test for level of
significance were carried out using LSD (least significant
difference) and Duncan tests. The acceptable level of
significance was p <0.05 for all the data.

RESULTS

2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
activity of aqueous extract of endocarp/exocarp, mesocarp
and ethanol extract of seeds of citrullus lanatus

The DPPH radical scavenging activity of the endocarp,
mesocarp and the seed extracts at all concentrations were
higher when compared to that of the ascorbic acid which
served as the control. The highest percentage DPPH radical
scavenging activity in the endocarp (96.4500+.58%) was
observed at 500pg/ml, followed by 94.5967+.67% at 250
pg/ml, 90.0500+.00% at 125 pg/ml, 89.196+.13% at 62.50
pg/ml, 88.89+.23% at 31.25 pg/ml and 81.02+.23% at 15.63
pg/ml while the least percentage DPPH scavenging activity
was 59.2600+3.24% at 1000 pg/ml. For the mesocarp, the
highest percentage of DPPH scavenging activity was
96.76+.61% at 125 pg/ml, followed by 92.67+.93% at 62.50
pg/ml, 88.43+.70% at 250pg/ml, 84.10+1.07% at 500 pg/ml,
82.33+2.91 at 31.25 pug/ml, 75.34+3.01% at 15.63 pg/ml and
73.05+£.94% at 1000 pg/ml. For the seed extract, the highest

percentage DPPH radical scavenging activity was
69.98+1.09% at 500 pg/ml, followed by 68.13+.27% at 250
pg/ml, 65.20+.13% at 125 pg/ml, 64.35+.00% at 62.50pg/ml,
63.58+1.06% at 31.25 pg/ml, 62.65+.27% at 15.63 pg/ml and
61.88+1.07% at 1000 pg/ml. Comparatively, the endocarp
showed the highest cumulative DPPH radical scavenging
ability followed by the mesocarp while the seed extract was the
least as shown in table 1.

Ferric Reducing Antioxidant Power (FRAP) radical
scavenging activity of aqueous extract of endocarp/
exocarp, mesocarp and ethanol extract of seeds of C.
lanatus

Table 2 shows that the FRAP radical scavenging activity of
extracts of the plant parts (endocarp/exocarp, mesocarp and the
seeds) were all lower than that of gallic acid used as standard
at all concentrations. For the endocarp/exocarp, the highest
ferric reducing antioxidant power scavenging activities was
0.04+.00 pMfe*'/g extract at 250 pg/ml, 500 pg/ml and
1000pg/ml, followed by 0.03+0.00 puMfe*’/g extract at
15.63pg/ml and 31.25pg/ml while the lowest percentage
FRAP scavenging activity was 0.02+.00 pMfe*"/g extract at
62.50pg/ml and 125pg/ml. For mesocarp, the ferric reducing
antioxidant power was 0.01£0.00 pMfe*/g extract at all
concentration. The highest ferric reducing antioxidant power
for the seeds extracts was 0.05+0.00 pMfe*"/g extract at
1000pg/ml, followed by 0.03+0.00 pMfe*'/g extract at
500pg/ml and 250 pg/ml while the least was 0.02+0.00
uMfe’*/g extract at 15.63pg/ml, 31.25ug/ml and 62.50pg/ml.
Comparatively, the endocarp showed the highest cumulative
FRAP radical scavenging ability followed by the ethanol
extract of the seeds while the mesocarp was the least.

Effect of aqueous extract of endocarp/exocarp, mesocarp
and ethanol extract of seed of citrullus lanatus pre-
treatment on Pro-oxidant and antioxidant parameters

Table 3 shows that the pro-oxidant parameter,
Malondialdehyde (MDA) concentrations in the negative
control group (group 2) increased significantly (p < 0.05) when
compared to normal control group (group 1), The values of the
pro-oxidant marker (MDA) increased in group 2 (5.95+0.64)
compared to group 1 (3.63+0.31), indicating the expected
effect of acetaminophen toxicity. However, administration of
the extracts in the test groups 4,5,6,7,8 and 9 (3.03+0.28,
3.07+0.14, 2.75+0.15, 2.46+0.38, 2.62+0.54 and 2.81+0.04
respectively) decreased significantly (p < 0.05) the MDA
concentration when compared to group 2 (5.95+0.64),
implying that the extracts could ameliorate the degenerating
effect on cell lipid membrane induced by actaminophen. The
activities of catalase (CAT), glutathione peroxidase (GPX) and
superoxide dismutase (SOD) in group 2 (13.77+1.49,
21.2941.90 and 11.17£0.25 respectively) decreased
significantly (p < 0.05) when compared to group 1
(22.56+0.98, 27.45+1.73 and 11.50+0.02 respectively). The
administration of the extracts in the test groups 4 and 5
(20.55%0.99 and 26.03+1.08) increased significantly (p < 0.05)
the catalase (CAT) activities when compared to group 2
(13.77+1.49)but the catalase activities in the test groups 6,8
and 9 (11.87+0.64, 11.21+0.67 and 11.64+1.54 respectively)
decreased significantly (p < 0.05) when compared to group 2
(13.77+£1.49).The GPx activity was significantly higher in
groups 6,7 8 and 9 (25.21+0.43, 24.234+2.19, 24.8454+0.25 and
9 respectively) compared to group 2 (21.29+1.90).
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Table 1. DPPH radical scavenging activity of aqueous extract of endocarp/exocarp, mesocarp and ethanol
extract of seeds of Citrullus lanatus

Concentration (p.g/ml) Endocarp (% inhibition) Mesocarp (% inhibition) Seeds (% inhibition) Ascorbic Acid (% inhibition)
15.63 81.02+0.23* 75.34£3.01° 62.65+0.27 60.70+0.00
31.25 88.89+0.23° 82.33+2.91" 63.58+1.06" 63.15+0.00
62.50 89.196+0.13° 92.67+0.93¢ 64.35+0.00% 63.92+0.00
125 90.0500+0.00° 96.76+0.61" 65.20+0.13" 63.81+0.44
250 94.5967+0.67° 88.43+0.70" 68.13+0.27" 64.41+0.28
500 96.4500+0.58° 84.10+1.07" 69.98i1.09% 63.33+0.03
1000 59.2600+3.24¢ 73.05+£0.94° 61.88+1.07 63.87+0.00

Results are expressed in Means + SD (n = 3)

Mean values with different letters as superscripts down the groups are considered significant at p < 0.05

Table 2. FRAP activity of aqueous extracts of endocarp/exocarp, mesocarp and ethanol extract of seed of Citrullus lanatus

Concentration (p,g/ml) Endocarp nMfe?’/g extract Mesocarp uMfe?'/g extract Seeds puMfe’"/g extract  Gallic Acid pMfe’*/g extract
15.63 0.03+0.00° 0.01£0.00° 0.02+£0.00¢ 0.05+0.00
31.25 0.03+0.00" 0.01£0.00° 0.02+0.00¢ 0.08+0.00
62.50 0.02+0.00" 0.01+0.00° 0.02+0.00¢ 0.09+0.00
125 0.02+0.00° 0.01+0.00° 0.02+0.00¢ 0.09+0.00
250 0.04+0.00° 0.01£0.00° 0.03+0.01° 0.15+0.00
500 0.04+0.00° 0.01+0.00° 0.03+0.01° 0.13+0.00
1000 0.040.00° 0.0120.00° 0.050.00° 0.18+0.00

Results are expressed in Means + SD (n = 3)

Mean values with different letters as superscripts down the groups are considered significant at p < 0.05

Table 3. Effect of aqueous extracts of endocarp/exocarp, mesocarp and ethanol extract of seeds of Citrullus lanatus pre-treatment on
Malondialdehyde (MDA) and antioxidant parameters in acetaminophen intoxicated rats

Group MDA (mg/ml) CAT (U/mg) GPx (U/mg) SOD (U/mQL
Group 1 (NC) 3.63£0.31° 22.56+0.98°  27.45+1.73%  11.50+0.02"
Group 2(NeC) (*ectaminorhen 5 954(),64° 13.77£1.49"  21.29+1.90'  11.17+0.25™
Group 3 “ectaminophen +silymarin) - 4 9540 54° 15.98+£0.728  24.08+4.30'  11.62+0.07™
Group 4 (200me/ke of Mesocarp) 3.03+0.28° 20.55+0.99"  24.51+1.42'  11.49+0.01™
Group 5 (“400me/ke of Mesocarp) 3.07£0.14 26.03£1.08°  23.90+1.39'  11.53+0.98™
Group 6 20meke of Endocarp) 2.75+0.15¢ 11.87£0.64'  25.21+0.43%  11.48+0.02™
Group 7 “00me/ke of Endocarp) 2.460.38¢ 14.15£0.90"  24.23+2.19'  11.49+0.02™
Group § (200me/ke of Seeds) 2.62+0.54° 11212067  24.845£0.25' 11.48+0.01™
Group 9 “00me/ke of Seeds) 2.81+0.04 11.64£1.54  25.91+0.85%  11.44+0.00™

Results are expressed in Means = SD (n = 5)

Mean values with different letters as superscripts down the groups are considered significant at p <0.05

The activities of SOD showed no significant difference in the
extract administered groups when compared to the control
groups.

DISCUSSION

This research evaluated the antioxidant capacity (in vitro and
in vivo) of the aqueous extracts of mesocarp, endocarp and the
ethanol extract of the seeds of C. lanatus, also known as
watermelon. For the in vitro study, DPPH scavenging ability
and FRAP inhibition ability as well as ICsywere used as test
models while serum samples from albino rats was used for the
in vivo studies. Results showed a sample concentration-
dependent increase in the DPPH radical scavenging activity of
the extracts from the 15.63ug/ml to 500ug/ml sample
concentrations. The highest percentage DPPH radical
scavenging activity in the endocarp (96.4500+.58%) was
observed at 500pg/ml, followed by 94.5967+.67% at 250
pg/ml, 90.0500+.00% at 125 pg/ml, 89.196+.13% at 62.50
pg/ml, 88.89+.23% at 31.25 pg/ml and 81.02+.23% at 15.63
pg/ml while the least percentage DPPH scavenging activity
was 59.2600+3.24% at 1000 pg/ml. For the mesocarp, the
highest percentage of DPPH scavenging activity was
96.76+.61% at 125 pg/ml, followed by 92.67+.93% at 62.50
pg/ml, 88.43+.70% at 250pg/ml, 84.10+1.07% at 500 pg/ml,
82.33£2.91 at 31.25 pg/ml, 75.34£3.01% at 15.63 pg/ml and
73.05£.94% at 1000 pg/ml.

For the seed extract, the highest percentage DPPH radical
scavenging activity was 69.98+1.09% at 500 pg/ml, followed
by 68.13+.27% at 250 pg/ml, 65.20+.13% at 125 pg/ml,
64.35£.00% at 62.50pg/ml, 63.58+1.06% at 31.25 pg/ml,
62.65+.27% at 15.63 pg/ml and 61.88+1.07% at 1000 pug/ml as
shown in table 1. At all sample concentrations, the percentage
DPPH radical scavenging activity of C. lanatus extracts were
higher when compared to that of ascorbic acid which served as
standard. The scavenging activity of endocarp/exocarp and
seeds of the extracts got to their scavenging peak at 250pg/ml
with scavenging activity of 94.59+0.67% and 68.13+0.27 %
inhibition respectively, while mesocarp got to its scavenging
peak at 125ug/ml concentration with 96.76+0.61 % inhibition.
At above 500ng/ml there was a decrease in % inhibition in all
the extracts (endocarp/exocarp, mesocarp and seeds). The high
percentage of DPPH radical scavenging activity demonstrated
by the various parts of the fruit (endocarp, mesocarp and
seeds) could be due to the presence of these phytochemicals;
tannins, steroids, terpenoids, glycosides and phenolics acting
either individually or synergistically thereby conferring on
them possible antioxidant properties. This is in agreement with
(Oseni et al., 2013) whose work also revealed their high
percentage composition in the fruit of C. lanatus parts. From
the results above, it can be seen that Endocarp/exocarp extract
of C. lanatus has more DPPH radical scavenging activity,
followed by Mesocarp and the least radical scavenging activity
was seen in the seeds extract. All the extracts of C. lanatus
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(endocarp/exocarp, mesocarp and the seeds) were more
powerful than Ascorbic acid which served as standard. This
justified the presumed nutritional and health benefits ascribed
to the consumption of C. lanatus fruit. The Ferric radical
antioxidant power (FRAP) test assesses the reducing power of
a substance based on its ability to reduce Fe'* to Fe*'. The
FRAP radical scavenging activity of extracts of the plant parts
(endocarp/exocarp, mesocarp and seeds) were all lower than
that of Gallic acid at all sample concentrations used in this
work. For the endocarp, the highest percentage FRAP radical
scavenging was same; 0.04+.00%, at 250 pg/ml, 500 pg/ml
and 1000pg/ml while the lowest percentage FRAP scavenging
activity was 0.02+.00% at 62.50pg/ml and 125pg/ml. The
ferric reuducing antioxidant power for mesocarp was observed
to be 0.01£0.00 at all concentrations, while the peak FRAP
scavenging activity of the seeds extract was 0.05+0.00 at
1000pg/ml. This means a low ferric reducing antioxidant
power at the tested concentrations. Comparatively, the
endocarp showed the highest cumulative FRAP radical
scavenging ability followed by the ethanol extract of the seeds
while the mesocarp was the least which is a slight deviation
from(Oseni et al., 2013), who observed a higher percentage
FRAP activity by the mesocarp and seeds. The high FRAP
activity observed in this study could also be attributed to the
high presence of the phytochemical compounds known to
exhibit antioxidant properties and also justifies the
consumption of the fruit for the purpose of preventing and
curing oxidative stress-related diseases.

The values of the pro-oxidant marker (MDA) increased in
group 2 (5.95+£0.64)compared to group 1 (3.63+0.31),
indicating the expected effect of acetaminophen toxicity.
However, administration of the extracts in the test groups
4,5,6,7,8 and 9 (3.03+0.28, 3.07+0.14, 2.75+0.15, 2.46+0.38,
2.62+0.54 and 2.81+0.04 respectively) decreased significantly
(p <0.05) the MDA concentration when compared to group 2
(5.95+0.64), implying that the extract could ameliorate lipid
peroxidation and restore normal tissue integrity. Lipid
peroxidation is a chain reaction process involving the
formation and propagation of lipid radicals, the uptake and
propagation of lipid radicals, the uptake of molecular oxygen
and arrangement of double bonds in the unsaturated lipid
which constitutes the cell membrane. This may eventually
leading to cell death. Malondialdehyde (MDA) is a reliable and
commonly used marker of overall lipid peroxidation levels and
the presence of oxidative stress (Kaya et al., 2015). Lipid
peroxidation product accumulation in human tissues is a major
cause of tissue and cellular dysfunction that plays a major role
in ageing and most age-related and oxidative stress-related
diseases (Anne et al., 2010). While the activities of antioxidant
enzymes CAT, GPx and SOD decreased in group 2
(13.77+1.49, 21.29+1.90° 11.17+0.25 respectively) compared
to group 1(22.56+0.98, 27.45+1.73, 11.50+£0.02 respectively),
also indicating the obvious inflammatory effect of the
acetaminophen. This is likely because the available enzymes in
the tissue could have been mobilized to cushion the ravaging
effect of the acetaminophen thereby reducing in their original
activities. The administration of the extracts in the test groups
4 and 5 (20.55+0.99 and 26.03+1.08) increased significantly
(p < 0.05) the catalase (CAT) activities when compared to
group 2 (13.77£1.49) implying that the mesocarp could not
decompose the Hydrogen peroxide (H,O,) produced in the
system but the catalase activities in the test groups 6,8 and 9
(11.87£0.64, 11.21£0.67 and 11.64£1.54 respectively)
decreased significantly (p < 0.05) when compared to group 2

(13.77£1.49) implying that the hydrogen peroxide produced in
the system could have been decomposed by the extracts. The
GPx activity was significantly higher in groups 6,7 8 and 9
(25.21+0.43, 24.23+2.19, 24.8454+0.25 and 9 respectively)
compared to group 2 (21.29+£1.90), implying a low redox
reaction between reduced glutathione (GSH) and the oxidized
form which could balance the ionic state. This scenario could
lead to a poor ability to quench the effect of free radicals
produced in the system by the extracts in those groups, hence a
diminished antioxidant property. The activities of SOD showed
no significant difference in the extract administered groups
when compared to the control groups. The reason could be that
not much superoxide ion was produced in the system hence
effect of the extracts on it could not be significantly observed.

Conclusion

The results obtained from this study revealed that the aqueous
extract of C. lanatus endocarp had the highest DPPH
scavenging activities followed by the mesocarp, for FRAP, the
aqueous extract of the endocarp showed the highest activity
followed by the ethanol seed extract. The mesocarp, endocarp
and seed extracts showed significant degrees of endogenous
antioxidant activities by reducing MDA concentrations and
stabilizing the endogenous enzyme activities.
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