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Abstract

There is always the need to study the bioactive components present in the
various parts of edible fruits. This will go a long way to providing an idea of
its potential biological benefits when consumed. The current study evaluated
the protective effect of C. Janatus fruit’s endocarp/exocarp, mesocarp and
seed extracts on the liver of albino rats. The qualitative and quantitative phy-
tochemical analysis was also done following standard methods. The albino
rats were divided into nine groups of five per group and treated thus; group 1
(normal control), group 2, Acetaminophen (2 g/kg), group 3, 200 mg/kg
silymarin + 2 g/kg Acetaminophen, group 4, 200 mg/kg mesocarp + 2 g/kg
Acetaminophen, group 5, 400 mg/kg, group 6, 200 mg/kg exocarp, group 7,
400 mg/kg exocarp, group 8, 200 mg/kg seeds, group 9, 400 mg/kg seeds. The
pre-treatment with the extracts lasted for 14 days then acetaminophen ad-
ministered. The rats were sacrificed after 48 hours of intoxication. Results
showed the presence of alkaloids, phenolics, Tannins, steroids and terpenoids
and glycosides while saponins and flavonoids were not detected in the endo-
carp. In the mesocarp, glycosides, phenolics, steroids and terpenoids and tan-
nins were present while Saponins and flavonoids were not detected. Seed ex-
tract showed the presence of alkaloids, flavonoids, phenolics, tannins, steroids
and terpenoids. Glycosides and saponins were not detected. The activities of
AST, ALT and ALP were significantly (p < 0.05) increased in group 2 (55.80 *
3.11, 20.80 + .84 and 27.00 * 1.22 respectively) when compared to the normal
control group (group 1) (32.00 + 2.12, 9.00 + 1.00and 19.80 + 4.49 respec-
tively). The administration of the extracts (group 4, 5, 6, 7, 8 and 9) led to a
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significant decrease in the serum activities of AST (51.40 + 1.14, 48.60 * 7.57,
39.20 + 1.79, 48.00 + 1.73, 51.00 + 0.00 and 47.00 + 2.74) and ALT (10.20 £
1.30, 11.20 + 1.30, 17.20 * 2.77, 20.00 + 0.71, 17.60 + 0.55 and 18.20 + 1.64)
when compared with the acetaminophen group (group 2). Photomicrograph
images showed normal liver morphology in the control groups 1 and 3, 200
mg/kg mesocarp and 400 mg/kg seed extract administered groups, indicating
that the two extract doses better protected the liver against damage occa-
sioned by acetaminophen.
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1. Introduction

It is common knowledge that fruits are generally good sources of nutrients such
as vitamins and minerals hence the advice by health practitioners and nutritionists
for people to always consume fruits. While some fruits may be eaten completely
(both the epicarp, mesocarp, endocarp and seeds), others may have some parts ea-
ten and other parts discarded for many reasons ranging from non-palatability to
taste. The Biochemical principle underlying the non-palatability may be known
or not, hence the need to scientifically study the bioactive components present in
plant materials. The plant, C. /anatus, commonly known as water melon belongs
to the family Cucurbitaceae which is a vine-like (scrambler and trailer) flowering
plant and it is mainly cultivated for its fruit because the fruit is the consumable
part of the plant. The specie comprises of two major subdivisions and varieties
which include C. Janatus (Thunb.) and C. /anatus citroides [1]. Molecular data
including sequences from the original collection of Thunberg and other relevant
type materials show that the sweet watermelon ( Citrullus vulgaris Schrad.) and
the bitter wooly melon C. /anatus (Thunb.) Matsum. as well as Nakai are not
closely related to each other [2].

The plant is grown in both tropical and subtropical areas all over the world for
its large edible fruit which is a special kind of berry with a hard rind and no in-
ternal division, botanically called a pepo. The fruit is usually large, oval or round
shape with soft, sweet, juicy flesh and is usually deep red or pink, with many
black seeds embedded within the fleshy pulp, although seedless varieties also ex-
ist, it is usually eaten raw. The un-ripped portion of the fruit is usually greenish
or greenish-white in colour. The outer surface of the ripe and unripe fruit is
usually smooth and greenish in color, hence the ripe mature fruit is best identi-
fied when broken. The interior of the ripe fruit is typically reddish or pink in
colour while the interior of the unripe fruit remains white.
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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 [3]. It is one of such me-
dicinal plants that have attracted scientific interest due to its bioactivities [4]. C.
lanatus is a natural source of antioxidants such as beta carotene [5], vitamin C
[6], citrulline [7]. Watermelon with red flesh is also an excellent source of lyco-
pene [8]. The tissue protective effects of watermelon juice have been reported
[9]. Furthermore, the protective effects of watermelon juice against hepatotoxins
such as carbon tetrachloride (CCL) and paracetamol have been demonstrated
[10]. The anti-inflammatory, antioxidat, anti-ulcerogenic and anti-diabetic ef-
fects of watermelon have also been documented [11].

The liver is the largest internal organ found in vertebrates. It plays various
metabolic functions such as detoxification of various metabolites, protein syn-
thesis, and production of Biochemicals necessary for digestion [13]. In the hu-

man body system, it is located in the right upper quadrant of the abdomen,

Figure 1. C. Janatus fruits with part of the interior.

Taxonomy of C. /anatus.

Kingdom: Plantae

Division: Magnoliophyta
Class: Magnoliopsida
Order: Cucurbitales
Family: Cucurbitaceae

Scientific name: Citrullus lanatus

Synonyms: Citrullus vulgaris
Genus: Citrullus
Species: Lanatus

[12].
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below the diaphragm. It also performs other roles in metabolism which include
the regulation of glycogen storage, decomposition of red blood cells and the
production of hormones. It also helps in the removal of Bilirubin, a toxic sub-
stance released when red blood cells are lysed, accumulation of Bilirubin can be
very toxic and manifests as jaundice, hence the need to be safely excreted.

The liver is an accessory digestive gland that produces bile, an alkaline com-
pound which helps the breakdown of fats. Bile aids in digestion by the emulsifi-
cation of lipids. The gallbladder, a small pouch that sits just under the liver,
stores bile produced by the liver which is afterwards moved to the small intestine
to complete digestion [14]. The liver's highly specialized tissue consisting of
mostly hepatocytes regulates a wide variety of high-volume biochemical reac-
tions, including the synthesis and breakdown of small and complex molecules,
many of which are necessary for normal vital functions [15]. Hepatic encephalo-
pathy is caused by an accumulation of toxins in the bloodstream that are normally
removed by the liver. This condition can result in coma and can prove fatal.

Phytochemicals, also known as plants’ secondary metabolites are the biologi-
cally active compounds which are present in plants. They are produced by the
plants for various uses to the benefit of the plants and are found distributed in
various parts of plants namely; leaves, flowers, seeds, barks, roots and pulps,
virtually all the living parts of the plants contain phytochemicals. Originally,
plants use them for protection against invading elements, hence humans also
harness this disease-preventing potential as medicinal agents. Phytochemicals
are also known as secondary plant metabolites possess biological properties
such as antioxidant activity, antimicrobial effect, modulation of detoxification
enzymes, stimulation of the immune system, decrease of platelet aggregation
and modulation of hormone metabolism and anticancer property [16]. It is
well-known that plants produce these chemicals to protect themselves, but re-
cent researches demonstrate that many phytochemicals can also protect human
against diseases [17].

The constituents of watermelon extracts are known for their free radical sca-
venging activities and antioxidant effect. In the present study, claim in various
findings that consuming the fruit may have protective effect on the liver is fur-
ther investigated. The current study evaluated the protective effect of waterme-
lon extracts pre-treatment on acetaminophen-induced oxidative stress in the

liver of albino rats.

2. Materials and Method
2.1. Materials

Plant Material

The plant material used in this study include the exocarp, fleshy mesocarp and
seeds of the ripe fruit of C. /anatus (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.
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Experimental animal models

The study was carried out using 45 male wistar albino rats, weighing between
79 - 220 g which were purchased from National Veterinary Research Institute
(NVRI) Vom, Jos, Nigeria. The animals were housed in well ventilated cages in
the animal house of the 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 ac-
climatize them to laboratory condition before commencement of the study.

Acetaminophen/silymarin

The drug, Acetaminophen was a research support from Emzor Pharmaceuti-
cal Ltd, Lagos while silymarin is a branded drug (Sylibon 140) from Micro La-
boratory Ltd, India (purchased from a pharmaceautical shop in Keffi). Solutions
were made in appropriate volumes of distilled water in tightly sealed sample bot-

tles, and refrigerated in readiness for the study.

2.2. Methods

Preparation of the C. Janatus sample

The C. lanatus fruit was washed under a running tap and then cut into me-
dium pieces using knife. The fleshy mesocarp, exocarp/endocarp of the water
melon were blended separately with a blending machine. The blended samples
were separately soaked in distilled water for 24 hours for extraction of the bio-
active constituents, after which it was sieved using muslin cloth, after sieving
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, after air
drying, the seeds was pounded and soaked in ethanol and tightly covered and
stored for 48 hours, after which it was sieved and filtered, the filtrates was
concentrated using water bath to get the seed extract. The seed, fleshy mesocarp
and exocarp/endocarp crude extracts were then stored in a refrigerator until
commencement of the experiment.

Qualitative Phytochemical Analysis of the aqueous extracts of C. lanatus
mesocarp, exocarp/endocarp and ethanol extract of the seed.

The preliminary phytochemical screening of the aqueous extracts of C. Janatus
mesocarp, exocarp/endocarp and ethanol extract of the seed was carried out in
order to ascertain the presence of some plant secondary metabolites and those
detected were further quantified. Both determinations were done by utilizing
standard conventional protocols as illustrated by [18] [19] [20]. The concentra-
tion (C) of the various phytochemical constituents was calculated thus:

Absorbance of sample
Absorbance of standard

C(mg/100g)=

D = dilution factor = (total volume/weight) of extract

Test for alkaloids (general test)
A quantity (1 g) of extract was mixed with 10 ml 2% HCI, heated for 5 mi-
nutes then filtered. Filtrate (1 ml) was put in two test tubes each, Test tube I + 1
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ml Mayer’s reagent, creamy white precipitate was observed. Test tube II + 1 ml
Wagner’s reagent, reddish-brown precipitate was observed (indicating the pres-
ence of alkaloids).

Test for glycosides (Fehling’s test)

A quantity (1 g) of extract was mixed with distilled water (10 ml), boiled for 5
minutes before it was filtered. 2 ml of filtrate plus 2 ml dilute ammonia (2 ml fil-
trate + 2 ml dil. NH; (aq)), the solution was then added to 200 pl of Fehling’s
solutions A and 200 ul Fehling’s solutions B. The solution was heated for 10 mi-
nutes in a water bath. A change of colouration to brick red indicates the pres-
ence of glycoside.

Test for steroids

To 1 g of extract was added 2 ml of acetic anhydride. The solution was subse-
quently added 2 ml of concentrated H,SO, carefully. A brownish colouration
was observed which indicated the presence of steroids.

Test for flavonoids

A quantity of the sample (1 g) was heated with 10 ml ethyl acetate in boiling
water for 3 minutes. The mixture was filtered, and the filtrate was used for the
following tests.

1) Ammonium test: 4 ml of the filtrate was shaken with 1 ml of dilute ammo-
nium solution to obtain two layers. The layers were allowed to separate. A yellow
precipitate in the ammonium layer indicates the presence of flavonoids.

2) Aluminium chloride test: 4 ml of the filtrate was shaken with 1 ml of 1%
aluminium chloride solution, yellow colouration indicates the presence of fla-
vonoids.

Test for tannins (Ferric chloride Method)

To 1 g of extract was added to 10 ml of 45% ethanol, boiled for 5 minutes and
then filtered. To 1 ml filtrate, 200 pl of ferric chloride was added. An observation
of brownish green precipitate indicates the presence of tannins.

Test for saponin

A quantity (1 g) of extract was dissolved in 10 ml distilled water, warmed for a
minute and then filtered. To 1 ml filtrate was added 4 ml of distilled water, sha-
ken thoroughly for 5 minutes before allowing to stand for 1 minute. Persistence
foam formed indicates the presence of saponins.

Test for terpenoids

A quantity (1 g) of the extract was dissolved in ethanol and 1 ml of acetic an-
hydride was added to the solution. A few drops of concentrated H,SO, was then
added to the solution. A change in colour from pink to violet shows the presence
of terpenoids.

Test for phenolics

To 1 g of the extract was added 2 ml of distilled water. Then 0.5 ml Na,CO;
and 0.5 ml Folin Ciocalteau reagent was subsequently added. Formation of a
blue-green colour indicates the presence of phenols.

Quantitative phytochemical analysis of the aqueous extracts of C. lanatus
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mesocarp, exocarp/endocarp and ethanol extract of the seeds.

The quantitative phytochemical analysis was done using the method of [18]
[19].

Quantitative Determination of Flavonoids Content

A quantity (0.2 g) of extract was macerated with 20 ml of ethylacetate for 10
minutes and centrifuged for 5 minutes. 5 ml of the supernatant was transferred
into triplicate test tubes and to each of them were added 5 ml of 1 M ammo-
nium. The mixture was shaken vigorously for 2 to 5 minutes, centrifuged for 5
minutes and the upper layer discarded. The absorbance of the lower layer was
then taken at wavelength of 470 nm against the corresponding blank.

Quantitative Determination of Tannins Content

A quantity (0.2 g) of extract was macerated with 20 ml of methanol for 10
minutes and centrifuged for 5 minutes. 2 ml of the supernatant was then trans-
ferred into triplicate test tubes and to the tubes were added 3 ml of methanol, 0.3
ml of 0.1 M ferric chloride in 0.1 M HCI and 0.3 ml of 0.8 mM potassium ferri-
cyanide. The solution shaken thoroughly and the absorbance taken against the
corresponding blank at 720 nm after 5 minutes

Quantitative Determination of alkaloids

A known quantity of the extract (0.2 g) was macerated with 10 ml of ethanol
and 10 ml of 20% sulphuric acid for 10 minutes. The macerated sample was then
centrifuged for 5 minutes and 0.5 ml of the supernatant transferred into tripli-
cate test tubes. To the triplicate test tubes were added 2.5 ml of 60% sulphuric
acid and 2.5 ml of 0.5% formaldehyde in 60% sulphuric acid. The solution was
then mixed thoroughly and allowed to stand for 3 hours. The absorbance was
taken at wavelength of 565 nm against the corresponding blank.

Quantitative determination of steriods content

A quantity of extract (0.2 g) was macerated in 7 ml of ethanol. It was filtered
and 1 ml of chromagen solution was added to 1 ml of the filtrate and allowed to
stand for 30 minutes. The absorbance was thereafter read at 550 nm.

Quantitative determination of terpenoids content

A known quantity of extract (0.2 g) was macerated in 10 ml of ethanol and
then filtered. To 0.5 ml of filtrate was added 0.5 ml of phosphomolybdic acid, 0.5
ml of concentrated sulphuric acid and 5 ml of ethanol. The absorbance was sub-
sequently read at 700 nm.

Quantitative determination of total phenolics content

A known quantity of extract (1 g) was macerated with 20 ml of 80% ethanol
for 10 minutes and centrifuged for 5 minutes. 2 ml of the supernatant was trans-
ferred into triplicate test tubes to which was added 3 ml of water, 0.5 ml of
folin-ciocalteu, mixed and allowed to stand for 5 minutes. 2 ml of 20% sodium
carbonate was later added; the solution mixed thoroughly by shaking and al-
lowed to stand for another 30 minutes. The absorbance of the resulting solution
was then determined at wavelength of 760 nm against the corresponding blank.

Quantitative determination of glycosides content

The extract (1 g) was macerated with 50 ml of distilled water and filtered. To
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the filtrate (1 ml), 4 ml of alkaline pirate solution was added. The mixture was
boiled for 5 minutes and allowed to cool. The absorbance was read at 490 nm.

Experimental Design for the in vivo studies

The 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 Acetamino-
phen (2 g/kg).

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

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

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

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

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

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

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

The rats were humanely sacrificed after 48 hours of intoxication under anaesthesia
(Diethylether) and blood collected for analysis of Biochemical parameters.

The livers were quickly harvested and transferred immediately into ice-cold
0.25M sucrose buffered (pH 7.4) solution and the other part of the liver were
preserved in formalin for Histopathological studies.

Preparation of liver homogenate

The livers were carefully removed, trimmed of extraneous tissue and rinsed in
ice-cold 0.25 M sucrose buffer. They were weighed (2 g) and homogenized in 4
mls of ice-cold 0.25 m sucrose buffer (pH 7.4). The homogenates were centri-
fuged first at 6000 rpm for 6 minutes to remove nuclear debris. The supernatant
obtained were used for analysis.

Analysis of Liver function markers

Determination of Alkaline phosphatase (ALP)

Alkaline phosphatase activity was assayed by following the method outlined in
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RANDOX kit for ALP assay.

Principle: The principle of this method is based on the reaction of alkaline
phosphate and a colourless substrate of phenolphthalein monophosphate, giving
rise to phosphoric acid and phenolphthalein which at alkaline pH values, turn

pink that can be determined spectrophotometrically.
P-nitrophenylphhosphate + H,0 —2~— PO} + P-nitrophenol ( pink at pH = 9.8)

Method: The blank and sample test tubes were set up in duplicates and 0.05
ml of sample was pipette into the sample test tubes. 0.05 ml of distilled water was
pipetted into the blank tube. Three milliliters (3.0 ml) of substrate were pipetted
into each tube respectively, which was then mixed and the initial absorbance
taken at 405 nm. The stop watch was started and the absorbance of the sample
and the blank read again three more times at one minute intervals.

Calculation: alkaline phosphatase activity was calculated as follows:
Absorbance of sample
Absorbance of standard

%3300

Activity of ALP (in U/L)=

Determination of Alanine Aminotransferase (ALT) activity

This was done by following the method outlined in ALT assay Kkit.

Principle: ALT is measured by monitoring the concentration of pyruvate hy-
drazone formed with 2, 4-dinitrophenylhydrazine. The colour intensity is meas-
ured against the blank at 540 nm.

Briefly, the blank and sample test tubes were set up in duplicates. 0.1 ml of
serum was pipetted into the sample tubes. To these were added 0.5 ml buffer so-
lution containing phosphate buffer, L-alanine and oxoglutarate. The mixtures
were thoroughly mixed and incubated for exactly 30 minutes at 37°C and pH
7.4. A volume, 0.5 ml of reagent containing 2, 4-dinitrophenylhydrazine was later
added to both tubes while 0.1 ml of sample was added to sample blank tube. The
tubes were mixed thoroughly and incubated for exactly 20 minutes at 25°C. Five
militres of sodium hydroxide solution was then added to each tube and mixed.
The absorbance was read against the blank after 5 minutes at 540 nm [21].

Determination of Aspartate Aminotransferase (AST) activity

AST activity was assayed by following the method as outlined in RANDOX kit
for AST assay.

Principle: AST is measured by monitoring the concentration of oxaloacetate hy-
drazone formed with 2, 4-dinitrophenylhydrazine. The colour intensity is measured
against the blank at 546 nm.

Briefly, the blank and sample test tubes were set up in duplicates. A volume,
0.1 ml of serum was pipetted into the sample tubes and 0.5 ml of reagent 1 was
pipette into both sample and blank tubes.

The solutions were thoroughly mixed and incubated for exactly 30 minutes at
37°C ml and pH 7.4. 0.5 ml of Reagent 2 containing 2, 4-dinitrophenylhydrazine
was added into all the test tubes followed by 0.1 ml of sample into the blank tubes.
The tubes were mixed thoroughly and incubated for exactly 20 minutes at 25°C
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and 5.0 ml of sodium hydroxide solution was then added to each tube and mixed.
The absorbance was read against the blank after 5 minutes at 546 nm [21].

Histopathological examination of the Liver

This was carried out as described by [22]. At the end of the administration pe-
riod, tissue sections of the liver were collected for histopathological examination.
The samples were fixed in 10% phosphate buffered formalin for a minimum of
48 hours before commencement of tissue preparation processess. The tissues
were trimmed, dehydrated in 4 grades of alcohol (70%, 80%, 90% and absolute
alcohol), cleared in 3 grades of xylene and embedded in molten wax. On solidi-
fying, the blocks were sectioned, 5 pm thick with a rotary microtome, floated in
water bathe and incubated at 60°C for 30 minutes. The 5um thick sectioned tis-
sues were subsequently cleared in 3 grades of xylene and rehydrated in 3 grades
of alcohol (90%, 80% and 70%). The sections were then stained with Hematox-
ylin for 15 minutes. Blueing was done with ammonium chloride. Differentiation
was done with 1% acid alcohol before counterstaining with Eosin. Permanent
mounts were made on degreased glass slides using a mountant; DPX. The pre-
pared slides were examined with a Motic™ compound light microscope using x4,
x10 x16 and x40 objective lenses. The photomicrographs were taken using a
Motic™ 9.0 megapixels microscope camera at X160 magnification.

Statistical analysis

Data obtained were analyzed using one-way ANOVA with the help of a
software, SPSS. Further test for level of significance were carried out using LSD
(least significant difference) and Duncan test. The acceptable level of signifi-

cance was 0.05 for all the data.

3. Results and Discussion
3.1. Results

Qualitative phytochemical composition of aqueous extract of endo-
carp/exocarp, mesocarp and ethanol extract of seeds of citrullus lanatus.

The qualitative phytochemical analysis of aqueous extract of endocarp, meso-
carp and ethanol extract of seed of citrullus lanatus shows the presence of alka-
loids, phenolics, Tannins, steroids and terpenoids and glycosides while saponins
and flavonoids were not detected in the endocarp. In the mesocarp, glycosides,
phenolics, steroids and terpenoids and tannins were present while Saponins and
flavonoids were not detected in the mesocarp. The seeds showed the presence of
alkaloids, flavonoids, phenolics, tannins, steroids and terpenoids while glyco-
sides and saponins were not detected in the seeds as shown in Table 1.

Quantitative Phytochemical composition of aqueous extract of ex-
ocarp/endocarp, mesocarp and ethanol extract of seeds of C. Janatus.

The quantitative phytochemical analysis showed that glycosides were higher
in the endocarp/exocarp (6.40 + 0.04 mg/100 g) followed by the mesocarp (6.20
+ .24 mg/100 g) and absent in the seeds. The concentration of total phenolics
was (7918.56 + 181.58 mg/100 g) in the mesocarp, 7108.61 + 286.50 mg/100 g in
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the endocarp and 1073.33 + 29.99 mg/100 g in the seeds respectively with its
highest concentration been in the mesocarp extract and least in the seed extract.
Tannins concentrations was also highest in the mesocarp (15.62 + 0.01 mg/100
g) followed by 13.64 + 0.26 mg/100 g in the endocarp and 8.44 + 1.56 in the seed
extracts. Flavonoids concentration was 62.13 + 0.87 mg/100 g in the seeds and
absent in the endocarp and mesocarp. Alkaloids concentration in the mesocarp
was 1007.51 * 5.42 mg/100 g, which was the highest, followed by 588.71 + 24.12
mg/100 g in the endocarp and 30.80 + 5.73 in the seed extracts. For steroids, the
concentrations were 4.60 = 0.05 mg/100 g in the endocarp (the highest), 2.84 +
0.12 mg/100 g in the mesocarp and 0.19 + 0.01 mg/100 g in the seeds. Terpeno-
ids in the mesocarp was 145.49 * 10.15 mg/100 g, 59.95 + 4.90 mg/100 g in the
seeds and 5.20 + 0.50 mg/100 g in the endocarp/exocarp (Table 2).

Effect of aqueous extract of endocarp/exocarp, mesocarp and ethanol ex-
tract of seeds of C. Janatus pre-treatment on serum liver enzymes of aceta-
minophen treated wistar rats.

As shown in Table 3, the activities of AST, ALT and ALP were significantly (p

Table 1. Qualitative phytochemical composition of aqueous extract of endocarp/exocarp,
mesocarp and ethanol extract of seeds of C. Janatus.

Phytochemical Endocarp Mesocarp Seeds
Glycosides + + -
Saponins - - -
Alkaloids + + +
Flavonoids - - +
Phenolics + + +
Tannins + + +
Steroids + + +
Terpenoids + + +
Key: + = present, — = absent

Table 2. Quantitative Phytochemical composition of aqueous extract of endocarp, meso-
carp and ethanol extract of seeds of C. /anatus.

Phytochemical Endocarp (mg/100 g) Mesocarp (mg/100 g) Seeds (mg/100 g)

Glycosides 6.40 + 0.04* 6.20 £ 0.24* 0.00 % 0.00°
Total phenolics 7108.61 + 286.50° 7918.56 + 181.58¢ 1073.33 + 29.99¢
Tannins 13.64 + 0.26 15.62 + 0.018 8.44 + 1.56"
Flavonoids 0.00 % 0.00' 0.00 = 0.00¢ 62.13 £ 0.87
Alkaloids 588.71 + 24.12% 1007.51 + 5.42! 30.80 + 5.73™
Steroids 4.60 + 0.05 2.84 +0.12° 0.19 £ 0.01°
Terpenoids 5.20 % 0.50¢ 145.49 + 10.15° 59.95 + 4.90°

Results are expressed as Means = SD (n = 3). Mean values with different letters as superscripts across the
periods (Ze. horizontal comparison) are considered significant at p < 0.05.
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Table 3. Effect of aqueous extracts of endocarp/exocarp, mesocarp and ethanol extract of
seed of C. Janatus pre-treatment on serum liver enzymes level in acetaminophen intox-
icated rats.

Group AST (U/L) ALT (U/L) ALP (U/L)
Group 1 (NC) 32.00 +2.12° 9.00 + 1.00° 19.80 + 4.49"
Group 2 (NeC) + Acetaminophen 55.80 +3.11° 20.80 + .84' 27.00 £ 1.22™
Group 3 (SC) (acetaminophen + silymarin) ~ 42.60 + 2.88¢ 14.20 + .84 17.00 + 6.78"
Group 4 (200 mg/kg of Mesocarp) 51.40 + 1.14¢ 10.20 + 1.30° 22.20 + 1.79"
Group 5 (400 mg/kg of Mesocarp) 48.60 +7.574 11.20 + 1.308°  32.60 + 1.52™
Group 6 (200 mg/kg of Endocarp) 39.20 + 1.79¢ 17.20 £ 2.77" 24.60 + 1.14™
Group 7 (400 mg/kg of Endocarp) 48.00 £ 1.73¢ 20.00 + 0.71° 28.80 + 1.30™
Group 8 (200 mg/kg of Seed) 51.00 + 0.00° 17.60 + 0.55" 28.80 + 1.64™
Group 9 (400 mg/kg of Seed) 47.00 +2.74° 1820+ 1.64"  30.60 + 0.54™

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. NC = Normal control, NeC = Negative control, SC = Standard control.

< 0.05) increased in group 2 (55.80 + 3.11, 20.80 + .84 and 27.00 + 1.22 respec-
tively) when compared to the normal control group (group 1) (32.00 + 2.12, 9.00
+ 1.00and 19.80 + 4.49 respectively). However, the administration of the extracts
(group 4, 5, 6, 7, 8 and 9) led to a significant decrease in the serum activities of
AST (51.40 * 1.14, 48.60 + 7.57, 39.20 + 1.79, 48.00 + 1.73, 51.00 £ 0.00 and
47.00 + 2.74) and ALT (10.20 + 1.30, 11.20 £ 1.30, 17.20 + 2.77, 20.00 + 0.71,
17.60 + 0.55 and 18.20 * 1.64) when compared with the negative control group
(group 2). The administration of the extracts in group 5,7,8 and 9 increased the
activities of ALP but the increase was not significant when compared to the neg-
ative control group (group 2) while the administration of the extracts in group 4
and 6 decreased when compared to the negative control group (group 2).

The effect of pre-treatment with extracts of citrullus lanatus on the his-
topathology of livers of wistar rats treated with 2gkgbw single dose of ace-
taminophen

Liver section of normal control group

Liver section of normal control (group 1, Plate 1) showed the normal histol-
ogy of the rodent liver. Each section showed hepatic lobules with central veins
(V) surrounded by hepatocytes arranged in radially oriented interconnecting
cords, seperated by normal sized hepatic sinusoids. The hepatic cords appear to
terminate at the periphery of the hepatic lobules where they meet with the com-
ponents of the portal area (hepatic artery, hepatic vein and bile ductule). Portal
area (P). H & E x160.

Liver section of negative control (group 2)

Liver section of group 2 (Plate 2) showed a randomly multifocal necrosis of
the hepatocytes. H & E x160.

Liver section of standard control (group 3)

Liver section of standard control (group 3) (Plate 3) showed the normal histology
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GROUP 1

Plate 2. Liver section of acetaminophen treated group 2 showing a randomly multifocal necrosis of
the hepatocytes (arrow).
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GROUP 3

Plate 3. Liver section of standard control (group 3) showing the normal histology of the rodent liver.

Of the rodent’s liver. Each section showed hepatic lobules with central veins (V)
surrounded by hepatocytes arranged in radially oriented interconnecting cords,
seperated by normal sized hepatic sinusoids. The hepatic cords appear to termi-
nate at the periphery of the hepatic lobules where they meet with the compo-
nents of the portal area (hepatic artery, hepatic vein and bile ductule). Portal
area (P). H & E x160.

Liver section of group 4

Liver section of group 4 (Plate 4) showed the normal histology of the rodent’s
liver. Each section showed hepatic lobules with central veins (V) surrounded by
hepatocytes arranged in radially oriented interconnecting cords, seperated by
normal sized hepatic sinusoids. The hepatic cords appear to terminate at the pe-
riphery of the hepatic lobules where they meet with the components of the portal
area (hepatic artery, hepatic vein and bile ductule). Portal area (P). H & E x160.

Liver section of group 5

Liver section of group 5 (Plate 5) showed a moderately random macro
vessicular steatosis of the hepatocytes in the periportal areas. The affected hepa-
tocytes show a single intra-cytoplasmic clear vacuole (arrow). Central vein (V);
Portal area (P). H & E x160.

Liver section of group 6

Liver section of group 6 (Plate 6) showed a moderate to severe degeneration
of the periportal and midzonal hepatocytes. The affected cells appear swollen,

pale and contain numerous minute intracytoplasmic clear vacuoles. Note that the
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]

Plate 4. Liver section of mesocarp extract (200 mg/kgbw) pre-treated and acetaminophen group 4
showing the normal histology of the rodent’s liver.

Plate 5. liver section of mesocarp extract (400 mg/kgbw) pre-treated and acetaminophen group 5
showing a moderately random macro-vessicular steatosis of the hepatocytes in the periportal areas.
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Plate 6. Liver section of endocarp/exocarp extract (200 mg/kgbw) pre-treated and acetaminophen

group 6 showing a moderate to severe degeneration of the periportal and midzonal hepatocytes.

centrilobular hepatocytes (hepatocytes directly surrounding the central vein) are
normal. Portal area (P); central vein (V). H & E x160.

Liver section of group 7

Liver section of group 7 (Plate 7) showed a marked necrosis of the hepato-
cytes in the periportal areas (P) of the hepatic lobules. The affected areas (arrow)
are moderately infiltrated by mononuclear phagocytic cells. Central vein (V). H
& E x160.

Liver section of group 8

Liver section of group 8 (Plate 8) showed a mild, random, centrilobular he-
patocellular necrosis with infiltration of mononuclear phagocytes (arrow). Cen-
tral vein (V); Portal area (P). H & E x160.

Liver section of group 9

Liver section of group 9 (Plate 9) showed the normal histomorphology of the
rodent’s liver. Central vein (V); Portal area (P).H & E x160.

3.2. Discussion

This research comparatively evaluated the ability of the various parts of C
lanatus namely; the mesocarp/exocarp, endocarp aqueous etracts and the etha-
nol extract of the seeds to protect the liver against acetaminophen-induced liver
toxicity. The qualitative and quantitative phytochemical compositions of the ex-

tracts were done followed by administration of the extracts to albino rats after
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Plate 7. Liver section of endocarp/exocarp extract (400 mg/kgbw) pre-treated and acetami-
nophen group 7 showing a marked necrosis of the hepatocytes in the periportal areas (P) of
the hepatic lobules.

Plate 8. Liver section of seeds extract (200 mg/kgbw) pre-treated and acetaminophen group 8
showing a mild, random, centrilobular hepatocellular necrosis with infiltration of mononuc-
lear phagocytes (arrow).
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Plate 9. Liver section of seeds extract (400 mg/kgbw) pre-treated and acetaminophen group 9

showing the normal histomorphology of the rodent’s liver.

which blood samples and the liver were collected for analysis. The quantitative
phytochemical analysis showed that glycosides were higher in the endo-
carp/exocarp (6.40 £ 0.04 mg/100 g) followed by the mesocarp (6.20 + .24
mg/100 g) and absent in the seeds. The concentration of total phenolics was
(7918.56 + 181.58 mg/100 g) in the mesocarp, 7108.61 + 286.50 mg/100 g in the
endocarp and 1073.33 £ 29.99mg/100 g in the seeds respectively with its highest
concentration been in the mesocarp extract and least in the seed extract. Tannins
concentrations was also highest in the mesocarp (15.62 + 0.01 mg/100 g) fol-
lowed by 13.64 + 0.26 mg/100 g in the endocarp and 8.44 + 1.56 in the seed ex-
tracts. Flavonoids concentration was 62.13 + 0.87 mg/100 g in the seeds and ab-
sent in the endocarp and mesocarp. Alkaloids concentration in the mesocarp
was 1007.51 £ 5.42 mg/100 g, which was the highest, followed by 588.71 + 24.12
mg/100 g in the endocarp and 30.80 + 5.73 in the seed extracts. For steroids, the
concentrations were 4.60 = 0.05 mg/100 g in the endocarp (the highest), 2.84 +
0.12 mg/100 g in the mesocarp and 0.19 + 0.01 mg/100 g in the seeds. Terpeno-
ids in the mesocarp was 145.49 + 10.15 mg/100 g, 59.95 + 4.90 mg/100 g in the
seeds and 5.20 + 0.50 mg/100 g in the endocarp/exocarp (Table 2).

Glycosides have been reported to demonstrate good antioxidant potential by
inhibiting lipid peroxidation and its presence in the mesocarp and endocarp ex-
tracts implies that the two parts of C. Janatus may serve as good sources of anti-
oxidants. Tannin containing plant extracts are used as astringents, against di-

arrhea as diuretics, against stomach and duodenal tumors among other uses as
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reported by [16]. Tannins have been found to have active medicinal benefits as
many studies have shown its antioxidant potential by interfering with free radi-
cal generation in metals ions such as Iron, Copper and Zinc. The high presence
of tannins in the mesocarp as revealed in this study could therefore justify the
application of the mesocarp of C. /anatus in the treatment of some illnesses such
as diarrhea, stomach and deudonal disorder among others. Alkaloids have also
been reported to possess antioxidant potential by cushioning the effect of free
radicals. The presence of phenolic acids in the fruit-parts extracts, especially in
the mesocarp is also an advantage because phenolic acids are known to act as
potent antioxidants by transferring hydrogen atom from their OH groups to the
chain - carrying ROO" radicals thereby neutralizing its oxidative effect hence the
mesocarp may be harnessed for antioxidant use. Many saponins are known to
have antimicrobial properties and this research has shown its high concentration
especially in the mesocarp extract, so it could also justify its use as a potential
natural antibiotics agent. Terpenoids have been reported by [23], to play a role
in traditional herbal remedies and under investigation for antibacterial, anti-
neoplastics and other pharmaceutical functions. This study has also proven that
the C. lanatus fruit parts, especially the mesocarp could effectively be used as a
natural antibiotic agent to cure bacteria-related infections.

The activities of AST, ALT and ALP were significantly (p < 0.05) increased in
the negative control groups (group 2) when compared to the normal control
(group 1). This observation proved that the administered dose of acetaminophen
to this group without any ameliorating agent actually caused the expected in-
flammation of the hepatocytes and so corroborates the hypothesis that high dose
of acetaminophen could be toxic to the liver. One of the possible mechanisms of
acetaminophen-induced liver inflammation may be due to the generation of free
radicals and or other reactive oxygen species which mount some level of over-
whelming oxidative stress on the liver cells and possibly resulting to wearing out
or degeneration of the liver cells. This could manifest by elevated liver enzymes
in the serum as observed in this study. However, the administration of the ex-
tracts (group 4, 5, 6, 7, 8 and 9) led to a significant (p < 0.05) decrease in the se-
rum activities of AST and ALT when compared with the negative control group
(group 2). This was a justification to the assertion that the C. Janatus’s mesocarp,
endocarp and seed extracts have the ability to reverse or protect the liver from
inflammation induced by acetaminophen ingestion, this ability could be traced
to its potent phytochemical constituents which have be shown to possess anti-
oxidant properties. The administration of the extracts in group 5, 7, 8 and 9 still
showed elevated activities of ALP but the increase was not significant (p > 0.05)
when compared to the negative control group (group 2). The non-significant
(p > 0.05) increase in the liver enzymes in these groups could also be attributed
to the antioxidant ability of the extracts which prevented further damage due to
acetaminophen ingestion while the administration of the extracts in group 4 and
6 decreased ALP when compared to the negative control group (group 2). Al-
though plasma membrane damage and protein leakage is probably the most
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common reason for elevated serum ALT, there is evidence that other mechan-
isms can be involved, Oncotic necrosis: [24] [25] [26] Membrane blebbing: [26]
[27] [28], increased expression: [29] [30] [31] [32], macroenzymes [33] [34] [35]
[36]. It has been suggested that membrane blebs containing cytosolic compo-
nents form during ischemia-reperfusion injury (IRI) of the liver and that these
protrusions can rupture to release aminotransferases without cell death [29] [30]
[31]. This was based in part on evidence from microscopy [29] and on the find-
ing that the cytosolic isoform of AST is released early in IRI, while the mito-
chondrial isoform does not increase in serum until later and correlates better
with the extent of liver necrosis [30] Experimental work has also revealed that
ALT and AST activity are increased in livers of mice treated with carbon te-
trachloride (CCL), suggesting an increase in expression [32] [33].

Results of histological examination revealed that groups 1, 3 and 4 showed the
normal histology of the rats liver, with each section showing hepatic lobules with
central veins (V) surrounded by hepatocytes arranged in radially oriented inter-
connecting cords, seperated by normal sized hepatic sinusoids. This as expected,
could be due to the fact that the normal control (group 1) was devoid of the in-
flammatory agent (acetaminophen) while in group 3, the standard drug (silyma-
rin) could have been able to cushion any threat posed by acetaminophen and
helped the liver recorvered from its effect. And in group 4, the potency of the
mesocarp which sterned from its high antioxidant effect could have ameliorated
the inflammatory effect of the acetaminophen. The hepatic cords appear to ter-
minate at the periphery of the hepatic lobules where they meet with the compo-
nents of the portal area (hepatic artery, hepatic vein and bile ductule). On the
other hand, sections of the liver of rats in group 2 showed a randomly multifocal
necrosis of the hepatocytes, an indication of a possible inflammatory effect
caused by acetaminophen as expected for the group. The liver architecture in
group 5 was characterized by moderately random macro-vessicular steatosis of
the hepatocytes in the periportal areas. Liver of rats in group 6 group showed a
moderate to severe degeneration of the periportal and mid-zonal hepatocytes,
characterized by swollen, pale and contain numerous minute intracytoplasmic
clear vacuoles, also an indication of inflammatory effect. Sections of the liver
presented in group 7 showed a marked necrosis of the hepatocytes in the peri-
portal areas (P) of the hepatic lobules, a pointer to the possibility that the liver of
rats in this group could have been challenged. Group 8 liver showed a mild,
random, centrilobular hepatocellular necrosis with infiltration of mononuclear
phagocytes. Sections of the liver of rats in group 9 showed normal histomor-
phology, indicating that there was no negative effect on the liver of rats in this
group. This implied that 400 mg/kg of the seed extract pre-treatment for two (2)

weeks protected the liver from inflammation by acetaminophen.

4. Conclusion

In this study, the phytochemical compositions of aqueous extracts of the meso-
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carp, endocarp/exocarp, and ethanol seed extract of C. Janatus as well as the
analysis of serum liver enzymes activities and photomicrograph images of liver
sections of acetaminophen intoxicated rats pre-treated with the extracts were
performed. The results obtained from the study indicated that the aqueous ex-
tracts of the mesocarp and endocarp/exocarp as well as the ethanol seed extract
of C. lanatus were rich in phytochemical compounds which possibly accounted
for their ability to reduce elevated liver function biomarker enzymes intoxicated
by acetaminophen, but only the 200 mg/kg of mesocarp and 200 mg/kg of the
seed extracts clearly protected the liver from inflammation as shown in the pho-

tomicrograph images.
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