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Abstract
Introduction Watermelon is one of the commonly eaten fruit in most homes in Nigeria and has been used in the management of
diabetes mellitus traditionally. This study was carried out to explore the antidiabetic potential of watermelon (Citrullus lanatus)
juice in alloxan-induced diabetic rats.
Methods Watermelon juice was used for the determination of in vitro parameters such as 1,1-diphenyl-2-picryl-hydrazil
(DPPH), nitric oxide and ferric reducing antioxidant potential (FRAP) as well as phytochemicals such as total phenol,
total flavonoids. In vitro, α-glucosidase and α-amylase inhibitory activities were also accessed using standard proce-
dures. Diabetes was induced in the rats by a single intraperitoneal (I.P) injection of freshly prepared alloxan (150 mg/kg
body weight). The animals were randomly grouped into five groups of normal control, untreated diabetic control,
diabetic rats administered 200 mg/kg body weight of metformin, diabetic rats administered 500 mg/kg body weight of
watermelon (Citrullus lanatus) juice and diabetic rats administered 1000 mg/kg body weight of watermelon juice. The
rats were sacrificed on the 14th day of the experiment and various in vivo biochemical parameters were also evaluated in
the serum and tissue homogenates of diabetic rats.
Results The watermelon juice exhibits anti-oxidant properties and inhibitory activities against α-glucosidase and α-amylase in a
dose-dependent manner. Added to this, the administration of different doses of the watermelon juice significantly (p < 0.05)
reduced the fasting blood glucose level, serum lipid profile, glucose-6-phosphatase, lipid peroxidation and anti-inflammatory
activities in alloxan-induced diabetic rats. There was a significant (p < 0.05) increase in antioxidant enzyme activities, hexokinase
activity as well as glucose transporters (GLUT 2 and GLUT 4) levels in diabetic rats administered different doses of Citrullus
lanatus.
Conclusion Taken together, this study demonstrates that watermelon (Citrullus lanatus) juice exhibits its antidiabetic potential in
experimental diabetic animal model via multiple pathways involving modulation of glucose transporters, anti-inflammatory
activities as well as antioxidant defense system and inhibition ofα-glucosidase andα-amylase. This suggests that the watermelon
(Citrullus lanatus) juice may have a useful clinical application in the management of diabetes mellitus and its metabolic
complications if developed as adjuvant therapy.
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Introduction

Diabetes mellitus (DM) is recognized as one of the five lead-
ing causes of death globally. It is a clinically and genetically
heterogeneous metabolic disorder characterized by
hyperglycaemia and disturbances of carbohydrate, protein
and lipids metabolism due to deficiency in insulin secretion,
insulin function or both [1]. It has been estimated that about
1.3% of the world population suffers from this disease [2].
Diabetes has been classified into two main categories, which
include type 1 diabetes mellitus (T1DM), characterized by a
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near-absolute deficiency of insulin secretion and type II dia-
betes mellitus (T2DM) where the cause is a combination of
insulin resistance and an insulin secretory defect.
Uncontrolled hyperglycaemia leads to the progressive devel-
opment of long-term microvascular and macrovascular com-
plications in diabetes which causes morbidity and mortality
among those affected [3].

The multiple mechanisms implicated in the pathogenesis
and management of T1DM as well T2DM have been docu-
mented in the literature [4]. Basically, hyperglycaemia causes
tissue damage through five major mechanisms: Increased flux
of glucose and other sugars through the polyol pathway,
increased intracellular formation of advanced glycation end-
products (AGEs), increased expression of the receptor for
advanced glycation end products and its activating ligands,
activation of protein kinase C (PKC) isoforms and overactiv-
ity of the hexosamine pathway. Several lines of evidence
indicate that all five mechanisms are activated by a single
upstream event; mitochondrial overproduction of reactive ox-
ygen species [5].

The generation of free radicals notably, reactive oxygen
species (ROS) and reactive nitrogen species (RNS) which
may lead to oxidative stress are considered critical factors
for the pathogenesis of diabetes mellitus. Oxidative stress
is the outcome of an imbalance between the production
and neutralization of reactive oxygen and nitrogen species
such that the antioxidant capacity of the cell is
overwhelmed [6, 7].

Diabetes mellitus is a manageable disorder, in which the
level of blood glucose is monitored daily. Conventional man-
agement of diabetes mellitus includes modification of life-
styles, such as diet and exercise and the use of insulin or oral
hypoglycaemic drugs [8]. In recent years there has been an
increased inclination towards the herbal formulations and
nutraceuticals from medicinal plants, due to the complexity,
side effects and costly management associated with the allo-
pathic medicines. This has caused both the health care practi-
tioners and the majority of world populations to turn towards
finding alternative therapies since they are believed to be free
from side effects and are affordable [2].

Watermelon (Citrullus lanatus) is one of such medici-
nal plant that has attracted scientific interest due to its
bioactivities. C. lanatus sp. is a natural source of
antioxidants such as beta carotene, vitamin C, citrulline
etc. Watermelon with red flesh is also an excellent
source of lycopene. The tissue-protective effects of water-
melon juice have been reported. Furthermore, the protec-
tive effects of watermelon juice against hepatotoxins such
as carbon tetrachloride (CCl4) and paracetamol have been
demonstrated [9]. But there is scanty information on the
anti-diabetic activity of watermelon (Citrullus lanatus)
juice in alloxan-induced diabetic rats, which is the aim
of this study.

Materials and methods

Chemicals and reagents

All chemicals used were obtained from Sigma chemicals,
U.S.A., and were known to be of analytical grade.
Chemicals and reagents were procured from Sigma- Aldrich,
Inc., (St Louis, MO), dinitrophenyl hydrazine (DNPH) from
ACROS Organics (New Jersey, USA), hydrogen peroxide,
methanol, acetic acid and FeCl3 was sourced from BDH
Chemicals Ltd., (Poole, England), H2SO4, sodium carbonate,
AlCl3, potassium acetate, Tris-HCl buffer, FeSO4, potassium
ferricyanide and ferric chloride. Total protein and enzyme
assay kits were produced by Randox Laboratories Ltd.,
Antrim, UK. All other chemicals were of analytical grade
and prepared in all-glass apparatus using sterilized distilled
water (BDH, UK).

Sample collection and preparation

Fresh fruits of the watermelon were bought from Sasha-
market along Ado-Ikere road, Ikere-Ekiti, Nigeria.
Identification and authentication were carried out by a senior
taxonomist at Forestry Research Institute of Nigeria, FRIN,
Ibadan, Nigeria, with Herbarium number FHI: 112517. Each
watermelon was washed and cut into small pieces. The thick
epicarp layer and the seeds were removed, the remaining red-
coloured endocarp was put inside a fruit extractor where the
water was obtained and subject to freeze-drying.

Experimental animals

Forty (40) matured female Wistar albino rats weighing be-
tween 120 g to 130 g were used for this experiment, the ani-
mals were bought from Suria Amos farm, Ikere-Ekiti. The rats
were randomly divided into 5 groups of 8 animals each. The
animals were acclimatized for a period of 2 weeks to the
laboratory conditions prior to the experiment at the Animal
House of the Department of Biochemistry, Afe Babalola
University, Ado-Ekiti. The animals were housed in a cage at
room temperature with free access to drinking water and rat
feed.

Induction of diabetes

Diabetes was induced in the rats by a single intraperitoneal
injection of freshly prepared alloxan of 150 mg/kg body
weight in normal saline. Forty-eight hours (48 h.) after alloxan
administration, blood samples were obtained from the tips of
the rat’s tail and the fasting blood glucose levels were deter-
mined using OneTouch Ultra glucometer (Life Scan,Milpitas,
CA, USA) to confirm diabetes. Animals with blood glucose
levels ranging between 250 and 300 mg/dL were considered
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diabetic and used for the experiments [10]. This study was
approved by Afe Babalola University Ethical Committee with
approval number ABUAD/SCI/PG/1012.

Experimental design

The animals were grouped as shown in Table 1. Watermelon
juice was administered orally to diabetic rats and the experi-
ment lasted for a period of 14 days.

Preparation of tissue homogenates

Blood samples were collected from overnight fasted rats (only
water allowed) after 2 weeks of treatment by cardiac puncture
into non-heparinized tubes, for biochemical analyses. For se-
rum samples, blood was allowed to coagulate, followed by
centrifugation at 3000 rpm for 15 min at 4 °C to separate
serum. Sera were divided into aliquots and stored at −20 °C
for biochemical assay. The liver of each rat was rapidly ex-
cised, placed in saline solution in a sterile container and placed
on ice. The organs were weighed after being dried with a
paper towel. The liver tissues were subsequently homoge-
nized in cold Tris- HCl buffer (1:5 w/v). The homogenate
was centrifuged for 10 min at 3000 rpm to yield a clear super-
natant which was collected using a Pasteur pipette.

In vitro parameter studied

DPPH (1, 1, Diphenyl 2- Picryl Hydrazyl) determination

This assay was carried out according to the method of Re et al.
[11] and the absorbance was read at 517 nm.

Determination of ferric (Fe3+) reducing antioxidant power
assay (FRAP)

The FRAP level of the extract was measured by the direct
reduction of [Fe(CN)6]

3− to [Fe(CN)6]
2− and was determined

by absorbance measurement of the formation of the Perls
Prussian Blue complex following the addition of excess Fe3+

as described previously by Benzie and Strain [12].

Determination of total flavonoid

The total flavonoid of the watermelon juice extract was deter-
mined using the method described by Hatamnia et al. [13].

Determination of Total phenol

The total phenol content of the extract was determined by the
method of Olajire and Azeez [14].

Estimation of α-glucosidase inhibition

The effect of the plant extract on α- glucosidase activity was
determined according to the method described by Shai et al.
[15] using α - glucosidase from Saccharomyces cerevisiae.

Estimation of α-amylase inhibition

This assay was carried out using a modified procedure of
Apostolidis et al. [16].

In vivo parameters studied

Estimation of fasting blood glucose level

Fasting blood glucose was determined using OneTouch Ultra
glucometer [17]. In this method, blood was collected from the
tips of the rat’s tail and a drop was placed on the glucometer to
produce the fasting blood glucose of the rat.

Serum insulin determination

This was estimated using an ultrasensitive rat insulin enzyme-
linked immunosorbent assay (ELISA) kit (Mercodia, Upsala,
Sweden) according to the manufacturer’s manual.

Determination of liver glycogen

This was determined according to the method of Lo et al. [18].

Determination of some carbohydrate metabolizing enzymes

Determination of hexokinase activity

The activity of hexokinase was measured using the modified
method of Akinyosoye et al. [19].

Determination of glucose-6-phosphatase activity

The determination of glucose-6-phosphatase activity was
done using the glucose dehydrogenase coupled reaction. The
assay measures the rate of glucose released in the glucose-6-
phosphatase reaction. The glucose is then oxidized to beta-D-

Table 1 Experimental grouping of the animals

Groups Animals

Group 1 Normal control rats

Group 2 Untreated diabetic rats

Group 3 Diabetic rat + metformin (200 mg/kg)

Group 4 Diabetic rat + watermelon juice (500 mg/kg)

Group 5 Diabetic rat + watermelon juice (1000 mg/kg)
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gluconolactone by glucose dehydrogenase in a coupled reac-
tion that uses NADP+ [20].

Determination of anti-inflammatory concentration

Interleukin 2 and 6 (IL-2 and IL-6) and tumour necrosis
factor- α (TNF-α) determined using an ultrasensitive rat insu-
lin enzyme-linked immunosorbent assay (ELISA) kit
(Mercodia, Upsala, Sweden) according to the manufacturer’s
manual.

Determination of oxidative stress biomarkers

The activities of catalase (CAT), superoxide dismutase (SOD),
GPx, GSH and, GST, as well as level of lipid peroxidation,
were estimated using their respective assay kits.

Statistical analysis

All data were analyzed using GraphPad Prism 5.0 (Version 5,
Software Program, GraphPad Prism Inc., San Diego, CA) and
presented as mean ± S.D. One-way analysis of variance
(ANOVA) was used for the analysis of the biochemical indi-
ces followed by Tukey’s posthoc test. Results were considered
significant at p < 0.05.

Results

The in vitro inhibitory activity of watermelon juice (WMJ) is
presented in Fig. 1. The extract (watermelon juice) shows

satisfactory α-amylase inhibitory activity in a concentration-
dependent manner.

Figure 2 shows the in vitro α-glucosidase inhibitory activ-
ity of watermelon juice (WMJ). The extract (watermelon
juice) possesses inhibition potential which is significantly
lower (p < 0.05) than that of the standard (Acarbose).

Watermelon juice (WMJ) was evaluated for nitric oxide
inhibition activity. The result shown in Fig. 3 reveals the in-
hibitory ability of the watermelon juice which increases with
the concentration of the extract (p < 0.05).

The DPPH free radical scavenging activity of watermelon
juice is depicted in Fig. 4. Vitamin C was used as the standard.
Watermelon juice has appreciable DPPH free radical scaveng-
ing activity compared to the standard used in this study. The
radical scavenging ability of the watermelon juice was report-
ed as the percent of DPPH scavenged.

Ferric reducing-antioxidant power (FRAP), phenolic and
flavonoids contents of watermelon juice are presented in
Table 2. The FRAP, phenolic and flavonoids content of wa-
termelon juice is comparable well with what is documented in
the literature. Results presented show that watermelon juice
has significant antioxidant properties.

The effect of watermelon juice (WMJ) on fasting blood
glucose levels is shown in Fig. 5. Repeated administration of
WMJ, for 14 days, significantly (p˂0.05) decrease the fasting
blood glucose level of diabetic rats in a dose-dependent man-
ner as compared with the diabetic control group.

Figure 6 and Table 3 revealed that diabetic animals had a
significantly (p < 0.05) reduced level of insulin and glycogen
respectively when compared with the control group.
Administration of WMJ for 14 days significantly (p < 0.05)
increased the insulin levels in diabetic treated groups.

The activity of hexokinase was significantly (p < 0.05)
lower in diabetic animals compared to control. On the other
hand, there was a significant (p < 0.05) increase in glucose-6-
phosphatase in diabetic control compared to the normal con-
trol. The administration of WMJ reversed the observed effect
(Fig. 7).

Fig. 1 In vitro α-amylase inhibitory activity of watermelon juice. Data
are presented as mean ± SEM of triplicate determinations (n = 3). a mean
is significantly different compared to acarbose at p < 0.05. bmean is
significantly different compared to watermelon juice (WMJ) at p < 0.05

Fig. 2 In vitro α-glucosidase inhibitory activities of WMJ (watermelon
Juice). Data are presented as mean ± SEM of triplicate determinations
(n = 3)
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Figure 8 demonstrated that diabetic animals had a signifi-
cantly (p < 0.05) decreased in both GLUT 2 and 4 when com-
pared with other groups. However, the administration ofWMJ
to diabetic animals for 14 days significantly (p < 0.05) in-
creased the levels of the two GLUTs.

The effects of WMJ on some serum lipid profile in exper-
imental animals are presented in Fig. 9. Diabetic rats showed a
significant (p < 0.05), increase in the levels of triglyceride and
total cholesterol and a corresponding decrease in high-density

lipoprotein (HDL-c) in comparison with the normal control.
Treatment with WMJ significantly reversed the observed ef-
fect of alloxan on serum lipid profile in experimental animals
in the present study.

Induction of diabetes led to an elevation in the level of pro-
inflammatory parameters examined in this study. Treatment
withWMJ at the tested doses reversed the elevations observed
as presented in Fig. 10. Also, presented in Fig. 11 is the effect
of watermelon juice (WMJ) on liver enzymatic and non-
enzymatic antioxidants in alloxan-induced diabetic rats.
WMJ was able to ameliorate the effect of alloxan on diabetic
rats and restore them near normal in a dose-dependent manner
as well as illustrated in Table 4.

Discussion

All over the world, diabetes mellitus (DM), one of the most
common metabolic disorders, has been considered as one of
the most serious diseases threatening human health. DM is
characterized by the destruction or dysfunction of islet cells
which caused not enough insulin or no response to the insulin.
Hyperglycaemia is considered as one of the main features of
DM and causes several diabetes complications in the body
[21]. Over the years medicinal plants and fruits have been
employed in the treatment of diabetes mellitus. Watermelon
(Citrullus lanatus) is one of such medicinal plant that has
attracted scientific interest due to its bioactivities [9].

In the present study, the ability of watermelon juice (WMJ)
to protect against alloxan-induced diabetesmellitus was inves-
tigated. Prior to the in vivo experiments, some in vitro

Fig. 3 Nitric oxide scavenging ability of Watermelon Juice. Data are
presented as mean ± SEM of triplicate determinations (n = 3). aMean is
significantly different compared to gallic acid at p < 0.05. bMean is
significantly different compared to watermelon juice (WMJ) at p < 0.05

Fig. 4 DPPH scavenging ability ofWatermelon Juice. Data are presented
as mean ± SEM of triplicate determinations (n = 3). aMean is significantly
different compared to Vitamin C at p < 0.05. b Mean is significantly
different compared to watermelon juice (WMJ) at p < 0.05. Legends:
WMJ: Watermelon Juice; Vitamin C: Standard drug
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Fig. 5 Effect of WMJ on fasting blood glucose level in alloxan-induced
diabetic rats. Data are presented as the mean ± standard error of the mean
(n = 8). aMean is significantly different compared to Control at p < 0.05.
bMean is significantly different compared to Diabetic control (BBC) at p
< 0.05. Legends: WMJ: Watermelon Juice; DBC: Diabetic control;
DMF: Diabetic rats administered metformin

Table 2 Ferric reducing-
antioxidant power
(FRAP), phenolic and
flavonoids contents of
watermelon juice

Parameters Content (ug/g)

FRAP 29.57 ± 4.16

Phenolic 52.44 ± 4.11

Flavonoids 3.19 ± 2.26

Values represent means ± SEM (n = 3)
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parameters were examined. One management option for dia-
betes mellitus is by decreasing postprandial hyperglycaemia
and this could be achieved by delaying the digestion of car-
bohydrates in the digestive tract through inhibiting carbohy-
drate hydrolyzing enzymes (α-amylase and whereas α-gluco-
sidase). Pancreaticα-amylase plays a crucial role in the break-
down of starch into disaccharides and oligosaccharides while
intestinal α-glucosidase catalyses the breakdown of disaccha-
rides to liberate glucose which is later absorbed into the blood
circulation [1]. By inhibiting these key enzymes, minimal
amounts of glucose would be absorbed into the bloodstream,
hence the plasma glucose will not spike after a meal [22, 23].
This study shows that watermelon juice extracts moderately
inhibited α-amylase and significantly inhibited α-glucosidase
activity in a concentration-dependent manner and could be
useful in the management of postprandial hyperglycaemia.

Under normal physiological conditions, nitric oxide (NO)
acts as a necessary component in the regulation of various

physiological functions such as blood pressure, immune re-
sponse, and neural communication. However, overproduction
of NO can induce tissue damage and is associated with inflam-
matory diseases including atherosclerosis and hypertension
[24]. Therefore, researchers have paid more attention to discov-
ering natural antioxidants that may act as potent inhibitors of
NO production in relation to the treatment of chronic inflam-
matory diseases [24]. NO is known to be a ubiquitous free-
radical moiety, which is distributed in tissues or organ systems
and is supposed to have a vital role in neuromodulation or as a
neurotransmitter in the CNS [25]. In this study, watermelon
juice showed a significant NO radical scavenging ability com-
parable with what has been reported in the literature Fig. 3.

The effect of antioxidants on DPPH is believed to be due to
their hydrogen-donating ability. The DPPH assay measures
the antioxidant activity of water-soluble phenolics [26].
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Fig. 7 Effect ofWMJ on some Liver carbohydrate metabolizing enzymes
in alloxan-induced diabetic rats. Data are presented as mean ± SEM (n =
8). aMean is significantly different compared to Control at p < 0.05.
bMean is significantly different compared to Diabetic control (DBC) at
p < 0.05. Legends: WMJ: Watermelon Juice; DBC: Diabetic control;
DMF: Diabetic rats administered metformin; G6PASE: glucose-6-
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Fig. 6 Effect ofWMJ on serum insulin levels in alloxan-induced diabetic
rats. Data are presented as mean ± SEM (n = 8). aMean is significantly
different compared to Control at p < 0.05. bMean is significantly different
compared to Diabetic control (DBC) at p < 0.05. Legends: WMJ:
Watermelon Juice; DBC: Diabetic control; DMF: Diabetic rats
administered metformin

Table 3 Effect of WMJ
on liver glycogen in
alloxan-induced diabetic
rats

Groups Liver glycogen
(mg/g tissue)

Control 10.85 ± 3.21b

Diabetic control 2.47 ± 1.53a

DMF 7.10 ± 2.13b

D + 500 mg/kg WMJ 6. 76 ± 3.04b

D + 1000 mg/kg WMJ 9.96 ± 4.31b

Data are presented as mean ± SEM (n = 8)
aMean is significantly different compared
to Control at p < 0.05
bMean is significantly different compared
to Diabetic control (DBC) at p < 0.05

Legends: WMJ: Watermelon Juice; DMF:
Diabetic rats administered metformin

Table 4 Effect of WMJ
on lipid peroxidation in
alloxan-induced diabetic
rats

Groups Lipid peroxidation
(mg/g tissue)

Control 1.21 ± 0.64b

Diabetic control 9.34 ± 3.33a

DMF 4.65 ± 1.34b

D + 500 mg/kg
WMJ

3. 74 ± 1.09b

D + 1000 mg/kg
WMJ

1.65 ± 0.10b

Data are presented as mean ± SEM (n = 8)
aMean is significantly different compared
to Control at p < 0.05
bMean is significantly different compared
to Diabetic control (DBC) at p < 0.05

Legends:WMJ: Watermelon Juice; DMF:
Diabetic rats administered with metformin
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Figure 4 shows the dose-response ability of DPPH radical
scavenging activity of WMJ compared with vitamin C.
Although the DPPH radical scavenging abilities of the WMJ
were significantly lower than that of vitamin C, it was evident
that the extracts showed proton-donating ability and this could
serve as free radical inhibitors or scavengers, acting possibly
as primary antioxidants.

The ferric reducing antioxidant power (FRAP), an assay
that is employed in the assessment of the antioxidant compo-
nent in plants [27]. Iron (Fe) is essential in this regard and it
acts as a trace element required for the survival of almost all

organisms. Its involvement in haem and sulphur mediated
reactions with proteins gives room for the participation of iron
in diverse essential functions such as DNA synthesis, meta-
bolic energy, oxygen transport and cellular respiration [28].
On the other hand, the ability of iron to interchange electrons
such as in singlet oxygen with some substrates can lead to the
formation of reactive oxygen species [29] which the WMJ
was able to inhibit with its ability to chelate interconversion
of iron to toxic form.

Phenols are very important plant constituents. There is
a linear relationship between total phenol and antioxidant
activity of plant species, because of the scavenging ability
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Fig. 10 Effect of WMJ on some pro-inflammatory markers in alloxan-
induced diabetic rats. Data are presented asmean ± SEM (n = 8). aMean is
significantly different compared to Control at p < 0.05. bMean is
significantly different compared to Diabetic control (DBC) at p < 0.05.
Legends: WMJ: Watermelon Juice; DBC: Diabetic control; DMF:
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Fig. 8 Effect of WMJ on Glut 2 and Glut 4 in alloxan-induced diabetic
rats. Data are presented as the mean ± SEM (n = 8). aMean is significantly
different compared to Control at p < 0.05. bMean is significantly different
compared to Diabetic control (DBC) at p < 0.05. Legends: WMJ:
Watermelon Juice; DBC: Diabetic control; DMF: Diabetic rats
administered with metformin

Fig. 9 Effect of WMJ on some serum lipid profile parameters in alloxan-
induced diabetic rats. Data are presented asmean ± SEM (n = 8). aMean is
significantly different compared to Control at p < 0.05. bMean is
significantly different compared to Diabetic control (DBC) at p < 0.05.
Legends: WMJ: Watermelon Juice; DBC: Diabetic control; DMF:
Diabetic rats administered with metformin; TG: triglycerides; TC: Total
cholesterol; HDL: High-density lipoprotein
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of their phenolic hydroxyl groups. Phenolic compounds
are also reported to be effective hydrogen donors, making
them very good antioxidants. Thus, it was reasonable to
determine the total amount in WMJ [30]. The antioxidant
activity of medicinal plants could be attributed to its fla-
vonoid content. Flavonoids act as scavengers of various
oxidizing species i.e. superoxide anion, hydroxyl radical
or peroxy radicals, they also act as quenchers of singlet
oxygen [30]. The relationship between phenol and flavo-
noid contents and free radical scavenging activity have so
far been the subject of many studies describing the roles
of both these groups of phytoconstituents in the manifes-
tation of free radical inhibition properties by herbal ex-
tracts [31]. The results obtained in this study suggest that
WMJ is rich in phenol and flavonoid and is similar to
what has been reported in the literature.

Glucose is an important fuel for all cells and organs, but at
high concentrations, it can cause many problems.
Consequentially, blood glucose may be controlled in order
to thwart the diverse damages produced by elevated glucose
levels. The oral administration of WMJ decreases the blood
glucose level in alloxan-induced diabetic rats. This
hypoglycaemic effect was more pronounced for the WMJ at
a dose of 1000 mg/kg/BW and correlated with the study re-
ported by Mann et al. [32]. This finding suggests that WMJ
exhibited a potent antihyperglycemic activity in diabetic rats
and may be due to the richness of the extract in alkaloids,
flavonoids and saponins which could act synergistically and/
or independently as a stimulant for the release of insulin fol-
lowing the repair of pancreatic β-cells by the extract or by
inhibition of the intestinal absorption glucose [33]. In DM,
insulin is not or inadequately incorporated, creating
hyperglycaemia, which leads to a change in glucose synthesis.
A previous report proposes that to facilitate normal plasma
insulin plays a vital role in keeping up the glucose equilibrium
through upgrading glycolysis. Similarly decreased insulin and
increased glucose level were observed in STZ induced diabet-
ic rats; oral administration of WMJ results in recovery of
blood glucose and plasma insulin significantly.

Glycogen is the storage form of glucose in the human body
system and its level in the liver is a direct signal of insulin
activity because insulin enhances intracellular glycogen depo-
sition by stimulating glycogen synthase and inhibiting glyco-
gen phosphorylase [10]. In this study, the reduction in liver
glycogen levels was observed in diabetic control rats due to
insufficient insulin secretion, which was ameliorated in dia-
betic control rats administered WMJ probably through insulin
secretion to recover the glycogen synthase system.

According to Naik [1] insulin plays an important role in
stimulating liver to store glucose in the form of glycogen, by
activating the activity of hexokinase and inhibit the activity of
glucose-6-phosphatase. Glucose-6-phosphatase is one of the
impor tant key enzymes in gluconeogenesis and

glycogenolysis, while hexokinase is an important enzyme in
the glycolysis pathway. Hence, the increase in glucose-6-
phosphatase activity in diabetic rats, maybe due to an increase
in gluconeogenesis during diabetes mellitus state [10]. The
decrease in the activity of hexokinase in diabetic rats may be
due to a decrease in insulin secretion. However, diabetic rats
administered WMJ were able to ameliorate the abnormalities
in these two enzymes probably because of increase in insulin
secretion.

The observed increases in the levels of GLUT 2 and
GLUT 4 in diabetic rats administered WMJ may be due to
an increase in insulin secretion. While the decrease in
these glucose transporters may be linked to a decrease in
insulin secretion in diabetic mellitus state [34]. These re-
sults are in accordance with the previous research. The
observed effect of the WMJ in decreasing the serum lipid
and lipoprotein such as cholesterol, and triglyceride, as
well as increasing HDL-c, could be beneficial in the pre-
vention of diabetes and its associated complications. On
the other hand, the results obtained from this study dem-
onstrate a reduced level of pro-inflammatory cytokines
such as IL-2, IL-6 and TNF-α in diabetic animals treated
with WMJ. The decrease in the levels of these pro-
inflammatory cytokines in diabetic rats upon treatment
with WMJ as revealed in this study, may reduce insulin
resistance and ameliorate pancreatic β-cell destruction in
DM [35].

Hyperglycaemia in diabetes mellitus induces the gener-
ation of reactive oxygen species (ROS), which causes cel-
lular damage by oxidizing nucleic acid, protein and mem-
brane lipids [36]. Uncontrolled ROS impairs the activities
of endogenous antioxidant defense systems such as SOD,
catalase, GPx, glutathione reductase and glutathione trans-
ferase (GST), are known to counterbalance the toxic effect
of free radicals [37]. The general decline in the antioxi-
dant status (both enzymatic and non-enzymatic) in this
study maybe as a result of the overwhelming effect of
the ROS generated due to STZ exposure. The obtained
results were also supported by a reduction in the levels
of lipid peroxidation. The result obtained agrees with pre-
vious reports that natural products possess antioxidative
capacity that can mitigate alloxan-induced toxicity in rats
[38]. It is believed that one of the anti-diabetic mechanism
of action of WMJ could be explained by its ability to
enhance endogenous enzymatic and non-enzymatic anti-
oxidant production and possibly by reducing and effec-
tively scavenging mitochondrial ROS generation.
Although further studies are required to firmly establish
this mechanism of actions.
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Conclusion

Plant-derived compounds possessing therapeutic potential
have been leading the way in the search for novel antidiabetic
drugs. The findings from this study show that watermelon
juice exhibits antioxidant, anti-inflammatory, and anti-
hyperglycaemic activities, as all biochemical parameters ex-
amined were all ameliorated when compared with the control.
The results obtained further support the ethnomedical use of
this plant to promote good health especially in the manage-
ment of diabetes and its associated complications.
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