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Abstract 

 

The use of medicinal plants in diseases is as old as man. The World Health 
rganization (WHO) has long recognized and drawn the attention of 

countries to the ever increasing interest of the public in the use of medicinal 
plants and their products in the treatment of various ailments.
is a common global health problem with increasing incidence and 
prevalence. Plant based medicines are now considered as an alternative 
approach to control. The present research was carried 
extract of the rind of Citrullus lanatus for ameliorative effects
induced gastric ulceration in rats. Thirty (30) male rats wei

g and 250g were used for this study. The rats were ra
five groups: Groups 1 to 5. Gastric ulceration was induced in all the 
using 0.2gm/kg of aspirin orally. The rats were subsequently treated as 
follows: Group 1 served as the control (received 2ml/kg bw of  vehicle), 

roups 2, 3  and 4 received 100mg/kg, 200mg/kg and 500mg/kg bw of the 
methanolic extract of the rind of Citrullus lanatus  respectively, while G
5 received 200mg/kg bw of  Cimetidine. Treatment was done for 21days.
day 22, gastric juice volume, gastric acidity, ulcer index, gastric pH and 
percentage ulcer inhibitions were determined. Results obtained showed 
that, compared to control rats, administration of the 
the rind  of Citrullus lanatus  protected the gastric mucosa against a
effect by significantly reducing the gastric juice volume, gastric acidity,
ulcer index (p<0.05) in a dose dependent manner wh
(p<0.05) and the percentage ulcer inhibition were significantly increased 
(p<0.05) in rats treated with the extract when compared with the control and 
the effect is similar to that of rats treated with Cimetidine.
oxide dismutase (SOD) and Catalase were significantly increased (p<0.05) 
while Malondialdehyde (MDA) was significantly decreased (p< 0.05) in 
extract dose treated rats when compared with the control.
that the extract possess curative effect against a
ulceration in male wistar rats. The findings suggest that 
extract of the rind of Citrullus lanatus exerts a possible beneficial 
ameliorative effect on the stomach of the male albino 
spirin ulceration. 
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countries to the ever increasing interest of the public in 
the use of medicinal plants and their products in the 
treatment of various ailments. These plants which are 
found in our environment enjoy wide acceptability by the 
population and serve as cheaper alternatives to orthodox 
medicine (Sofowora, 1993; Akah and Nwabie, 1994). 
One of such plants is watermelon. Watermelon (Citrullus 
lanatus, family Cucurbitaceae) fruit has deep green or 
yellow colored smooth thick exterior rind with gray or light 
green vertical stripes. Inside the fruit is pink, red or even 
yellow in color with small black seeds embedded in the 
middle third of the flesh. Generally, watermelon flesh is 
the main consumable portion; however, the outer rind is 
also used in some parts of the world (Touhami et al., 
2007; Levi et al., 2001). The fruits of cucurbits are very 
useful in terms of human health, e.g purification of blood, 
constipation, good for digestion, and energy. (Sentu and 
Debjani, 2008). The anti-ulcer potential of the cucurbita 
pepo fruit pulp has also been reported earlier (Miller, 
1987). The rinds can be fermented, blended and 
consumed as juice, stir fried, stewed or more often 
pickled. Pickled Citrullus lanatus rind is also commonly 
consumed in the southern United States (Mandel et al., 
2005). The rind has also been shown to contain mainly 
citrulline which is a known stimulator of nitric oxide 
(Rimando and Perkins-Veazie, 2005). Watermelon is 
indeed a source of known and characterized antioxidant 
molecules, such as carotenoids (lycopene and B-
carotene), amino acids like citrulline (Rimando and 
Perkins, 2005), minerals like potassium (Perkins and 
Collins, 2006), and superoxide dismutase (Bueno and 
Gimeenez, 1995). The rind has been shown to contain 
alkaloids, saponin, cardiac glycosides, flavonoids, 
phenol, moisture, lipid, protein, fiber and carbohydrates 
(Ercal et al., 2001) also, its ameliorative effects on lead 
acetate induced toxicity on semen parameters and 
reproductive hormones of male albino wistar rats has 
been reported (Kolawole et al., 2014). Gastric ulcer is 
produced by the imbalance between gastroduodenal 
mucosal protective defense mechanism and damaging 
force. Impaired mucosal defense is initiated in ulcer 
patients with normal levels of gastric acid and pepsin 
(Eamlamnam et al., 2006). Therefore, prophylactic 
treatment to prevent gastrointestinal complications may 
be necessary in a substantial proportion of NSAID users. 
It is highly recommended in groups that are associated 
with a high risk of developing these complications 
(Naesdal and Brown, 2006). One of such NSAIDs is 
aspirin. Aspirin is a potent non-steroidal anti-inflammatory 
drug (NSAID) that is used for the treatment of rheumatoid 
arthritis and related diseases as well as the prevention of 
cardiovascular thrombotic diseases (Laine et al., 2008). 
Gastric ulcer associated with the use of aspirin is a major 
problem. Many factors such as gastric acid and pepsin 
secretion, gastric microcirculation, prostagland in E2 
(PGE2) content (Laine et al., 2008), proinflammatory 
cytokines  interleukin  (IL-1β)  and  tumor  necrosis  factor  

 
 
 
 
(TNF)-α (Santucci et al., 1995; Appleyard et al., 1996) 
play important role in the genesis of gastric mucosal 
damage, and its subsequent development. 

The present study was undertaken to determine the 
possible role of the rind of Citrullus lanatus extract in 
Aspirin (NSAID) induced gastric ulceration in male wistar 
rats. 
 
 
MATERIALS AND METHODS  
 
Plant material and preparation of extracts 
 
Fresh plants and fruits of watermelon were obtained from 
a local market in Rivers State, Nigeria. The plant 
materials were taxonomically identified and authenticated 
by Dr. Ekeke Chimezie of the Department of Plant 
Science and Biotechnology University of Port Harcourt. 
The plant was given a Herbarium number UPH/V/1,214.  

The rinds were peeled off from the whole fruit washed 
thoroughly, sun-dried and milled into a fine powder. The 
method of extraction employed is percolation (Adesanya 
et al., 2011). 24g of the powdered sample was soaked in 
a beaker containing 100ml of 98% methanol for a period 
of 48 hours and then filtered with a Whatman No. 1 filter 
paper size. The volume of filtrate obtained was 150ml 
before concentration; the filtrate was subsequently 
concentrated using a rotary evaporator. The weight of 
residue obtained was 8.5g. 
 
 
Determination of Median Lethal Dose (LD50) 
 
Acute toxicity study (LD50) was determined using the 
method described by Lorke 1983. The (LD50) of the 
extract was found to be greater than 2000mg/kg body 
weight. 
 
 
Experimental design 
 
Thirty male albino wistar rats were used for this study. 
The rats were aged 8 to10 weeks and weighed between 
170g and 200g. They were divided into five groups: 
Groups1 to 5 of 5 rats each. Rats in each group were 
numbered 1 to 5 and placed in separate cages in the 
Animal House of Madonna University, Nigeria under 
natural day and night cycles. The rats had free access to 
normal rat chow and tap water ad libitum. They were 
allowed two weeks of acclimatization to their 
environment. After acclimatization, gastric ulcer was 
induced in all the rats by using 0.2gm/kg (Mulazim et al., 
2011) of aspirin orally and subsequently treated as 
follows: 
Group 1: Control Group; rats in this group were given 
2ml/kg body weight of extract vehicle. 
Group 2: Low Dose Extract Group; rats in this group were 



 
 
 
 
treated with 100mg/kg body weight of the extract of the 
rind of Citrullus lanatus. 
Group 3: Medium Dose Extract Group; rats in this group 
were treated with 200mg/kg body weight of the extract of 
the rind of Citrullus lanatus. 
Group 4: High Dose Extract Group; rats in this group 
were treated with 500mg/kg body weight of the extract of 
the rind of Citrullus lanatus. 
Group 5: Positive Control Group; rats in                                  
this group were given 200mg/kg body weight of 
Cimetidine. 

The extract of the rind of Citrullus lanatus, Cimetidine 
and extract vehicles were administered to the rats daily 
using an oral cannula. All the rats were treated for a total 
of 21 days. 
 
 
Induction of gastric ulceration 
 
After the last day of acclimatization, all the rats were 
fasted for 24 h with free access to water. Gastric 
ulceration was induced with oral administration of 
0.2gm/kg body weight of Aspirin. 
 
 
Determination of gastric juice volume, gastric acid 
secretion and ulcer index 
 
This was performed as earlier described by Heeba et al., 
2009. Four hours after the induction of gastric ulcer, the 
rats were killed by cervical dislocation, the abdomen was 
opened to remove the stomach and gastric contents were 
collected to determine the gastric juice volume. Five 
milliliters of distilled water was added to the gastric juice 
and the resultant solution was centrifuged at 3,000 rpm 
for 10 minutes. Gastric acidity in mEq/L was determined 
in the supernatant volume by titration to pH 7 with 0.0025 
N of sodium hydroxide. 

After removal of gastric content from the stomach, the 
stomach was pinned onto a soft board. Scoring of ulcer 
was subsequently done as follows: 1 = erosions of 1mm 
or less in diameter; 2 = erosions of between 1 to 2mm in 
diameter; 3 =erosions greater than 2mm in diameter. The 
overall scores were divided by a factor of 10 and the 
result obtained designated as the ulcer index (Main and 
Whittle, 1975). The percentage of ulcer inhibition was 
also calculated as follows: 
 
Percent ulcer inhibition =  
Mean ulcer index of control - Mean Ulcer index of test  x100 
                        Mean ulcer index of control 

 
 
Measurement of pH 
 
The hydrogen ion concentrations of samples of gastric 
contents for each rat were determined using a pre-
calibrated Beckman pH meter. 

 
 
 
 
Superoxide dismutase (SOD) activity  
 
The levels of SOD activity was determined by the method 
of Misra and Fridovich (1972). This involves inhibition of 
epinephrine autoxidation, in an alkaline medium at 
480nm in a UV vial spectrophotometer. For the 
determination of specific activity of SOD in homogenate 
sample of gastric tissue, the rate of autoxidation of 
epinephrine was noted at 30 seconds intervals in all 
groups. The enzyme activity was expressed in arbitrary 
units considering inhibition of autoxidation, as 1 unit of 
SOD specific activity. 
 
 
Malondialdehyde assay-Lipid peroxidation  
 
Lipid peroxidation was estimated in terms of thiobarbituric 
acid (TBA), using Malondialdehyde (MDA) concentration. 
Two ml of TBA reagent and 1ml of trichloroacetic acid 
(TCA) were mixed with 2ml of homogenate of gastric 
tissue. The mixture was heated at 600C for 20 minutes. It 
was then cooled and centrifuged at 400rpm for 10 
minutes. The absorbance of the supernatant was read at 
a wavelength 540nm. 
 
 
Statistical analysis 
 
The results of this study were expressed as mean and 
standard error of mean (Mean ± SEM). Statistical 
significant between the groups was assessed using the 
one way analysis of variance (ANOVA). A p value less 
than 0.05 was considered statistically significant. Results 
are as presented in tables, and photomicrographs. 
 
 
RESULTS 
 
Effects of the extract of Citrullus lanatus on gastric juice 
volume, gastric acidity, ulcer index and percentage ulcer 
inhibition. 

Table 1 shows the effects of the extract of the rind of 
Citrullus lanatus on gastric juice volume, gastric acidity, 
mean ulcer index and percentage ulcer inhibition in             
male albino wistar rats in the present study. At doses of 
100, 200 and 500 mg/kg body weight the extract 
significantly reduced gastric juice volume in a dose 
dependent manner (p<0.05); compared to rats in the 
control group (Group 1). This effect is similar to that of 
the administration of Cimetidine at a dose of 200mg/kg 
body weight seen in rats in Group 5.The extract 
significantly reduced the acidity of the gastric juice in 
Group 4 rats (p<0.05); an effect comparable to that of 
Cimetidine at a dose of 200mg/kg body weight. 
Furthermore, at all doses administered, the extract 
significantly reduced the mean ulcer index in a dose 
dependent  manner   (p<0.05)   compared  to  rats  in  the 



 
 
 
 

Table 1. Effects of the extract of Citrullus lanatus on gastric juice volume, gastric acidity, ulcer index, percentage ulcer inhibition and 
gastric pH. 
 

Groups Gastric Volume 
(ml/4h) 

Gastric Acidity 
(mEq/l) 

Ulcer Scores % Inhibition Gastric pH 

Group1     Control 6.14  ±  0.05 0.40 ±  0.00 1.76  ± 0.17 - 4.68±0.12 

Group 2 (100mg/kg)  
extract 

5.80  ± 0.00* 0.40 ± 0.01 1.16  ± 0.18* 34.1* 5.40±0.11* 

Group 3 (200mg/kg)  
extract 

5.30  ± 0.18* 
 

0.40 ±  0.01 
 

0.88 ± 0.11* 
 

50.0* 
 

5.89±0.14* 
 

Group 4 (500mg/kg)  
extract  

5.16 ± 0.04* 
 

0.29 ±  0.03* 
 

0.50 ± 0.07* 
 

71.6* 
 

4.95±0.17* 
 

Group 5 (200mg/kg)  
Cimetidine                     

5.18 ± 0.03* 0.31 0.01* 0.87 0.19* 50.6* 6.00 0.19* 

 

Data are represented as Mean±S.E.M. Statistical analysis was done by one-way ANOVA . * Significant with respect to the control (p 
< 0.05) (n = 5 in each group). 

 
 

 
   (a) 
 

 
                                             (b) 

 

Figure 1. Show the effects of methanolic extract of the rind of Citrullus lanatus 
extract on superoxide dismutase (SOD) (a) and Malondialdehyde (MDA) (b) 
activities in rats. MDA was measured in µmol/mg Protein x 10-5 

 
 
 
control group (Group 1); this effect is also similar to that 
of administration of Cimetidine at a dose of 200mg/kg 

body weight seen in rats in Group 5. At all doses, 
administration of the extract caused a significant increase  



 
 
 
 
in percentage ulcer inhibition in a dose dependent 
manner (p<0.05); similar to the effect of Cimetidine and 
comparable to rats in the control group (Group 1). 
Treatment with the extract caused a significant increase 
in gastric pH amongst rats in Groups 2, 3 and 4 
compared to rats in both the control group (Group 1) and 
the Cimetidine group (Group 5). 
 
 
Effects on antioxidant enzymes 
 
As shown in Figure 1a and b, there was a significant 
increase in SOD activities in extract groups (Groups 2, 3 
and 4) and Cimetidine group (Group 5) rats when 
compared with control group (Group 1). Also, the extract 
significantly reduced (p< 0.05) MDA concentration in the 
high extract dose treated groups (Group 4) when 
compared with control group (Group 1). 
 
 
DISCUSSION 
 
The curative potential of the hydromethanolic extract of 
the rind of Citrullus lanatus against Aspirin-induced 
gastric ulceration was established in this study. The 
acetylsalicylic acid model has already been utilized for 
screening new compounds for their anti-ulcer effects. Use 
of this model for the same purpose has been employed 
by several workers including Akhtar and Munir (1989); 
Mulazim et al. (2011). 

The extract exhibited an healing effect on  the 
stomach against aspirin  induced damage in a dose 
dependent manner and its effect was more pronounced 
in  rats treated with the extract (Groups 2,3 and 4) than in 
the Cimetidine group (Group 5), a known  cytoprotective 
agent. 

In the present study, there was a significant increase 
in volume of gastric juice, acid output, and decrease 
gastric pH by aspirin. This result is in line with past 
research where aspirin has been reported to decrease  
gastric juice pH and increase the volume of gastric juice 
(Wang et al., 2007), and increase  acid output (Jainu et 
al., 2006).  

Nonsteroidal anti-inflammatory drugs (NSAIDs) induce 
gastric damage ranging from mere irritation and 
perforation to severe ulceration and perforation. 

 The probable mechanism of mucosa damage due to 
aspirin (NSAID) could be explained on the following 
basis; the inhibition of prostaglandins synthesis via the 
arachidonic pathway (Vane, 1971; Soll et al., 1991). 

Synthetic non-steroidal anti-inflammatory (NSAIDS) 
like aspirin causes mucosal damage by interfering with 
prostaglandin synthesis, increasing acid secretion and 
block diffusion of H

+
 (Roa et al., 1999). Aspirin blockade 

of cyclooxygenase-1(C ox-1) and (Cox-II) results in 
reduction of prostaglandin synthesis. The interruption of 
prostaglandin synthesis results in impairment of mucosal  

 
 
 
 
damage repair, thus facilitating mucosal injury (Burke et 
al., 2006). Aspirin and related non-steroidal anti-
inflammatory drugs and alcohol can aggravate or 
interfere with the healing of peptic ulcers. 

Recently oxidative free radicals have been implicated 
in NSAID, ethanol, and cold restraint stress induced 
gastric injury (Vananenn et al.,1991; Davies et al.,1994; 
Perry et al.,1986). McAlindon   et al., (1996) in their study 
had proposed that NSAIDs caused inflammation and 
neutrophil leading to free radical mediated gastric injury. 
Pihan et al., (1987) also in their study reported the 
possible role of oxidative free radicals and lipid 
peroxidation in mediating NSAID induced gastric injury in 
albino rats. In parietal cells, H

+
 ion secretion is an oxidant 

process. H
+
 ion dissociates from H20 or H2CO3 also in an 

oxidant process. H
+
 is pumped out in exchange with K

+
 

as an active transport process and Cl
-
 ion in exchange 

with HCO3 
-
 in basolateral membrane of parietal cells. Cl

-
 

ion is then pumped and transported into gastric lumen. 
These increase oxidant process and increase hydrogen 
peroxide production. In presence of Cl

-
 and H2O2, 

hydrochloric acid will be formed and this is a very toxic 
oxidant. This will results in mucosal membrane lipid 
peroxidation and mucosal soreness and disruption 
(Moncada and Higgs, 1993). Lipid peroxidation and lipid 
derived products have been implicated in pathogenesis of 
a variety of diseases (Moriel et al., 2000) 

The results obtained indicating a reduction in gastric 
juice volume, gastric acidity and mean ulcer index and an 
increase in percent ulcer inhibition, clearly suggest that 
the extract of Citrullus lanatus apparently protected the 
gastric mucosa against aspirin induced ulceration in a 
dose dependent manner; comparable to the effect of 
Cimetidine a known histamine (H2) receptor antagonist 
used commonly in the management of peptic ulcer 
disease. Thus, the effect of the extract in this model 
suggests it may possess healing action probably by 
enhancing prostaglandin synthesis. Prostaglandins have 
protective effects against various gastric injury models 
(Wallace, 1992; Brzozowski et al., 2005). Prostagladins 
serve protective functions in the stomach by maintaining 
gastric micro circulation (Vane, 1971; Ferreira and Vane, 
1974) and causing gastric secretion of bicarbonate 
(Garner et al., 1979) and mucus (Menguy and 
Desbaillets, 1967). It seems likely that the rind of 
watermelon extract protects the tissues against oxidative 
damage through neutralization of released free radicals 
and inhibition of HCl secretion. This may be attributed to 
its phyto constituents; flavonoid and phenol. The best 
described property of almost every group of flavonoids is 
their capacity to act as antioxidants (Erukainure et al., 
2010). The flavones and catechins are perhaps the most 
powerful flavonoids for protecting the body against 
damage by reactive oxygen species (Sodipo et al., 2000). 
The relationship between the total phenol content and 
antioxidant activity has been widely studied in different 
foodstuffs: Antioxidant activity of foodstuff significantly  



 
 
 
 
increases with the presence of a high concentration of 
total phenol and flavonoid (Jayaprakasha et al., 2001). 
Therefore, the high phenolic and flavonoid contents of the 
watermelon rinds suggest its possible high antioxidant 
potential. 

The significant reduction in basal gastric secretion and 
ulcers formation by the extract after induction of gastric 
ulceration by aspirin suggests that the cytoprotective 
mechanism of the extract on gastric mucosa may involve 
direct reduction of gastric secretion. The extract 
significantly reduced gastric secretion and acidity, which 
might be due to the enhancement of mucus and HCO3

-
 

secretion. 
 It has been earlier reported that nitric oxide inhibits 

gastric acid secretion in rats (Hasebe et al., 2001). 
Watermelon rind is an edible source of citrulline, a 
compound vital for the production of nitric oxide. Its 
consumption increases the level of citrulline significantly 
(Rimando and Perkins-Veazie, 2005). It is therefore safe 
to propose that one of the possible mechanisms by which 
watermelon rind causes a decrease in gastric acid 
secretion is by increasing citrulline levels thereby 
stimulating an increase in nitric oxide production. This will 
lead to a decrease in gastric acid secretion as confirmed 
by previous reports by Brown et al., 1993 and Kato et al., 
1998 which in turn accounts, at least in part, for the 
observed gastro protective effect of watermelon rind in 
aspirin-induced gastric ulceration. 

 It has been earlier reported that the rind of Citrullus 
lanatus has a gastro-protective effect on indomethacin-
induced ulcer lesions in male rats by its cytoprotective 
property (Kolawole et al., 2014). 

The antiulcer activity of the rind of Citrullus lanatus 
might also be attributed to the presence of biological 
compounds such as triterpenoids, glycosides, saponins, 
tannins, and amino acids (Bandhopadhyay et al., 2002). 
Triterpenoids and glycosides have been shown to inhibit 
gastric acid secretion and enhancement in gastric mucus 
content against several experimental ulcer models 
(Murakami et al., 1990; Bandhopadhyay et al., 2002). 
These plant constituents present in the rind might have 
the ability to protect against ulceration induced by aspirin. 

Non-steroidal anti-inflammatory drugs (NSAIDs) such 
as aspirin have previously been reported to decrease 
antioxidant enzymes (SOD and Catalase) activity in rat 
stomach thereby causing gastric ulceration (Hallci et al., 
2005; Odagbabolu et al., 2006). SOD activity was 
significantly increased in rats treated with Citrullus 
lanatus extract indicating that SOD plays an important 
role in preventing gastric ulcer by catalyzing the 
breakdown of highly reactive radical superoxide (O2-) 
into oxygen and hydrogen peroxide (Zelko et al., 2002; 
Gehan et al, 2009). 

Lipid peroxidation was estimated in terms of 
Malondialdehyde (MDA). Citrullus lanatus rind extract 
and Cimetidine produced significant reduction in MDA 
concentration suggesting that the antioxidant property of  

 
 
 
 
Citrullus lanatu rind extracts (Erukainure et al., 2010) may 
be powerful enough to prevent gastric ulcer through lipid 
peroxidation of gastric mucosa. 
 
 
CONCLUSION 
 
Hydromethanolic extract of the rind of Citrullus lanatus 
offered some protection against aspirin induced gastric 
mucosal damage. The antioxidant compounds present in 
the extract play protective role against the production of 
reactive oxygen species and lipid peroxidation. The 
present study revealed that the rind of Citrullus lanatus 
has promising phytochemicals for the development of 
alternative treatment against gastric ulcer. 
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