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ABSTRACT

Aims: The anti-ulcerogenic activity of L-arginine and L-citrulline were evaluated in
indomethacin-induced gastric ulceration. Degree of ulcerogenesis, gastric pH and
microscopic histological evaluation were carried out.

Study Design: Six groups of albino rats weighing between 180-280g were pre-treated
respectively with distilled water (ulcer control), omeprazole (20mg/kg, reference control 1),
cimetidine (100mg/kg reference control 2), L-arginine (experimental control 1), 300mg/kg
and 900mg/kg L-citrulline (experimental controls 2 and 3).

Place and Duration of Study: Department of Physiology, College of Medicine. University
of Ibadan, Nigeria between April 2012 and February 2013.

Methodology: Forty-eight albino rats weighing between 180-280g were pre-treated
respectively with distilled water (ulcer control), omeprazole (20mg/kg, reference control 1),
cimetidine (100mg/kg reference control 2), L-arginine (experimental control 1), 300mg/kg
and 900mg/kg L-citrulline (experimental controls 2 and 3) sixty minutes prior to oral
administration of indomethacin to generate gastric mucosal injury. ). Ulcer was induced
using 40mg/kg BW Indomethacin. Four hours later, rats were sacrificed and gastric
contents as well as stomach wall samples were collected. Gastric ulcer score was
determined macroscopically as well as gastric pH. Tissue samples were also prepared
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and examined histologically

Results: With gross examination, ulcer control exhibited severe injury to the gastric
mucosa and decreased pH of gastric contents, whereas rats pre-treated with L-arginine
and L-citrulline showed significant dose-dependent reduction of gastric lesion formation
accompanied by significant increase in gastric mucus production and pH of gastric fluid.
Gastric protection was more prominent in L-arginine (300mg/kg) and L-citrulline
(900mg/kg) groups. Histologically, the ulcer control showed the most severe and deepest
gastric mucosal necrotic damage, with oedema of the submucosal layer compared to
experimental and reference control groups.

Conclusion: The results suggest that a possible explanation for the protective activity of
L-arginine and L-citrulline may be due its stimulation of defensive mucin secretion and a
consequent increase in pH of gastric contents, which result in less mucosal injury and
limited or absent oedema of submucosa.

Keywords: Arginine; citrulline; ulcer; gastric pH.
1. INTRODUCTION

Peptic ulcers are deep gastrointestinal erosions that involve the entire mucosal thickness,
penetrating the muscularis mucosae [1]. They are formed in the mucosa of the stomach,
duodenum, lower oesophagus and Merkel’s diverticulum. For a long time it was believed that
gastric and intestinal ulcerations were caused by excessive secretion of gastric acid, but
many patients presenting such ulcerations had normal acid secretion rates [2]. Researchers
reported that peptic ulcers were caused by an imbalance between the aggressive factors
and a number of known defence mechanisms. The aggressive factors include; anti-
inflammatory drugs, alcohol, psychological stress, fatty foods and Helicobacter
pylori infection-triggered tissue necrosis [3] with their actions being carried out via mucosal
ischemia, free radical generation and cessation of nutrient delivery, increased hydrochloric
acid together with pepsin secretion, and pancreatic enzymes and bile decrease. The
defence mechanisms of gastrointestinal mucosa are local blood flow, mucus/bicarbonate
secretion and cellular growth [4,5]. Aspirin is one of the most widely used NSAIDs and it
causes ulceration of gastrointestinal mucosa by irritant action, causing alteration in mucosal
permeability or suppression of Prostaglandin synthesis [6]. The use of non-steroidal anti-
inflammatory drugs (NSAIDs) is limited by their ulcerogenic activity as well as the ability to
interfere with ulcer healing. These effects are mainly mediated through inhibition of
prostaglandin synthesis [7].

NO donors have been repeatedly shown to protect gastric mucosa against damage induced
by various agents [8,9,10]. However, the role of NO in regulation and maintenance of the
functions of gastric mucosa has not yet been fully understood.

Considering the several side effects of modern medicine, indigenous drug therapy with fewer
side effects is being looked upon as a better alternative for the treatment of peptic ulcer [11].
Peptic ulcer therapy through a combination of drugs has not been very effective due to non-
compliance with drug regimen by patients and possible side effects of the drugs being taken
continuously [12].

Citrulline is a non-essential amino acid first identified from the juice of watermelon, Citrullus
vulgaris Schrad [13]. It was later obtained from tryptic digestion of casein [14]. In most
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mammals, the small intestine is the major source of circulating citrulline which is utilized in
the endogenous synthesis of arginine [15]. L-Citrulline given orally to children and
adolescents with sickle cell disease resulted in improvement of symptoms, raised plasma
arginine levels, and reduced elevated total leukocyte and segmented neutrophil counts to
within normal limits [16]. Citrulline is a co-product of nitric oxide generated from the oxidation
of arginine catalyzed by nitric oxide synthase. Nitric oxide (NO) functions as a cellular
messenger in the cardiovascular system and is a pivotal vasoprotection molecule. However,
Citrulline is also an efficient hydroxyl radical scavenger and is a strong antioxidant [17,18].

L-Arginine is a semi-essential amino acid involved in numerous areas of human physiology,
including production of nitric oxide (NO) — a key messenger molecule involved in vascular
regulation, immune activity, and endocrine function. Arginine is also involved in protein
production, wound healing, erectile function, and fertility. Arginine is not considered essential
because humans can synthesize it de novo from glutamine, glutamate, and proline, which
are substrates for the synthesis of citrulline in the small intestine. Citrulline is then released
into the blood circulation, where it is extracted primarily by the kidneys for conversion to
arginine (intestinal-renal axis of arginine synthesis). Arginine is then released into the
circulation [19]. The citrulline which exists in watermelon especially in the rind is a known
stimulator of arginine and nitric oxide synthesis. Nitric oxide is thought to relax and expand
blood vessels and also perform other functions as explained earlier.

Previous work by the authors has demonstrated that L-citrulline or L-arginine has gastro
protective effects in other gastric lesion models. Limited recorded data is obtainable on
research involving the isolated form of L-Citrulline and L-Arginine on indomethacin-induced
ulceration; hence, the aim of this study was to evaluate and compare the possible anti-
ulcerogenic activity of L-Citrulline and L-Arginine with reference drugs; Omeprazole, a proton
pump inhibitor and Cimetidine, a H, blocker.

2. MATERIAL AND METHODS
2.1 Experimental Design

2.1.1 Animals

Thirty-six (36) male albino rats of wistar strain weighing between 180-280g were obtained
from the animal house of the Department of Physiology, University of Ibadan for the gastric
output, gastric juice pH, mean ulcer index and preventive ulcer index studies. They were
randomly divided into six (6) groups of six (6) rats each. Female rats were not used because
ulceration and gastric secretion are known to vary with phases of oestrus cycle. The animals
were maintained under standard laboratory conditions and were fed with rat pellets (Ladokun
feeds) and tap water ad libitum. The animals were allowed free access to food and water.
These were withdrawn 24 hours to the commencement of ulcer induction. The groupings of
the animals are as follows:

Group 1 (Normal)

These animals were pre-treated with 5mi/kg of distilled water orally an hour prior to ulcer
induction.
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Group 2 (Positive Control’)

These animals were pre-treated with 20mg/kg of Omeprazole orally an hour prior to ulcer
induction.

Group 3 (Positive control?)

These animals were pre-treated with 100mg/kg of Cimetidine orally an hour prior the
induction of ulcer.

Group 4

These animals were pre-treated with 300mg of L-arginine intraperitoneally an hour prior to
ulcer induction.

Group 5

These animals were pre-treated with 300mg/kg of L-Citrulline intragastrically an hour prior to
the induction of ulcer.

Group 6

These animals were pre-treated with 900mg/kg of L-Citrulline intragastrically an hour prior to
the induction of ulcer.

2.2 Drug Preparation and Treatment

L-Citrulline (L-CIT) (Biovea, 1000 de la Gauchetiere street west, Suite 2400, Montreal, QC,
Canada H3B 4W5) was dissolved in distilled water. It was prepared freshly each time and
given at different doses (300 and 900mg/kg) intragastrically 60 minutes before the
experiment. Control received 5ml/kg of distilled water by oral route. L-Arginine (L-ARG) (Lab
Tech Chemicals, China) was dissolved in distilled water and given intraperitoneally.
Omeprazole 20mg/kg (DR.REDDY’s, Bachupally-500 072, A.P., India) was dissolved in
distilled water and given orally. Cimetidine 100mg/kg (Jiangxi, Xier Kangtai pharmaceutical
Co. Ltd, Pingxiang, Jiangxi, China) was dissolved in distilled water and given orally.

2.3 Experimental Induction of Ulceration

Ulceration was induced in rats with Indomethacin according to method proposed by Elegbe
and Bamgbose. After pre-treating the animals with distilled water, Omeprazole, Cimetidine,
L-Arginine and L-Citrulline, ulcer was induced with Indomethacin dissolved in 1% Sodium
bicarbonate a dosage of 40mg/kg. The drug was administered orally. Indomethacin is almost
insoluble in water but, totally soluble in 1% Sodium bicarbonate.

After 4 hours of administration, the rats were sacrificed and the stomachs surgically removed
and opened up by an incision along the lesser curvature. Macroscopic examination of the
stomach was carried out with a hand lens at X2 magnification. The method used for
assessment of the degree of ulceration was that of Alphin and Ward [20] modified by Elegbe
and Bamgbose [21].
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Table 1. Criteria for gastric ulcer scoring (Elegbe and Bamgbose, 1976 [21])

Gastric ulcer Score Criteria

0 Normal stomach (No Ulcer)

0.5 Punctuated haemorrhage/pin-point ulcer
1.0 Two or more small haemorrhage ulcer
2.0 Ulcer greater than 3mm in diameter

2.4 Determination of Gastric Ph
The gastric pH was determined by the use of a standard pH meter.
2.5 Determination of Gastric Acid Secretion (Gastric Acid Output)

This was performed by the method of Shay et al. [22] and Hara et al. [23], modified by
Gehan et al. [24]. Four (4) hours after the induction of gastric ulcer, the abdomen was
opened to remove the stomach and gastric content was collected to determine the gastric
juice volume (ml).5ml of distilled water added and the resultant solution was centrifuged at
3000 rpm for 10 minutes. Gastric juice pH values were determined by the use of digital pH
meter and gastric acid output in pEg/L was determined in the supernatant volume by titration
with 0.0025N of sodium hydroxide.

2.6 Determination of Preventive Ulcer Index (%)

Preventive Ulcer Index (P.U.l %) was later calculated as follows:

P.U.l% = Ulcer index of Control - Ulcer Index of treated X 100
Ulcer Index of Control

2.7 Preparation of Histological Specimens

Gastric mucosal injury was assessed according to a method described previously [25].
Briefly, the tissue from the gastric mucosa of each animal was fixed in 10% formaldehyde,
dehydrated in grade ethanol, and embedded in paraffin wax. Sections were cut at 5um,
mounted on clean glass slides, and dried overnight at 37°C. The sections were cleared,
hydrated, and stained with Periodic Acid Schiff for light microscopic observation. Blind
analysis was performed on all samples in an Olympus BH-2 microscope for characterization
of histopathological changes.

2.8 Statistical Analysis

The data were analysed using ANOVA and were expressed as Mean * Standard error of
Mean (MeantSEM).Statistical significance was obtained at P <0.05.
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3. RESULTS AND DISCUSSION

Table 2 shows the effects of L-Arginine and L-Citrulline on Mean Ulcer Score, Percentage

Inhibition, Total Acidity and pH in male albino rats

Table 2. Effects of L-Arginine and L-Citrulline on Mean Ulcer Score, Percentage

Inhibition, Total Acidity and pH

Animal Treatments Mean Ulcer Percentage Total Acidity pH
Groups Score Inhibition (Mean+SEM) (Mean+SEM)
(Mean+SEM) % MEq/5mI Units
1 Distilled Water 15.75+2.03 - 43.85+3.31 2.99+0.27
( Control; 5ml/kg)
2 Omeprazole (20mg/kg)  12.25+2.03 22.22 25.22+4.63a 5.16+0.182
3 Cimetidine (100mg/kg)  0.88+0.132 94.41 3.68+0.852 4.61+0.172
4 L-Arginine (300mg/kg) 4+0.362b° 74.60 13.82+0.79%  6.69+0.29abc
5 L-Citrulline (300mg/kg)  13.63+1.11b 13.46 18.47+2.72ab  5.94+0.37ab
6 L-Citrulline (900mg/kg)  3+1.562 80.95 8.85+1.49ac  2,96+0.59v¢

n= number of animals= 6
aP> 0.05 implies statistically significant when compared with Control

bP>0.05 implies statistically significant when compared with Cimetidine (Standard drug)

¢P>0.05 implies statistically significant when compared with Omeprazole (Standard drug)
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Fig. Ib.

Group I: This group represents the histological section of the gastric mucosa in rats
pre-treated with distilled water (control). Figures 1a and 1b show low and high
magnification cross-sections of the surface epithelium, mucosal and submucosal
layers. There is severe disruption of the surface epithelium, deep penetration of
necrotic lesions into mucosa and edema of the submucosa layer with leukocyte
infiltration of ulcerative tissues and fewer goblet cells (PAS.10x)
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Fig. 2b.

Group 2: This group represents the histological section of the gastric mucosa in a rat
pre-treated with Omeprazole (20mg/kg).Plates 2a and 2b show the magnified cross-
sections of the surface epithelium, mucosa and submucosa layers of the rats’
stomachs. Mild erosion of the surface epithelium and mucosal glands with mucosal
debris in the lumen. The glandular cells appear enlarged and ballooned (Arrow).
Goblet cells are few .This is showing an evidence of mild ulceration (PAS.10x)

Fig. 3a
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Fig. 3b.

Group 3: This group represents the histological section of the gastric mucosa in a rat
pre-treated with Cimetidine (100mg/kg).Plates 3a and 3b show the magnified cross-
sections of the surface epithelium, mucosa and submucosa layers of the rats’
stomachs with very mild erosion (arrow) of the epithelial surface with loss of goblet
cells (PAS 10x).

631



European Journal of Medicinal Plants, 4(6): 623-640, 2014

Fig. 4b

Group 4: This shows histological section of the gastric mucosa in a rat pre-treated
with L-Arginine (300mg/kg).Plates 4a and 4b show the magnified cross sections of the
surface epithelium, mucosa and submucosa layers of the rats’ stomachs. There is
mild erosion of the surface epithelium and presence of few goblet cells (arrow). The
epithelium is partially broken. (PAS 10x)

Fig. 5a.
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Fig. 5b

Group 5: This group represents histological section of the gastric mucosa in a rat pre-
treated with L-Citrulline (300mg/kg).Plates 5a and 5b show the magnified cross-
sections of the surface epithelium, mucosa and submucosa layers of the rats’
stomachs. There is mild erosion of the epithelial surface and presence of globlet cells
(arrow) (PAS 10x)
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Fig. 6b.

Group 6: This group represents the histological section of the gastric mucosa in a rat
pre-treated with L-Citrulline (900mg/kg).Plates 6a and 6b show the magnified cross-
sections of the surface epithelium, mucosa and submucosa layers of the rats’
stomachs. There is partial erosion of the surface epithelium and is very mild, and
there is no submucosal edema and no leucocytes infiltration and presence of
numerous goblet cells (arrow) (PAS.10x)

4. DISCUSSION

Gastrointestinal injury is induced by various chemical agents [26]. The induction of gastric
lesions by Indomethacin is a popular method of screening plant extracts for anti-ulcer
potency in experimental animal models. It has been reported that Indomethacin
administration produced ulceration after four (4) hours and that dosages between 30 and
40mg/kg body weight of indomethacin were capable of producing gastric ulceration [27,28].
The cytoprotective properties of a plant are evaluated by assessing the sizes of
macroscopically and microscopically visible lesions that are induced in a gastric mucosa.
The pathological effect of Indomethacin, according to Menguy and Desbaillets [29], was its
exertion of an ulcerogenic effect by decreasing the rate of secretion of gastrointestinal
mucus and the lowering of the concentration of the carbohydrate component of the gastric
mucous substance. Reduction in the mucous secretion will expose mucous lining of the GIT
to the action of acid-pepsin secretion resulting in lesions.

Omeprazole is a proton pump inhibitor used for the treatment of peptic ulcers. In Table 1, the
group Il animals that were pre-treated with only Omeprazole had significantly reduced Mean
Ulcer Score, Mean Total Acidity and Percentage Inhibition of 22.22 while the mean gastric
pH was significantly increased compared with the control (P<0.05). Plates lla and llb
showing histological appearance of rats’ stomach in group Il confirmed partial erosion as the
epithelial cells were partially aligned. However, the histological appearance of rats’ stomach
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in the normal control group showed numerous haemorrhagic ulcers. It also showed split
open blood vessels, mucosal layer damage and broken epithelium.

Cimetidine is a H,-receptor antagonist which works by decreasing the amount of acid
produced in the stomach. Animals pre-treated with Cimetidine in group Ill had the lowest
significantly reduced Mean ulcer Score, Mean total acidity and the highest Percentage
inhibition. The mean gastric pH was also significantly increased when compared with the
control (P<0.05). Plates Illa and IlIb representing stomachs of animals in group Il show that
there is mild disruption of the surface epithelia; an evidence of mild ulceration. This is
however very slight when compared with the mucosal disruption in the control.

In group IV, animals were pre-treated with L-arginine Percentage Inhibition was found to be
significantly increased while Mean gastric pH was also significantly increased when
compared with the control (P<0.05). Also, from the histological appearance of rats’ stomachs
in group IV, there was disintegration of the epithelial cells but the effect was not as
pronounced as that in the control group. The disintegration further supports the fairly low
Mean Ulcer Score value when compared with the normal control group | rats.

Animals pre-treated with L-Citrulline (300mg/kg) had significantly reduced Mean Ulcer Score
and Mean Total, while percentage Inhibition was 13.46. The Mean gastric pH was
significantly increased when compared with the control (P<0.05). Plates Va and Vb
representing stomachs of animals in group V show mild erosion of the epithelial surface, an
evidence of very mild ulceration.

In group VI, animals pre-treated with L-Citrulline (900mg/kg) showed Mean Ulcer Score of
3+1.56, Mean Total Acidity of 8.85+1.49, Percentage Inhibition of 80.95 and Mean gastric pH
of was significantly reduced when compared with the normal control group (P<0.05). Also,
the histological appearance of rats’ stomach in group VI showed mild and slight disruption of
the surface epithelial cells. This disruption further supports the fairly low value of Mean Ulcer
Score and Mean Total Acidity when compared to group | rats.

The animals in the control group had the highest Mean Ulcer Score and Mean Total Acidity
but lowest Percentage Inhibition and Mean pH when compared individually with the other
groups. The differences between the control group and the other groups were not only seen
in the Mean Ulcer Score, Mean total Acidity, Percentage Inhibition and Mean pH but also in
their histological appearances. Plates la and Ib taken from animals in the control group pre-
treated with distilled water show blood stained haemorrhagic ulcers while the histological
appearances of the other groups (Groups I, 1ll, IV, V and VI) with the mucosal layers slightly
intact showing little or no ulceration.

Consumers around the world take watermelon because of its colourful appearance and its
sweet taste while most people avoid taking the rind due to its unappealing flavour but
unknowingly miss out on the many hidden advantages of its intake.

Watermelon is the number two fresh vegetable crop in the world in terms of area harvested
and total production [30]. Recently, it has been identified as a healthy food because of its
high content of the carotenoid, lycopene. Apart from watermelon being the leading fruit and
vegetable source of lycopene, it also contains other antioxidants and amino acids that have
health promoting activities. Amino acids have well established individual roles in disease
prevention. Arginine, an essential amino acid, functions as one of the 20 building blocks of
protein and in free form as a physiological amino acid. L-Citrulline is a physiological amino
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acid, endogenous to most living systems. These amino acids are directly involved in clearing
excess metabolic ammonia from the human body and indirectly involved in cardiovascular
function, immune stimulation, and protein metabolism [31]. Ingested arginine is cleared by
hepatic cells, but L-citrulline is not and can serve as an arginine source in other parts of the
body.

Watermelon is rich in citrulline [32] but differences among cultivars have not been
adequately studied nor have effects of production environments. The citrulline which exists
in the rind is a precursor of L-arginine. L- Arginine can be obtained from diet and intracellular
protein degradation [33] or synthesized from citrulline by successive actions of
arginnosuccinate synthase (AS) and arginnosuccinate lyase (AL), the third and fourth
enzymes of the urea cycle (Ornithine cycle) [34]. Moreover, the highest rates of L-Arginine
synthesis occurs within the hepatic urea cycle [35]. Citrulline which is co-produced with Nitric
Oxide can be recycled to L-Arginine via a pathway that has been termed the Citrulline-NO
cycle [36].

Besides being the starting point for urea and ornithine synthesis, L-Arginine serves as
substrate for the synthesis of nitric oxide (NO), a radical involved in such divergent actions
as smooth muscle relaxation and host defense [37]. Nitric oxide may be important for the
integrity of the gastric mucosa in health and disease both through its antimicrobial action and
by influencing mucous production by the gastrointestinal mucosa. Nitric oxide has also been
suggested to activate cyclooxygenase (COX) enzymes directly. However, it is unlikely that
NO activates COX by binding directly to the heme-prosthetic group [38], and other
mechanisms have been suggested. Both COX-1 and COX-2 contribute to gastric defence
via the action of prostaglandins E and F2a. These prostaglandins acts by stimulating
epithelial cells to release more bicarbonate and mucus inhibit gastric secretion, increase
mucosal blood flow, downregulate the release of a number of the inflammatory mediators
that have been suggested to contribute to the generation of mucosal injury in certain
circumstances, and accelerate ulcer healing [39].

Humans can efficiently absorb L-Citrulline from watermelon, which also increases plasma
arginine levels [40,41]. Recently, subjects consuming watermelon or synthetic citrulline as a
drink, combined with exercise, had reduced arterial blood pressure compared with a placebo
[42]. The heightened importance of watermelon as a source of bioactive compounds such as
L-Citrulline highlights the need for a better understanding of the genetic control of this amino
acid and other phyto-nutrients in watermelon.

In this present study, pre-administration of L-Citrlline and L-Arginine significantly prevented
gastric mucosa injury accompanied by increased mucus production and pH of gastric
content, inhibition of oedema as well as neutrophil infiltration of submucosal layer. There is
growing evidence that L-citrulline can be readily converted to L-arginine in the kidney,
vascular endothelium, and other tissues, thus raising plasma and tissue levels of L-Arginine.
Moreover, L-arginine could inhibit the increase of inducible nitric oxide synthase (iNOS)
expression induced by myocardial ischemia-reperfusion [43]. Therefore, the inhibitory effect
of L-citrulline on inducible nitric oxide synthase (iINOS) expression might be mediated via
conversion into L-arginine in vivo. The increased mucus production contributes to the
preventive effect of the amino acids. These effects may be due to activation of defensive
factors involved in protection of gastric mucosa and also inhibition of offensive factors.
Shimizu et al. [44] demonstrated that the reduction of neutrophil infiltration into ulcerated
gastric tissue promotes the healing of gastric ulcers in rats, and Fuijita et al. [45] described
that an increase in neutrophil infiltration into ulcerated gastric tissue delayed the healing of

636



European Journal of Medicinal Plants, 4(6): 623-640, 2014

gastric ulcers in rats. Neutrophils mediate lipid peroxidation through the production of
superoxide anions [46]. Oxygen free radicals derived from infiltrated neutrophils in ulcerated
gastric tissues have inhibitory effect on gastric ulcers in rats [47].

5. CONCLUSION

The findings suggest that L-Arginine and L-Citrulline displayed gastroprotective activity in
indomethacin-induced gastric ulceration. Grossly, they were observed to significantly
suppress the extent of ulceration and also increase gastric mucus production and pH of
gastric content. Histology showed comparatively decreased gastric mucosal injury and
inhibited oedema and leukocytes infiltration in submucosal layer of stomach.

It is therefore safe to conclude that L-Arginine and L-Citrulline have the capability of
preventing ulceration. Patients suffering from gastric ulcer should be advised to take L-
Arginine and L-Citrulline as these will reduce the ulcer severity.

ETHICAL APPROVAL

All authors hereby declare that "Principles of laboratory animal care" (NIH publication No.
85-23, revised 1985) were followed, as well as specific national laws where applicable. All
experiments have been examined and approved by the appropriate ethics committee.

COMPETING INTERESTS
Authors have declared that no competing interests exist.

REFERENCES

1. Tarnawski A. Cellular and molecular mechanisms of gastrointestinal ulcer healing. Dig
Dis Sci. 2005;50(Suppl1):S24-S33.

2. Wallace JL, Granger DN.. The cellular and molecular basis of gastric mucosal
defense. FASEB J. 1996;10:731-740.

3. Barenguer B, Sanchez LM, Quilez A, Lopez-Barreiro M, De-Haro O, Galvez J, Martin
MJ. Protective and antioxidant effect of Rhizophora mangle L. against NSAID induced
gastric ulcers. J. Ethnopharmacol. 2006;103:194-200.

4, Kaunitz JD, Akiba Y. Gastroduodenal mucosal defense: role of endogenous
mediators. Curr Opin Gastroenterol. 2004;20:526-532.

5. Bandyopadhyay D, Biswas K, Bhattacharyya M, Reiter RJ, Banerjee RK. Gastric
toxicity and mucosal ulceration induced by oxygen-derived reactive species, protection
by melatonin. Curr Mol Med. 2001;1:501-513.

6. Ajitha M, Rajnarayana K. Role of oxygen free radicals in human disease. Indian
Drugs. 2001;38:545-546.

7. Penny LA, Armstrong D, Bramley TA, Webb R, Collins RA, Watson ED. Immune cells
and cytokine production in the bovine corpus luteum throughout the oestrous cycle
and after induced luteolysis. Journal of Reproduction and Fertility. 1999;115:87-96.

8. Lopez-Belmonte J, Whittle BJ, Moncada M. The actions of nitric oxide donors in the
prevention or induction of injury to the rat gastric mucosa. Br. J. Pharmacol.
1993;108:73-78.

637



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

European Journal of Medicinal Plants, 4(6): 623-640, 2014

Andrews FJ, Malcontenti Wilson C, O'Brien PE. Protection against gastric ischemia-
reperfusion injury by nitric oxide generators. Dig. Dis. Sci. 1994;39:366—-373.
Calatayud S, Sanz MJ, Canet A, Bello R, De Rojas FD, Esplugues JV. Mechanisms of
gastroprotection by transdermal nitroglycerin in the rat. Br. J. Pharmacol.
1999;127:1111-1118.

Salim AWS. Use of scavenging oxygen derived free radicals to protect rat against
aspirin and ethanol —induced erosive gastritis. J. Pharmaceutical Sci. 1992;81:9.

Peura D. Helicobacter pylori: Rational Management Options. Am. J. Med.
1998;105:424-430.

Wada M. Ueber Citrulline, eine neue Ami-nosaurein Pressaft der Wassermelone,
Citrullus vulgaris Schrad. Biochem. Z. 1930;224:420-429.

Wada K, Kamisaki Y, Kitano M, Nakamato K, Itoh T. Protective effect of cystathionine
on acute gastric mucosal injury induced by ischemia-reperfusion in rats. Eur. J.
Pharmacol. 1995;294:377-382.

Wu G, Pond WG, Flynn SP, Ott TL, Bazer FW. Maternal dietary protein deficiency
decreases nitric oxide synthase and ornithine decarboxylase activities in placenta and
endometrium of pigs during early gestation. J. Nutr. 1998;128:2395-2402.

Waugh WH, Daeschner CW, Files BA, et al. Oral citrulline as arginine precursor may
be beneficial in sickle cell disease: early phase two results. J Natl Med Assoc.
2001;93:363-371.

Akashi K, Miyake C, Yokota A. Citrulline, a novel compatible solute in drought-tolerant
wild watermelon leaves, is an efficient hydroxyl radical scavenger. FEBS Lett.
2001;508:438-442.

Fang Y, Yang S, Wu G. Free radicals, antioxidants and nutrition. Nutrition.
2002;18:872-879.

Wu G, Morris SM. Arginine metabolism: nitric oxide and beyond. Biochem. J.
1998;336:1-17.

Alphin RS, Ward JW. Action of hexapyrronium bromide on gastric secretion in dogs
and ulceration in rats. Arch. Inter. De pharmacodyn. Therap. 1967;168:82-1.

Elegbe RA, Bamgbose SOA. Protective dietary factors in experimental ulceration-
Studies on some Nigerian cereals and tubers. Postgrad. Med. J. 1976,52:258-263.
Shay JP, Komorov SA, Fels SS, Meranze D, Grunstein M, Simpler H. A simple
method for the uniform production of gastric ulceration in the rat. Gastroenterology.
1945;5:43-61.

Hara N, Hara Y, Natsume Y, Goto Y. Gastric hyperacidity and mucosal damage
caused by hypothermia correlate with increase in GABA concentrations of the rat
brain. Eur. J. Pharmacol. 1991;194:77-81.

Gehan H, Magdy KAH, Rauuia SA. Gastroprotective effect of simvastatin against
indomethacin-induced gastric ulcer in rats: Role of nitric oxide and prostaglandins.
European Journal of Pharmacology. 2009;607:188-193.

Wada K, Kamisaki Y, Kitano M, Nakamato K, Itoh T. Protective effect of cystathionine
on acute gastric mucosal injury induced by ischemia-reperfusion in rats. Eur. J.
Pharmacol. 1995;294:377-382.

Desai JK, Goyal RK, Parmar NS. Dopamine receptor subtypes in gastric and duodenal
ulceration. Indian J. Pharmacol. 1996;28;129-42.

Djabanguiri: The production of acute ulceration by indomethacin in rats. Scand J.
Gastroenterol. 1969;4:256.

638



28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

European Journal of Medicinal Plants, 4(6): 623-640, 2014

Elegbe: Comparative studies on starvation and indomethacin induced gastric
ulceration in albino rats. Israel J. Med. Sciences. 1978;10;145-4.

Menguy R, Desbaillets L. The gastric mucous barrier: influence of protein-bound
carbohydrate in mucus on the rate of proteolysis of gastric mucus. Ann Surg.
1968;168(3):475-482.

Food and Agriculture Organization of the United Nations. FAOSTAT data; 2007.
Available: http://faostat.fao.org/site/567/

Curtis E, Nicolis I, Moinard C, Osowska S, Zerrouk N, Benazeth S, Cynober L. Almost
all about citrulline in mammals. Amino Acids. 2005;29:177-205.

Tedesco TA, Benford SA, Foster RC, Barness LA. Free amino acids in Citrullus
vulgaris (watermelon). Pediatrics. 1984;73(6):879.

Wu GY, Brosnan JT. Macrophages can convert citrulline into arginine. Biochem. J.
1992;281:45-48.

Yu JG, O’Brien WE, Lee TJF. Morphological evidence for L-citrulline conversion to L-
arginine via the argininosuccinic acid pathway. J Cereb Flow Metab. 1997;17:884—
893.

Meijer AJ, Lamers WH, Chamuleau RA. Nitrogen metabolism and ornithine cycle
function. Physiol. Rev. 1990;70:701-748.

Hattori Y, Campbell EB, Gross SS. Argininosuccinate synthetase mRNA and activity
are induced by immunostimulants in vascular smooth muscle. Role in the regeneration
of arginine for nitric oxide synthesis. J. Biol. Chem. 1994;269:9405-9408.

Graf P, Forstermann U, Closs El. The transport activity of the human cationic amino
acid transporter hCAT-1 is downregulated by activation of protein kinase C. Br. J.
Pharmacol. 2001;32:1193-1200.

Tsai H, Tsai W, Wu JY. Effect of L-glutamic acid on acid secretion and
immunohistochemical localization of glutamatergic neurons in the rat stomach. J.
Neurosci. Res. 1994;38:188-195.

Wallace JL. Prostaglandins, NSAIDs, and gastric mucosal protection: why doesn't the
stomach digest itself? Physiol. Rev. 2008;88(4):1547-65.

Collins J, Wu G, Perkins-Veazie P, Spears K, Claypool P, Baker R, Clevidence B.
Watermelon consumption increases plasma arginine concentrations in adults.
Nutrition. 2007;23:261-266.

Mandel H, Levy N, Izkovitch S, Korman SH. Elevated plasma citrulline and arginine
due to consumption of Citrullus vulgaris (watermelon). Journal of Inherited Metabolic
Disease. 2005;28(4):467-472.

Figueroa A, Sanchez-Gozalez MA, Perkins-Veazie PM, Arjmandi BH. Effects of
watermelon supplementation on aortic blood pressure and wave reflection in
individuals with prehypertension: a pilot study. American Journal of Hypertension.
2010;8:1-5.

Liang F, Gao E, Tao L, Liu HR, Qu Y, Christopher TA, et al. Critical timing of L-
arginine treatment in post-ishemic myocardial apoptosis-role of NOS isoforms.
Cardiovasc Res. 2004,62:568-77.

Shimizu N, Watanabe T, Arakawa T. Pentoxifylline accelerates gastric ulcer healing in
rats:roles of tumour necrosis factor alpha and neutrophils during the early phase of
ulcer healing. Digestion. 2000;6:157-164,2000.

Fujita H, Takahashi S, Okabe S. Mechanism by which indomethacin delays the
healing of acetic acid-induced ulcers in rats.Role of neutrophil antichemotactic and
chemotactic activities. J. Physiol. Pharmacol. 1998;49:71-82.

639



European Journal of Medicinal Plants, 4(6): 623-640, 2014

46. Zimmerman JJ, Ciesielski WJ, Lewandoski J. Neutrophil-mediated phospholipid
peroxidation assessed by gas chromatography-mass spectroscopy. Am. J. Physiol.
1997;273:C653-C661.

47. Suzuki Y, Ishihara M, lto M. Anti-ulcer effects of antioxidants, quercetin, alpha-
tocopherol, nifedipine and tetracycline in rats. Japanese J. Pharmacol. 1998;78:435-
441,

© 2014 Dabo Usman et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=433&id=13&aid=3624

640



