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ABSTRACT 

Peptic ulcer is a common upper gastrointestinal disease that remains a major public health problem. Gastric ulceration 
caused by Nonsteroidal Anti-Inflammatory Drugs (NSAID), stress and alcohol are the common causes of gastric ulcer 
formation in humans following helicobacter pylori bacterial infection of the stomach. The neurohormone, melatonin 
was reported to protect against NSAID- and stress-induced gastric lesions. We sought to determine whether melatonin, 
which is known to have antioxidant effects and induces systemic leukocyte mobilization, can protect the gastric 
structure from a sterile tissue injury. Equally divided melatonin or vehicle pre-treated Albino rats (N = 20) were 
subjected to sterile tissue injury of gastric ulceration using hypertonic sodium chloride solution. Melatonin treatment 
significantly protected the animals from gastric lesions induced by hypertonic salt compared to control vehicle-treated 
animals that show formation of gastric lesions in all examined rats. In addition, melatonin treatment significantly 
increased sterile tissue injury induction of both mononuclear and polymorphonuclear peripheral blood cells. We 
conclude that melatonin protects sterile tissue injury-induced gastric lesions and augments white blood cell populations 
in response to this type of tissue injury. 
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1. INTRODUCTION 

Gastric ulcer is a necrosis or eroded areas in the 
mucosa of the stomach due to the deleterious effects of the 
secreted hydrochloric acid and peptic juice (Yuan et al., 
2006; Desia et al., 1997). The most common cause of 
gastric ulcer is a curved bacillus bacterium called 
helicobacter pylori that is commonly found in the 
stomach (Marshall and Warren, 1984; McColl, 2010; 
Chey and Wong, 2007). Other causes of gastric ulcers 
are the use of NSAID (Wallace, 2000; 2008), alcohol 
consumption (Bujanda, 2000; Muralidhar et al., 2009) 
and stress (Levenstein, 1998; Khalefa et al., 2010). 

Melatonin is a hormone produced primarily by the 
pineal gland in the brain. It is derived from the 

neurotransmitter, serotonin (Cardinali and Pevet, 1998) 
and plays an important role in controlling the body’s 
circadian rhythms, sleep-wake cycle (Tan et al., 2003; 
Silva et al., 2013) and regulates other hormones such as 
insulin and insulin growth factor receptor and thyroid 
hormone. Melatonin is formed not only by the pineal 
gland, but also in the retina, kidneys and digestive tract 
(Jaworek et al., 2005). Melatonin exerts most of its 
physiological effects by binding to the melatonin 
receptors MT1 and MT2, which are G protein-coupled 
receptors located in the brain and some peripheral 
organs (Dubocovich et al., 2000; McArthur et al., 1997; 
Li et al., 2013). However, the strong antioxidant effects 
of melatonin are produced via a receptor-independent 
method that may help strengthen and modulates the 
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immune system (Reiter et al., 2004; Vico et al., 2013). 
Additionally it was found that human peripheral blood 
mononuclear cells synthesize biologically relevant 
amounts of melatonin (Vico et al., 2004) and melatonin 
receptors have been identified in human lymphocytes 
and monocytes (Maurino et al., 2000). 

The antioxidant effect of melatonin was attributed 
to the ability of the substance to protect against 
NSAID (Lastra et al., 1999; Ganguly et al., 2005; 
Ganguly and Swarnakar, 2009), stress (Konturek et al., 
2006; Bandyopadhyay et al., 2000) and alcohol 
(Swarnakar et al., 2007) induced gastric ulcer and 
lesions. In addition, we recently found that melatonin 
increased blood leukocyte counts before and after 
sterile tissue injuries (Sakr and Al-Ani, 2013). 
Therefore, the aim of the present study is to 
investigate whether melatonin is able to protect the 
gastric tissue from an induced sterile tissue injury and 
if it is accompanied by up-regulation of Peripheral 
Blood Mononuclear Cells (PBMC) and 
Polymorphonuclear (PMN) cells. 

2. MATERIALS AND METHODS 

2.1. Chemicals 

All reagents and chemicals were obtained from 
Sigma Aldrich (St Louis, USA) unless otherwise stated. 
A stock solution of melatonin was prepared freshly 
every 3 or 4 days containing 348 mg of melatonin 
dissolved in 10 mL of 96% ethanol and stored at-20°C. 
The final concentration of melatonin (20 µg mL−1) was 
administered in tap water for a period of 6 weeks. 
Water bottles were covered with aluminium foil to 
protect against light. 

2.2. Animal Protocol 

Male Albino rats 7-8 weeks of age (150-200g) were 
obtained from the experimental animal care center of the 
college of medicine of King Khalid University. The rats 
were provided Purina chow diet ad libtium and were kept 
individually in well ventilated cages under standard 
conditions of humidity (55±5%) temperature (25°C) and 
light (12/12hr light-dark cycles). All experiments 
performed on laboratory animals in this study followed 
the “Principles of laboratory animal care” (NIH 
Publication No. 85, Rev, 1985). This study has been 
approved by the ethical committee of College of 
Medicne, King Khalid University, KSA. After 
acclimatization for two weeks, rats were randomly 
assigned to two groups, each containing 10 rats. Group 1, 
rats with gastric ulcer treated with melatonin and group 

2, rats with gastric ulcer only. Treatment with melatonin 
(20 µg mL−1) was initiated 4 weeks before induction of 
injury and two weeks post-injury induction. Data 
collected before melatonin treatment were regarded as 
the baseline levels (control) for group 1 and data 
collected before the induction of injury in group 2 were 
regarded as the baseline levels (control). Baseline levels 
of the white blood cell (total leucocyte, lymphocyte, 
monocyte, neutrophils and eosinophils) counts were 
recorded at the start of melatonin treatment. Counts were 
recorded again on day 1 of the 5th week at 1-2 hr before 
induction of the injury. Post injury counts were 
performed on day 4 and 7 of the 5th week and on day 4 
of the 6th week. Blood was drawn from the retro-orbital 
plexus of veins using heparinized capillary tubes. The 
samples were then immediately analyzed using an 
automated closed tube hematology system (ADVIA 60. 
Bayer Corp NY) that yields a report on levels of all 
White Blood Cell (WBC) types present. 

2.3. Induction of Gastric Lesions 

Gastric ulcers were induced as described previously 
(Sakr and Al-Ani, 2013). Briefly, following an overnight 
fast, rats were anesthetized and then gavaged with 10 mL 
kg−1 of 25 % (w/v) aqueous NaCl solution. To assure that 
there was successful induction of an ulcer, a set of three 
(fasted) naïve rats were gavaged in parallel. 2 h later, 
these rats were dissected under anesthesia by a single 
Intraperitoneal (I.P) administration of pentobarbital 
sodium (150 mg kg−1) and their stomachs excised and 
opened through the greater curvature. After washing with 
saline, the extent of the gastric lesion (s) that was 
induced was assessed using a binocular magnifier; 
degeneration of the gastric mucosa was qualified by 
direct examination. 

2.4. Tissue Preparation and Histological Analysis 

After the collection of blood, stomach and other 
organs were collected and fixed with 10% formaline for 
12 h prior to dehydration with alcohols and paraffin 
embedding using standard methods. Stomach 5 µm 
paraffin sections were stained with Hematoxylin and 
Eosin (H&E) and analyzed for gastric lesions caused by 
the injury and potential gastric protection by melatonin. 

2.5. Statistical Analysis 

All data is expressed as the mean ±SD. Statistical 
analysis was performed with ANOVA using Stat Plus 
(Analysis Soft, USA) to evaluate the main effects and 
interactions of Group and time on each white blood cell 
type simultaneously. All statistical analyses were 
conducted using SPSS, general linear model. 
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3. RESULTS 

3.1. Melatonin Protects Sterile Tissue Injury-
Induced Gastric Lesions 

To test the hypothesis that melatonin can protect the 
stomach from lesions induced by sterile tissue injury, 
hypertonic sodium chloride solution was used as an 
agent to induce the gastric ulceration in Albino rats. We 
then compared its effects with animals pre-treated with 
melatonin (20 µg mL−1) four weeks prior to injury 
induction and continued until the sacrifice day. 
Hypertonic sodium chloride solution induced severe 
gastric lesions as indicated by mucosal erosions and 
destruction of gastric epithelial tight junctions, 
interrupted muscular is mucosae and submucosal injuries 
(Fig. 1A). Whereas, in animals that received melatonin, 
the integrity of their gastric tissue was substantially 
protected from the salt-induced lesions (Fig. 1B) and 
was almost comparable to non-injured rats (Fig. 1C). 

3.2. Melatonin Augments Sterile Tissue Injury-
Induced Up-Regulation of PBMC and PMN 

We recently demonstrated that melatonin 
augmented sterile tissue injuries induced total 
leukocytes in blood circulation (Sakr and Al-Ani, 
2013). Here, we further analyzed the differential cell 
counts and found a significant increase in both PBMC 
(lymphocytes and monocytes) and PMN (neutrophils 
and eosinophils) white blood cells in response to 
gastric sterile injury by hypertonic sodium chloride 
solution (Fig. 2 A and B). The analyzed leukocytes 
peaked four days post-injury, then lymphocytes 
declined in number until returning to the basal level 
after seven days post-injury time (Fig. 2A). Whereas, 
the number of monocytes, neutrophils and eosinophils 
remained significantly high compared to controls for 
eleven days following sterile gastric injury (Fig. 2A 
and B). Melatonin (20 µg mL−1) pre-treatment for 
four weeks prior to gastric injury induction was able 
to mimic hypertonic sodium chloride effects in 
increasing PBMC and PMN cell counts (Fig. 3A). The 
effect of melatonin was further monitored post-injury 
time and administration of the drug was continued for 
further two weeks. The numbers of PBMC and PMN 
cells, eleven days post-injury induction, were 
significantly higher in injured rats that received 
melatonin compared to controls, vehicle- ‘treated’ 
injured rats (Fig. 3B). 

4. DISCUSSION 

The main finding of this study using a sterile gastric 
injury animal model was that the potent antioxidant 
neurohormone, melatonin protected the gastric structure 
from a sterile tissue injury induced by hypertonic sodium 
chloride solution. Furthermore, this study shows that 
melatonin mobilized PBMC and PMN cells into blood 
circulation and augmented sterile tissue injury-induced 
PBMC and PMN blood cell counts. These conclusions 
were supported by the data indicating that hypertonic 
sodium chloride solution caused severe erosions of the 
gastric mucosa, destruction of gastric epithelial tight 
junctions and interruption to muscular is mucosae and 
submucosa of Albino rats. Administration of 
melatonin before and after the gastric injury for a 
period of six weeks clearly protected the integrity of 
gastric structure from the deleterious effects of 
hypertonic salt (Fig. 1). In addition, both hypertonic 
sodium chloride solution and melatonin increased the 
levels of lymphocytes and monocytes (PBMC) and 
neutrophils and eosinophils (PMN) in the blood (Fig. 
2 and 3). However, the maximum levels of PBMC 
and PMN were achieved when melatonin was given to 
injured rats compared to melatonin or injury alone 
(Fig. 2 and 3) and (data not shown).  

As outline above, our results with melatonin 
protecting rats against gastric lesions induced by a 
sterile tissue injury are in agreement with previous 
studies that showed melatonin protected rats from 
stress-induced gastric lesions and the maximum 
protection was achieved during the night when 
melatonin secretion is the highest compared to the day 
time (Brzozowski et al., 2007). In addition, removal of 
the pineal gland that produces melatonin augmented 
stress-induced gastric lesions in rats (Brzozowski et al., 
2007). Furthermore, gastric lesions in rats induced by 
NSAID such as piroxicam and indomethacin were 
protected (>90%) by melatonin (Bandyopadhyay et al., 
2004; Basu et al., 2013).  

Our data with the induction of PBMC and PMN by 
melatonin using gastric sterile tissue injury model (Fig. 2 
and 3) supports a role for melatonin in leukocyte 
recruitment to the injury sites (Ley et al., 2007; Petri et al., 
2008). Neutrophils are recruited to the site of sterile and 
non-sterile injuries and involved in the healing process as 
neutrophil depletion markedly impaired tissue healing 
(Gong and Koho, 2010; Phillipson and Kubes, 2011). 
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 (a) (b) (c) 
 
Fig. 1. Melatonin protects induction of sterile gastric lesions. H&E stained sections (200×) of stomach from rats injured with 

hypertonic sodium chloride solution (A) or injured stomach pre-treated with melatonin (B) compared with stomach section 
from uninjured vehicle-treated animals (C) 

 

         
 (a) (b) 
 
Fig. 2. White blood cells count in response to sterile gastric injury. A, PBMC, lymphocytes and monocytes and (B) PMN, 

neutrophils and eosinophils cells count at 4, 7 and 11 days post sterile gastric injury were measured. Results represent the 
mean (±S.D.); n = 10. *: p<0.05 Vs control, uninjured rats please note: Lymphocytes and neutrophils (×1000/mL) 

 

 
(a) 
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(b) 

Fig. 3. White blood cells count in response to melatonin treatment. A, Lymphocytes (×1000/mL), monocytes (×100/mL), 
neutrophils (×1000/mL) and eosinophils (×100/mL) cells count in response to four weeks melatonin treatment before the 
induction of the sterile gastric injury were measured. B, Cell numbers were evaluated eleven days post injury time in 
animals treated with melatonin and compared it with injured but vehicle-treated rats for the same period. Results represent 
the mean (±S.D.); n = 10. *: p<0.05 Vs day 0 (A) and Vs controls (B) 

 
In addition, subpopulations of neutrophil, similar to 
monocytes, with pro-inflammatory and anti-
inflammatory properties are recently proposed 
(Christoffersson et al., 2012; Kolackowska and Kubes, 
2012). Our findings can be compared with data obtained 
by others using animal experiments. For example, mice 
which received exogenous melatonin for two weeks 
showed an increase in number of monocytes in the bone 
marrow (Currier et al., 2000) and the anti-apoptotic 
effects of melatonin on lymphocytes and neutrophils was 
reported on rats injected with HL-60 leukemia cells 
(Delgado et al., 2011) that increased animals immunity. 
Therefore, our approach is applicable to study the 
induction of sterile injuries in animal models. 

5. CONCLUSION 

In summary, using a sterile gastric tissue injury rat 
model, we have demonstrated that melatonin is a 
protector of gastric tissue against hypertonic sodium 
chloride-induced gastric lesions and melatonin is 
acting as an inducer of PBMC and PMN cells. Our 
findings would suggest that melatonin may play a role 
in the pathophysiology of both sterile and non sterile 
tissue injuries. 
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