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Abstract

Radiation biology has acquired greater relevance and significance in addressing the health issues. Gastric diseases has
become one of the common gastrointestinal disorders that involves the entire mucosal thickness and can penetrate the
muscular mucosa. Gastric disorders occurs as a result of imbalance between aggressive factors of acid and pepsin and
maintenance of gastric integrity through endogenous factors. The objective of the present study was to evaluate
radiation induced changes in the stomach of Swiss Albino male mice. Animals were divided into two groups: Group I
containing normal mice served as control for each experimental stage, mice of Group II were irradiated with 5Gy y -
rays. 24 hours after irradiation mice were sacrificed by cervical dislocation on days 10, 20 and 30. Stomach was cut into
thin section and subjected to hematoxylin eosin staining. Stomach of normal mice was healthy. Gastric mucosa of normal
mice was thick, the epithelium was complete and there was no sign of damage. The irradiated group mice mucosa
showed decrease in thickness with damaged areas. Loss of glandular regions were also seen. The irradiated group mice
mucosa showed decrease in thickness with damaged areas while the parietal cell having lesser volume, polygonal form,
wrinkled arrangement with large intracellular spaces were observed. Thus, our finding suggested that radiation induced
stress causes imbalance in defence mechanisms and lead to the atrophic gastritis with mucosal injury.
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1. Introduction

In present time, nuclear terrorism and weapons related effects are raising much alarm and concern to public health.
Radiation is often used to treat malignant tumors, or in combination with surgery or chemotherapy. Despite the
advantage of radiotherapy and the improvements in techniques, many patients experience moderate to severe side
effects including xerostomia, diarrhea, mucositis, dermatitis, ulceration and fibrosis [1].

Ionizing radiation transfuses deleterious effects in biological system. lonizing radiation in interaction with living cells
causes a variety of changes depending on absorbed dose, duration of exposure, interval after exposure and susceptibility
of tissues. The exposure of mammals to ionizing radiation, such as gamma-radiation, can cause the development of a
complex, dose-dependent series of potentially fatal physiological and morphological changes, such as nausea, vomiting,
loss of appetite, decreased leucocyte count and weakened immune-function. Oxidative stress contributes to normal
tissue damage during tumor therapy with irradiation. [2,3]. Radiation is one of the physical agents that induce oxidative
stress which is defined as an increase in reactive oxygen species or a decrease in antioxidant defence mechanisms[4].
Reactive oxygen species are involved in pathogenesis of many diseases[5]. The realization about adverse effects of
radiation began immediately after the discovery of X-ray in the form of skin cancer. Parallely, the awareness about
existence of radio-nucleides intensified the threat of radiation. Radiations produce a wide variety of biological effects.
Warren and Whipple [6] observed that radiation sickness intensity is dose dependent. Massive dose to abdomen or
whole body may lead to the early gastrointestinal damage followed by death[7] . Host [8] observed 5 percent loss in rats
during first 3 days after whole body exposure. High radiation doses induced severe morphological changes in
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gastrointestinal tract, radiation sickness and mortality[9]. Bond et al,[10] reported a continued body weight loss due to
anorexia, reduced food and water intake aided by diarrhoea after irradiation. Endogenous infections might have also
contributed to the death of irradiated mice. A dose dependent sickness, anorexia and mortality in Swiss albino mice
after exposure to different doses of gamma radiation have been reported by some researchers
[11,12,13,14,15,16,17,18].

The stomach is the primary organ of digestion system. Through receptive relaxation, it stores food bolus from the
esophagus. Digestion of food occurs initially by secretion of pepsin and gastric acid and also facilitates the peristalsis
until the stomach is empty.

Radiation induced gastric injury can be direct or indirect. Direct injury causes the breakage of chemical bonds thus
releasing electrons that damage the DNA and causes cell death[19]. The indirect injury involves the ionization of water
thus releasing free radicals and reactive oxygen species. These reactive molecules are highly unstable and attack multi-
macromolecular substances like nucleic acids, lipids and proteins. A variety of enzymes and antioxidant metabolises the
normal level of (ROS) Reactive oxygen species[20].

Stomach is a muscular, hollow, dilated part of the gastrointestinal tract that functions as an important organ in digestive
system. Stomach walls are made of three layers: mucosa, submucosa muscularis externa and serosa. The cellular
component of stomach consists of a mixed population of cells of three main types. These cells are acid secreting cells
(parietal cells), mucus secreting cells and pepsin secreting cells (zymogenic cells) [21].

Gastric ulceration is one of the common diseases affecting millions of people and now is considered to be the modern
age epidemic affecting about 10% of world population. lonizing radiations are widely used these a days for therapeutic
purposes. But these produce deleterious effect on body by damaging the tissues. Gastric disorders occurs as a result of
imbalance between aggressive factors of acid and pepsin and maintenance of gastric integrity through endogenous
factors.

2. Materials and methods

The present study was carried out on stomach of adult sexually mature swiss albino mice weighing 20-30 gms. All
experimental procedures were conducted after approval of institutional animal ethics committee (IAEC/Bio/9-2010)
of H.P University Shimla.

Mice were divided into 2 groups: Group I served as control and Group II were irradiated with 5gy gamma rays only.
Mice were sacrificed by cervical dislocation and stomach was excised on 10,20 and 30 days. Stomach was opened along
the greater curvature. It was rinsed with water to remove gastric contents and blood clots. Tissue was fixed in aqueous
bouin’s fixative for 24 hours and then subjected to hematoxylin eosin staining and observed.

3. Results and discussion

Gastric mucosa of normal mice was thick, the epithelium was complete. There was no sign of damage. Cells have large
volume and pyramidal form. Cell edges were tactful and these were neatly arranged. The irradiated group mice mucosa
showed decrease in thickness with damaged areas. while the parietal cell having lesser volume, polygonal form,
wrinkled arrangement with large intracellular spaces were observed fibrosis dividing muscularis fibers was induced
also. Loss of glandular areas were also observed. This loss of glandular region lead to increase in intra cellular spaces.
There is a progressive degeneration leading to wrinkled cell arrangement. Such gastric atrophy leads to atrophic
gastritis. Lesions and erosions were also noticed in the mucosa. Present results are in agreement with Goldgraberet al,
[22] who found that irradiation causes patchy loss of glandular architecture, marked architectural disorganization and
loss of mucosal thickness. Degenerative changes in gastric cells (Chief, mucus and parietal cells of gastric mucosa) after
irradiation were also explained by Michael and Alberts [23].
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Figure 1 [A]The image shows the normal stomach architecture of stomach. [B]. The 10 day irradiated (IR) mice
stomach section showing normal mucosa. [C]. The 20day (IR) mice stomach revealing intercellular spaces (ICS),
wrinkled cell arrangement and distortion of parietal cells (PC) and parietal glands (PG). [D].The 30day mice irradiated
(IR) stomach revealing more distortion from normal structure with muscularis mucosa (MM)and parietal cells

arrangement is disturbed.
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Oxidative stress-induced tissue damage with reactive oxygen species (ROS) is implicated as a cause and consequence of
avariety of disorders including coronary heart disease, neurodegenerative disorders, autoimmune pathologies, cancer,
apoptosis etc [24]. Exposure of gastric mucosa to damaging factors such as ethanol, thermal stress or various irritants
that are commonly named ‘breakers’ of gastric mucosal barrier produces pathological changes [25]. Radiation is the
most deliberated environmental hazard in the world, which exerts its deleterious effects through the generation of
chemically active free radicals that in turn can damage the molecular structure resulting in cellular dysfunctions or
mutations[26].Short-term and long-term oxidative stress reactions after ionizing radiation generate large amounts of
ROS, which disturb the balance of oxidative and antioxidant systems in cells, especially in the gastrointestinal tract.
Since ROS are highly reactive with intracellular proteins, lipids, carbohydrates and nucleic acids, excessive ROS
production can not only lead to apoptosis and necrosis caused by DNA damage[27], but can also cause mitochondrial
membrane damage and increased permeability, prompting the release of cytochrome C (a mitochondria-dependent pro-
apoptotic molecule) into the cytoplasm, activating the Caspase-9-dependent apoptosis pathway and causing apoptosis
(programmed cell death) in affected cells, resulting in increased apoptosis of gastric mucosal epithelial cells and
vascular endothelial cells, and a decreased cell division rate. Furthermore pathologies such as gastric mucosal erosion,
ulceration and eventually gastric mucosal atrophy and intestinal epithelial metaplasia are induced. Irradiated cells
secrete a large number of bystander signaling mediators which not only effect the target organs but they spread to the
other cells also. These signaling mediators stimulate the production of ROS/RNS, cytokines and chemokines, oxidases
and other inflammatory factors [28].

4., Conclusion

The present study convincingly demonstrated that ionizing radiation induces stress in the body. This oxidative stress
causes imbalalance in defence mechanisms of mucosal architecture leading to the atrophic gastritis.
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