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Abstract:

The pathophysiology of gastric ulcer has centered on an imbalance
between aggressive and protective factors in the stomach. The aim of
this study was to evaluate the histopathological and histochemical
changes in the rat's gastric ulcer induced by acetic acid (AA). For this
purpose, thirty albino female rats were divided into three groups, each
group carried ten rats. Group | was given distilled water for 14 days and
served as the control group, while group Il was given 1 ml/ kg/ day (5
%) of AA and group Ill was given 1 ml/ kg/ day (10 %) of AA orally
by gavage for 14 days. Results showed the appearance of some
histopathological changes including exfoliated dead cells appear in the
lumen in the stomach, deeper ulceration with the onset of necrosis and
focal necrosis of epithelium with the disrupted cell membrane in AA-5
%. Furthermore, the AA-10 % showed dilatation of the glandular
lumina and hemorrhagic lesions in the mucosa of the glandular stomach
with the aggregation of inflammatory cells near the bases of the gastric
pit and the muscular mucosa. Although the histochemical studies with
PAS-reaction and bromophenol blue technique showed a decrease in
the carbohydrate and protein content in treated rats. In conclusion, this
study showed that acetic acid was a harmful agent associated with
histopathological changes that caused acute gastric lesions and ulcers.
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Introduction:

Gastric ulcer is caused by an imbalance between aggressive factors
such as hydrochloric acid, pepsin, bile acids, food ingredients, Helicobacter
pylori, non-steroidal inflammatory drugs, leukotrienes, smoking, alcohol,
trauma, shock, reactive oxygen species (ROS) and protective mechanisms
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such as mucous gastric mucosal barrier in the stomach tissues (1-3). Local
mechanisms associated with mucosal defense are mucous alkaline secretion,
mucosal hydrophabicity, rapid epithelial cell regeneration and rich mucosal
blood flow (4, 5). Many factors such as gastric microcirculation, prostaglandin
E2 (PGE2) content and pro-inflammatory cytokines interleukin (IL)-1 and
tumor necrosis factor (TNF) play important roles in the genesis of gastric
mucosal damage, and its subsequent development (6, 7). PGE2 and 12 are the
predominant prostaglandins synthesized by the gastric mucosa and are known
to inhibit the secretion of gastric acid and stimulate the secretion of mucus and
bicarbonate (1). Gastric ulcer produced by acetic acid is due to the release of
histamine, which increases the capillary permeability and back diffusion of
hydrochloric acid (6). Moreover, Okabe and Amagase (8) indicated that the
etiology of acetic acid-induced ulcers mimics human gastric and duodenal
ulcers in location, chronicity, and severity. Acetic acid (AA) produced gastric
ulcers by stimulating gastric acid hypersecretion and the statement of
histamine, which increases the capillary permeability and back diffusion of
Hydrochloric acid (9). Acetic acid is a widely used organic acid with
corrosive properties that depend on its concentration. At concentrations
between 5 % and 8 %, it is mainly found in vinegar and is safe for
consumption as a vegetable preservative or condiment, and between 30 % and
90 %, it is used as an antiseptic or a household cleaning agent. In some
countries 80 % acetic acid in the preparation of pickled food (10). Local
effects of AA ingestion represent corrosive injury to the upper gastrointestinal
tract (11). The acetic acid produces round, deep ulcers in the stomach,
resembling a great extent human ulcer in terms of both pathological features
and healing drugs (12). The aim of this study was to assess the
histopathological and histochemical changes of the gastric ulcer induced by
acetic acid in female albino rats.

Materials and Methods :
Chemicals:

Acetic acid (CH;COOH) (99.8 %, Sigma-Aldrich). Acetic acid was
obtained from Omar Al-Mukhtar University.

Experimental animals:

The present study was conducted using 30 healthy female albino rats
(Rattus norvegicus) with an average weight of 180-225 g. Animals were
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obtained from the animal house of the Zoology Department, Faculty Science,
University of Omar Al-Mukhtar, El-Beida, Libya. All animals were allowed
three weeks per-experimentation period to acclimatize to laboratory
conditions in order to avoid any complications along the course of the
experiment. They were housed in cages at room temperature. Rats were fed
with laboratory diet and water ad libitum with fresh daily supplies.

Experimental design:

Thirty female rats were abstained form food for 24 hours with given the
water ad libitum prior to the experimental procedures then they were
randomized into three groups 10 rats in each:

e Normal control group: Rats were given orally distilled water for 14
days.
o Treated group 1: Rats were given orally AA (5 %) by gavage at a dose
of 1 ml/ kg/ b.w./ day according to (13) for 14 days.
e Treated group 2: Rats were given orally AA (10 %) by gavage at a dose
of 1 ml/ kg/ b.w./ day according to (13) for 14 days.
After the completion of the treatment period, all rats were sacrificed
then the stomach was removed and fixed in the suitable fixative for
histopathological and histochemical studies (14).

Histopathological and histochemical studies:

Small pieces of the stomach were fixed in formalin 10 % and embedded
in paraffin. All sections of Sum thickness were stained with Harris's
hematoxylin and eosin satin (H and E) for histopathological examination (15),
the periodic acid Schiff's reaction (PAS), (16) as applied for carbohydrate
demonstration for histochemical investigation, and the mercuric bromophenol
blue method (BPhb) (17) as applied for total proteins demonstration for
histochemical investigation.

Results:
Histopathological examination:

Microscopically, the stomach of control groups showed normal
histological structure, normal mucosal layers and cells, normal gastric pits and
gastric glands (Fig, 1), whereas the stomach of rats treated with 5 % of AA
exposed some histopathological alteration. The mucous neck at luminal parts
of the gastric pits showed exfoliated dead cells appear in the lumen, deeper
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ulceration with the onset of necrosis, focal necrosis of epithelium with
disrupted cells membrane. However, in other parts of the gastric mucosa cells
noticed damaged cytoplasm and karyolitic nuclei with marked aggregation of
lymphocytic inflammatory cells were showed in figure (2). Additionally, (fig.
3) showed focal necrosis of epithelium with the disrupted cell membrane,
damaged cytoplasm, and karyolitic nuclei, deeper mucosal ulceration and
marked aggregation of lymphocytic inflammatory cells. Acetic acid-treated
groups with 10 % showed many eroded areas, involving evidence of damage
in the form of vacuolated or lightly stained cytoplasm with pyknotic or
fragmented nuclei, most of the parietal cells among glands region, appeared
faintly stained cytoplasm with pyknotic or karyolitic nuclei. Dilatation of the
glandular luminae and hemorrhagic lesions in the mucosa of glandular
stomach "Ulceration at the mid part of the mucosa" were also observed (fig.
4). Moreover, the connective tissues of the lamina propria between the gastric
pits were demolished with the aggregation of inflammatory cells near the
bases of the gastric pit and the muscular mucosa. In these regions were
noticed submucosal necrotic area (fig. 5).
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Figure 1: Photomicrograph of the stomach section of control female
rats showing, normal histological structure, normal parietal cells
(thick arrows), chief cells (small arrows) and gastric glands (thin

arrows) (H & E stain, X400).

female rats treated with acetic acid 5 % showing,
exfoliated dead cells appear in the lumen, deeper
ulceration with onset of necrosis (star), focal necrosis of
epithelium with disrupted cells membrane, damaged
cytoplasm and karyolitic nuclei (arrows) with marked
aggregation of lymphocytic inflammatory cells (thick
arrows) (H & E stain, X400).
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Figure 3: Photomicrograph of the stomach section of
female rats treated with acetic acid 5 % showing, focal
necrosis of epithelium with disrupted cells membrane,
damaged cytoplasm and karyolitic nuclei (thick arrows),
deeper mucosal ulceration (thin arrow) and marked
aggregation of lymphocytic inflammatory cells (star) (H
& E stain, X400).

Figure 4: Photomicrograph of the stomach section of
female rats treated with acetic acidl0 % showing,
vacuolated or lightly stain cytoplasm with pyknotic
nuclei (thick arrows), dilatation of the glandular luminae
and hemorrhagic lesions in the mucosa of glandular
stomach "Ulceration at mid part of the mucosa"(thin
arrow) (H & E stain, X400).

Figure 5: Photomicrograph of the stomach section of
female rats treated with acetic acid 10 % showing,
demolished of connective tissues with the aggregation of
inflammatory cells in the lamina propria and the
muscularis mucosa (thin arrows) and submucosal
necrotic area (thick arrow) (H & E stain, X400).
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The periodic acid Schiff reaction (PAS) of control rats showed a high
positive reaction in the surface mucous cells and a high increase in PAS
reactive substance extending down along gastric glands, between the gastric
pit and muscularis mucosa among control stomach sections (Figs. 6 and 7).
Whereas, rats treated with 5 % of AA showed moderate-increase in PAS
reactive mucosal carbohydrate content of surface cells and between gastric pit,
also in muscularis mucosa. While was noticed decrease in PAS reactive
substance extending down along gastric glands (Figs. 8 and 9). Also, rats
treated with 10 % of AA showed the same reaction in PAS reactive mucosal
carbohydrate content (Figs. 10 and 11), when compared with 5 % group.

Flgure 6 Photomlcrographs of PAS-
reacted stomach section of control
female rats showing, a high positive
reaction in the surface mucous cells
and high increase in PAS reactive
between gastric pit (PAS stain,
X400).
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Flgure 7 Photomlcrographs of
PAS-reacted stomach section of
female rats treated with acetic acid
5 % showing, moderate-increase in
PAS reactive mucosal carbohydrate
content of surface cells and between
gastric pit (PAS stain, X400).

Figure 8: Photomlcrographs of
PAS-reacted stomach section of
female rats treated with acetic acid
10 % showing, moderate-increase
in  PAS  reactive  mucosal
carbohydrate content of surface
cells and between gastric pit (PAS
stain, X400).
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Figure
reacted stomach section of control
female rats showing, a high positive
reaction substance extending down
along gastric glands and muscularis
mucosa (PAS stain, X400).

Figure 12:
Bphb-reacted stomach section of
control female rats showing, strong
in the protein content in gastric tissue
(Bphb stain, X400).

PAS-reacted stomach section of
female rats treated with acetic acid
5 % showing, decrease in PAS
reactive substance extending down
along gastric glands and moderate-
increase in muscularis mucosa
(PAS stain, X400).
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Figure 13: Photomicrographs of
Bphb-reacted stomach section of
female rats treated with acetic acid
5 % showing, decrease in the
protein content in the cytoplasm
and nucleus of the gastric cells
(Bphb stain, X400).
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PAS-reacted stomach section of
female rats treated with acetic acid
10 % showing, decrease in PAS
reactive substance extending down
along gastric glands and moderate-
increase in  muscularis mucosa
(PAS stain, X400).
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Figure 14: Photomicrographs of
Bphb-reacted stomach section of
female rats treated with acetic acid
10 % showing, weak or feeble
stainability in the protein content in
the cytoplasm and nucleus of the
gastric cells (Bphb stain, X400).

Total protein was demonstrated in the present material by applying the
bromophenol blue technique. Control groups showed a strong reactivity was
displayed by the peptic cells and oxyntic cells. Their protein contents located
mainly in a mildly reactive ground cytoplasm, the nuclei of these cells
exhibited a strong reactivity as seen in figure (12). While, decreased the
protein content in the cytoplasm and nuclei of oxyntic, peptic cells, surface
mucous cells, and mucous neck cells were noticed in the group of rats treated
with 5 % of AA (Fig. 13). Also, the stomach section from rats treated with 10
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% of AA revealed a diminution in mucosal cells totals protein content. In such
case a rather weak or feeble stainability with bromophenol blue was quite
clear in the constituent cells (Fig. 14).

Discussion:
Gastric ulcers develop inside the stomach, affect many people

worldwide, and represent a discontinuity in the gastric mucosal penetration
through the muscularis mucosa (18). Neutrophils have a major cause of
inflammatory mediators and can release potent ROS such as superoxide,
hydrogen peroxide, and myeloperoxidase derived oxidants, as a result, they
mediate lipid peroxidation, these reactive oxygen species are highly cytotoxic
and can induce tissue damage. Also, oxygen-free radicals derived from
infiltrated neutrophils in ulcerated gastric tissues and have an inhibitory effect
on gastric ulcers healing in rats (19).

The present results indicate that treatment with acetic acid caused ulcer
areas, mucosal erosions, submucosal oedema, inflammation cells, surface and
part of deeper mucosal ulceration, necrosis focal areas of ulceration and mild
mucosal ulceration, these marks were agreements with (20), they reported that
the reduced bicarbonate secretion and mucosal cell proliferation may due to
mucosal oedema, inflammation and ulceration seen in rats during ulcer
suggests that rats’ stomach have inherent higher inflammatory activities, a
property of agents that have higher incidence of ulceration complications by
selectively inhibiting cyclooxygenase-2 (COX-2) enzyme activity. These
consequences in this work may be related to the back-diffusion of acid into
the mucosa which directly leads to vascular leakage and aggressive damaging
effect in the basement membrane of both epithelial and mucosal cells in the
gastric wall (21).

Previous studies demonstrated that the inflammation in gastric mucosa
by drugs is accompanied by increased production of tumor necrosis factor-a
(TNF-a), which augments neutrophil-derived superoxide generation and
stimulates the production of interleukin-1 (IL-1) leading to neutrophil
accumulations (22). The genesis of acetic acid induced gastric lesions is a
multifactorial process that starts mainly with the depletion of gastric wall
mucous content (23). Such depletion is often associated with significant
production of free radicals causing damage to the cell and cellular membrane
due to excessive oxidative stress (24).The generation of ROS, for example,
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superoxide anion, hydrogen peroxide, and hydroxyl radicals, may cause lipid
peroxidation, especially in membranes, and results in tissue injury (25). In the
current study, applying acetic acid to rats’ gastric mucosa resulted in
ulceration of the gastric mucosa that was associated with increased
proliferation and apoptosis as indicated by DNA flow cytometry analysis.
These observations are consistent with previous reports on the induction of
apoptosis in ulcerative gastric mucosa (18).

In the current study, the acetic acid was able to decrease the mucin like
glycoproteins in the stomach, as observed by staining with PAS that is critical
cytoprotective glycoproteins due to their mucus secretion activities. Such an
action may be caused by AA, which caused an increase the gastric acid
secretion of the gastrointestinal tract injury by PGE2 (18). The decrease in
PAS reactive mucosal carbohydrate content in stomach sections of the present
work in treated groups may be due to a decrease in gastric cells in AA groups.
So, most of the cells contained little mucus or were depleted. The present
findings are similar to those in mammals, in that the gastric cells are the
source of acid mucopolysaccharides (26). They also found that the gastric cell
in the alimentary tract contains mucoid secretions of an acid mucoprotein
nature. Moreover, results showed decreased the protein content in the
cytoplasm and nuclei of oxyntic, peptic cells, surface mucous cells and
mucous neck cells were showed in female rats treated with acetic acid.
Moreover, decreased total protein observed in the present study in stomach
tissues may be due to the degenerative changes that were noticed in the tissue
or may be also due to increased ROS production which harms the
mitochondria (27). This decrease may be due to a decrease in ribosomal
granules of the rough endoplasmic reticulum or due to a decrease in DNA
content (28).

Conclusions:

In conclusion, the present study indicated that the massive
histopathological and histochemical changes in the stomach tissues were the
results of the consumption of acetic acid for 14 days in female albino rats.
Also, the acetic acid was a harmful agent associated with histopathological
changes that caused acute gastric lesions and ulcers.
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