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Pathological and histomorphometric study of comparative gastric ulcer
induced by indomethacin, aspirin, and ethanol in rats
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Abstract

This study aimed comparison the gastric ulcer induced by indomethacin, aspirin, and
ethanol on the level of pathological changes, ulcers surface area, and index. Forty rats were
divided into 4 groups: the control group received normal saline, the remaining were the
gastric ulcer groups, the Indomethacin group 40 mg/kg, the Aspirin group100 mg/kg, and
the 80% ethanol group 5 mi/kg, all doses were orally administrated one time. The result
revealed the ethanol group had the largest ulcer surface area, whereas the indomethacin
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Aspirin group had a significantly lowest ulcer index after 3 hrs., and no significant differences

Ethanol among the groups after 24 hrs. Gastric ulcers were in the ethanol group after 3 hours, while

Rats the gastric ulcers were approximate in treated groups after 24 hrs. Histopathological changes
- revealed erosions or gastric ulcers with necrosis, hemorrhage, and inflammation, as well as
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M. G. Saeed complete ulcer exfoliation of mucosa reaching the muscularis in the indomethacin and

ethanol groups after 24 hrs. The PAS/AB stain showed intense, slight, and moderate mucus
reactivity in the indomethacin, aspirin, and ethanol groups, respectively, after 3 hrs., while
decreased mucus reactivity in all treated groups after 24 hrs. The COX-2 expression
increased in the indomethacin and aspirin groups except in the ethanol groups. We conclude
that gastric ulcer surface area was severer in the ethanol group after 3 hrs., whereas severe
gastric ulcers and a decline in mucus production after 24 hrs. The indomethacin group had
a modest rise in COX2 expression, which was stronger in the aspirin and weak in the ethanol
groups.

mgsaeed@uomosul.edu.iq

DOI: 10.33899/ijvs.2022.134659.2389, ©Authors, 2023, College of Veterinary Medicine, University of Mosul.
This is an open access article under the CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0/).

Introduction disease are more likely to experience problems (6). The

pathological changes are characterized by erosion, bleeding,

Gastric ulceration is a necrotizing mucosa lesion leading
to inflammation and hemorrhage because of damage and
perforation of the gastric mucosa (1). When the stomach is
exposed to excessive acid and intense pepsin activity,
gastrointestinal toxicity of non-steroidal anti-inflammatory
drugs (NSAIDs), and toxic substances like alcohol use, it is
the most common gastrointestinal disorder ever reported
(2,3). Gastric ulcers occur due to the difference between
potentially destructive and defensive factors of the gastric
mucosa (4). One of the keys contributing reasons to this
stomach ulcer disorder is an NSAID (5), and complications
are increasing risk factors, with a prior history of ulcer
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and exfoliation of the mucosa due to an imbalance between
aggressive (Helicobacter pylori, acid pepsin, prostaglandin,
mucus, defensive factors, nitric oxide, growth factors,
bicarbonate, and mucosal blood flow (7). NSAIDs consisting
of Aspirin and Indomethacin are most used as an analgesic
and anti-inflammatory drug and are commonly set by
doctors, which act with other potent luminal factors such as
Helicobacter pylori and acid to cause mucosal damage. An
indomethacin-induced peptic ulcer in the glandular pattern is
also accompanied by depletion of mucus and thiol-defense,
increased protein oxidation and lipid peroxidation,
prostaglandin (PG) synthesis, and depletion of mucus and


http://www.vetmedmosul.com/
mailto:mgsaeed@uomosul.edu.iq
https://vetmedmosul.com/article_177302.html
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-9433-8293
https://orcid.org/0000-0001-9419-5053
https://orcid.org/0000-0002-3485-320X

Iragi Journal of Veterinary Sciences, Vol. 37, No. 2, 2023 (339-346)

thiol-defense in the gastric tissues and reducing expressions
of cyclooxygenases (7,8). Aspirin is an analgesic,
antipyretic, and anti-inflammatory drug for inflammation
and preventing cardiovascular system thrombotic diseases
(9). Aspirin is known to induce peptic ulcers. Aspirin has a
vital role in contributing to Helicobacter pylori in the
occurring gastric ulcer due to an acid-driven mechanism
(10). Ethanol is a standard model for acute gastric ulcer
induction in experimental animals, causing mucosal
permeability disorders, hemorrhage, and mucosal barrier
damage with cell exfoliation (11). Products of lipid
peroxidation and reactive oxygen species ROS play a vital
role in the pathogenesis of gastric ulcer induction by ethanol
(12). Typical histological changes shown by Ethanol
administration include exfoliation of gastric mucosa,
submucosal edema, congestion of blood vessels, necrosis of
epithelium, and infiltrations of neutrophil and eosinophil
(10,13). The oral administration of 1 ml Ethanol to cause
gastric mucosal injury was induced in mice (14). Ethanol
enhances gastric damage by invading immune cells that
trigger inflammation corresponding with HCI causing gastric
mucosa erosive damage and oxidative stress (15).

Although many studies used Indomethacin, Aspirin, and
Ethanol in gastric ulcer induction and investigated their roles
alone, this study aimed to compare the gastric ulcer induced
by all of them on the level of pathological changes, ulcers
surface area, ulcer index, mucous production, and COX-2
expression.

Materials and methods

Ethical approve

This study was carried out at the College of Veterinary
Medicine, University of Mosul, Iraq in the animal house with
the IACUC ethical approve number UM.VET.2021.28 at
4/11/2021.

Animals

Forty rats from both sex variants (3 months ago)
weighing 200-250 g were used in the experiments housed at
24°C and deprived for the night of diet and water.

Reagents and chemicals

We used Indomethacin 25 mg conc. as an active
ingredient from Medochemie LTD (Cyprus) at a dose of 40
mg/kg. Aspirin from Samarra drug Industry (Iraq) at dose
100 mg/kg. Absolute Ethanol from Scharlau Brand (Spain)
at dose 5 ml/kg of 80%. Antibodies for COX-2 and DAB
staining detection kit from Dako Brand, Denmark.

Experimental design

40 rats in total were divided into 4 groups (10 animals in
each group). Group I: Control group rats received normal
saline orally by gavage needle. Group IlI: rats received
Indomethacin dissolved in distilled water, 1 dose orally of 40
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mg/kg before 3 and 24 hours of euthanizing by ether. Group
I1I: rats were administered aspirin dissolved in distilled
water, 1 dose orally of 100 mg/kg before 3 and 24 hours of
euthanizing by ether. Group IV: rats were administered
diluted Ethanol 80% 1 dose orally of 5ml/kg of absolute
ethanol before 3 and 24 hours of euthanizing by ether.

Gross appearance, fixation, and tissue processing

After euthanizing the animals, stomachs were examined
grossly for gastric ulcers or erosions. The stomachs were
extensively cleansed with saline for twenty minutes after
being opened along the bigger curvature, dried with filter
paper, and noted gastric ulcers were counted for each group
and photographed. Samples of the stomach were fixed in
neutral buffered formalin 10% for 72 h, followed by
treatments with various alcohol concentrations for
dehydration and xylene clearances, which were then
embedded in hot paraffin wax and sectioned at a thickness of
6 microns. The tissue sections were stained using the
Hematoxylin and Eosin stain (16), Periodic Acid
Stain/Alsian Blue PAS/AB histochemical stain (17), and
immunohistochemical staining of COX-2 expression using
Rabbit monoclonal antibody against COX-2. The
streptavidin-biotin enhanced system is the primary antibody,
with a dilution of 1:20. (Dako, Denmark's Glostrup).
Streptavidin that was peroxidase-labeled was applied after
sections. Sections were followed by peroxidase-labeled
streptavidin complex and DAB stain (DAB; DAKOpatts),
then counter-stained with hematoxylin (18).

Assessment of ulcer index and ulcer score

These parameters were measured in all animal groups
after induction of ulcer by Indomethacin, Aspirin, and
Ethanol to calculate the ulcer index. The stomachs were
dissected from the cardiac orifice and washed with tap water
to clean the stomach from its content. Ulcer index (Ui) was
calculated by applying the below formula (19). Ui=
(Uno+Uss+Uperc)/100, where Ui: ulcer index; Uno: average
number of ulcers per animal; Uss: average severity score;
Upere: percentage of animals with an ulcer.
The surface area in mm of each lesion was measured (20).
The percentage of ulcerated surface area was calculated as
equal to the total area covered by all lesions. The gastric
injury was graded from the histological slides based on the
severity of lesions (of hyperemia and hemorrhagic erosions).
Ulcer index has also been considered by ulcer score and
using the following scoring method (21). Score O=almost
normal mucosa. Score 1=vascular congestion. Score 2=one
or two lesions. Score 3=severe lesions
Score 4=very severe lesions. Score 5= full lesions of the
mucosa. Mean ulcer score (calculated by dividing the total
number of ulcers in each group by the number of rats in that

group).
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Statistical analysis was in the Indomethacin group than Aspirin and Ethanol
The data for 5 rats of each group analyzed statistically by group (Table 1).
the One-Way Analysis of Variance test was used to compare Results of the assessment of ulcer surface area/mm? and
groups with Duncan's multiple comparisons in the Sigma ulcer index after 24 hours of ulcer induction showed no
Plot software program for statistical analysis. significant differences among the study groups (Table 2).
The gross appearance of rats' stomachs of the
Results Indomethacin and Ethanol groups revealed severe mucosa
redness after 3 hours of ulcer induction with the site of
The histomorphometric measurements of ulcer surface erosions or gastric ulcers were obvious and more in number
area/mm? and ulcer index after 3 hours of ulcer induction in number the Ethanol group. The site of erosions or gastric
revealed that the highest ulcer surface area was in the Ethanol ulcers was more prominent than other sites, and high
group and differed significantly with Indomethacin and numbers in all three groups after 24 hours of gastric ulcer
Aspirin groups, as well as the significantly lower ulcer index induction (Figure 1).

Table 1: Measurements of ulcer surface area (mm?) and ulcer index after 3 hours in the groups of the study

Criteria Control group  Indomethacin group Aspirin group Ethanol group P value
Ulcer surface area (mm?) 0.0+0.00 0.0302+0.0135*B 0.0219+0.0098*B 0.138+0.0617*A 0.011
Ulcer index 0.0+0.00 0.82+0.0139*B 1.034+0.001*A 1.08+0.014*A 0.002

Data expressed as MeanxStander error (N = 5rats/group). * Means a significant difference between groups and control group at
P<0.05. The different letters in rows mean there is a significant difference at P<0.05.

Table 2: Measurements of ulcer surface area (mm?) and ulcer index after 24 hours in the groups of the study

Criteria Control group  Indomethacin group Aspirin group Ethanol group P value
Ulcer surface area (mm?) 0.0+0.00 0.107+0.0193*A 0.141+0.0636*A 0.171+0.0554*A 0.05
Ulcer index 0.0+0.00 1.052+0.002*A 1.05+0.003*A 1.048+0.013*A 0.011

Data expressed as MeanzStander error (N = 5rats/group). * Means a significant difference between groups and control group at
P<0.05. The different letters in rows mean there is a significant difference at P<0.05.

Control Indomethacin Aspirin Ethanol lesions appeared after 24 hours of gastric ulcer induction and
sou SOup g i observed complete ulcer exfoliation of mucosa reaching the
musculari in the Indomethacin and Ethanol groups in
addition to decreasing mucosal thickness in the Aspirin

After 3 group (Figure 3).

Hours The tissue sections stained by PAS/AB histochemical
stain after 3 hours of gastric ulcer induction showed the site
of erosions or gastric ulcers with intense magenta color
(indication of mucus) in the Indomethacin group, a very
slight magenta color in the Aspirin group and moderate

Alf::f: magenta color in the Ethanol group. While after 24 hours of
gastric ulcer induction revealed the site of erosions or gastric
ulcers with moderate magenta color in the Indomethacin and
Ethanol groups and without magenta color in the Aspirin

Figure 1: Gross appearance of rat’s stomach of the four group compared with the control group, which was without

groups of the study after 3 and 24 hours of peptic ulcer gastric ulcer induction showing total thickness of mucosa

induction showing the site of erosions or peptic ulcers with the apparent magenta color of mucus (Figure 4).

(arrow). The results of immunohistochemical evaluations of

The results of histopathological changes after 3 hours of COX-2 expression of the rat stomach tissue sections
gastric ulcer induction in the indomethacin, aspirin, and appeared the site of erosions or gastric ulcers with moderate
ethanol groups revealed the site of erosions or gastric ulcers expression in the Indomethacin group, strong expression in
with exfoliation and necrotic cells, hemorrhage, and the Aspirin group, and mild expression in the Ethanol group
inflammatory cells infiltration compared with the control compared with the control group which was without gastric

group without gastric ulcer induction with a total thickness ulcer induction with a mild expression of COX-2 (Figures 5

of mucosa and normal glandular pattern (Figure 2). The same and 6).
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Figure 2: A photomicrograph of rat’s
stomach after 3 hours of peptic ulcer
induction. (A, a) is the control group
without peptic ulcer induction
showing full thickness of mucosa
(arrow) with normal glandular
pattern  (double arrow) and
musculari (bold arrow). The other
sections, Indomethacin (B, b),
Aspirin (C, ¢), and Ethanol (D, d)
groups show the site of erosions or
peptic ulcers with exfoliation and
necrotic cells (arrow), hemorrhage
(double arrow) and inflammatory
cells infiltration (bold arrow). H&E
stain, (A, B, C & D 100X), (a,b.c &
d 400X).

Control |
group

Indomethacin ‘
Figure 3: A photomicrograph of rats’' group
stomachs after 24 hours of peptic
ulcer induction. (A, a) is the control
group without peptic ulcer induction B
showing full thickness of mucosa
(arrow), normal glandular pattern
(double arrow), and muscularii (bold
arrow). The other  sections,
Indomethacin (B, b), Aspirin (C, c),
and Ethanol (D, d) groups show the
site of erosions or peptic ulcers with c
exfoliation and necrotic cells
(arrow), hemorrhage (double arrow)

and inflammatory cells infiltration —
and edema (bold arrow). H&E stain, s

(A, B, C & D 100X), (8, b.c & d

400X). D!
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Control
group
A
Figure 4: A photomicrograph of rat’s Tdemedaici
stomach after 3 hours of peptic ulcer e
induction. (A, a) The control group
without peptic ulcer induction shows B

total mucosa thickness with the
obvious magenta color of mucin
(arrow). The other sections show the
Indomethacin group (B, b): the site Aspen
of erosions or peptic ulcers with L
intense magenta color (arrow).
Aspirin group ( C, c): the site of c
erosions or peptic ulcers with a very
slight magenta color. Ethanol group

(D, d): the site of erosions or peptic Ethanol
ulcers with slight magenta color. group
PAS/Alsian blue stain, (A, B,C &D
100X), (a, b. ¢ & d 400X). D
Control
group
A

Figure 5: A photomicrograph of rats’'

stomachs after 24 hours of peptic Sndogeden
ulcer induction. (A, a) is the control o
group without peptic ulcer induction

showing total thickness of mucosa

with the obvious magenta color of

mucin (arrow). The other sections

show the Indomethacin group (B, b): N
the site of erosions or peptic ulcers Aspen
with intense magenta color (arrow).
Aspirin group (C, c): the site of Py :
erosions or peptic ulcers without C nrzinint
magenta color but blue color of
mucopolysaccharides. Ethanol

group (D, d): the site of erosions or Ethanol
peptic ulcers with a magenta color. group
PAS/Alsian blue stain, (A, B, C & D

100X), (a, b. ¢ & d 400X). D
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Control
group

| HeE
Indomethacin |+ *
group 2

Figure 6: A photomicrograph of rats' stomachs of
immunohistochemical expression of COX-2 after 24 hours
of peptic ulcer induction. (A, a) is the control group without
peptic ulcer induction showing mild expression (arrow). The
other sections show the Indomethacin group (B, b): the site
of erosions or peptic ulcers with moderate expression
(arrow). Aspirin group (C, c): the site of erosions or peptic
ulcers with strong expression. Ethanol group (D, d): the site
of erosions or peptic ulcers with a mild expression.
hematoxylin stain, (A, B, C & D 100X), (a, b. ¢ & d 400X).

Discussion

Many models have induced gastric ulcers in animals,
such as those induced by using HCL ethanol or acetic acid
and NSAID. In the president study, indomethacin, aspirin,
and ethanol-induced gastric ulcers in rats. The ulcer surface
area was significantly the largest in the ethanol group. In
contrast, the indomethacin group had the lowest ulcer index
after 3 hrs of gastric ulcer induction, which may be attributed
to ethanol as a potent and rapid injurious noxious to the
gastric mucosa epithelium (18,22). However, there were no
significant differences among the groups after 24 hrs. may
be due to the attenuation of the mechanism of ethanol after
24 hrs and the escalating action of the NSAID indomethacin
and aspirin. NSAID-induced damage to the gastric mucosa
may occur due to several causes: inflammatory cell
infiltration, mucosal blood flow, cytokines, free radicals, and
gastric acid production (23). The role of reactive oxygen
species ROS is vital when it is present in high concentrations.
It overwhelms the antioxidant defense mechanism by
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disrupting cell proteins, most notably DNA and lipids (22).
The occurrence of ROS in physiological amounts has a
prominent role in many cellular functions, notably fighting
against infection regulation of some intercellular signaling
pathways and facilitating normal maturation (24).

The gross appearance of rats' stomachs of the
indomethacin and ethanol groups revealed severe mucosa
redness after 3 hrs of ulcer induction with the site of erosions
or gastric ulcers were obvious and more in number in the
ethanol group. The gastric ulcers were more evident and had
high numbers in all three groups after 24 hrs of gastric ulcer
induction, which agrees and corresponds with the many
studies that animal studies frequently use the ethanol and
Indomethacin-induced gastric ulcer model (3,25-27). The
administration of ethanol reduces the release of bicarbonate,
nitric oxide, and gastric mucus, with subsequent necrosis and
damage of gastric mucosa and infiltration of inflammatory
cells. Additionally, ethanol causes oxidative stress by
increasing malondialdehyde formation and lowering
glutathione synthesis (25). Both COX-dependent and -
independent pathways are thought to be implicated.
Additionally, numerous mechanisms, such as infiltration of
inflammatory cells, cytokines, gastric acid production
induction, free radicals, and mucosal blood flow, are known
to contribute to NSAID-induced injury to the gastric mucosa.
It hypothesized that the activation of early gross response-1
(Egr-1), phosphatase, and tension homolog lost on
chromosome 10 caused impairments in angiogenesis,
apoptosis, and sensory neuron function and could increase
the stomach mucosa more vulnerable to damage (28).

The histopathological changes of gastric ulcer induction
in the indomethacin, aspirin, and ethanol groups revealed the
site of erosions or gastric ulcers with exfoliation and necrotic
cells, hemorrhage, and inflammatory cell infiltration. This
result agrees with most studies that used the same medicines
for induction gastric ulcers, also acute ulceration by blocking
COX and lowering circulating prostaglandin levels (29-32).
NSAID prolongs its therapeutic efficacy and increases the
risk of stomach ulcers by reducing bicarbonate and mucus
secretions and blood flow, which has been connected to
stomach injury and ulcer etiology in lab animals (33).
Additionally, linked gastrointestinal damage to eroding
mucus content, oxidants, and pepsin generated in the gastric
lumen, in addition to extrinsic noxious agents and drugs
acting on the epithelium of mucosa, both contributing to this
erosion (34). This corresponds with our result of mucus
production evaluation by PAS/AB histochemical stain,
which revealed decreasing in the mucus secretions in all
three groups of gastric ulcer induction after 24 hrs. but
disagreed with others by the result of intense magenta color
(indication of mucus) in the Indomethacin group after 3 hrs.
Also, there was a reduction in the reactivity of goblet cells in
gastric mucosa in the treated groups compared with the
control group (35).
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According to the current investigation, either the
generation of free radicals or the suppression of
prostaglandin synthesis is responsible for the ulcer index,
and stomach volume significantly increased after oral
indomethacin administration in the ulcerated rats. The
significant events in the pathogenesis of mucosal ulcers
impair gastroprotection and increase gastric acid outpult,
which has been linked to decreased prostaglandin levels (36).

In our investigations, the production of ulcers was linked
to an increase in PGE; levels, most likely due to increased
COX-2 expression (37). Immunohistochemical IHC staining
revealed the increased expression of COX-2 in the
Indomethacin and Aspirin but not in the Ethanol groups. This
increase is attributed to COX-2 expression increasing in
inflammatory conditions with gastric ulcer rising COX-2
expression in different types of gastric tissue of cells like
surface epithelial cells, endothelial cells, parietal cells, and
inflammatory cells that many research revealed that NSAIDs
inhibits both of COX isoforms (COX-1 and COX-2) this
explain the increasing of COX-2 expression with NSDIAs
(38-40).

Conclusion

This study conclude that gastric ulcer surface area was
severer in the Ethanol group after 3 hrs., whereas severe
gastric ulcers and a decline in mucus production after 24 hrs.
The indomethacin group had a modest rise in COX-2
expression, which was stronger in the aspirin and weak in the
ethanol groups.
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