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ASA, Silymarin, Material and Methods: Thirty adult male albino rats were randomly

Rat. divided into three equal groups: a control group (subdivided into  a

negative control group without any medication and a positive control
group that received distilled water/day orally by gastric gavage for 2
weeks), ASA-treated group (received 200 mg ASA/kg b.w./day orally
for 2 weeks), and ASA+silymarin-treated group (received 200 mg
ASA/kg b.w./day in addition to 50 mg silymarin/kg b.w./day, orally
for 2 weeks). At the end of the experiment, the rats were anaesthetized
and sacrificed. The stomach was removed, opened, and processed for
histological and iNOS immunohistochemical evaluation. Area % of
collagen fibres and iINOS immune expression and gastric mucosal
thickness of all animal groups were measured and compared.

Results: The ASA induced gastric mucosal histological changes in the
form of erosion, degeneration, vacuolization of cells, and dilatation of
blood capillaries. The area % of collagen fibres and iINOS was
significantly increased and gastric mucosal thickness was significantly
decreased in ASA-treated groups in comparison to the control. These
changes were improved in the ASA+silymarin-treated group.
Conclusion: ASA induced gastric mucosal injuries and the
concomitant administration of silymarin could ameliorate these
effects.

INTRODUCTION
One of the most crucial tissues of the body is the mucosa of the stomach due to its role
but it has the potential for diseases (Meyer, 2018). Gastric mucosal injury is one of the
most widespread problems in the world. When the stomach's defense systems are
altered, the gastric mucosa may undergo changes that eventually lead to erosion and
subsequent ulceration (Zou et al., 2021).

Gastric erosion usually occurs due to an imbalance between the gastric mucosal
defensive and aggressive factors.
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Aggressive  factors  include
pepsin, hydrochloric acid, non-steroidal
anti-inflammatory  drugs (NSAIDs),
ethanol, and helicobacter pylori. Local
defensive factors include protective
agents such as Epidermal Growth
Factors, prostaglandins, mucus secretion,
bicarbonate, cellular regeneration, and
blood flow (Narayanan et al., 2018 and
Galura et al., 2019).

Acetylsalicylic acid (ASA) is an
old medication known as aspirin and is
frequently used to prevent and treat
cerebrovascular disorders (Desborough
and Keeling, 2017). ASA is one of the
NSAIDs that is frequently used to treat
rheumatoid arthritis and associated
conditions as well as to avoid
cardiovascular  thrombotic  disorders
(Heibashy et al., 2014).

The reactive oxygen species play
a key role in the development of stomach
erosion. As a result, different regimens of
reactive oxygen metabolite scavengers
seem to be brand-new therapeutic
approaches for digestive illnesses
(Bhattacharyya et al., 2014). In contrast
to the harmful effects of chemicals,
interest has been sparked in employing
natural molecules extracted from plants
(Szymanska et al., 2017).

One of the most traditional and
widely used medicinal herbs for their
beneficial effects on the liver and other
organs is the milk thistle (Silybum
marianum) (Gillessen and Schmidt,
2020). This plant is indigenous to the
Mediterranean region and is common
throughout North America and Europe.
Additionally, it is grown in Australia,
China, Iran, India, Africa, and South
America (Abenavoli et al., 2018).

A polyphenolic flavonoid known
as silymarin is extracted from the milk
thistle (Khalili et al., 2009). It is a
mixture of bioflavonoids including
silybin, silydianin, isosilybin, and
silychristin that can be found in the fruit,
seeds, and leaves of this plant (Karimi et
al., 2011). Silymarin has been used
clinically either alone or as a major
component of various pharmaceutical

preparations for centuries as a
hepatoprotective agent and has exhibited
protective effects against inflammation,
oxidation, and apoptosis (Avci et al.,
2016).

Considering  the  biological
activities presented by silymarin and its
widespread use as herbal medicine, the
present study aimed to evaluate the
ameliorative effect of silymarin against
acetylsalicylic  acid-induced  gastric
mucosal injury in adult albino rats.

MATERIAL AND METHODS
Chemicals:

Acetylsalicylic acid was used in
its commercially available formulation
as Rivo tablets; each tablet contained 320
mg ASA,; Arab Pharma & Chemical Mfg
Co., Egypt. Five tablets containing 1600
mg ASA were diluted in 40 ml distilled
water. So, each 1ml distilled water would
contain 40 mg ASA. A dose of 200 mg
ASA/kg body weight (b.w.)/day was
given via gastric gavage. Silymarin
sachets were obtained from SEDICO
Pharmaceutical Company and dissolved
in distilled water.

Experimental Design:

Thirty adult male albino rats 3
months old (200-250gm) were used and
randomly divided into three equal groups
(10 rats, each):

Group 1 (control group): was subdivided
equally into a negative control group
without any medication and a positive
control group that received distilled
water/day orally by gastric gavage for 2
weeks.

Group 2 (ASA-treated group): was
given 200 mg ASA/kg b.w./day orally by
gastric gavage for 2 weeks according to
D’Argenio et al. (2008).

Group 3  (ASA+tsilymarin-treated
group): was given 200 mg ASA/kg
b.w./day orally by gastric gavage in
addition to 50 mg silymarin/kg b.w.
orally by gastric gavage for two weeks
according to Girish et al. (2009).

At the end of the experiment, all
groups were sacrificed under inhalational
anaesthesia with ether. Their abdomens
were opened in the middle and the
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stomach was removed, opened along the
greater curvature, and gently rinsed with
saline. Thereafter, some stomach fundus
specimens were fixed in neutral formalin
and stained by Haematoxylin & Eosin
(H&E) and Masson’s trichrome.
Immunohistochemical evaluation with
inducible nitric oxide synthase (iNOS),
which is a marker for oxidative stress,
was also performed. Other specimens
were immersed in 5% glutaraldehyde,
stained by Toluidine blue and processed
for the scanning and transmission
electron microscopic studies.

The mean + standard deviation
(SD) of the mean of the area percentage
(%) of the collagen fibres and iNOS
immune expression of all groups was
detected. Also, the mean gastric mucosal
thickness (the perpendicular distance
between the gastric mucosal surface and
the muscularis mucosa in the H&E-
stained slides) was measured. Ten
different captured non-overlapping fields
in  Masson's trichrome and iNOS-
immune-stained slides at X400 and
H&E-stained slides at X100 of five rats
of each group were obtained. Image J
software (National Institute of Health,
USA Java 1.8.0-66) was used to analyze
the photographed fields.

All  collected data were
statistically analyzed by the SPSS
program version 21 (SPSS Inc., Chicago,
IL, USA) using one-way analysis of
variance (ANOVA) and post-hoc test.
Data were expressed as mean + SD and
p-values equal to or less than 0.05 were
considered significant.

RESULTS
A) Histological Results:

A.l. Light Microscopic Results:
A.l.1. Haematoxylin and Eosin Stain:

The stomach of the control adult
rat revealed that the gastric wall was
composed of mucosa, submucosa, and
muscle layer. The mucosa was separated
from the submucosa by muscularis
mucosa and exhibited numerous gastric
pits, regularly arranged tightly packed
tubular glands, lamina propria and, blood
capillaries. The gastric mucosa was lined
by spherical parietal cells with
acidophilic  cytoplasm and central
vesicular rounded nuclei and distributed
through the length of the glands. Chief
cells with basal nuclei and basal
basophilic cytoplasm were noticed.
Mucous cells having flattened basal
nuclei and vacuolated cytoplasm were
observed (Figs. 1a, 1d).

The stomach of the ASA-treated
group showed dilatation of the gastric
pits, erosion of the gastric mucosa with
disorganization of adjacent glandular
architecture, marked reduction of the
glandular thickness, vacuolation of cells,
dilatation of the gastric glands and
congestion of the blood capillaries. The
parietal cells revealed rarified cytoplasm
and faint nuclei. The chief cells exhibited
vacuolated cytoplasm and the mucous
cells had pyknotic nuclei (Figs. 1b, 1e,
inset).

The stomach of the
ASA+silymarin-treated group showed
intact tubular glands with gastric pits,
lamina propria, muscularis mucosa,
submucosa, muscle  layer, and
moderately dilated and congested blood
capillaries. The parietal, chief and
mucous cells were intact (Figs. 1c, 1f).
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Plate 1: Photomlcrographs of the rat gastrlc fundlc mucosa of the studled groups The

control group shows regularly arranged tightly packed tubular glands (J) with gastric
pits (thin arrow), lamina propria ( A ), muscularis mucosa (M), submucosa (SM), muscle
layer (ML), blood capillaries (thick arrows), spherical parietal cells (P) with acidophilic
cytoplasm and rounded central vesicular nuclei, chief cell (C) with basal nuclei and basal
basophilic cytoplasm and mucous cells (MC) having flattened basal nuclei and
vacuolated cytoplasm [Figs. 1a,1d]. The ASA-treated group shows dilatation of the
gastric pits (thin arrows), erosion of the gastric mucosa with disorganization of adjacent
glandular architecture (#), marked reduction of the glandular thickness (1), vacuolation
of cells (v), dilated congested blood capillaries (thick arrows), dilated gastric glands (*),
parietal cells (P) with rarified cytoplasm and faint nuclei, chief cells (C) with vacuolated
cytoplasm and mucous cells (MC) with pyknotic nuclei. Notice the muscularis mucosa
(M), submucosa (SM) and muscle layer (ML) [Figs. 1b,1e, inset]. The ASA+silymarin-
treated group shows retained glandular thickness (1), gastric pits (thin arrow), lamina
propria (A), muscularis mucosa (M), submucosa (SM), muscle layer (ML), blood
capillaries (thick arrows), parietal cells (P), chief cells (C) and mucous cells (MC) [Figs.
1c,1f]. [H&E: la-1c; X100, 1d-1f, inset; X400, respectively]

A.1.2. Toluidine Blue Stain:

The gastric mucosa of the control
adult rats showed a normal gastric
mucosa with gastric pits, intact blood
capillaries, parietal cells, chief cells, and
mucous cells (Fig. 2a). The gastric
mucosa of the ASA-treated group
showed dilated gastric pits, dilated and
congested blood capillaries, vacuolated
parietal and chief cells, and degenerated
mucous cells (Fig. 2b). The
ASA+silymarin-treated group showed
less dilated gastric pits and blood
capillaries. The parietal, chief and
mucous cells appeared intact (Fig. 2c).
A.1.3. Masson's Trichrome Stain:

The stomach wall of the control
adult rats showed a minimal amount of
collagen fibres in the muscularis mucosa,
submucosa, and between bases of gastric

glands (Fig. 2d). The stomach wall of the
ASA-treated group showed a great
amount of collagen fibres in the
muscularis mucosa, submucosa and
between bases of gastric glands (Fig. 2e).
The stomach wall of the ASA+silymarin-
treated group showed a moderate amount
of collagen fibres in the submucosa and
lamina propria (Fig. 2f).
A.l.4. Immunohistochemical Results:
The gastric mucosal cells of the
control rats group showed a weak
immune reactivity to iNOS (Fig. 2g9). The
mucosal cells of the ASA-treated group
showed a strong positive immune
reaction to INOS (Fig. 2h). The
ASA+silymarin-treated group showed a
moderate immune reaction to iNOS (Fig.
2i).
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The
control group shows normal gastric mucosa with gastric pits (thin arrow), intact blood
capillaries (thick arrow), parietal cells (P), chief cells (C), and mucous cells (MC) [Fig.
2a], a minimal amount of collage fibres (arrowheads) in the muscularis mucosa (M),
submucosa (SM), and between bases of gastric glands (*) [Fig. 2d] and a weak immune
reaction to iINOS (arrowheads) [Fig. 2g]. The ASA-treated group shows dilated gastric
pits (thin arrows), dilated and congested blood capillaries (thick arrows), vacuolated
parietal (P) and chief (C) cells, and degenerated mucous cells (MC) [Fig. 2b], a great
amount of collagen fibres (arrowheads) in the muscularis mucosa (M), submucosa (SM),
and between bases of gastric glands (*) [Fig. 2e] and a strong immune reaction to iNOS
(arrowheads) [Fig. 2h]. The ASA+silymarin-treated group shows less dilated gastric
pits (thin arrow), residual congested blood capillaries (thick arrow), intact parietal cells
(P), chief cells (C), and mucous cells (MC) [Fig. 2c], a moderate amount of collage
fibres (arrowheads) in the muscularis mucosa (M), submucosa (SM), and between bases
of gastric glands (*) [Fig. 2f] and a moderate immune reaction to iNOS (arrowheads)
[Fig. 2i]. [Toluidine blue: 2a-2c; X1000, Masson's trichrome: 2d-2f; X400, iNOS
immune-stain: 2g-2i; X400, respectively]

A. 1l. Electron microscopic results:
A.l1.1. Scanning electron microscopy:
The gastric mucosa viewed from
the lumen of the control adult rats
revealed a sheet of intact cells with a
cobblestone appearance and mucosal
ropes extending from the gastric pits
(Figs. 3a, 3d). The gastric mucosa of the

ASA-treated group showed mucosal
erosions, disruption of the gastric
mucosal cells, and destruction of the
mucus layer (Figs. 3b, 3e). The gastric
mucosa of the ASA+silymarin-treated
group revealed a sheet of intact gastric
mucosal cells and mucus extending from
the gastric pits (Figs. 3c, 3f).
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Plate 3: Scanning electron photomicrographs of the gastric mucosa viewed from the
lumen of the different studied groups. The control group shows a sheet of intact gastric
mucosal cells with a cobblestone appearance (A ) with gastric pits (arrow) and ropes of
mucus (*) extending from gastric pits [Figs. 3a, 3d]. The ASA-treated group shows
mucosal erosions (arrows), disruption of the gastric mucosal cells (A ), and destruction
of the mucus layer (*) [Figs. 3b, 3e]. The ASA+silymarin-treated group shows gastric
pits (arrow), a sheet of intact gastric mucosal cells (A), and mucus (*) extending from
the gastric pits [Figs. 3c, 3f]. [SEM: 3a-3c; X1500, 3d-3f; X3500, respectively]

A.ll.2. Transmission electron
microscopy:

The control parietal cells
contained rounded nuclei, numerous

electron-dense  mitochondria, Golgi

apparatus,  ribosomes, cytoplasmic
vacuoles, tubulovesicles, and
intracellular ~ canaliculi  lined by

numerous microvilli (Fig. 4a). The
parietal cells of the ASA-treated group
showed irregularly outlined nuclei,
swollen  mitochondria, cytoplasmic
rarefaction and vacuolations, dilated
Golgi  apparatus, and intracellular
canaliculi with destructed microvilli
(Fig. 4b). The ASA+silymarin-treated
parietal cells showed oval nuclei,
electron-dene mitochondria, cytoplasmic
vacuoles, tubulovesicles, and

intracellular canaliculi lined by intact
microvilli (Fig. 4c).

The chief cells of the control
group showed basal rounded nucleus,
packed cisternae of rough endoplasmic
reticulum, apical zymogenic secretory
granules,  Golgi  apparatus, and
mitochondria (Fig. 4d). Whereas, the
chief cells of the ASA-treated group

revealed  heterochromatic  indented
nuclei, markedly dilated rough
endoplasmic reticulum, swollen

mitochondria and few apical large
secretory granules (Fig. 4e). The chief
cells of the ASA+silymarin-treated
group showed rounded nucleus with a
prominent nucleolus, apical zymogenic
secretory granules, rough endoplasmic
reticulum, and Golgi apparatus (Fig. 4f).
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Plate 4: TEM photomicrographs of the parietal cells [Figs. 4a-4c] and chief cells [Figs.
4d-4f] of the gastric glands of the studied groups. A control parietal cell shows a rounded
nucleus (N), numerous electron-dense mitochondria (m), Golgi apparatus (G),
ribosomes (R), cytoplasmic vacuoles (A), tubulovesicles (VS) and intracellular
canaliculi (ICC) lined by numerous microvilli (arrow) [Fig. 4a]. An ASA-treated
parietal cell shows an irregularly outlined nucleus (N), swollen mitochondria (m),
cytoplasmic rarefaction and vacuolations (V), dilated Golgi apparatus (G), and
intracellular canaliculi (ICC) with destructed microvilli [Fig. 4b]. An ASA+silymarin-
treated parietal cell shows an oval nucleus (N), many electron-dene mitochondria (m),
cytoplasmic vacuoles (A), tubulovesicles (VS) and intracellular canaliculi (ICC) lined
by intact microvilli (arrows) [Fig. 4c]. Two adjacent control chief cells show basal
rounded nuclei (N), packed cisternae of rough endoplasmic reticulum (rER),
mitochondria (m), Golgi apparatus (G), and apical zymogenic secretory granules (@)
[Fig. 4d]. An ASA-treated chief cell shows a heterochromatic indented nucleus (N),
markedly dilated rough endoplasmic reticulum (rER), swollen mitochondria (m), and
few apical large secretory granules (g) [Fig. 4e]. An ASA+silymarin-treated chief cell
shows a rounded nucleus (N) with a prominent nucleolus (Nu), Golgi apparatus (G),
mitochondria (m), rough endoplasmic reticulum (rER), and apical zymogenic secretory
granules (g) [Fig. 4f]. [TEM; X 4800]

The enteroendocrine cells of
the control group had oval nuclei that
were located in a deeply enfolded
envelope and exhibited a prominent
nucleolus. The cytoplasm contained
rough endoplasmic reticulum, free
ribosomes, basally located dense
spherical granules (each being enveloped
with a loose-fitting membrane), Golgi
complex located beside the nucleus and
small spherical mitochondria with hardly
visible mitochondrial ridges (Fig. 5a).
The enteroendocrine cells of the ASA-
treated group revealed pyknotic
heterochromatic irregular nuclei, swollen
mitochondria, cytoplasmic vacuolations,
rarified cytoplasm and dense secretory
granules (Fig. 5b). The enteroendocrine
cells of the ASA+silymarin-treated

group revealed rounded nuclei with a
prominent nucleolus, secretory granules,
Golgi apparatus, mitochondria, rough
endoplasmic  reticulum, and free
ribosomes (Fig. 5¢).

The control mucous-secreting
cells revealed a basally located oval
nucleus with a prominent nucleolus,
Golgi complexes located beside the
nucleus, a lot of mucoid secretory
granules bordering the lumen of the
stomach, mitochondria, and rough
endoplasmic reticulum (Fig. 5d). The
mucous-secreting cells of the ASA-
treated group showed  shrunken
hyperchromatic nuclei, dilated Golgi,
swollen mitochondria and mucoid
secretory granules (Fig. 5e). In the
ASA+silymarin-treated  group,  the
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located beside the nucleus, mitochondria
and mucoid secretory granules bordering
the lumen of the stomach (Fig. 5f).

mucous-secreting cells contained basally
located oval nuclei showing residual
hyperchromatic state, Golgi complex

-3
Sk L 2um

Plate 5: TEM photomicrographs of the enteroendocrine cells [Figs. 5a-5c] and mucous-
secreting cells [Figs. 5d-5f] of the gastric glands of the examined groups. A control
enteroendocrine cell shows an oval nucleus (N) located in a deeply enfolded envelop
(*) with a prominent nucleolus (Nu), rough endoplasmic reticulum (rER), free
ribosomes (R), numerous dense spherical granules basally located each being enveloped
with loose-fitting membrane (g), Golgi complex (G) located beside the nucleus and
small spherical mitochondria (m) with hardly visible mitochondrial ridges [Fig. 5a]. An
ASA-treated enteroendocrine cell shows a pyknotic heterochromatic irregular nucleus
(N), swollen mitochondria (m), cytoplasmic vacuolations (V), rarified cytoplasm (#)
and dense secretory granules (g) [Fig. 5b]. An ASA+silymarin-treated enteroendocrine
cell shows a rounded nucleus (N) with a prominent nucleolus (Nu), Golgi apparatus (G),
free ribosomes (O), mitochondria (m), secretory granules (g), and rough endoplasmic
reticulum (rER) [Fig. 5¢c]. A mucous-secreting cell of the control group shows a basally
located oval nucleus (N) with a prominent nucleolus (Nu), Golgi complex (G) located
beside the nucleus, a lot of mucoid secretory granules (g) bordering the lumen (L) of the
stomach, mitochondria (m) and rough endoplasmic reticulum (rER). Notice the adjacent
parietal cell (P) [Fig. 5d]. Two adjacent mucous-secreting cells of the ASA-treated
group show shrunken hyperchromatic nuclei (N), dilated Golgi (G), swollen
mitochondria (m) and mucoid secretory granules (g) [Fig. 5e]. A mucous-secreting cell
of the ASA+silymarin-treated group shows a basally located oval nucleus (N) with
residual hyperchromatin, Golgi complex (G) located beside the nucleus, mitochondria
(m), and mucoid secretory granules (g) bordering the lumen (L) of the stomach [Fig.
5f]. [TEM: 5a-5c; X 7200, 5d-5f; X 4800, respectively]

B) Morphometric Results: showed non-significant change

The statistical analysis of the
morphometric measurements of the
different examined groups revealed a
significant increase in the mean area % of
the collagen fibres and iINOS immune
expression in the gastric mucosa of the
ASA-treated group compared to the
control. The mean area % of collagen
fibres and iINOS immune expression of
the  ASA+silymarin-treated  group

compared to the control one (Table 1&
Histogram 1).

On the other hand, there was a
significant decrease in the gastric
mucosal thickness of the ASA-treated
group compared to the control group.
The gastric mucosal thickness of the
ASA+silymarin-treated group showed a
non-significant change compared to the
control group (Table 2& Histogram 2).
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Table 1: The means of the area percentage of collagen fibres by Masson's Trichrome
staining and INOS immune expression of the different groups.

group 1 group 2 group 3
control group | ASA-treated group ASA-tsilymarin-treated | p-value
(meantSD) (mean+SD) .
group (mean+SD)
0
Area A’ﬁffr‘;"uagen 30.83+1.47 69.2+4.76%** 33.2+1.48 0.000
5 e
Area%ofiNOS |, 5 ) 7.58+0.37%%* 0.660.03 0.000
immune expression

Data are presented as mean + SD
(*): Significant as compared to control

group 1 group 2 group 3

80

70

60

30

40

30

20

10

M area% of collagen fibres M area% of iNOS immune expression

Histogram 1: Showing means of the area percentage of collagen fibres and iNOS
immune expression of the different studied groups.

Table 2: The means of the gastric mucosal thickness of the different groups.

group 1 group 2 group 3
control group ASA-treated group| ASA+silymarin-treated |p-value
(mean=SD) (mean=SD) group (mean£SD)
Gastric mucosal | g5y .3 1) | 607445 508 %x 946=6.51 0.000
thickness (um)

Data are presented as (mean + SD)
(*): Significant as compared to control
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Gastric mucosal thickness (um)
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group 1

group 2

group 3

Histogram 2: showing the means of the gastric mucosal thickness of the different

groups.

DISCUSSION

Gastric mucosal injuries are
common  gastrointestinal  disorders
(Yousaf et al., 2014). In the present
study, the administration of ASA caused
histological disturbances of the gastric
mucosa observed by light microscopy
and came parallel with the scanning and
electron microscopic results. ASA in the
present work induced discontinuity of the
gastric mucosa, disorganization of the
glandular architecture, vacuolation of
cells and dilated gastric glands. These
findings were in accordance with Majeed
et al. (2015), Salga et al. (2017), and
Mahmoud and Abd EI-Ghffar (2019)
who demonstrated that the
administration of salicylates resulted in a
loss of gastric mucosal integrity, eroded
surface epithelial cells, submucosal
oedema, and inflammatory cell
infiltration.

The observed findings could be
explained by Papatheodoridis and
Archimandritis (2005) and Matsui et al.
(2011) who attributed the local direct
damage of the gastric mucosa by
unionized salicylic acid in gastric juice
that entered and accumulated within the
gastric epithelial cells then became

ionized intracellularly. It disturbed cell
metabolic functions, increased mucosal
permeability and allowed the back
diffusion of H+ ions. Yang et al. (2017)
stated that ASA released TNF-a and IL-
6 and caused oxidative injury via
Glutathione depletion and
myeloperoxidase induction. Moreover,
Takeuchi (2012) stated that gastric
mucosal injury arose primarily from the
inhibition of COX-1 which was
constitutively expressed and generated
prostaglandins  involved in  the
maintenance of the integrity of the gastric
mucosa. However, it was reported that
COX-1 and COX-2 either alone or in
concert contributed to gastric mucosal
defense. They added that there was also
evidence that only blockade of both
COX-1 and COX-2 carried a major risk
of gastric ulceration.

The present work revealed that
ASA caused a reduction of the glandular
thickness and this finding was confirmed
morphometrically. This observation was
in agreement with Mahmoud and Abd EI-
Ghffar (2019). This finding could be
explained by the loss and destruction of
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the gastric mucosal cells and the erosion
caused by ASA administration.

The current study revealed that
ASA induced capillary congestion and
dilatation. These results are in
accordance with Zhang et al. (2014) who
demonstrated that aspirin  caused
congestion and haemorrhagic gastric
erosion, and glandular vacuolation. In
addition, the congestion of blood vessels
described in this study was in agreement
with Bayramli and Ulutas (2008) who
observed hemorrhagic erosions,
dilatation, and congestion of the nearby
blood vessels after administration of a
single oral dose of 200 mg aspirin /kg
body weight.

The electron microscopic results
of the ASA-treated group of the present
work revealed the destruction of the
parietal, chief, mucous and
enteroendocrine cells. Hagras et al.
(2014) and Shalaby et al. (2016) reported
that disrupted canaliculi and the
appearance of dense bodies were signs of
parietal cells’ early damage. Shalaby et
al. (2016) reported that intracellular
canaliculi disruption and dilatation lead
to parietal cell vacuolization. Moreover,
Polat et al. (2011) suggested that damage
to the tight junction permeability
between the gastric mucosal epithelial
cells may be implicated in induced chief
cells disorder.

The present study revealed an
excessive amount of collagen fibres
deposited in the submucosa and lamina
propria of the ASA-treated group and this
observation was confirmed
morphometrically. Kumar et al. (2003)
attributed  the increased collagen
deposition at sites of inflammation to the
growth factors elaborated by the attracted
inflammatory mononuclear cells to the
sites of injury. In addition, Hagras et al.
(2014) observed the same finding after
treatment with the anti-rheumatic drug
Leflunomide. Pochetuhen et al. (2007)
reported the close interrelation between
cellular infiltration and fibrosis and
clearly explained the associated
increased deposition of collagen fibres
by the activated fibroblasts which were

depicted hand in hand with the cellular
infiltration.

Regards the
immunohistochemical  results,  the
present study exhibited that ASA caused
a strong positive immune reaction to
INOS and this observation was
confirmed morphometrically as there
was a significant increase in the area %
of iINOS in the ASA-treated group. This
finding was in agreement with Konturek
et al. (2006) who reported that one of the
mechanisms by which aspirin could
damage the gastric mucosa was via the
increased NO production due to iINOS
over-expression.

The present study demonstrated
an ameliorative effect of silymarin against
salicylate-induced gastric mucosal injury.
These results agreed with those of Huilgol
and Jamadar (2012) and Surai (2015) who
demonstrated that  silymarin  has
significant anti-ulcerative activity by dual
mechanisms; the ability to decrease the
HCI secreted by gastric glands and a
cytoprotective action by prevention of
peroxidative processes which in turn lead

to increases in the endogenous
antioxidants levels.
In  addition, a  possible

mechanism for the cytoprotective action
of silymarin was that silymarin
stimulated = DNA-dependent  RNA
polymerase, leading to increased protein
synthesis and thus promoting reparative
and healing processes as observed by
Khazaei et al. (2022).

According to Eraky et al. (2018),
silymarin  also  has antifibrotic,
anticancer, and  anti-inflammatory
properties. In addition to preserving
redox equilibrium, silymarin could lower
NO, lactate dehydrogenase, and reactive
oxygen species levels as stated by
Chtourou et al. (2010). By preserving the
integrity of mitochondrial activity,
silymarin could also suppress the
mitochondrial apoptotic pathway as
reported by Fernandez-Moriano et al.
(2015). Moreover, Anahita et al. (2020)
reported that silymarin had improved the
tissue indicators of wound healing in
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experimental models of full-thickness
gastric wounds in rats.
Conclusion: Salicylates induce gastric
mucosal injuries and fortunately the
concomitant administration of silymarin
could ameliorate these effects.
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