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Abstract

ACKGROUND: Diclofenac sodium is a non-
steroidal anti-inflammatory prescription, widely

used in the management of many inflammatory

diseases but the side effects limiting its clinical use. The
present work was carried out to detect the ameliorative
effect of vitamin D against diclofenac sodium induced
gastric injury in adult male albino rats.

METHODS: Forty adult male Wistar albino rats were
classified into four groups: G-I received no treatment
(control group), G-II orally received 500 IU/kg of vitamin
D daily, G-III intraperitoneally received 3 mg/kg of
diclofenac sodium daily, and G-IV received both 500 1U/
kg of vitamin D and 3 mg/kg of diclofenac sodium daily
for 14 days. Specimens from rats' stomach were processed
for light microscopy. Immunohistochemical examination
was carried out to detect inducible nitric oxide synthase
(iNOS), proliferating cell nuclear antigen (PCNA), and
alpha smooth muscle actin (a-SMA). The morphometric
results were analyzed statistically.

RESULTS: Gastric sections of G-Il displayed inflammatory
cellular infiltrations and dilated congested blood vessels.
Some of the gastric gland cells showed cytoplasmic
vacuolation, dilated gastric pits, and cystic dilatation.
There was a significant increased Masson's trichrome
stain and a significant decrease in PAS. The mean area
percentage of iNOS and a-SMA expression showed a
statistically significant increase. The PCNA positive cells
were significantly decreased in the isthmus and neck
region compared with the control. While in contrast,
G-IV prevented the gastric injury by increasing PAS and
PCNA but decreasing Masson's trichrome stain, iNOS and
a-SMA expression.

CONCLUSION: Vitamin D administration prevented the
structural alterations of the gastric rat induced by diclofenac
sodium.

KEYWORDS: diclofenac sodium, a-SMA, iNOS, PCNA,
vitamin D
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Introduction

Non-steroidal  anti-inflammatory ~ drugs  (NSAIDs)
are prescribed for its analgesic, antipyretic, and anti-
inflammatory possessions. They are commonly used to treat
many inflammatory diseases due to their role in relieving of
pain, decreasing inflammation and fever. The long period
using NSAIDs is frequently related to gastric mucosal ulcer

and leads to serious complications such as bleeding and

perforation. In humans, NSAIDs is associated with adverse
effects such as gastrointestinal injury, renal dysfuction, and
cardiovascular damage. (1) Prostaglandins are formed from
arachidonic acid by two isoforms of cyclooxygenase (COX)
that defend the gastric mucosa against injury. However,
NSAIDs act by blocking of COX enzymes and inhibiting
the production of prostaglandins. Others have been reported
their action is due to neutrophil activation.(2) Also, acid
in the lumen of the stomach contributed to the mechanism
of NSAIDs induced ulcers and bleeding by damaging the
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regeneration procedure interfering with haemostasis and
deactivating numerous growth factors that are essential
in the mucosal protection and repair.(3) Mechanisms of
damage to the stomach involve the oxygen free radicals.
(4) Diclofenac sodium is one of the NSAIDs widely used
as an anti-inflammatory and analgesic drug derived from
phenyl acetic acid. Its action is completed by decreasing
the synthesis of prostaglandins through prevention of COX
enzymes mainly COX2.(5) On the other hand, gastric ulcer
diseases have been reported after chronic administration
of diclofenac for rheumatoid and osteoarthritis patients.
(6) To get safe to use diclofenac sodium requires a better
understanding of the pathogenesis of diclofenac sodium
induced gastric ulcer disease. Previous reports suggested that
most important protective factors for mucosa are adequate
blood flow, motility, cell regeneration, bicarbonate, mucus,
prostaglandins and nitric oxide.(7) Nitric oxide produced
from stimulation of inducible nitric oxide synthase (iNOS)
action in the gastric ulcer induction through the formation of
reactive oxygen species, a powerful cytotoxic oxidant that
causes gastric injury.(8) Both proliferation and apoptosis
processes are in balance however if this balance is disrupted
either due to increase the apoptosis and/or decrease the
proliferation, mucosal damage will occur. Proliferating cell
nuclear antigen (PCNA) is a marker for cell proliferation
that extent its extreme level in the nucleus during late G1/S
phase of the cell cycle and this specifies the onset of DNA
synthesis.(9)

Ulcer closure is a combination process of regional
epithelial migration, proliferation and myofibroblast
contraction. Myofibroblasts appeared at the site of injury,
secrete the extracellular matrix proteins that support
contraction of granulation tissue through the expression
of alpha-smooth muscle actin (a-SMA) which plays an
important role in fibrogenesis.(10)

Gastric ulcer management is carried out using antacid
prescriptions; however, most of these medications have
severe side effects. Currently, studies directed towards the
use of safe products and reduced diclofenac adverse effect
by the appropriate use of antioxidants.

Vitamin D is a potent antioxidant. It is a fat soluble
vitamin and plays an important role in regulation of bone
metabolism and stimulates calcium absorption in the gut.
Vitamin D has other roles in the body including cellular
differentiation, proliferation, and immune function.(11)
Vitamin D is a steroid hormone that obtained from food
and sun exposure. Additional functions of the vitamin D
include anti-oxidative, anti-inflammatory and anti-fibrotic
effects.(12) The above mentioned possessions of vitamin D
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encouraged us to examine the ameliorative potential of this
vitamin against the gastric alterations induced by diclofenac
sodium in male albino rats.

Thus, the current study was designed to evaluate the
effect of diclofenac sodium on the fundic region of stomach
adult male albino rat and to elucidate the fundamental
mechanisms of vitamin D supplementation using the
immunohistochemical investigation of iNOS, PCNA and
a-SMA.

Methods

Animals

Forty male albino Wistar rats, with a body weight ranged
from 200420 g were used in the present study. Rats were
purchased from the animal house of Faculty of Medicine,
Assiut University, Egypt. Rats were well kept under
harmless sterile conditions for acclimatization for two
weeks before starting the experiment. They were housed in
stainless steel cages at 24+1°C, 12 h dark/light cycles. They
were allowed standard commercial pellets for feeding, and
free access to water ad libitum. All animal processes were in
agreement with the guidelines of the experimental animals
and coincide with national Institute of Health protocol and
through international guidelines.

Experimental Design

The rats were divided into four groups, with 10 rats
in each group. G-I was the control group that received
no treatment. G-II was the vitamin D group that orally
received vitamin D in a dose of 500 IU/kg daily for 14
days. Vitamin D (cholecalciferol) in the form of oral drops
2800 ITU/mL was obtained from Vidrop, Medical Union
Abu-Sultan, Egypt. G-III
diclofenac sodium group that intraperitoneally received 3

Pharmaceuticals, was the

mg/kg of diclofenac sodium daily for 14 days. Diclofenac
75 mg/3mL
was produced by Novartis Pharma company (Basel,

sodium (voltaren) ampoules containing
Switzerland). Lastly, G-IV was the group that receive both
vitamin D and diclofenac sodium in similar doses of G-II
and G-III for 14 successive days.(13,14)

Histological Analysis

The abdomen of the rats was opened and stomach
specimens were fixed in 10% neutral buffered formalin and
accomplished for histological analysis. Paraffin blocks were
sectioned into 5 pm thickness and stained with Hematoxylin
and Eosin (H&E) for general examination (15), Masson’s
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trichrome was used to detect collagen fibers and Periodic
acid Schiff (PAS) to detect mucosal glycoprotein (16).

Immunohistochemical Analysis

Immunohistochemical staining for iNOS, PCNA and
a-SMA was conducted using the avidin-biotin peroxidase
technique according to previous studies method.(17,18)
Three pm thick sections were deparaffinized in xylene and
then rehydrated in alcohol. Methanol comprising of 0.03%
hydrogen peroxide was carried out for 20 minutes to remove
the endogenous peroxidase activity. To block nonspecific
antibody, stomach sections were incubated for 20 minutes
with normal serum. The sections were incubated with anti-
iNOS rabbit polyclonal antibody (1:200 diluted, Abcam,
Cambridge, UK). Successively, sections were incubated with
biotinylated goat anti-rabbit [gG secondary antibody (1:100
diluted, Abcam). Other sets of slides were incubated with
a primary antibody (PCNA, mouse monoclonal antibody,
PC10) (1:200 diluted, Thermo Fischer Scientific, Waltham,
Massachusetts, USA). Consequently, the biotinylated goat
anti-mouse IgG secondary antibody (1:200 diluted, Abcam)
was carried out to detect the primary antibody to PCNA.
Others were incubated with 0-SMA mouse monoclonal
antibody (1:100 diluted, DAKO, Glostrup, Denmark).
Anti-mouse IgG (1:500 diluted, Sigma-Aldrich, St. Louis,
Missouri, USA) was used as the secondary antibody. All
stomach sections were successively stained with biotinylated
IgG for 10 minutes and avidin biotin horseradish peroxidase
complex for 15 minutes. Visualization of the reaction was
conducted by adding the chromogen diaminobenzidine
(DAB) (Dako) to slides. Slides were washed with distilled
water and sections were counterstained with Mayer’s
hematoxylin. Stomach sections were dehydrated, reduced
transparent with xylene, and cover slipped. Normal stomach
tissues were used as positive controls. The negative controls
were treated without the primary antibody. The photography
was conducted at the Mycology and Biotechnology Unit,
Al-Azhar University, Cairo, Egypt.

Morphometric Analysis

The Leica Qwin 500 program, Image analyzer computer
system (Leica, Cambridge, UK) was used. To estimate the
mucosal height (um), the perpendicular distance between
the stomach mucosal surface and the muscularis mucosa
were measured using the same H&E stained sections that
used for histological study. Ten evaluations were considered
in five non-overlapping fields at magnification of x100.
Also, the area % of the collagen content using Masson’s
trichrome stained sections, area% of PAS positive reaction
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in PAS-stained sections, area% of positive immune reaction
for iNOS, a-SMA were measured. The image analyzer
was calibrated to transform the measurement units (pixels)
formed by the image analyzer program into the definite
micrometer units. Using measuring field menu, then the
area percentage and the standard measuring frame were
chosen. Stomach section was enclosed inside the standard
measuring frame and then the area were masked by a blue
binary colour to be evaluated.(17, 18) These measurements
were conducted using an objective lens of magnification
x40 and ten reading were calculated in five non-overlapping
fields from each rat. The mean number of PCNA positive
cells in the immunostained slides was assessed. Positive
PCNA staining was calculated based on the formulation: the
level of positivity = Number of positive cells / number of
counted cells multiplied by 100.(19)

Data Analysis

Data analysis was carried out using SPSS software (version
16, Chicago, Illinois, USA). Results obtained from the
morphometric analysis were expressed as means+standard
deviation. One-way analysis of variance (ANOVA) followed
by Tukey’s post hoc test to conclude the differences among
the mean values of different groups. A probability of p<0.05
was considered statistically significant.

Results

Hematoxylin and Eosin (H&E)
H&E stained sections of G-I and G-II showed that normal
architecture of fundic glands, consists of isthmus, neck and
base areas opened into the surface by short narrow gastric
pits (Figure 1A, 1B). The upper part of lining epithelium
formed of simple columnar mucous secreting cells with
foamy apical cytoplasm and basal oval nuclei. The isthmus
was lined by surface mucous secreting cells (Figure 2A,
2B). The middle neck region showed large parietal cells
with central rounded nuclei and eosinophilic cytoplasm
and surface mucous neck cells. The majority of chief cells
occupied at the base with basal oval nuclei, basal basophilic
cytoplasm, and pale apical granular part (Figure 2A,2B).
H&E stained sections of G-III revealed variable
degrees of mucosal lesions. Some sections showed marked
loss of normal architecture (Figure 1C), widening of gastric
pits (Figure 2E, 2F), congested dilated blood vessels in
between the fundic glands and in the submucosa (Figure
1C, 2G). Some chief and parietal cells appeared vacuolated
(Figure 2C). Focal areas of extensive mononuclear cellular

167



The Indonesian Biomedical Journal, Vol.12, No.2, June 2020, p.85-188

Print ISSN: 2085-3297, Online ISSN: 2355-9179

E 1000 759 12

788.13

800

600 -

452.16*

T

400

Mucosal Height (um)

200

G-1 G-11

G-Il G-IV

Figure 1. Photomicrographs of stomach sections of different studied groups. A: G-I, showing regular arrangement of fundic mucosa
glands that open into the lumen by short narrow gastric pits. B: G-1I, showing normal histological architecture of the fundic glands and
the lining cells. C: G-1II, showing the disorganized gastric mucosa which consists of wide gastric pits, isthmus, neck and base. Numerous
engorged blood vessels (black arrows) in the submucosa and in between the basal part of glands (yellow arrow). D: G-IV, showing
restoration of the normal structure of the gastric mucosa with variable gastric pits. Mildly congested blood vessels and few inflammatory
cellular infiltrations (black arrow) can be seen. Black bar: 200 pm; p: gastric pits; i: isthmus; n: neck; b: base; bv: blood vessels. E: Graph
bars represent mucosal height detected in the different studied groups. *Significant decrease of G-III vs. G-I, while “significant increase of

G-IV vs. G-III at p<0.001.

infiltrations  (Figure 2D), consistent

distorted, disorganized, dilated glands and the glandular

appearance  of

cystic dilatations lined by flattened epithelial cells (Figure
2C, 2E).

H&E stained sections of G-IV revealed more or less
intact mucosa with short narrow pits (Figurel D), however,
some glandular cells still had vacuolated cytoplasm (Figure
2H). The mucosal height (um) was statistically significant
decreased in the G-III (452.16+£107.12) as compared to the
control group, however, it was significantly increasing in the
G-1V (776.15+£121.25) as compared to G-II1. No statistically
significant difference between G-I (789.12+125.23) and
G-I (788.13+117.14) (Figure 1E).
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Masson's Trichrome

Sections of G-I and G-II revealed few collagen fibers in
between the basal parts of fundic glands and in submucosa
(Figure 3A, 3B). G-III showed dense irregularly arranged
collagen fibers between the distorted fundic glands and
around dilated congested blood vessels in the submucosa
(Figure 3C). G-IV showed decrease the collagen fibers
in between fundic glands and in the submucosa (Figure
3D). The mean area percentage of collagen fibers was
significantly increasing in G-III (9.65+1.22) as compared
to G-1. However, it was significantly decreasing in G-IV
(5.14+0.55) as compared to G-III. No significant difference
between G-I (4.32+0.22) and G-1I (4.34+0.65) (Figure 3E).
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Figure 2. Photomicrographs of gastric mucosal sections from different studied groups. A: G-I, showing regularly arranged fundic
glands with short gastric pits. Normal architecture of long, straight and packed gastric glands, intact parietal cells (black arrow) and chief
cells (blue arrow). B: G-I, showing normal architecture of fundic glands with narrow gastric pits, normal appearance of mucous surface,
parietal cells (black arrow) and chief cells (blue arrow). C: G-III, showing a glandular cystic dilatation and marked vacuolization of the
cytoplasm of some parietal cells (yellow arrow). D: G-III, showing disordered fundic glands (black arrow) with excessive mononuclear
cells infiltration and aggregation. E: G-II1, showing some glands are disorganized and dilated (black arrows) and wide gastric pits. F: G-I11,
showing disordered widening gastric pits. G: G-III, showing dilated congested blood vessels between widely separated fundic mucosal
glands (black arrow) and in the submucosa (blue arrow). H: G-IV, showing some parietal cells with mild vacuolation (blue arrow). Some
intact parietal cells (black arrows) and intact chief cells. Black car: 50 pm; p: gastric pits, d: cystic dilatation; m: mononuclear cells.

Periodic Acid Schiff (PAS)

Sections of G-I and G-II showed intense PAS positive
reaction on the thick mucus film over the surface epithelium
and spread down to the gastric pits, isthmus and neck areas
(Figure 4A, 4B). Sections of G-III revealed an interrupted
mucosal layer and weak PAS positive reaction on the
mucosal surface, pits and isthmus regions but negative
PAS reaction in the neck region and no mucus film were
observed (Figure 4C). Sections of G-IV showed intense PAS
positive reactivity on the thin mucous film over the surface
epithelium spreading down into the gastric pits; isthmus
and neck (Figure 4D). The mean area percentage in the PAS
sections was significantly decreasing in G-III (6.6+0.265) as

compared to G-1. However, the mean area was significantly
increasing in G-IV (13.4540.22) as compared to G-III. No
statistically significant difference between G-I (14.6+0.76)
and G-II (14.5+0.84) (Figure 4E).

iNOS Expression

iNOS-immunohistochemical stained sections from G-I,
G-II revealed a faint iNOS immunohistochemical positive
cytoplasmic reaction in the form of a brownish coloration
mainly in the basal regions (Figure 5A, 5B). While, sections
obtained from G-III revealed a strong iNOS on the surface
epithelium, gastric pits, the isthmus and moderate in the
basal areas (Figure 5C). Sections from G-IV showed a
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Figure 3. Photomicrographs of fundic gastric sections from different studied groups. A: G-I, showing few collagen fibers between
the fundic glands in the basal parts (red arrows) and in the submucosa (yellow arrows) which contains blood vessels. B: G-II, showing
little collagen fibers in the basal parts (red arrows) of fundic glands and around blood vessels (yellow arrows) in the submucosa. C: G-III,
showing marked increase in the deposition of the collagen fibers in between the basal parts of the gland (red arrows) and around dilated
congested blood vessels in the submucosa (yellow arrows). D: G-IV, showing moderate decrease in collagen fibers between the fundic
glands especially at the base (red arrows) and in submucosa (yellow arrows). Black bar: 50 pm. E: Graph bars represent area percentage of
collagen fibers detected in the different studied groups. *Significant increase of G-III vs. G-I, while “significant decrease of G-IV vs. G-II1

at p<0.001.

moderate iNOS reaction in the basal region (Figure 5D). The
mean area percentage of iNOS of the fundic mucosa was
significantly increasing in G-1II (30.76+1.55) as compared to
G-I. However, iNOS was statistically significant decreased
in G-1V (8.99+0.88) as compared to G-III. No statistically
significant difference was found between G-I (6.13%0.50)
and G-II (6.12+0.33) (Figure 5E).

PCNA Expression

PCNA immunohistochemical stained sections showed
dark brown cytoplasmic granules at the isthmus and
middle zone of gastric glands of G-I and G-II (Figure 6A,
6B). The PCNA positive cells were decreased in G-III in
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the isthmus and middle zone (Figure 6C) as compared to
G-1. Numerous immunopositive PCNA stained cells were
detected in sections from G-IV in the isthmus and neck cells
down to basal parts of fundic glands (Figure 6D). The mean
number of PCNA positive cells was significantly decreased
in G-III (82.7+£2.67) as compared to G-I, however, it was
significantly increased in G-IV (121+3.3) in comparison
to G-III. No statistically significant difference between G-I
(95.2+1.8) and G-II (95.3+1.9) (Figure 6E).

0-SMA Expression
o-SMA immunohistochemical stained sections from G-I
and G-II revealed brownish immunohistochemical reaction
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Figure 4. Photomicrographs sections of fundic stomach mucosa of different studied groups. A: G-I, showing strong PAS positive
reaction covering the surface mucous cells (black arrows) and extending to the gastric pits and isthmus of glands (blue arrows). B: G-II,
showing localized strong PAS positive reaction in the surface mucous coat (black arrows) and in the isthmus (blue arrows). C: G-Il
showing faint and interrupted PAS positive material of the surface mucous coat and extend to fill gastric pits (black arrows) with areas
of focal loss (blue arrows). D: G-IV, showing increased PAS positive material covering the surface columnar cells (black arrows) and
extending to the pits and isthmus (blue arrows). Black bar: 50 um. E: Graph bars represent area percentage of PAS reaction in the different
studied groups. *Significant decrease of G-IIT vs. G-I, while *significant increase of G-IV vs. G-IIT at p<0.001.

mainly in the muscularis mucosa, muscularis externa and
around blood vessels (Figure 7A, 7B). Sections obtained
from G-III revealed a strong a-SMA immunohistochemical
staining in the muscularis mucosa, muscularis externa
and in between the basal parts of mucosal glands (Figure
7C). Sections from G-IV showed positive o-SMA
immunohistochemical reaction in muscularis mucosa,
muscularis externa and few positive staining in between basal
parts of fundic mucosal glands (Figure 7D). The mean arca
percentage of a-SMA was significantly increased in G-III
(55.39+ 2.03) as compared to G-I. However, a-SMA was
significantly decreased in G-IV (32.17+1.14) as compared
to G-III. No significant difference was found between G-I
(25.37-+ 1.07) and G-II (25.39-+1.09) (Figure7E).

Discussion

In this study, the histological findings suggested that there
was toxicity of the gastric mucosa upon administration
of diclofenac sodium. This was shown by the appearance
of cellular infiltration in in the diclofenac sodium group.
This could be attributed due to damage of integrity of
the intercellular junctions. Data from the literature have
confirmed experimentally that after exposure to NSAIDs,
gastric mucosa exposed to the effect of acid and enzymes,
and later bacterial invasion.Then, bacteria secrete the
chemotactic factors such as macrophage, lymphocytes and
neutrophils.(20)
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Figure 5. Photomicrographs of fundic stomach sections from different studied groups. A: G-I, showing a moderate iNOS positive
reaction in the basal areas (black arrows). B: G-11, showing a moderate iNOS positive cytoplasmic reaction mainly in the basal areas (black
arrows). C: G-III, showing a strong iNOS positive cytoplasmic staining mainly on the surface epithelium, gastric pits, the isthmus (blue
arrows) and in the basal areas (black arrows). D: G-IV, showing a moderate iNOS cytoplasmic staining in the basal areas (black arrows).
Black bar: 200 um. E: Graph bars represent area percentage of iNOS reaction in the different studied groups. *Significant increase of G-I11

vs. G-1, while “significant decrease of G-IV vs. G-III at p<0.001.

Treatment with diclofenac sodium in this study
resulted in the congestion of the blood vessels, degeneration
of parietal cells, appearance of vacuolated cytoplasm,
pyknotic nuclei, and infiltration of inflammatory cells.
Similarly, earlier study using a single oral dose of 200 mg/
kg of aspirin produced dilatation and congestion of blood
vessels.(21) Correspondingly, NSAIDs induced ischemic
and inflammatory changes that lead to gastric neutrophil
infiltration (22) and intestinal damage in the rat resulting in
loss of the surface epithelium and numerous inflammatory
cell infiltrations (23). Pyknotic nuclei could be explained
due to diclofenac induced mitochondrial damage that leads
to production of the reactive oxygen species resulting in
apoptosis and DNA damage.(24)
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Results of the present study revealed abundant
collagen fibers between the disorganized fundic glands in
the mucosa and around the congested blood vessels in the
submucosa in the diclofenac treated group and confirmed
by the morphometric study as compared with the control.
Indeed, the tissue injuries were involved in fibrosis caused
by chronic stimulation. Previous study suggested that the
inflammatory mononuclear cells infiltrations stimulate
several growth factors and attracted to the site of damage.
Crucially, the basic fibroblastic growth factor enhanced
fibroblast proliferation and increased collagen deposition at
the site of injury and inflammation.(25)

The present study showed weak interrupted PAS-
positive reaction on the mucosal surface, pits and isthmus
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Figure 6. Photomicrographs sections of fundic gastric mucosa from different studied groups. A: G-I, showing strong positive brown
PCNA immunostaining in the isthmus and neck cells (black arrows). B: G-I, showing strong positive immunoreactivity of PCNA in the
isthmus and neck cells (black arrows). C: G-III, showing moderate PCNA immune reaction in the isthmus and neck cells (black arrows). D:
G-IV, showing increased PCNA immune reaction in the isthmus and neck cells down to basal parts of fundic glands (black arrows). Black
bar: 200 um. E: Graph bars represent the number of PCNA positive cells reactions in the different studied groups. *Significant decrease of
G-III vs. G-I, while “significant increase of G-IV vs. G-III at p<0.001.

in the diclofenac group and confirmed by the statistical
analysis that displayed a significant decrease in the mean
area percentage of the PAS positive staining as compared
to control. Reduction of glycoprotein biosynthesis by the
fundic epithelial cells indicated failure of gastric adaptation
against the injurious effects of diclofenac sodium. Indeed,
the mucous layers act as defensive factor in the stomach
that protects the gastric mucosa from acid, pepsin and from
bacterial infection. Mucus was decreased and disturbed
due to inhibition of prostaglandin synthesis and injury of
the epithelial and mucus neck cells.(26) Similarly, previous
investigation suggested decrease of PAS staining during
long-term administration of aspirin.(27)

The current study showed that diclofenac sodium
treatment increased iNOS expression and confirmed by a
significant increase in the mean area percentage of iNOS
as compared to the control. It was reported that nitric oxide
is essential for normal mucosal function and has a role as
cytoprotective on the gastrointestinal mucosa.(28) Several
investigations suggested the presence of inflammatory
cellular infiltrations as lymphocytes and macrophages in the
epithelium and lamina propria and up-regulation of iNOS
expression during gastritis.(29) The excessive production of
iNOS giving rise to inflammatory reactions that will favor
the formation of gastric injuries through the generation of
reactive oxygen species.(30)
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Figure 7. Photomicrographs of gastric sections from different studied groups. A: G-I, showing 0-SMA reactivity at the muscularis
mucosa (star) and the muscularis externa (black arrow). B: G-II showing intense a-SMA reactivity at the muscularis mucosa (stars) and
the muscularis externa (black arrow) and around blood vessels (blue arrow). C: G-III detecting strong o-SMA reactivity at the muscularis
mucosa (star), the muscularis externa (black arrow), in the basal parts of fundic mucosal glands and focal expression in between gastric
epithelium (red arrows). D: G-IV displays positive a-SMA reactivity at the muscularis mucosa (star), the muscularis externa (black arrow)
and weak staining in between the basal parts of the mucosal glands (red arrows). Black bar: 200 um. E: Graph bars represent area percentage
of a-SMA detected in the different studied groups. *Significant increase of G-III vs. G-I, while “significant decrease of G-IV vs. G-III at

p<0.001.

Proposed mechanisms of damage to the stomach
include decreased cell proliferation. Cell proliferation is
one of the most important roles in healing of gastric ulcers
and expressed during cell proliferation. Currently, the
PCNA positive immunostained cells were expressed at the
isthmus and middle zone of the gastric glands in the control
group. Consistently, stem cells are concentrated frequently
at the middle zone. The stem cells of the gastric glands
are pluripotent producing progenitor cells found within the
epithelium lined the isthmus.(31) Significantly, in this work
diclofenac decrease the number of mucosal PCNA positive
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cells. Mucosal damage might occur if the epithelial cell loss
increases or decreases in the cell regeneration.

Currently, administration of diclofenac sodium
increased a-SMA expression and confirmed by a significant
increase in the mean area percentage. The a-SMA is identified
in blood vessel walls and tissues which contain smooth
muscle cells. Previous studied proved that expression of
a-SMA might be related to fibrotic progression. Positive link
has been reported between increased a-SMA by proliferated
hepatic stellate cells, increased collagen deposition and

subsequently increased grade of fibrosis.(32)
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Vitamin D, a powerful antioxidant and has been
demonstrated previously to have a considerable anti-
inflammatory effects and might play a critical role in the
immunoregulation of cytokines involved in the pathogenesis
of inflammatory bowel discases.(33) Consistently, in the
present study, co-administration of vitaminD with diclofenac
sodium, gastric mucosa became improved, inflammatory
cells and engorged blood vessels were markedly reduced.

Presently, administration of vitamin D with
diclofenac improved fundic mucosa by increasing PAS
positive immunoreactions and decreasing collagen and a-
SMA. Consistently, vitamin D has been reported to improve
hepatic fibrosis and diminish the secretion of collagen
fibers of hepatic stellate cells. Others recommended that the
combination of vitamin D and puerarin ameliorated carbon
tetrachloride induced liver fibrosis of rat.(34) Moreover,
vitamin D has high protective and therapeutic promises by
increasing cell proliferation and differentiation. Currently,
PCNA positive immunostained cells were markedly
increased in G-IV indicating greater cell proliferation in the
regenerative gastric mucosa. Importantly, the increase
in the number of PCNA positive cells showed that vitamin
D have a healing effect on diclofenac sodium induced
gastric injury.

These results are consistent with previous reports
who suggested that stem cells of gastric glands proliferate
to replace all the cells lining the fundic glands. Newly
cells migrate to their new position whichever deep into
the gland or up into the gastric pits.(35) In the current
investigation, administration of vitamin D with diclofenac
markedly decreased iNOS positive immunoreactive cells
as compared to diclofenac only. Consistently, vitamin D
prevents neurotoxicity by decreasing iNOS expression.(36)
Another explanation for improvements observed in G-IV
was based on a potent antioxidant of vitamin D that others
suggested that vitamin D supplementation prevents diabetes
and cardiovascular diseases by increasing the antioxidant
system such as superoxide dismutase and glutathione,
however, decreasing the expression of NADPH oxidase that
has the function to produce ROS.(37)

The present study has some limitations and the current
data is inadequate and little is known about the associations
between vitamin D and diclofenac sodium in gastric mucosa.
It might be essential for further investigation to use vitamin
D for a longer time for different doses or in higher or lower
doses using different technique in order to determine the
efficacy of optimal dose and optimal duration of vitamin D
supplementation.

Protective Effect of Vitamin D against Diclofenac Sodium (Youssef S)
Indones Biomed J. 2020; 12(2): 165-76

Conclusion

The current study suggesting the possible mechanisms
involved in the gastroprotective effects of the vitamin D and
its healing properties. Vitamin D is effective in the treatment
of diclofenac sodium induced gastric damage by stimulating
mucous secretion and decrease collagen fibers. Furthermore,
its efficacy in the healing of gastric injury is based on its
ability to decrease the expression of iNOS, a-SMA and to
stimulate PCNA.
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