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Effect of Atorvastatin on Indomethacin-Induced Gastric
Ulceration in Rats: Role of Nitric Oxide and Gastric Motility

Dilgash A. Ali, Hani M. Almukhtar'
Health Sinjar General Hospital, Mosul, Irag, 'College of Pharmacy, University of Mosul, Mosul, Iraq

Background: Non-steroidal anti-inflammatory drugs (NSAIDs)-induced gastric ulceration caused by inhibition of prostaglandins.
Atorvastatin, a widely used hypolipidemic agent, has many beneficial pleiotropic effects like anti-inflammatory and antioxidant
actions, it may also inhibit smooth muscle contraction. Objectives: The present study was to examine the gastric effect of atorvastatin
in rats pretreated with indomethacin. Materials and Methods: Forty-five male albino rats were divided into seven groups. Group 1
(control): solvent, 10% hydroxy propyl cyclodextrin/10% of tween 80 (5 days), last day saline. Group 2: solvent (5 days), last day
indomethacin. Group 3: simvastatin 20 mg/kg (5 days), last day saline. Group 4: atorvastatin 20 mg/kg (5 days), last day saline. Group
S5: simvastatin 20mg/kg (5 days), last day indomethacin. Group 6: atorvastatin 20mg/kg (5 days), last day indomethacin. Group
7. atorvastatin 40mg/kg (5 days), last day indomethacin. Serum nitric oxide (NO) was measured using a commercial kit. Serum
malondialdehyde (MDA) was read by a spectrophotometer at 532nm. Gastric muscle contractility was studied with an isolated
tissue bath. Results: Indomethacin-induced gastric ulceration with increased MDA, decreased NO, and enhanced gastric motility. By
contrast, atorvastatin dose-dependently reduced indomethacin ulceration enhanced NO, and decreased MDA level with inhibition of
gastric motility. Conclusion: Atorvastatin inhibits indomethacin-induced gastric ulceration by enhancing NO level and secondary to
inhibition of gastric motility.
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INTRODUCTION presence of a Ca*>-dependent NOS enzyme in the gastric
layer suggests functioning of NO in the gastric epithelial
cells, in fact, both PG and NO are both involved in
the modulation of gastric acidity and maintenance of
mucosal integrity. It is well known that NO exhibits
protection of gastric mucosa by maintaining blood flow
to the ulcer,® with additional benefit in wound repair due
to angiogenesis and anti-inflammatory action.?’ Several
experiments have shown that inhibition of NO synthesis
by L-Nitro-arginine methyl ester (L-NAME) could
exacerbate ulceration, in contrast, the administration
of L-arginine, as NO precursor, has a protective effect
against NSAIDs-induced ulcers.'"!?) Moreover, data have

Gastric ulceration is considered to be the major side
effect of NSAIDs through inhibition of prostaglandin
synthesis.l! Prostaglandin generation by the gastric layer
aids protection against different ulcerogenic factors, they
suppress acidity, stimulate mucous, and bicarbonate
synthesis, in addition, prostaglandins enhance circulation
in the mucosal layer and inhibit smooth muscle
hypermotility.? Studies have shown that indomethacin
could induce gastrointestinal tract (GIT) ulceration not
only by inhibiting the protective mechanism but also by
enhancing gastric motility.’ Studies have suggested that
indomethacin effect on motility is mediated peripherally
by inhibition of PG synthesis, moreover it could centrally
affect the cholinergic pathway, the latter is confirmed
by the protective effects of atropine in experimental
animals.! In addition to PG, another major protective
substance in the gastric layer is nitric oxide (NO)." The  gypmission: 27-7u1-2023  Accepted: 05-Jan-2024  Published: 30-Apr-2026
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shown that NO-releasing agents could also activate PG
such as prostacyclin 2 and prostaglandin E (PGE2) via
cyclooxygenase pathway.!'?)

Atorvastatin is a commonly used hypolipidemic agent,!'¥
in addition to its therapeutic use for hypercholesterolemia,
it has many beneficial pleiotropic effects like anti-
inflammatory and antioxidant action.'” It is also a
smooth muscle relaxant.!'! It is well known that statins
activate endothelial NO production.!'” The present study
was designed to examine the gastroprotective effect of
atorvastatin in rats pretreated with indomethacin.

MaTteriALS AND METHODS

Atorvastatin and simvastatin were a generous gift from
Awa-Medica Pharmaceutical Company. Indomethacin
used in this study is the commercially available induced
capsule. Serum NO level was measured using commercial
kits Elabscience. Krebs components were purchased from
standard commercial supplies.

Animals

Forty-five albino male rats each aged 2.5-3 months
weighing about 180-200 gm were used. All rats were
housed under a controlled environment at a temperature
of 22°C-25°C and humidity was maintained between 45%
and 65%; they had free access to water and food except the
day were received indomethacin the food was removed 24 h.
Before administration to eliminate the confounding effect
of food on indomethacin effect. All procedures and animal
handling were performed in accordance with ARRIVE
guidelines.'® A preliminary study was performed to
determine the minimum dose of indomethacin that causes
apparent gastric lesions in rats after 6h of indomethacin
administration.

Experimental design and induction of gastric ulceration
The forty rats were divided into eight groups (five rats
each) as follows:

Group A: orally administered 10% hydroxyl-propyl-
cyclodextrin/10% of tween 80 (10mL/kg) every day
for 5 days. On the last day, they were administered 10%
hydroxyl-propyl-cyclodextrin/10% of tween 80 (10mL/
kg), and after 1h, they received saline (10mL/kg). After
6h, all the rats were sacrificed using decapitation method.

Group B: orally administered 10% hydroxyl-propyl-
cyclodextrin/10% of tween 80 (10mL/kg) every day
for 5 days. On the last day they were administered 10%
hydroxyl-propyl-cyclodextrin/10% of tween 80 (10mL/
kg), and after 1h, they received indomethacin (8§ mg/kg).
After 6h, all the rats were sacrificed using decapitation
method.

Group C: orally administered simvastatin 20mg/kg every
day for 5 days. On the last day, they were administered

simvastatin, and after 1 h, they received saline (10 mL/kg).
After 6h, all the rats were sacrificed using decapitation
method.

Group D: orally administered simvastatin 20mg/kg every
day for 5 days. On the last day, they were administered
simvastatin, and after 1h, they received indomethacin
(8mg/kg). After 6h, all the rats were sacrificed using
decapitation method.

Group E: orally administered atorvastatin 20 mg/kg every
day for 5 days. On the last day, they were administered
atorvastatin  20mg/kg, and after 1h, they received
saline (10mL/kg). After 6h, all the rats sacrificed using
decapitation method.

Group F: orally administered atorvastatin 20 mg/kg every
day for 5 days. On the last day, they were administered
simvastatin, and after 1h, they received indomethacin
(8mg/kg). After 6h, all the rats were sacrificed using
decapitation method.

Group G: orally administered atorvastatin 40 mg/kg every
day for 5 days. On the last day, they were administered
atorvastatin 40 mg/kg, and after 1h, they received saline
(10mL/kg). After 6h, all the rats were sacrificed using
decapitation method.

Group H: orally administered atorvastatin 40 mg/kg every
day for 5 days. On the last day, they were administered
atorvastatin 40mg/kg, and after 1h, they received
indomethacin (8 mg/kg). After 6h, all the rats were
sacrificed using decapitation method.

Ulcer index

The stomach was harvested directly after euthanizing
rats. Then it was cut against the greater curvature; the
mucosa was rinsed with normal saline to remove any
contents or bleeding. The tissue was examined using
TOMLOV digital microscope 10 digital microscope
50x UK to have a clearer vision for gross macroscopic
scoring. The ulcer index was scored according to the
report by Guth, ez al.™ as follows: (1) petechial lesion,
(2) erosions <1 mm, (3) erosions between 1 and 2mm, (4)
erosions between n 2 and 4mm, and (5) erosions greater
than 4 mm. Then the scores summed to get the final score
for each animal.

Histopathology

For histological assessment, gastric tissues were
collected, cleaned with normal saline then placed into
10% paraformaldehyde solution in phosphate buffer
saline overnight at 8°C, then gradually dehydrated by
gradient ethanol and finally embedded in paraffin.
The paraffin block was sectioned into 5-mm thick and
stained with hematoxylin and eosin. A light microscope
was used to determine the severity of gastric mucosal
damage.
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Serum NO

Blood samples were collected during sacrifices by
beheading method. The blood let stand for approximately
30min then centrifuged at 2000xg for 15min. Serum NO
level was measured using commercial kits Elabscience
which is based on the Griess reaction assay.?” The sample
was measured using a spectrophotometer at 550nm
wavelength.

Serum MDA

Serum MDA was measured as a biomarker of lipid
peroxidation as explained by Aguilar, ez al.”Y This method
depends on a thiobarbiturate reaction with MDA in an
acidic medium to form a red-to-pink color thiobarbituric
acid reactive substances. After boiling for an hour, cool it
down to room temperature. Finally, the absorption was
measured by a spectrophotometer at 532nm wavelength.

Determination of gastric motility

Gastric muscle contractility was assessed by isolated
tissue bath as previously described.”? After stunning
and decapitation. Fine dissection was carried out to get
muscle segments. The stomach was cleaned and kept in
Krebs solution composed of (mM): KC1 4.8, NaCl 118.5,
NaHCO, 25, KH,PO, 1.2, MgSO,.7H,0 1.2, CaCl, 1.9,
glucose 10.1. The segments were mounted in a tissue bath
at 37°C with continuous gas flow (0,=95%/CO,=5%).
Each segment was connected by a thread to a transducer
and precontracted to about 1 gm tension. The segments
were then left for stabilization for about 30min, the
viability of the tissue was checked by adding KCI 70mM
for about 5min for standardization, after washing with
normal Krebs the tissue was left for about 30 min and then
precontracted with cumulative addition of Ach to about
70% of KCl contraction, the acute response of atorvastatin
was determined by the addition of atorvastatin 10 uM to
one channel and dimethyl sulfoxide was added to the other
as a control. Results were recorded with a special analyzing
program (Labscribe, Oxford, UK).

Statistical analysis

Data were analyzed using a two-way analysis of variance
(ANOVA) test and were presented as mean = SE. When
the ANOVA test turned significant post hoc test Bonferroni
was performed. All experiments were analyzed statistically
using GraphPad Prism 5 software (Boston, USA). P < 0.5
is considered statistically significant.

Ethical approval

All procedures and animal handling were performed in
accordance with ARRIVE guidelines. The protocol of the
study and animal handling procedure was reviewed and
approved by the local ethics committee at the University
of Mosul, Iraq, with reference number UM.VET.2022.067
on 2nd September, 2022.

ResuLts
Histology

Indomethacin induced severe damage, disappearance
of mucosa layer and part of submucosa [Figure 1].
Apparently, simvastatin 20 mg/kg and atorvastatin 40 mg/
kg mitigate the ulcerogenic effect of indomethacin on
stomach mucosa.

Ulcer index

The two-way ANOVA analysis of ulcer index data
[Figures 2 and 3] showed a significant difference between
rats treated with indomethacin and rats treated with saline
(P < 0.001) and the effect of antihyperlipidemic drugs in
general showed a significant effect (P < 0.05). Also, an
interaction between antihyperlipidemic treatment group
and indomethacin-induced ulcer interaction showed a
significant effect (P < 0.05). Post hoc comparison showed a
significant difference in ulcer index scoring between solvent
and simvastatin 20mg/kg (P < 0.05), and atorvastatin
40mg/kg (P < 0.01) but not simvastatin 20mg/kg (P >
0.05).

Serum malondialdehyde level

The two-way ANOVA analysis of serum MDA showed
a significant difference between groups treated with
indomethacin and groups received solvent only [F (1, 32)
=86.71, P <0.001], the antihyperlipidemic drug treatment
showed a significant difference in rats received solvent [F
(3, 32) =9.973; P < 0.01]. Finally, the interaction between
both treatments, indomethacin and antihyperlipidemic
drug, is significant [F (3, 32) = 7.562, P < 0.01]. The post
hoc statistics showed a significant reduction in MDA in
groups treated with simvastatin 20mg/kg (P < 0.001), and
atorvastatin 40mg/kg (P < 0.001). Although, there was a
trend that atorvastatin 20mg/kg decreased MDA but it
was insignificant (P = 0.073).

Serum Nitric oxide (NO) level

The two-way ANOVA analysis of serum NO level showed
an insignificant difference between the groups treated with
indomethacin and groups treated with solvent only [F (1,
32) = 0.0001661], while the antihyperlipidemic treatment
showed a significant increase in NO level compared to rats
received solvent only [F (3, 32) = 22.79; P < 0.01]. Finally,
the interaction between both treatments (indomethacin
and antihyperlipidemic drug) is insignificant [F (3, 32) =
0.4032]. The post hoc statistics showed a significant increase
in serum NO level in rats treated with simvastatin 20 mg/kg
[(P <0.001) and atorvastatin 40mg/kg (P < 0.001)].

In vitro gastric motility

As shown in Figure 6A, atorvastatin elicited a time-
dependent relaxation in rat stomach segments
precontracted submaximally with pilocarpine. The effect
reached a significant value after about 1h incubation with
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Figure 1: Macroscopic picture of the gastric lining: (A) rat stomach treated with saline and solvent only, (B) rat stomach treated with indomethacin
(the black arrows show hemorrhagic lesion), (C) rat stomach pretreated with simvastatin 20mg + saline, (D) rat stomach pretreated with simvastatin
then indomethacin, (E) rat stomach pretreated with 20 mg/kg of atorvastatin then oral saline, (F) rat stomach pretreated with atorvastatin 20mg +
indomethacin (see black arrow), (G) rat stomach pretreated with atorvastatin then oral saline (H) rat stomach pretreated with atorvastatin 40 mg/kg
then in the last day indomethacin (stomach mucosa looks intact). H and E stain, 100x

Figure 2: Stomach mucosa histology: (A) stomach mucosa is integral and intact in rats treated with solvent and saline only (B) showed a severe
destruction of the entire mucosa layer and disruption of the normal gastric tissue morphology. (C) Intact stomach mucosa (not affected by simvastatin)
(D) simvastatin pretreatment showed a gastroprotective effect against indomethacin-induce gastric ulceration (E) stomach mucosa have no alteration
due to treatment with 20 mg/kg atorvastatin, (F) gastric mucosa damage is apparent due to indomethacin administration however, less severity when
compared with rat gastric mucosa administered indomethacin only, (G) Intact stomach mucosa is intact (not affected by atorvastatin 40 mg/kg) (H)
showed, rat stomach pretreated with atorvastatin 40 mg/kg then in the last day oral indomethacin (stomach mucosa looks intact). H and E stain,
100x
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atorvastatin. In Figure 6B, indomethacin 1 M incubation
for about 20min increased gastric smooth muscle tone,
however, atorvastatin 10 pM inhibited gastric tone induced
by indomethacin incubation.

Discussion

Despite the advances in pharmaceutical preparation,
NSAIDs-induced gastric ulceration is still a common

Bl solvent

E3 simvastatin 20 mg/kg
B3 atorvastatin 20 mg/kg
= atorvastatin 40 mg/kg

-
(42}
1

104

Ulcer index score

Figure 3: Ulcer index simvastatin 20mg/kg and atorvastatin showed
gastroprotective effect (*P < 0.05, **P < 0.01)

BT

MDA serum level
N
1

Em solvent
B simvastatin 20 mg/kg

mm atorvastatin 20 mg/kg
atorvastatin 40 mg/kg

Figure 4: MDA serum level (umol/L): indomethacin oral administration
increases MDA serum level, and both simvastatin 20mg/kg and
atorvastatin 40 mg/kg attenuate indomethacin-induced elevation of MDA
serum level. (****P < 0.0001, ***P < 0.001)

clinical complication.’® Certain medical agents can
be added as add-on therapy to reduce the incidence of
ulceration induced by NSAIDs.”*21 The current data
clearly proved that the oral ingestion of indomethacin
caused severe gastric ulceration accompanied by an
enhancement in the level of MDA with a reduction of NO
level [Figures 4 and 5]. In fact, the ulcerogenic side effects
of NSAIDs and specifically indomethacin are secondary
to their ability to produce reactive oxygen intermediates
which could in turn facilitate lipid peroxidation.?” Data
have shown that statin administration could minimize
the ulcerogenic effect of NSAIDs in lab animals,? the
underlying mechanism suggested is possibly secondary to
enhanced NO and PGE2 synthesis. The current work is
designed to identify the potential benefit of atorvastatin
on the antioxidant status and NO concentration as a
potential mechanism of atorvastatin gastroprotective
effect, the study also examined the effect of atorvastatin
on gastric muscle contraction. The results clearly showed
that oral administration of atorvastatin for I-week
duration significantly ameliorated gastric ulceration with
a reduction in ulcer index. Atorvastatin increases NO
concentration, reduces MDA level, and protectes gastric
mucosa against the ulcerogenic effect of indomethacin, in
addition, it significantly inhibits gastric motility [Figure 6].
The latter may act as an additional gastroprotective
mechanism of atorvastatin in experimental animals.
It is well known that NSAIDs nonselectively inhibit
cyclooxygenase enzyme with subsequent reduction in PG
biosynthesis, the latter involved in the regulation of gastric
motility and mucous production.? In fact, the effect of
atorvastatin was dose-dependent since atorvastatin 40 mg/
kg had more protective effect than atorvastatin (20mg/
kg/day). Statin group was proved to have antioxidant and
reactive oxygen species scavenging effects.*¥ This may be
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Nitric Oxid serum level

mm solvent e atorvastatin 20 mg/kg
=3 simvastatin 20 mg/kg =1 atorvastatin 40 mg/kg

Figure 5: Serum NO level (umol/L): indomethacin oral administration
does not affect NO serum concentration, while both simvastatin 20 mg/
kg and atorvastatin 40mg/kg elevates NO serum level regardless of
saline or indomethacin administration. (*P < 0.05, ***P < 0.001,
***xP < 0.0001)
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Figure 6 : (A) atorvastatin (10 uM) relaxant effect in rat stomach
segments after pilocarpine contraction. Values are shown as relaxation
percentages after pilocarpine-induced contraction and are mean + SEM
obtained from four different hearts. (B) Original organ bath trace for

atorvastatin-induced rat stomach segments relaxation in the presence
of indomethacin (1 uM)

one of the mechanisms by which statins protect gastric
mucosa against indomethacin ulcerogenic effect.”® The
built-up of reactive oxygen species could remarkably
alter the antioxidant mechanism causing oxidative
damage with resultant stomach ulceration. Similarly,
it has been shown that other statins have antioxidant
effects, and they even enhance the activity of catalase
enzyme.P'34 Moreover, results have clearly confirmed the
role of endogenous NO in maintaining gastric mucosal
integrity.?* NO regulates mucous secretion, hydrochloric
acid secretion, PG synthesis and directly affects smooth
muscle contractility. Interestingly, the NO released
from nitrate preparation for example, nitroglycerin
has gastroprotective effect against ulcers induced by
indomethacin administration by enhancing blood flow to
the affected area and reducing inflammation.? this study
showed that treatment with atorvastatin significantly
enhanced NO concentration in treated rats in comparison
to control untreated rats, previous reports have similarly
shown that statin treatment can significantly enhance
NO level, and scavenge free radicals.’”? On the other
hand, previous results have shown that the increased
gastric motility due to indomethacin administration
could increase the possibility of gastric ulceration, the
underlying cause could be related to cyclooxygenase
inhibition with resultant inhibition in PG synthesis. It
is suggested that the increased gastric motility results in
more mucosal folding and a reduction in blood supply.
In addition, the tight contraction of stomach muscle
could block capillaries within the inner mucosa, with a
resultant decrease in microcirculation.?! Such effect can

NSAIDs
l Atorvastatin

Motility Directly by
inhibition of Ca2+

PG l
deficiency ﬂ ﬁ RO i

l e l =
Gastric

hypermotility ﬂ e ———

Microvascular disturbances
ﬂ Reduced mucosal blood

ﬁ Vascular injury

!

Gastric damage
Figure 7: The proposed role of increasing gastric motility by NSAIDs in
reduction of mucosal blood flow and the role of atorvastatin in reducing
these functional changes with resultant prevention of gastric ulceration

be prevented by treatment with superoxide dismutase or
the anticholinergic atropine. Thus, reactive oxygen species
(ROS) generated by ischemia and reperfusion underlie the
gastric lesion induced by indomethacin.?® The undigested
food could also physically irritate the gastric mucosa and
thus more invasion by bacteria and other irritants.’” The
current results suggested that part of the gastroprotective
effect of atorvastatin was mediated by inhibition of
indomethacin-induced hypermotility. A previous study by
Heeba, et al.* demonstrated that statins enhance PGE2
biosynthesis, the latter clearly plays a protective role in
gastroprotection by stimulating mucous and bicarbonate
secretion, it also maintains blood supply and enhances
the resistance of the gastric epithelial cell to irritation.
The activation of PG generation after treatment with
atorvastatin could be induced, partly, by activation of
NO synthesis.*!! Previous results have shown that statins
with L-arginine administration enhanced the synthesis
of prostaglandins in the stomach by contrast, NO
synthase inhibition with L-NAME clearly inhibited such
a mechanism [Figure 7].

In summary, atorvastatin gastroprotective mechanism
involves both attenuation of aggressive factors like ROS
and augmentation of defending mechanism like NO, the
latter inhibits GIT motility which aids as a protective
mechanism.
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