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ABSTRACT

Felodipine is a calcium channel blocker with antioxidant and anti-inflammatory properties.
Researchers have stated that oxidative stress and inflammation also play a role in the
pathophysiology of gastric ulcers caused by nonsteroidal anti-inflammatory drugs. The aim of
this study was to investigate the antiulcer effect of felodipine on indomethacin-induced gastric
ulcers in Wistar rats and compare it with that of famotidine. The antiulcer activities of felodipine
(5 mg/kg) and famotidine were investigated biochemically and macroscopically in animals
treated with felodipine (5 mg/kg) and famotidine in combination with indomethacin. The results
were compared with those of the healthy control group and the group administered
indomethacin alone. It was observed that felodipine suppressed the indomethacin-induced
malondialdehyde increase (p< 0.001); reduced the decrease in total glutathione amount (p<
0.001), reduced the decrease superoxide dismutase (p< 0.001), and catalase activities (p<
0.001); and significantly inhibited ulcers (p< 0.001) at the tested dose compared with
indomethacin alone. Felodipine at a dose of 5 mg/kg reduced the indomethacin-induced
decrease in cyclooxygenase-1 activity (p< 0.001) but did not cause a significant reduction in
the decrease in cyclooxygenase-2 activity. The antiulcer efficacy of felodipine was
demonstrated in this experimental model. These data suggest that felodipine may be useful in

the treatment of nonsteroidal anti-inflammatory drug-induced gastric injury.
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INTRODUCTION

Indomethacin is a nonsteroidal anti-inflammatory drug (NSAID) belonging to the arylalkanoic
family derived from 2-arylacetic acids [1]. The effects of indomethacin result from the
inhibition of prostaglandin (PG) synthesis [2]. Therefore, indomethacin is used in the treatment
of inflammatory diseases such as chronic rheumatoid arthritis, periarthritis, osteoarthritis,
spondylosis deformans, and acute gout [1]. Cytoprotective PGs are produced by
cyclooxygenase-1 (COX-1), and inflammatory PGs are produced by cyclooxygenase-2 (COX-
2) [3]. Whereas COX-1 is responsible for maintaining physiological functions such as
gastrointestinal system protection, COX-2 is the inducible enzyme responsible for
inflammatory events [4, 5]. This information indicates that the toxic effect of indomethacin on
the stomach is related to COX-1 inhibition. It is understood from the literature that, apart from
COX-1 enzyme inhibition, reactive oxygen species (ROS) are one of the major components in
the pathogenesis of indomethacin-induced gastric injury [6, 7]. In addition, calcium (Ca?*) has
been reported to play a role in the pathogenesis of indomethacin-induced gastric ulcers [8].
Previous studies have shown that aggressive factors leading to gastric ulcers cause increased
permeability of the gastric mucosa and intracellular Ca?* accumulation [9]. Elevation of
intracellular Ca?* levels is assumed to be an important step in the pathogenesis of oxidative
damage [10]. Researchers have stated that the increase in COX-2 activity and decrease in COX-
1 activity are directly proportional to the increase in intracellular Ca?* amount [11, 12]. All this
information indicates that a Ca?* channel antagonist drug may be useful in the treatment of

indomethacin induced gastric ulcer.

Felodipine, whose effect we investigated against indomethacin-induced gastric ulcers in this
study, is a dihydropyridine derivative L-type Ca?* channel blocker (CCB) drug used in the
treatment of hypertension [13]. Studies show that felodipine is more vasoselective than

commonly used CCBs such as amlodipine and nifedipine [14]. Studies have stated that the



cardioprotective effect of felodipine may be due to its antioxidant activity [15]. In addition,
felodipine has been reported to inhibit ROS in endothelial cells [16]. Studies investigating the
effect of felodipine on indomethacin-induced gastric ulcers were not found in the literature.
Therefore, the aim of this study was to investigate the effect of felodipine on experimental

ulcers induced by indomethacin in rats and to compare it with the effects of famotidine.

MATERIAL AND METHOD

Animals

Twenty four, albino Wistar rats weighing between 250 and 265 grams were used in the
experiment. The animals were obtained from the Erzincan Binali Yildirim University Medical
Experimental Application and Research Center. The animals were housed and fed in a suitable
laboratory environment at normal room temperature (22°C) under appropriate conditions (12 h
of light and 12 h of darkness). Animal experiments were performed in accordance with the
National Guidelines for the Use and Care of Laboratory Animals and were approved by the
local animal ethics committee of Erzincan Binali Yildirim University, Erzincan, Tiirkiye

(Ethics Committee No.: 2023/03, dated March 30, 2023).
Chemicals

The indomethacin used in the experiment was obtained from Deva Holding (Istanbul, Turkiye).
Felodipine was obtained from Astra Zeneca PLC (Istanbul, Turkiye). Thiopental sodium was

obtained from I.E ULAGAY (Istanbul, Tiirkiye).
Experimental groups

The rats used in the experiment were divided into four groups: the healthy control (HC) group,
the indomethacin-alone (IND) group, the felodipine + indomethacin (Fel+IND) group, and the
famotidine + indomethacin (Fam+IND) group.

Ulcer tests in rats



The Fel+IND (n = 6) group was fasted for 12 hours (free to drink water) and administered
felodipine orally to the stomach at a dose of 5 mg/kg. Famotidine (20 mg/kg) was administered
orally to the Fam+IND (n = 6) group using the same method. Distilled water was given orally
to the HC (n = 6) and IND (n = 6) groups as a solvent. One hour after the drugs and distilled
water were administered, indomethacin was administered to all rat groups (except HC) at a dose
of 20 mg/kg using the same method. Six hours after indomethacin administration, all animals
were sacrificed with high-dose (50 mg/kg) thiopental anesthesia, and their stomachs were
removed. The inner surface of the removed stomach was evaluated macroscopically. The width
of the ulcer areas was determined using a magnifying glass and millimeter paper [7]. Afterward,
stomach tissues were biochemically examined.

Biochemical Analysis

Preparation of samples

After gastric tissue samples were washed with physiological saline, they were pulverized in

liquid nitrogen and homogenized. Supernatants were used for analysis.

Malondialdehyde (MDA), total glutathione (GSH), superoxide dismutase (SOD), catalase

(CAT), and protein determination

Detection of SOD, GSH, and MDA in gastric tissues was performed with enzyme-linked
immunosorbent assay Kits (product nos. 706002, 703002, and 10009055, respectively; Cayman
Chemical Company, Ann Arbor, MI, USA). CAT determination was made according to the
method proposed by Goth [17]. Protein determination was determined spectrophotometrically

at 595 nm according to the Bradford method [18].

Measurement of COX activity
Gastric tissue COX levels were measured using a COX activity analysis kit (item no. 760151,

Cayman, Ann Arbor, MI, USA). Tissues were thoroughly washed with Tris buffer, pH 7.4,



containing 0.16 mg/ml heparin and then stored at —80°C until analysis. Tissue was
homogenized in 5 ml of cold buffer (0.1 M Tris-HCI, pH 7.8, containing 1 mM EDTA) per
gram and centrifuged at 10,000 x g for 15 minutes at 4°C. The protein concentration in the
supernatant was then measured using the Bradford method. The COX activity analysis kit
measures the peroxidase activity of COX. This is tested colorimetrically by monitoring the
appearance of oxidized N, N, N’, N’-tetramethyl-p-phenylenediamine at 590 nm. COX-2
activity was determined using the COX-1-specific inhibitor [19]. Results for COX-1 and COX-
2 activity are given in units per milligram of protein. COX activity in tissue was expressed as
nmol/min/mg protein (U/mg protein).

Statistical analysis

IBM SPSS Statistics for Windows, Version 22.0, released 2013 (IBM Corp., Armonk, NY,
USA) was used for the statistical analysis. The results are presented as mean + SD. The
significance of differences between the groups was determined using the one-way analysis of

variance (ANOVA) test followed by Tukey’s analysis. The statistical level of significance for
all tests was considered to be <0.05.

RESULTS

Biochemical findings

As can be seen in Table 1, the amount of MDA in the gastric tissue of rats in the IND group
was significantly increased compared with the HC, Fel+IND, and Fam+IND groups, whereas
the amounts of GSH, SOD, and CAT were found to be lower (Figure 1, Figure 2). There was
also a statistically significant difference between the HC and Fel+IND and HC and Fam+IND

groups in terms of MDA, GSH, SOD, and CAT levels (Table 1).



Between the Fel+IND and Fam+IND groups, there was a statistically significant difference in
terms of MDA (p=0.003), GSH (p=0.007) and SOD (p=0.036). However, there was no

significant difference in terms of CAT levels (p=0.312).

Tissue COX-1 and COX-2 activity

As presented in Table 1, COX-1 activity in the gastric tissue of rats in the IND group was
significantly decreased compared with the HC, Fel+IND, and Fam+IND groups (Figure 3).
There was also a statistically significant difference in COX-1 activity between the HC and

Fel+IND and HC and Fam+IND groups (Table 1).

Whereas COX-2 activity in the gastric tissue of rats in the IND group was significantly
decreased compared with the HC and Fam+IND groups, no statistically significant difference
was found between the IND and Fel+IND groups (Table 1, Figure 4). There was also a
statistically significant difference in COX-2 activity between the HC and Fel+IND groups.
There was no statistically significant difference between the HC and Fam+IND groups in terms
of COX-2 activity (Table 1). However, there was a statistically significant difference between
the Fel+IND and Fam+IND groups in terms of both COX-1 (p < 0.001) and COX-2 activity (p

< 0.001).

Evaluation of gastric ulcers

Gastric lesions in the groups were evaluated by the number of ulcers and ulcerated areas [Figure
5 (a-d)]). The number of ulcers in the IND group was found to be significantly higher than in
the HC, Fel+IND, and Fam+IND groups (Table 1, Figure 6). There was also a statistically
significant difference in the number of ulcers between the HC and Fel+IND and HC and
Fam+IND groups (Table 1). Similarly, the ulcerated area measured in the IND group was
significantly increased compared with the HC, Fel+IND, and Fam+IND groups (Table 1, Figure

7). However, no statistically significant difference was found between the HC and Fel+IND



and HC and Fam+IND groups (Table 1). Additionally, no statistical difference was observed
between the Fel+IND and Fam+IND groups in terms of the number of ulcers (p=0.498) and the

ulcer area (p=0.994).

DISCUSSION

NSAIDs are widely used in the treatment of painful and inflammatory diseases, such as
rheumatoid arthritis and osteoarthritis. These agents suppress PG synthesis by inhibiting the
COX enzyme [4, 5]. However, NSAID use is associated with gastrointestinal complications
such as mucosal lesions, bleeding, and peptic ulcer formation [6, 7]. In this study, the antiulcer
effect of felodipine was investigated using an indomethacin-induced gastric ulcer model in rats.
Our experimental results showed that indomethacin caused significant ulceration in gastric
mucosa, which was consistent with the literature. It was observed that felodipine suppressed
indomethacin-induced MDA increase, reduced the decrease in GSH amount, reduced the
decrease in SOD and CAT activities, and significantly inhibited ulcers at the tested dose. In this
experiment, felodipine at a dose of 5 mg/kg reduced the indomethacin-induced decrease in

COX-1 activity but did not cause a significant reduction in the decrease in COX-2 activity.

The selective COX-2 inhibitor nimesulide is known to prevent NSAID-induced ulcers, whereas
celecoxib and rofecoxib, which are more selective to COX-2, cannot prevent these ulcers [20].
These data suggest that the gastrointestinal adverse effects of classical NSAIDs cannot be
associated with COX-1 inhibition alone. The literature states that an increase in toxic oxidants
and a defect in the antioxidant system may play an important role in the occurrence of gastric

damage due to indomethacin [21].

The effects of indomethacin on MDA, GSH, SOD, and CAT levels in the gastric tissue of
animals in our study indicate that indomethacin causes oxidative stress by changing the

oxidant/antioxidant balance in the gastric tissue in favor of oxidants. Oxidative stress has been



defined as “an imbalance between oxidants and antioxidants in favor of oxidants” and leads to
dysregulation in redox signaling and control, as well as biological damage at the molecular
level [22]. The findings of the current study suggest that the group administered indomethacin
alone consumed antioxidants to neutralize ROS in the gastric tissue, which indicates that
oxidative damage develops in the gastric tissue.

Excessive increases in ROS production cause lipid peroxidation (LPO). MDA is one of the
most frequently researched, reliable, and popular products of oxidative stress and LPO. An
increase in MDA is associated with biological damage, and a decrease is associated with
protection [23-25]. In the current study, the increase in the amount of MDA in the gastric tissue
of animals administered indomethacin is consistent with the literature and indicates oxidative
stress [21, 26].

In addition, in the gastric tissue of animals administered indomethacin, GSH levels were
decreased. GSH is a tripeptide compound consisting of glutamate, cysteine, and glycine and
contains an active thiol group that can be easily oxidized and dehydrogenated. In this way, GSH
is an antioxidant molecule that provides electrons for antioxidant enzymes and eliminates and
cleans ROS [24, 27]. GSH protects gastrointestinal tissue lipids from oxidative damage. Many
studies have reported that the GSH level decreases in gastric tissue damaged by indomethacin
[21, 28]. The reduction in indomethacin-related GSH decrease observed in this study in the
groups treated with felodipine and famotidine is consistent with the macroscopic findings and
the literature.

Another member of the system that forms the first line of defense against oxidative stress is
SOD. SOD catalyzes the dismutation of the superoxide anion radical to hydrogen peroxide. The
hydrogen peroxide, which is an oxidant molecule, is then converted to water and oxygen by
CAT or glutathione peroxidase [29]. In our study, SOD activity was significantly lower in the

gastric tissue of animals administered indomethacin. The felodipine significantly reduced the



decrease in SOD activity, similar to famotidine. According to the literature, SOD activity is
lowest in damaged tissue and highest in healthy tissue [29]. In addition, the relationship between
SOD activity and PG synthesis has been considered in the literature, and it has been stated that
this relationship may be a possible mechanism of indomethacin-induced ulcers [30].

CAT is an enzyme found in peroxisomes that catalyzes the formation of water and molecular
oxygen from hydrogen peroxide. In our study, administration of indomethacin decreased SOD
and GSH as well as CAT activity. The decrease in CAT activity has been attributed to the
overproduction of radicals that are substrates for this enzyme and the high consumption of the
enzyme. Studies in gastric ulcer models support this information [31]. In our study, felodipine
significantly reduced the decrease in CAT activity, similar to famotidine.

Felodipine has been reported to decrease LPO and MDA levels in various tissues in human and
animal studies while increasing the effectiveness of antioxidants such as GSH, SOD, and CAT
[32-34]. Antioxidant effects of CCBs have been observed, especially in CCBs with highly
lipophilic chemical structures [35]. In the literature, it has been reported that felodipine reduces
inflammation, in addition to its positive effects on oxidants and antioxidants [33, 34].
Polymorphonuclear neutrophils (PMNLs) play an important role in the development of
inflammation and tissue damage by releasing ROS and various inflammatory mediators. The
increase in intracellular calcium is responsible for the activation of PMNLSs. Researchers have
suggested that activated PMNLs have a role in the pathogenesis of indomethacin-induced
gastric ulcers [36]. The positive effects of felodipine on PMNL activation and inflammatory
markers may play a role in its antiulcer activity. The relationship between oxidative stress and
inflammation is also known. Oxidative stress activates inflammatory markers, and
inflammation and inflammatory markers induce ROS production [37, 38]. In addition, it has

been stated that inflammation is associated with intracellular calcium level [39]. This



information obtained from the literature supports our experimental results demonstrating the
antiulcer efficacy of felodipine.

Felodipine inhibited indomethacin-induced reduction in COX-1 activity. However, it failed to
prevent indomethacin-induced reduction of COX-2. COX-1 is a structural enzyme found in
tissues and cells, producing protective PGs, responsible for maintaining normal cellular
functions [3-5]. Suppression of COX-1 activity may result in decreased PG synthesis, which
may damage the gastric mucosal barrier. We did not find any studies revealing the effect of
felodipine on the COX enzyme in gastric tissue. However, in studies with other calcium channel
blockers, findings consistent with our results revealing the relationship of felodipine with COX-
1 and COX-2 have been reported [28]. In addition, it has been suggested that calcium channel
blockers inhibit gastric basal and stimulated acid secretion and gastric motility and protect the
gastric mucosa by increasing gastric blood flow [40].

Our study has some limitations. The histopathological effects of felodipine in gastric tissue and
how felodipine affects proinflammatory cytokine levels were not evaluated. Evaluation of these
parameters could have contributed to the study.

Indomethacin caused significant oxidative damage in gastric tissue and changed the oxidant
and antioxidant balance in favor of oxidants. It also significantly reduced COX-1 activity.
Felodipine prevented the development of indomethacin-induced oxidative stress. In addition, it
reduced the indomethacin-induced decrease in COX-1 enzyme activity. However, it had no
effect on COX-2 enzyme activity. These data suggest that felodipine may be useful in the
treatment of NSAID-induced gastric injury. More detailed studies are needed in the future to

clarify the antiulcer mechanism of action of felodipine.
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Figure Legends

Figure 1. MDA and GSH levels of the groups

HC: healthy control group; IND: indomethacin group; Fel+IND: felodipine + indomethacin
group; Fam+IND: famotidine + indomethacin group; MDA: malondialdehyde; GSH:
glutathione

* Statistically significant difference of the groups in comparison to the IND group (p < 0.001).

Figure 2. SOD and CAT levels of the groups

HC: healthy control group; IND: indomethacin group; Fel+IND: felodipine + indomethacin
group; Fam+IND: famotidine + indomethacin group; SOD: superoxide dismutase; CAT:
catalase

* Statistically significant difference of the groups in comparison to the IND group (p < 0.001).

Figure 3. COX-1 levels of the groups
HC: healthy control group; IND: indomethacin group; Fel+IND: felodipine + indomethacin
group; Fam+IND: famotidine + indomethacin group; COX-1: cyclooxygenase-1

* Statistically significant difference of the groups in comparison to the IND group (p < 0.001).

Figure 4. COX-2 levels of the groups
HC: healthy control group; IND: indomethacin group; Fel+IND: felodipine + indomethacin
group; Fam+IND: famotidine + indomethacin group; COX-2: cyclooxygenase-2

* Statistically significant difference of the groups in comparison to the IND group (p < 0.001).

Figure 5. Macroscopic photographs of rats’ stomachs

(a) Gastric tissue of the HC group, mucosa with no lesion or redness. (b) Gastric tissue of the
IND group, severely hemorrhagic ulcerated mucosa surface. (c) Gastric tissue of the Fel+IND



group, minor injuries with normal mucosa. (d) Gastric tissue of the Fam+IND group, minor

injuries with normal mucosa.

HC: healthy control group; IND: indomethacin group; Fel+IND: felodipine + indomethacin

group; Fam+IND: famotidine + indomethacin group.
Figure 6. Number of ulcers in groups

HC: healthy control group; IND: indomethacin group; Fel+IND: felodipine + indomethacin

group; Fam+IND: famotidine + indomethacin group.

* Statistically significant difference of the groups in comparison to the IND group (p < 0.001).

Figure 7. Ulcerated areas in groups

HC: healthy control group; IND: indomethacin group; Fel+IND: felodipine + indomethacin

group; Fam+IND: famotidine + indomethacin group.

* Statistically significant difference of the groups in comparison to the IND group (p < 0.001).
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Table 1. Biochemical findings in the groups

Parameters HC Group IND Group Fel+IND Group Fam+IND Group p Value
MDA A A
275+0.18° 5.27+0.16 3.15+0.11%¢ 3.62 +0.31* <0.001
(nmol/mg protein)
GSH A A N
462+021* 1.69%0.12 3.94 +0.33% 3.48 +0.15* <0.001
(nmol/mg protein)
SOD b b b
] 7.22+0.16° 3.43+0.11 6.51+0.12% 6.17 +0.33% <0.001
(u/mg protein)
CAT b
] 6.85+0.10° 3.16+0.15 6.37 £ 0.51%¢ 6.10 + 0.08*¢ <0.001
(u/mg protein)
COX-1 A A
] 5.16 £ 0.06° 1.67 £0.22 4,72 +£0.24*¢ 3.99 +0.35% <0.001
(u/mg protein)
COX-2 A X
] 0.27 £0.05*  0.12+0.02 0.15+0.03 0.27 +0.043° <0.001
(u/mg protein)
Number of Ulcers ()~ 0.00+0.00° 185+1.87° 200+0.89*°  3.00+1.27*" <0.001
Ulcerated Area (mm?)  0.00 +0.00°  40.67 +2.50°  0.55 + 0.19" 0.73+0.16° <0.001

HC: healthy control group; IND: indomethacin group; Fel+IND: felodipine + indomethacin group;

Fam+IND: famotidine + indomethacin group; MDA: malondialdehyde; GSH: glutathione;

SOD: superoxide dismutase; CAT: catalase; COX-1: cyclooxygenase-1; COX-2: cyclooxygenase-2.
% Statistically significant difference of the groups in comparison to the IND group (p <0.001).

b Statistically significant difference of the groups in comparison to the HC group (p <0.001).

© Statistically significant difference of the groups in comparison to the HC group (p <0.05).
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