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HIGHLIGHTS

¢ Indomethacin-induced gastric ulcer model was established in rats.
e The area of ulcer formation in rats given lercanidipine was smaller.

e Lercanidipine changed the oxidant/anti-oxidant balance in favour of the anti-oxidants.

e Lercanidipine inhibited the indomethacin-induced reduction of COX-1 activity.

Abstract: Nonsteroidal anti-inflammatory drugs (NSAID) are among the aggressive factors causing gastric
ulcer. They cause oxidative damage in the gastric tissue and lead to intracellular calcium deposition.
Lercanidipine is a calcium channel blocker derived from the third generation dihydropyridine. The aim of this
study is to analyse the effect of lercanidipine on indomethacin-induced gastric ulcers. A total of 24 albino
Wistar male rats were divided into four groups; those who received indomethacin 25 mg/kg (IND), 5 mg
mg/kg lercanidipine +25 mg/kg indomethacin (LC-5), 10 mg/kg lercanidipine+25mg/kg indomethacin (LC-10)
and healthy rats who received 0.5 mL distilled water. Six hours after the application of indomethacin, the
animals were sacrificed by high dose thiopental sodium. The stomachs of the animals were excised to
perform a macroscopic analysis and the ulcerous region was measured on millimeter paper. All the stomachs
were subjected to a biochemical analysis. Macroscopic analysis revealed hyperaemia on the gastric surface
of the indomethacin group. Ulcerous tissues formed by oval, circular or irregular mucosal defects in varying
diameters and depths were observed on the whole surface of the stomach. Hyperaemia was lower and
ulcerous region was smaller in groups LC-5 and LC-10 compared to IND group. Malondialdehyde and
myeloperoxidase levels were significantly lower and total glutathione and cyclooxygenase-1 activity were
higher in groups LC-5 and LC-10. Lercanidipine did not change the cyclooxygenase-2 activity. Lercanidipine
in doses 10 mg/kg is more effective compared to 5 mg/kg. Lercanidipinine can be useful in the treatment of
NSAID-induced gastric damage.
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INTRODUCTION

Gastric ulcer occurs when the balance between the aggressive and protective factors gets destroyed in
favour of the aggressive factors [1]. Distress, haemorrhagic shock, sepsis, alcohol, smoking, steroid and
nonsteroidal anti-inflammatory drugs (NSAID) are among the most well-known aggressive factors today [2].
These factors damage the permeability of the gastric mucosa and lead to intracellular calcium deposition [3].
There are studies reporting that calcium ion induces gastric acid release in in-vivo conditions and leads to
gastric mucosal injury [3,4]. Although the aggressive factors causing ulcer may vary, the increased amount of
reactive oxygen species (ROS) plays a significant role in the mechanism of the gastric damage caused by all
[5]. In addition, the high content of oxidants and low content of anti-oxidants in the damaged tissue shows the
significance of the change of the oxidant vs. anti-oxidant balance in favour of the oxidants in the pathogenesis
of ulcer [6-8]. The increased concentration of calcium-ion leads to an increase in the production of SOR [9].

Indomethacin, which we used in our study to form an ulcer model, is an indole-derivate NSAID.
Indomethacin is preferred in forming an experimental ulcer model owing to its high ulcerogenic potential
compared to other NSAIDs [10]. Indomethacin suppresses prostaglandin synthesis by inhibiting the enzymes
of both cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2). COX-2 enzyme is responsible for the
anti-inflammatory effect of indomethacin whereas COX-1 enzyme inhibition is responsible for its
gastro-intestinal side effect [11]. In literature, indomethacin is reported to be leading to gastric damage by
inhibiting the generation of COX-1 enzyme derivative prostaglandin E-2 (PGE-2), bicarbonate and mucus, by
promoting the gastric acid secretion, increasing the oxidant parameters and reducing the level of antioxidant
parameters [10,12,13].

In our study, we aim to analyse the protective effect of lercadipinine, which is a third generation
dihydropiridine derivative calcium channel blocker, on indomethacin-induced gastric ulcer. Comparative
therapeutic results showed that lercadipidine was as effective as other dihydropiridine derivatives. Owing to
its low potential of side effects, lercanidipine is used in patients who cannot respond to or tolerate
antihypertensive drugs [14]. Moreover, lercanidipine was shown to have an antioxidant activity just like other
dihydropiridine derivatives [15]. These literature data indicate that lercanidipine could protect the gastric
tissue against the indomethacin-induced oxidative damage. The aim of this study is to analyse the effect of
lercanidipine on indomethacin-induced gastric ulcers in rats in terms of pharmacology and bio-chemistry.

MATERIAL AND METHODS

Animals

In the experiment, 24 albino Wistar male rats weighing 280-295 grams were used. Before the experiment,
the animals were housed and fed in groups at normal room temperature (22 °C) under appropriate conditions.
The animals were divided into four groups (n=6, each group); 25 mg/kg indomethacin (IND), 5 mg/kg
lercanidipine+25 mg/kg indomethacin (LC-5), 10 mg/kg lercanidipine+25 mg/kg indomethacin (LC-10) and
given 0.5 mL distilled water healthy (HG) groups.

Chemicals

Thiopental sodium used in the experiment was obtained from I.E. Ulagay (Turkey). Lercanidipine was
obtained from Recordati Pharma (Turkey) and indomethacin was obtained from Deva Holding (Turkey).

Experimental procedure

Rats were kept hungry for 24 hours for the experiment and then groups LC-5 and LC-10 were gavaged
with 5 and 10 mg/kg doses of lercanidipine. Groups HG and IND received equal amounts of distilled water as
a solvent. All rat groups (except for HG) were gavaged with 25 mg/kg indomethacin 5 minutes after the
application of drugs. The animals were killed, using a high dose of anaesthetic agent (thiopental sodium) six
hours after the application of indomethacin. Stomachs of the dead animals were excised to perform a
macroscopic analysis on the ulcerous tissues on the gastric surface. The width of these ulcerous regions
were measured on a millimetre paper. Then, malondialdehyde (MDA), myeloperoxidase (MPO), total
glutathione (tGSH), COX-1 and COX-2 levels of the gastric tissues were measured.
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Biochemical analysis

Preparation of samples

The phosphate buffer containing 0.5% hexadecyltrimethyl ammonium bromide pH=6 for the
determination of MPO, the potassium chloride solution of 1.15% for the determination of MDA were used. For
the other measurements, it was adjusted to 2 mL in phosphate buffer (pH 7.5) and homogenized on ice. Then,
it was centrifuged at 10000 rpm at +4 °C for 15 minutes. The supernatant was used as analysis sample.

MDA analysis

The barbituric acid test was used by assessment MDA to define the amount of lipid peroxidation in
gastric tissue [16]. MDA levels are expressed as pmol/g protein.

MPO analysis

MPO activity was measured according to the method of Bradley and coauthors [17]. MPO activity are
expressed as U/g protein.

tGSH analysis

The amount of tGSH in the stomach tissue was performed according to the method defined by Sedlak
and Lindsay [18]. The tGSH levels in the gastric tissue are expressed as nmol/g protein.

Measurement of COX activity

Measurement of COX enzyme activity was performed using commercial kit as previously described [19]

Statistical analysis

The results were shown as “meantstandart error of the mean” (x*tSEM). The differences between the
groups were defined using one-way ANOVA and followed it Fisher’s post-hoc Tukey test. “SPSS for Windows
18.0” software used for data analysis, and p<0.05 was considered statistically significant.

RESULTS

Macroscopic examination

Macroscopic examination of the rats in the indomethacin group revealed ulcerous regions in the
stomachs of rats. The gastric surface was evidently hyperaemic. Ulcerous regions were evenly diffused on
the gastric surface. These ulcerous regions were formed by oval, circular and irregular mucosal defects in
varying diameters and depths. The base of the ulcerous region was whitish, had regular contour and clear
borders. There was swelling around the ulcerous region. Hyperaemia was less severe and the ulcerous
region was smaller in lercanidipine group compared to indomethacin group. Hyperaemia was less severe in
Group LC-10 compared to Group LC-5. Ulcerous region was smaller in Group LC-10 compared to Group
LC-5 (Figure 1).
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Figure 1. Macroscopic view of ulcer areas in stomach tissues of experimental groups. 1A: HG group, 1B: IND group,
1C: LC-5 group, 1D: LC-10 group
Ulcerous region measurements

As can be seen on Table 1, the ulcerous region was 58.83+10.51 mm?in IND group and 26.17+3.92 mm?
and 13.5+3.51 mm?, respectively, in groups LC-5 and LC-10. Lercanidipine is understood to be significantly
reducing indomethacin-induced ulcers in 5 and 10 mg/kg doses (p<0.005 and p<0.0001, respectively).

Table 1. Surface measurement of ulcer areas in stomach tissues of experimental groups
Groups HG IND LC-5 LC-10

2
Surface area (mm’) 0 58,83+10,51 26,17+3,92 13,543 51
Statistical significance (p)

- <0.0001 <0.05 >0.05

MDA, MPO and tGSH analysis results

The amount of MDA was significantly increased in the animal group subjected to indomethacin,
compared to the HG group (p<0.0001). The amount of MDA was significantly less in groups LG-5 and
LG-10 compared to IND group (p<0.0001). There was no significant difference between groups HG and
LG-10 in terms of the amount of MDA (p>0.05) (Figure 2).

Indomethacin promoted MPO activity in the gastric tissue of the animals. MPO activity in IND group was
significantly increased compared to HG group (p<0.0001). MPO activity of groups LG-5 and LG-10 was
significantly reduced compared to IND group (p<0.0001). MPO activity of groups HG and LG-10 was similar
(p>0.05) (Figure 2).

Indomethacin reduced the amount of tGSH in the gastric tissue. The amount of tGSH in IND group was
significantly lower than HG (p<0.0001). The amount of tGSH was significantly increased in the gastric tissue
of groups LG-5 and LG-10, whereas there was no significant difference between the amounts of tGSH in
groups HG and LG-10 (p>0.05) (Figure 2).
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Figure 2. MDA, MPO and tGSH levels in stomach tissues of experimental groups
* p <0.0001, according to HG group
** p <0.0001, according to IND group

COX-1 and COX-2 enzyme activity results

Indomethacin significantly inhibited COX-1 activity in gastric tissue compared to group HG (p<0.0001).
COX-1 activity was significantly higher in groups LG-5 and LG-10 compared to IND group (p<0.0001). There
was no significant difference between COX-1 activities of groups HG and LG-10 (p>0.05). Indomethacin
significantly reduced COX-2 activity in gastric tissue compared to HG (p<0.0001). However; lercanidipine
failed to inhibit the reduction of COX-2 activity in 5 and 10 mg/kg doses (p>0.05) (Figure. 3).

COX-1 COX-2

30 2.0
1.54

1.04

0.54

0,04

Tissue COX-1 Activity (U)g protein)
Tissue COX-2 Activity (U/g protein)

Figure 3. COX-1 and COX-2 activity levels in stomach tissues of experimental groups
* p <0.0001, according to HG group
** p <0.0001, according to IND group

DISCUSSION

NSAIDs are known to increase the prevalence of gastric ulcer and the risk for peptic ulcer at a rate of 15%
in endoscopic examination [20]. Indomethacin, among the NSAIDs, is known to be used in the formation of
experimental ulcer model in animals, owing to its high ulcerating capacity [6,7,10]. In this study,
anti-ulcerating activity of lercanidipine was analysed in indomethacin-induced ulcer model in rats.

25 mg/kg indomethacin was directly gavaged into the stomach in order to form ulcer in the gastric tissue
of the animals. In previous studies, 25 mg/kg indomethacin is reported to lead to evident gastric damage
[21-24]. In literature, the indomethacin-induced gastric damage is also referred to as the gastric ulcer [25,26].
Our experiment results revealed that indomethacin led to evident ulcer in gastric tissue, which complies with
the literature. In a recent study, indomethacin was reported to lead to oxidative damage and multiple gastric
ulcers [25]. There are studies suggesting that ROS play a significant role in the pathogenesis of
indomethacin-induced gastric damage [27]. ROS cause oxidation of the cellular membrane lipids, and turn
them into toxic products, such as the MDA [28]. MDA can significantly damage the membrane proteins by
inactivating the membrane receptors and membrane-related enzymes through the cross-linking and
polymerization of the components of the membrane [29]. In our study, the increased amount of MDA in the
indomethacin group is determined to have reduced owing to the dose used in the group of lercanidipine,
which is the Type-L calcium channel antagonist. These results indicate that calcium ions induce the oxidative
stress. In a previous study, cytosolic calcium levels were reported to be associated with the lipid peroxidation
reaction [30]. There are studies reporting that lipid peroxidation disturbs the cellular calcium homeostasis [31].
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Lercanidipine is known to be inhibiting the oxidative stress and lipid peroxidation in extra-gastric tissues [32].
However; we found no study reporting that it protects the gastric tissue from oxidative damage.

In addition, lercanidipine was understood to be inhibiting indomethacin-induced increase of MPO in the
gastric tissue more powerfully in 10 mg/kg dose compared to 5 mg/kg dose. Both oral and parenteral
application of indomethacin is reported to be increasing MPO activity and to be leading to oxidative damage
[33]. There are studies, though limited, supporting that lercanidipine suppresses MPO activity [34]. In a
previous study, calcium receptors were reported to exist in polymorph nuclear leucocytes (PMNL) and to be
contributing to the regulation of MPO secretion [35]. PMNLs play a significant role in the development of
inflammation and tissue damage, by releasing ROS and various inflammatory mediators. Intracellular
calcium increase is responsible for the activation of PMNLs and PMNLs are suggested to have a role in the
pathogenesis of indomethacin-induced gastric ulcers [36].

Calcium is suggested to play a role not only in the increase of oxidant parameters but also in the
reduction of anti-oxidant parameters [37]. Our research findings revealed that the amount of tGSH, which is
an endogenous anti-oxidant molecule, significantly decreased in IND group compared to HG. In another
study, animals who received indomethacin were reported have increased levels of MDA and MPO and a
reduced level of GSH [38]. There are studies reporting that indomethacin reduced the amount of tGSH in
gastric tissue [39]. Lercanidipine is known to be protecting the brain tissue from oxidative damage by
inhibiting the reduction of the level of GSH [40]. However, we found no study reporting that lercanidipine
inhibited the reduction of tGSH in the gastric tissue.

Lercanidipine inhibited the indomethacin-induced reduction of COX-1 activity owing to the dose factor.
However, it failed to inhibit the indomethacin-induced reduction of COX-2. While COX-1 and COX-2 are
similar, they are different in terms of their functions [41]. COX-1 is a structural enzyme available in tissues and
cells. COX-1 produces cyto-protective prostaglandin and is responsible for the maintenance of normal
cellular functions. Suppressing COX-1 could result in the reduction of prostaglandin synthesis which reduces
mucosal secretion and mucosal blood flow, delays the cellular repair and which could damage the gastric
mucosal barrier. COX-2 is reported to show an increase in damaged gastric tissue [42]. We found no study
reporting about the effect of lercanidipine on COX in the gastric tissue. However, calcium channel blockers
were reported to be inhibiting the gastric basal and stimulated acid secretion and motility [43]. Furthermore,
calcium channel blockers were suggested to be protecting the gastric mucosa by increasing the gastric blood
flow [44].

CONCLUSION

Indomethacin led to evident oxidative damage in the gastric tissue. It changed the oxidant vs.
anti-oxidant balance in favour of the oxidants. Furthermore, it inhibited the structural gastro-protective COX-1
activity. Lercanidipine prevented that the oxidant vs. anti-oxidant balance changed in favour of the oxidants
through indomethacin. It inhibited the indomethacin-induced reduction of gastro-protective COX-1 enzyme
activity. However, it had no impact on COX-2 enzyme activity. 10 mg/kg dose of lercanidipine was understood
to be preventing indomethacin-induced gastric tissue damage better compared to 5 mg/kg dose. These data
indicate that lercanidipine could be useful in the treatment of the NSAID-induced gastric damage.

Funding: This research was funded by Scientific Research Projects Unit of Erzincan Binali Yildirirm University, grant
number TYL-2017-496.
Conflicts of Interest: The authors declare no conflict of interest.
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