44

Azorbaycan Oczagiliq vo Farmakoterapiya Jurnali / Azerbaijan Pharmaceutical & Pharmacotherapy Journal / 23 (2): 44-53, 2023 / ISSN 1994-1951

INVESTIGATING THE THERAPEUTIC POTENTIAL OF BENI-
DIPINE IN INDOMETHACIN-INDUCED PEPTIC ULCERS: AN EX-

PERIMENTAL STUDY IN RATS

Running Title: Benidipine's Potential for Treating Peptic Ulcers

Abdulmecit Albayrak!®, Huseyin Bekmez!*, Melis Kili¢?, Kubra Aliyeva?, Ay-
tac Badalova?, Farnaz Gharbali*, Yasin Bayir®
! Department of Pharmacology, Faculty of Medicine, University of Ataturk, Erzu-

rum, Turkey.

2Azerbaijan Medical University, Baku / Azerbaijan.
3 Department of Biochemistry, Faculty of Pharmacy, University of Ataturk, Erzu-

rum, Turkey.
* dramecit@gmail.com

Key words: Peptic ulcer, Benidipine, Indomethacin, oxidative stress, rats

INTRODUCTION

Peptic ulcer is a gastrointestinal disease that is
very common in the upper gastrointestinal tract,
has become widespread with increasing mortality
rates worldwide, and is characterized by an in-
crease in gastric cancer. The prevalence of peptic
ulcer is 2.4% in Western populated countries [1]. It
is seen as 6.1% in China [2]. The prevalence of this
disease varies between 2.4% and 6.07% [3]. Peptic
ulcer significantly affects the gastric mucosa and
submucosa layer [4]. Some of the causes of peptic
ulcer include factors such as pepsin, stomach acid
secretion, and decreased protective factors, which
play a role in the formation of this disease [5].
Apart from these factors, drugs such as digestive
enzymes, bile acids, helicobacter pylori, ethanol,
and NSAIDs affect the gastric mucosa and predis-
pose to the onset of peptic ulcer [6]. When alcohol
is present in high concentrations in the body, it can
directly affect the gastric mucosa and damage the
mucosal blood circulation by inducing cell apopto-
sis. Due to impaired blood circulation, the release
of free radicals in the body may increase and the
damaging ability of invasive factors may increase
[7,8]. In peptic ulcer disease, severe necrotic patho-
logical changes with bleeding and perforations can
be observed on the mucosal surface of the stomach
and the mucosal muscularis [9]. It has been found
that people with digestive problems have a high
risk of neuropsychiatric diseases such as depres-
sion and anxiety behaviors [10,11]. Today, drugs
that reduce gastric acid secretion, antacid drugs that
neutralize acid, and cytoprotective drugs that pre-
vent cellular apoptosis are used in the treatment of

peptic ulcer [12]. Although the effectiveness of
these drugs is high, side effects, relapse rates, and
drug resistance may be observed after treatment
[13]. Indomethacin (IND), which is used to create
an ulcer model, is an indole-derived NSAID. The
NSAIDs IND, are more effective in causing exper-
imental ulcers than other NSAIDs due to their high
ulcerogenic potential. Induction with IND is
among the most common methods of inducing pep-
tic ulcers in rats. [14]. The most important patho-
physiological feature of IND is to suppress prosta-
glandin synthesis by inhibiting COX-1 and COX-2
enzymes [15]. Calcium channel blockers used in
the treatment of peptic ulcers are known to inhibit
gastric acid secretion [16,17]. Benidipine (BEN) is
an L-type calcium channel blocker and a drug used
in hypertension [18]. BEN reduces antioxidant lev-
els in tissues and suppresses oxidative stress
[19,20]. This study aims to investigate the effects
of BEN on the IND-induced peptic ulcer model in
rats.

MATERIALS AND METHODS

In this experimental study, 36 male albino
Wistar rats, each weighing approximately 270-280
g, were used. The rats used in this experimental re-
search were obtained from the Atatirk University
Medical Experimental Application and Research
Center. Before the experimental study, these ani-
mals were divided into groups and kept and fed at
an average temperature of 22-23°C. This experi-
ment was approved by the Ataturk University Ani-
mal Experiments local ethics committee (
28.09.2023- 2023/11-170).
Drugs
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IND was purchased from Deva Holding AS (ls-
tanbul, Turkey). We obtained thiopental sodium
from IE Ulagay AS Istanbul, Turkey, Famotidine
(FAM) (Famodin 40 mg Tb) Sandoz Ila¢ San. and
Tic. AS Istanbul, Turkey. and BEN (Benipine 8 mg
Th) were obtained from the Saba Ila¢ San. and Tic.
A.S., Istanbul, Turkey.

Animals

The study was approved by the Atatiirk Univer-
sity Animal Experiments Local Ethics Committee.
It was carried out with the permission of decision
no. 36 adult male Wistar Albino rats weighing 270-
280 g were used in the experiment. These animals,
obtained from a legal vendor, were kept for 7 days
to adapt before the experiment was carried out. Af-
terwards, experimental groups were formed with 6
rats in each group and they were starved for 24
hours.

Experimental Procedures

1st group (n=6) Healthy group, 2nd group (n=6)
IND (20mg/kg), 3rd group (n=6) FAM 20 mg+10
minutes later IND (20mg/kg) 4th group (n=6) BEN
20 mg+10 minutes after IND (20mg/kg), 5th group
(n=6) BEN 20mg+10 minutes after IND
(20mg/kg), 6th group(n=6) ) It was determined as
FAM (20mg/kg) + BEN 40 mg + IND (20mg/kg)
after 10 minutes. After the animals to be used in the
experiment were fasted for 24 hours, BEN
(40mg/kg) was administered orally to each group
of rats divided into 6 groups. To the reference
groups, FAM (20mg/kg) was prepared together
with its preparations in pure water and given orally
in the same way. Healthy groups were kept under
the same conditions (temperature, humidity, etc.)
as other animals without any experimental treat-
ment. IND (20mg/kg) dose was given orally to all
rats 15 minutes after these substances were admin-
istered orally. After 6 hours, high dose thiopental
sodium (50 mg/kg) was administered intraperitone-
ally and all animals in the groups were sacrificed.
Biochemical parameters were measured in the
stomach tissues obtained as a result of sacrifice.

Preparation of Tissue Homogenates

The stomach tissues of the rats were ground into
powder with liquid nitrogen in a mortar and pestle.
Each rat group was weighed 0.025 and diluted 1/60
by adding 1.5 ml of buffer solution. These homog-
enates were homogenized in the homogenizer on
ice for 10 minutes in the next step. The homoge-
nates were then filtered through a filter paper, cen-
trifuged and the supernatants were used for the de-
sired biochemical investigations[21].

Total Glutathione (GSH) measurement

[5.5'-Dithiobis (2-nitrobenzoic acid)] disulfide
present in the measurement medium has a chromo-
gen structure and can be easily reduced. The yellow
color resulting from reduction can be measured
spectrophotometrically at 412 nm. Homogenates
were centrifuged at 12,000 g 4°C for 10 min, and
the supernatants were used to quantify GSH.

Measurement of Superoxide Dismutase (SOD)
Activity

Superoxide radicals formed when xanthine is
converted to uric acid via the xanthine oxidase
(XO) enzyme, if NBT (nitro blue tetrazolium) is
present in the environment, react with NBT and
form formazan dye. This compound has maximum
absorbance at a wavelength of 560 nm. If there is
SOD enzyme in the environment, since superoxide
radicals are converted into H,O, by these enzymes,
formazan formation will decrease and its effect will
decrease and accordingly the absorbance measured
at 560 nm will decrease. The amount of decrease in
absorbance indicates SOD activity.

Measurement of Lipid Peroxidation Level
(MDA)

Lactoperoxidase (LPO) occurs in the cell mem-
brane of free radicals. Most of the methods used to
determine the MDA level resulting from LPO ac-
tivity deal with the reaction of MDA with thiobar-
bituric acid (TBA). One molecule of MDA and two
molecules of TBA react to form a stable red color.
LPO measurement is based on the principle of
measuring the red color formed by the reaction of
MDA with TBA in an acidic environment at 532
nm.

Statistical analysis

Statistical analyses in this study were performed
using the IBM SPSS 20.0 software program [22].
Statistical differences and significance levels in all
measurements were determined by the "One-way
Analysis of Variance (ANOVA)" test and results at
p<0.05 were considered significant.

RESULTS

Macroscopic examination results

In this study, the antiulcer effects on the exper-
imental ulcer model created with FAM, BEN, and
IND were investigated. In our study, the average
values expressed with the same letters were consid-
ered statistically insignificant and/or insignificant
(p>0.05), while the average values expressed with
different letters were considered statistically differ-
ent (p<0.05). The average amount of damage and
the area covered in the experimental ulcer model
created can be evaluated macroscopically. The
density of the ulcer areas formed is an important
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element in evaluating the effectiveness of the ap-
plied ulcer treatment.

Figure 1. Ulcer areas of stomach tissue
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Figure 2. Ulcer areas in the stomach tissue of study groups

At the end of the experimental study, the stom-
achs of the rats were removed and analyzed. IND
application to rats caused a large ulcer area
(p<0.05) (Figure 1 and Figure 2). When comparing
the reference group with the IND group, all doses

of BEN and FAM were observed to significantly
reduce the ulcer area (p<0.05). No significant dif-
ference was detected between the IND+FAM
group and the IND+FAM+BEN 2 group (p>0.05).
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When IND+BEN 2 and IND+BEN 4 were com-
pared, it was determined that the IND+BEN 4
group reduced the ulcer area more than the other
group (p<0.05) (Figure 1). If we look at the results
of this study, the antiulcer effect of BEN has been

demonstrated in macroscopic evaluation. Com-
pared to other references, the effect of FAM was
found to be dose-dependently better than the effect
of BEN.

Figure 3. SOD levels in the stomach tissue of study groups

Biochemical Analysis
SOD activity

Superoxide oxidase (SOD) enzyme forms the
main line of defense against free radicals in the cell.

It causes the formation of free radicals that
cause damage to the cell. The SOD enzyme also
provides information about the mechanism of the
antioxidant defense system found in tissues and
cells.

When the figure (Figure 3) showing the SOD
measurement levels of the stomach tissue is exam-
ined, it is seen that IND application significantly
reduces the SOD level (p<0.05). Although the SOD
levels between the IND + FAM group and the IND
+ BEN2 + FAM group were similar to each other
(p>0.05), the increases in enzyme activity in the
IND + FAM4 group and the IND + BEN2 +FAM
group were found to be significantly higher than
the IND + BEN2 group (p <0.05). ). The highest
SOD level is seen in the healthy group.

MDA Levels
There is a relationship between the amount of

MDA and LPO. LPO is one of the most accepted
parameters that shows oxidative damage in living
tissues and cells. When determining the LPO level,
is determined by the amount of MDA formed as a
result of oxidative damage. In this study, MDA lev-
els were taken into consideration to detect damage
to the stomach tissue. When the figure (Figure 4)
showing LPO levels in stomach tissues was exam-
ined, it was determined that MDA levels increased
significantly in the IND group (p<0.05). It was ob-
served that MDA levels decreased in the IND +
FAM and IND + BEN4 groups. IND + FAM and
IND + BEN2 + FAM groups showed a similar de-
crease (p>0.05). According to other findings, it was
observed that BEN decreased MDA levels depend-
ing on the dose.

GSH Level

Peroxide radicals pose a danger to the health of
tissues and cells. GSH is a very important agent for
the activation of glutathione (GSH)-dependent en-
zymes such as glycerol phosphate oxidase (GPO)
and Glutathione S-transferases (GST), which work
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against dangerous radicals such as peroxide radi- because it has a direct antioxidant effect. For this
cals. In addition to being effective in maintaining reason, GSH amounts are very important in deter-
the activity of these enzymes, GSH plays a major mining antioxidant levels.

role in the antioxidant defense system in the body
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Figure 4. MDA levels in stomach tissue of study groups
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Figure 5. GSH levels in stomach tissue of study groups

When the figure (Figure 5) showing GSH levels were parallel, it was found to be in the opposite di-
in the stomach tissue was analyzed, it was deter- rection compared to ulcer areas and MDA levels.
mined that the levels of the IND group decreased GSH level was measured significantly in
significantly (p<0.05). While GSH and SOD levels IND+FAM, IND+BEN4, and IND+FAM+BEN2
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groups compared to the IND group, and no signifi-
cant difference was detected between them
(p>0.05). It was determined that the GSH level of
the IND+FAM, IND+BEN4, and
IND+BEN2+FAM groups became close to the
level of the healthy group.

DISCUSSION

Peptic ulcer disease occurs when the delicate
balance between the protective mechanisms that
safeguard the stomach's structure and the harmful
factors that affect it is disrupted [23]. As a result of
this imbalance, the gastric mucosa is seriously
damaged, leading to the formation of ulcers. Peptic
ulcers occur when aggressive factors such as gas-
tric acid and pepsin overcome protective mecha-
nisms like the mucus layer and mucosal blood flow
[24].

This study investigates the potential effects of
BEN as a potential agent in the treatment of gastric
ulcers and compares this effect with FAM. BEN is
a drug used as an L-type calcium channel blocker
and is commonly used in the treatment of hyperten-
sion [25]. In this study, the potential use of calcium
channel blockers like BEN in the treatment of gas-
tric ulcers induced by NSAIDs is particularly ex-
plored.

Our results demonstrate, as in previous studies,
that one of the NSAIDs, IND, causes damage to
gastric tissue, resulting in ulcer formation [14]. In
particular, we observed that IND significantly in-
creased damage to the gastric mucosa. These find-
ings confirm the potential of NSAIDs, commonly
observed in the literature, to harm gastric tissue
[26,27]. BEN treatment proved to be highly effec-
tive in reducing this damage. In our animal experi-
ments, we observed that only the group receiving
IND had lesions in the gastric tissue, which were
macroscopically examined to be ulcers, as defined
in previous studies [28]. The intensity of these le-
sions in the IND group in our study was higher than
that in the FAM and BEN groups.

The mechanisms underlying the protective ef-
fect of BEN have been better understood by exam-
ining oxidative and antioxidant parameters [29].
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CIN-INDUCED PEPTIC ULCERS: AN EXPERIMENTAL STUDY IN RATS
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Gharbali!, Yasin Bayir®
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Objective: Peptic ulcer disease is a prevalent gastrointestinal disorder associated with escalating
global mortality rates and a heightened risk of gastric cancer. This study investigates the therapeutic
potential of Benidipine, an L-type calcium channel blocker known for its antioxidant properties, in an
indomethacin-induced peptic ulcer model in rats.

Methods: Thirty-six male albino Wistar rats were divided into six groups and subjected to various
drug treatments, including Indomethacin, Famotidine, and Benidipine. Stomach tissue samples were
collected for analysis.

Results: Macroscopic examination revealed that indomethacin significantly increased ulcer areas in
the stomach tissue, while Benidipine and Famotidine treatments effectively reduced these ulcer areas.
Biochemical analysis indicated that Indomethacin-induced oxidative stress, as evidenced by elevated
levels of malondialdehyde, a marker of lipid peroxidation, and decreased levels of total glutathione and
superoxide dismutase, are crucial antioxidants. However, Benidipine treatment mitigated these changes,
restoring antioxidant levels and reducing malondialdehyde levels.

Conclusion: This study demonstrates that indomethacin induces gastric damage and oxidative stress,
leading to ulcer formation, while Benidipine, with its antioxidant properties, effectively counteracts
these effects and exhibits comparable efficacy to Famotidine in ulcer reduction. These findings suggest
that Benidipine may hold promise as a therapeutic agent for mitigating peptic ulcers induced by
nonsteroidal anti-inflammatory drugs like Indomethacin, warranting further exploration in clinical
settings.

INDOMETASININ SOBOB OLDUGU MODO XORALARINDA BENIDIiPININ
TERAPEVTIK POTENSIALININ ARASDIRILMASI: SiCOVULLARDA EKSPERIMENTAL
TODQIQAT

Abdulmecit Albayrak?, Huseyin Bekmez'", Melis Kili¢!, Kubra Ahyeva?, Aytac Badalova?, Farnaz
Gharbali}, Yasin Baywr®

L Atatiirk Universitesi, Tibb Fakiiltosi, Farmakologiya kafedrasi, Orzurum, Tiirkiya.

2Azarbaycan Tibb Universiteti, Baki, Azarbaycan.

8 Atatiirk Universitesi, Oczaciliq Fakiiltasi, Biyokimya kafedrasi, Orzurum, Tiirkiya.

Acar sozlar: mada xorasi, Benidipin, Indometasin, oksidlasdirici stress, sicanlar.

Moagqsad: Peptik xora xostaliyi qlobal 6liim hallarinin artmast vo modo xor¢ongi riskinin yiiksalmosi
ilo alagali yayilmis moads-bagirsaq xastaliyidir. Bu tadqiqat indometasinin sabab oldugu mods xorasinin
sicovul modelindo antioksidant xiisusiyyotlori ilo tanman L tipli kalsium kanal blokatoru olan
benidipinin terapevtik potensialini arasdirir.

Metodlar: Otuz alt1 erkok Wistar albino sigovullart alt1 grupa béliindii ve indometasin, famotidin vo
benidipin do daxil olmaqla miixtalif derman miialicalarine moruz edildi. Tohlil ii¢iin mads toxumasi
niimunslori toplandi.

Noticalor: Makroskopik tadgiqatlar indometasinin xora sahslarini shamiyyatli deracads artirdigini,
Benidipin vo Famotidin miialicalorinin iso bu xora sahslorini effektiv gokilds azaltdigini miioyyon etdi.
Biokimyavi analizlor gostordi ki, indometasinin yaratdig1 oksidloesdirici stress, lipid peroksidlogsmasinin
gostaricisi olan malondialdehid soviyyasinin artmasi veo iimumi qlutatyon, superoksid dismutaz
soviyyasinin azalmasi ilo siibut olundugu kimi, osas antioksidantlardir. Bununla bela, benidipinla
miialico antioksidant saviyyslorini barpa etmoklo vo malondialdehid saviyyslerini azaltmaqla bu
doyisikliklori zoiflotdi.

Qarar: Bu tadqiqat, indometasinin mada xorasinin yaranmasina gatirib ¢ixaran mada zodslonmasina
vo oksidativ streso sabab oldugunu gostorir, lakin Benidipine 6z antioksidant xiisusiyyatlori ila bu
effektloro qars1 xoranin azaldilmasinda Famotidin ilo miiqayiso olunan tesir niimayis etdirir. Bu
naticalar, Benidipine'nin indometasin kimi geyri-steroid antiinflamatuar dormanlar torafindon yaradilan
mads xoralarini yatigdirmagq iigiin terapevtik bir vasits kimi potensiala sahib oldugunu gosterir va klinik



Azorbaycan Oczagiliq vo Farmakoterapiya Jurnali / Azerbaijan Pharmaceutical & Pharmacotherapy Journal / 23 (2): 44-53, 2023 / ISSN 1994-1951

soraitdo daha otrafli aragdirmalarin aparilmasini tolab edir.

HNCCIEJOBAHUE TEPAIIEBTUYECKOI'O TIOTEHIUAJIA BEHUUIINHA IIPU IIEII-
TUYECKHUX A3BAX, MHAYLHUPOBAHHBIX UHIOMETALIMHOM: OKCIIEPUMEH-
TAJIBHOE UCCJIEJOBAHUE HA KPBICAX:

Abayameunt Aadaiipak !, Xyceiin Bexmes!", Meaue Knimpx®, Ky6pa Anmesa®, Aiitau Bana-
aoBa®, ®apuas Iapoanu ', Acun Baiinp®

Y Kagheopa ¢papmaxonoeuu, meduyunckuii paxyromem, Yuusepcumem Amamiopxa, Ip3ypym, Typyus.

2 Asepbaiioocanckuii meduyunckull yuusepcumem, Baxy, Azepbatioxcan.

8 Kagpeopa 6uoxumuu, papmayesmuyeckuii gpaxyromem, Yuueepcumem Amamiopka, Ip3ypym, Typ-
yust.

KiroueBsble cjioBa: si3BeHHAS 00JI€3HD, OCHUINIINH, HHIOMETAINH, OKHCIUTEIBHBIN CTPeCC, KPBICHL.

Henn: S3BeHHas 00JE3Hb SBISCTCS PACIPOCTPAHCHHBIM KEIYIOYHO-KHUILEYHBIM 3a00JIeBaHUCM,
CBSI3aHHBIM C POCTOM TI00aJIhbHON CMEPTHOCTH | MOBBIIICHHBIM PUCKOM paka xelyaka. B maHHOM uc-
CJIeIOBaHUN M3Yy4aeTCs TepalleBTHUSCKUNA MOTCHITMA OCHUIMITHHA, 0JIOKaTOpa KaJbIIMEBBIX KaHAJIOB
L-TrIa, M3BECTHOTO CBOMMHU aHTHOKCHIAHTHEIMHM CBOMCTBAMH, HA MOJIEIH IIENTHYECKO SI3BEI, BEI3BAH-
HOW WHJIOMETAIIMHOM, Y KPBIC.

MeTtoapl: TpuamaTs mecTs caMIlOB KpbIc-aTs0mHO Wistar OBITH pa3meIeHsl Ha MECTh TPYIIT U ITOA-
BEPTrHYTHI PA3TMYHBEIM MEIUKAMEHTO3HEIM 00paboTKaM, BKIIIOYass MHAOMETAINH, (DaMOTHINH U OEHU-
qunH. O0pasibl TKaHEeH JKely/IKa ObUIN B3STHI IS aHAJIN3A.

Pe3yabTaTrhi: Makpockonmieckoe o0cieioBaHie 0Ka3allo, YTO WHAOMETAIMH 3HAUYUTEILHO YBe-
JUYHIT TUTOIAAb 3B B TKaHU JKEIYyIKa, B TO BpeMs Kak JeUeHHe OCHUIUITHHOM M (paMOTHIUHOM (-
(heKTUBHO COKPAIIAJIO ATH ILJIONIA U SI3Bbl. BHOXUMUYeCKHI aHATU3 TIOKa3aJl, YTO UHIOMETAIlUH BhI3bI-
BaeT OKHUCIUTEIBHBIA CTPECC, O YeM CBUICTEIHCTBYIOT MOBBIIICHHBIC YPOBHH MaJOHOBOTO JTUAIIbIIC-
TU/a, MapKepa MepeKuCHOTO OKUCIIEHUS JINMUJIOB, U CHWKEHHUE YPOBHEH OOIIero riryTaTHoHa U CyIie-
POKCHIMCMYTa3bl, BAYKHBIX aHTHOKCUAAHTOB. O HAKO JICUCHHE OCHUIUITMHOM CMSITIHIIO 3TH U3MEHE-
HUS1, BOCCTAHOBUB YPOBCHb aHTHOKCUJIAHTOB U CHU3UB YPOBEHb MaJIOHOBOTO JHAJIBIACTH/IA.

3akawuenne: DTO KCCICIOBAaHKUE MOKA3bIBACT, YTO WHAOMETAIIMH BHI3bIBACT MOBPEKICHHE K-
JIyJIKa ¥ OKUCIIUTEIIbHBIN CTPECC, IPUBOISIINI K 00pa30BaHMIO S3BBI, B TO BPeMsI KaK OCHHIUIIUH C €T0
AHTUOKCHJAHTHBIMH CBOWCTBaMH 3(PPEKTHBHO MPOTUBOJCHCTBYET ATUM dPPEKTaM U JEMOHCTPUPYET
3¢ (HeKTUBHOCTD, CPABHUMYIO C ()aMOTUJIMHOM B YMEHBIICHUH 53B. DTH PE3yJIbTAThI IO3BOJISIOT MPE/I-
MIOJIOKUTH, 9TO OCHUUITHH MOXET 0Ka3aThCs MEPCIIEKTHBHBIM B KAYECTBE TEPAIIeBTUIECKOTO CPEICTBA
JUTSL CMSITYCHHS TIETITHYECKKX SI3B, BI3BAHHBIX HECTEPOUIHBIMHU ITPOTHBOBOCHAIUTEIILHBIMY Mpenapa-
TaM¥, TAKUMU KaK WHIOMETAIIMH, YTO TPeOyeT AabHEHIIEro H3yueHHsl B KIMHUYECKUX YCIOBUSX.
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