Hayka u 3apaBooxpanenue, 2024 T.26 (5) OpUrMHAJIbHOE HCCIeI0BAHUE

Received: 08 June 2024 / Accepted: 14 October 2024 / Published online: 31 October 2024

DOI 10.34689/SH. 2024.26.5.011 E’;:ﬂ\é\l's;kézt:l;::: .:;‘tcr‘:'hru*tion 40
BY International License

UDC 616.33-002.44-085 : 612.43
THERAPEUTIC EFFECTS OF MELATONIN IN
AN ETHANOL-INDUCED GASTRIC ULCER MODEL

Akbota A. Skenderova?, https://orcid.org/0000-0002-5392-9433
Gulnaz O. Nuskabayeva, https://orcid.org/0000-0002-2906-1427
Ugilzhan B.Tatykayeva, https://orcid.org/0000-0002-7519-479X
Gulzat Zh. Sarsenbayevaz?, https://orcid.org/0000-0002-1518-6528
Kanatzhan S. Kemelbekov?, https://orcid.org/0009-0008-1619-6278

Aizat A. Seidakhmetova?2, https://orcid.org/0000-0002-5794-3814

1Akhmet Yassawi International Kazakh-Turkish University, Turkistan, Republic of Kazakhstan;
2 South Kazakhstan Medical Academy, Shymkent, Republic of Kazakhstan.
Abstract

Introduction. Recently, melatonin and its agonists have been proven to be effective in the treatment of jet lag syndrome,
insomnia, stress, fear, anger, anxiety, stress conditions, which are accompanied by sleep disorders, increase the immune
system of the whole body, and as antioxidant protection. Melatonin is known to be an important chronobiological molecule
that exerts its effect on any system in the body. The role and pharmacological effect of melatonin in the gastrointestinal
system is still one of the important topics, and research continues in various directions.

Aim. To monitor the therapeutic effects of melatonin in relation to ethanol concentration in an ethanol-induced
experimental gastric ulcer model.

Material’s and method. A prospective preclinical (experimental) single-center study. The work was carried out using
laboratory rats. The research work was carried out for each of the 6 groups, in a model of gastric ulcer induced by ethanol of
various concentrations (100-75-60%) and melatonin was administered to the ulcer (15 mg/kg) and the control group. The
obtained data were subjected to statistical analysis using a trial version of the SPSS statistical program (SPSS 20 Inc,
Chicago, IL, USA), the critical significance level (p) was assumed to be 0.05.

Results. In addition to this increase in the wound area, melatonin administered as a prophylactic subcutaneous injection
reduced the overall wound area. In the group of wounds induced by ethanol (100%), the wound area was 15.01£1.92 mm, after
intraperitoneal injection of melatonin (15 mg/kg), and after 30 minutes the wound area was 14.01+1.74 mm in the 100% ethanol-
induced group and 13. 24+1.71 mm, in the 75% ethanol-induced group, 11.87+1.45 mm in the melatonin + 75% ethanol-induced
group, 11.52+1.15 mm in the 60% ethanol-induced group and 6.12+ 0.54 mm in the melatonin + 60% ethanol-induced group.

Conclusion. In this study, melatonin showed a positive effect in the prevention and treatment of ethanol-induced ulcers
at different concentrations. A significant change was observed at higher levels of melatonin inhibition of ethanol exposure at
lower concentrations.

Keywords: melatonin, antioxidant, circadian rhythm, metabolic syndrome, digestive system, gastrointestinal ulcer.
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AktyanbHocTb. B nocnegHee Bpems MenaTOHUH W €r0 aroHUCTbI [oKasanu CBOW SQeEKTUBHOCTb B KayecTse
AHTMOKCUAAHTHOMN 3aLUMThI MPW NEYEHUM CUHOPOMA CMEHbI B1OMOrMYeckX pUTMOB, GECCOHHMLbI, CTPECCa, cTpaxa, rHeBa,
TPEBOTU, CTPECCOBbIX COCTOSIHWI, KOTOPbIE COMPOBOXAAKTCS HaPYLUEHUSMU CHa U NOBLILIAIOT MMMYHUTET BCETO OpraHnama.
113BECTHO, YTO MENATOHWH SBMSETCS BAXHON XPOHOOMONOTMYECKON MOJIEKYIION, OKA3bIBAOLLEN BNMsIHUE Ha NDy0 cuctemy
opraHuama. Ponb 1 (hapmakonornyeckuit apekT MenaToHUHa B CUCTEME KEMYAOYHO-KMLWEYHOro Tpakta A0 CWX Mop
OCTaeTCs OAHOM U3 BaXHbIX TEM W UCCIIE0BaHUS NPOSOMKAIOTCS B Pa3NUYHbIX HaNpaBneHusX.
Llensb. AccnenoBanne TepaneBTuYeckix 3¢heKTOB MENATOHWHA B 3aBUCUMOCTU OT KOHLIEHTPaLMK STaHomna B MOLENu
9KCMEPUMEHTANBHON H3Bbl KENyAKa.
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Matepuanbl n wmetoabl. [1pOCNEKTUBHOE OOKMMHWMYECKOE (JKCMEPUMEHTANbHOE) OAHOLIEHTPOBOE MCCnefoBaHue.
Pabota nposoamnack ¢ Mcnonb3oBaHnem nabopaTtopHbIX Kpbic. MiccneaoeaTenbckas pabota npoBoaunach Ans Kaxaon 3
6 rpyn, B mopmenu $3Bbl Xenyaka, MHOYLMPOBAHHOW 3TaHONOM pa3nuyHoi KoHueHTpaumin (100-75-60%) m BBOAMncS
MenaToHWH A0 5138bI (15 MI/Kr) 1 KOHTpONbHOX rpynne. MonyyeHHble AaHHbIe Obinn NOABEPTHYTbI CTATUCTUYECKOMY aHanmuay
C nomoLbto NpobHom Bepcum ctatuctnyeckoit nporpammbl SPSS (SPSS 20 Inc, Chicago, IL, USA), kpuTyeckuin ypoBeHb
3HaummocTm (p) npuHumancs 3a 0,05.

PesynbTatbl. B xenyake KpbIC 3TaHON NPK MaKpPOCKOMMYECKOM aHanu3e B 3aBUCUMOCTM OT KOHLIEHTPaLWW yBenuymean
nnowaab paHbl. MenaTtoHMH BBOAMMBIA B BuAE NPOMUMAKTUYECKON NOOKOXHOM UHBEKLMM, YMeHbLuan obLyo nnowaab
paHbl. B rpynne nHayumposaHHbIM aTaHonom (100%), nnowaab paHbl 6e3 BBegeHust MenaTtoHuHa coctasuna 15,01+1,92
MM., @ C BBEZeHMeM MenaToHuHa (15 Mr/kr) go s138bl nnowagb paHbl ymeHwunace Ha 14,01+1,74 mm., n B rpynne 75%
aTaHona, nnowagb paHbl Oe3 BBeAeHWS MenaToHuHa coctaBuna 13,24+1,71 mMM., BBEAEHWEM MeNaToOHMHA [0 S3Bbl
nnowagb paHbl ymeHwunacs Ha 11,87+1,45 mm., u B rpynne 60% ataHona, nnowaab paHbl 6€3 BBeEHUS MenaToHuHa
coctasuna 11,52+1,15 mm., 1 BBEAEHMEM MENATOHMHA [0 A3Bbl NNOLAAb paHbl yMeHLMNach Ha 6,12 + 0,54 mwm.

BbiBogbl. B 3TOM uccnegoBaHu MenaToHWH nokas3an MonoXUTenbHbIN APGeEKT B NPOPUNAKTUKE M NEYeHU 538,
BbI3BAHHBIX 3TAHOMOM, B Pa3nnyHbIX KOHLEHTPaLUsX. 3HauuTeNbHOe U3MeHeHne Habnioganocs B Bonee BbICOKMX YPOBHSIX
WHrMOMPOBaHMS MENaTOHWHA NPK BO3AENCTBUM 3TaHoNa B Donee HM3KNX KOHLEHTpaLSIX.

Knrouesble cnoea: MenamoHuH, aHmuokcudaHm, yupkadHbil pumm, Mmemabosnuyeckull cuHOPOM, nuwesapumesbHas
cucmema, s38a XenyOo4HO-KUWEYHO20 mpakma.
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©3exTiniri. Kasipri TaHaa, MenaToOHWH XoHe aroHUCTEPIH TeK YIKbIHbIH, Oy3binybiMeH 6Gipre XYpeTiH eTnar
CUHOPOMBI, YIKbICHI3ObIK, CTPECC, KOPKbIHbIL, aluyrnaHy, Masacbi3fblk, Kyi3enicTik xardannapgbl emaeyge, xanmbl
ar3aHblH, UMMYHObIK XYAECH keTepyae, aHTWOKCWAAHTTbIK KOpFaHbIC peTiHae Tuimginiri ganengeHreH. MenatoHuH
OopraHu3mMae Ke3 KenreH Xyieae acepiH KepceTeTiH MaHbI3abl XpOHOBMONOMMAMbIK MONEKyna ekeHairi OypblHHaH MarniM.
MenaToHMHHIH ackasaH-ilLek XyNeciHaer peni xaHe hapMakonorussnblK acepi 0Cbl KyHre AeliH ©3eKTi TaKplpbinTapablH
Gipi bonbin, Typni 6aFbITTapAa 3epTTeynep xanracsiH Tabyaa.

3epTTeyain, MakcaTbl. OTaHONMEH LUAKbIPBINFAH  SKCMEPUMEHTanbAi ackasaH apa MogeniHae  aTaHon
KOHLIEHTpaLumsCbiHa 6alinaHbICTbl MENATOHUHHIH, eMaik acepiH Bakpinay.

3epTTeyaiH, matepuangapbl MeH apictepi. [1pOCNEKTMBTI KNuHWKaFa OemiHri (3KCnepuMeHTTik) 6ip opTanbIKThbl
3eptTey. XKyMbIC 3epTxaHarnblk €ereyKyipbikTapabl KOMAaHy apkbinbl Xyprisingi. 3epTTey XymbiCTapbl 6 TOMTbIH,
9pKaNChIChl yLWiH ap Typri KOHUEHTpauusaarbl 3TAHOMMEH MHOYKUMANAHFaH ackasaH apacbiHbld, MogeniHae (100-75-
60%) xyprisingi xaHe MenaToHWH oiiblK xaparfa (15 mr/kr) xaHe 6akpinay TobblHa eHrisingi. AnblHFaH ManivetTep SPSS
cTaTUCTUKanbIk GargapnamachiHblH ChiHak, HyckacbiHaa (SPSS 20 Inc, Chicago, IL, USA) TangayaaH eTTi, CTaTUCTUKAIbIK,
MaHbI3abl Aewredi p < 0,05 aen kabbingaHap!.

3eptTey HaTuxkenepi. EreykyipblK ackasaHbliHAa 3TaHON KOHLEHTpaUWs Tayenai MakpoCKOMMAMbIK Tangayga naiga
OonFaH xapa ayfaHbiH apTTbipgbl. OCbl Xapa ayAaHblHbIH, apTybiHAA MENaTOHVH angbiH ana npodunakTkanblk MakcaTra
TepiacTbINbIK MHbEKLWS TypiHae bepinreHae, xapaHblH, xannbl aygaHblH asanTkaH. 3taHonmeH (100%) wakbipbinFaH xapa
T0BbIHOa nanga GonFaH xapa aygabl 15.01+1.92mm 6onca, angbiH ana MenatoHuH (15mr/kr) nepuToH iwike Bepinin, 30
MUHYTTaH coH 100% aTaHONMeEH LaKblpbiiFaH xapa TobbiHaa 14.01£1.74 mm, 75% ataHon TobbiHaa 13.24+1.71 Mm
Bonca, MenaToHuH+ 75% 3TaHOMNMEH LUaKbIpbIFaH xapa TobbiHaa 11.87+1.45 MM, 60% 3TaHONMeEH LaKbIpbInFaH xapa
ToObiHAa 11.52+1.15 MM 6onca, an menatoHuH+ 60% 3TaHONMEH LaKbIpbIFaH Xapa ToObiHAa 6,12+0,54 MM xapa
aynaHbl asanFaHabiFbl baiikanFaH.

KopbITbiHAbINapbIl. Ocbl 3epTTeyae op Typhi KOHUEHTpauusiaa aTaHonaaH naiiga 6onFaH xapaHblH angbiH anyga,
emMeyae MenaToHUH OH, SCepiH kepceTkeH. HefypnbiM TOMeH KOHLeHTpauusiaarbl 3TaHOMAbIH, &cepiHe MenaToHWH
XapaHblH angbiH anyga CoFypribiM XoFapbl AEHrenae MaHai e3repic baikanraH.

Tyliindi cesdep: MenamoruH, aHmuokcuOaHm, yupkadmel bipFak, MemabonukanbiK CUHOPOM ackopbimy Xylec,
ackKasaH-ilueK xonoapbIHbIH Xapa aypyb!.
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Introduction

Melatonin is a natural neurotransmitter involved in the
regulation of many biological and physiological processes,
sleep, and biorhythms (circadian rhythms) in the body. Its main
task is to control the body's biological clock and to maintain its
rhythm [8]. Melatonin (chemical name 5-methoxy N-acetyl
tryptamine) is an indole hormone secreted mainly by the pineal
gland and synthesized by other peripheral systems such as the
brain, bone marrow, platelets, lymphocyte cells, and skin, and
affects many systems [12-16]. its effects on cell regeneration
and the immune system, as well as other known functions, are
known. This literature review discusses the role of melatonin
synthesized in the gastrointestinal (Gl) tract for the body and its
effects on physiological and pathological processes, focusing
on the general characteristics of the hormone melatonin.
Melatonin is synthesized from enter chromaffin cells in the
gastrointestinal tract, with the intensity of this synthesis
coordinated with the rhythm of food intake. The concentration
of melatonin in the gastrointestinal tract is about 10-100 times
that in blood. In fact, the total amount of melatonin in the
gastrointestinal mucosa is 400 times greater than in the pineal
gland [18-19].

Synthesis of the hormone melatonin. Tryptophan, a
precursor for the synthesis of melatonin, an essential amino
acid, is obtained from food. After the removal of tryptophan
from the plasma through the pineal gland, 5-
hydroxytryptophan, the first intermediate for the synthesis of
serotonin and melatonin, is formed in pinealocytes by
hydroxylation with tryptophan hydroxylase and easily
passes the blood-brain barrier. Using the enzyme
tryptophan hydroxylase, tetrahydrobiopterin  (BH4) and
superoxide (02), and vitamin B6 as coenzymes, 5-
hydroxytryptophan is converted into 5-hydroxytryptamine
(serotonin) by the enzyme  5-hydroxytryptophan
decarboxylase. Serotonin cannot cross the blood-brain
barrier. Serotonin and is then acetylated with N-
acetylserotin by the enzyme N-acetyltransferase (NAT). N-
acetyl serotonin combines with HYOMT (hydroxyl indole
methyltransferase) to N-acetyl 5-methoxy tryptamine, i.e. it
is converted to melatonin [3-5].

Sites of synthesis of the hormone melatonin. In
mammals, melatonin is secreted by the pineal gland, the
biliary and gastrointestinal tracts, the pigment epithelium,
and retinal photoreceptors and plays a role in regulating the
retinal response to the change of day and night. Melatonin,
produced in the skin, is responsible for tissue changes and
protection against harmful sunlight.
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After a meal, melatonin, which is synthesized by the
chromaffin cells of the gastrointestinal tract, is released into
the bloodstream. Melatonin is synthesized in the bile-
oxidized cholesterol derivatives and protects the mucous
layer and epithelium of the bile ducts from oxidative
damage by bile acids. However, this synthesized amount
has very little effect on circulating melatonin levels. The
amount of melatonin in the circulating pineal gland
synthesizes is about 80% [1,6, 9].

Melatonin receptors. Three types of melatonin
receptors have been identified. Activation of the MT1
receptor exerts its effect by reducing adenylate cyclase
activity in cells. This receptor is responsible for the retina,
kidney function, biological rhythm, fertility function and
contraction of cerebral arteries [2]. On the other hand, MT2
and MT3 receptors act by hydrolyzing phosphoinositol.
Melatonin receptors are found in various parts of the human
brain, intestine, ovaries and blood vessels. Known agonists
are used for sleep disorders and depression: the melatonin
analogue rameolton, tasimelteon, agomelatine [11-12].

Pharmacokinetics. Melatonin binds 60-70% to albumin
in the blood. The elimination half-life of melatonin is 3-45
minutes. Melatonin, which is partially contained in water and
lipids in large quantities, is easily absorbed into tissues and
cells. Melatonin is first converted in the liver to 6-hydroxy
dopamine and then to  N-acetyl-5-methoxy-6-
hydroxytryptamine via a series of reactions. It is then
converted to 6-sulphatoxymelatonine, conjugated to sulfate
or glucuronide, and excreted in the urine. 1% is excreted
unchanged in the urine. Because of age, melatonin levels
are low in newborns during the first three months of life. 65
pg/ml at 5 to 15 years of age, 20 pg/ml at 50 to 70 years of
age. In adults, average plasma levels are 50-70 pg/ml [23].

Melatonin hormone secretion is dependent on the
photosensitivity of pinealocyte cells, light causes synthesis
to slow down, and in darkness, and melanocytes begin to
secrete melatonin again. Melatonin secretion is highest
between 23:00 and 05:00, and the concentration in the
blood increases by a factor of 3-10. The release of
melatonin has a specific circadian rhythm. It starts
increasing in the evening at 21:00-22:00 and peaks at
02:00-04:00. It begins to decrease at 05:00-07:00 in the
morning. It starts after 07.00 and decreases to basal levels.
The blood concentration of melatonin is 0-20 pg/dl during
the day and rises to 50-200 pg/dI at night. An average of 30
mg of melatonin is synthesized during the night [7,10].

The antioxidant effect of melatonin. Oxidative stress
caused by certain toxins, which cause oxidative damage to
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tissue, is stopped by melatonin. As melatonin is water- and
lipid-soluble, it easily penetrates into all intracellular
components and effectively protects the cell membrane,
organelles, and nucleus from free radical damage.
Melatonin on the outer surface of the cell membrane
protects the cell membrane by detoxifying free radicals.
Oxygen (02), hydrogen peroxide (H202), and hydroxy (OH)
formed during mitochondrial respiration reduce the release
of free radicals.

Provides protection against the oxidation of DNA,
molecule is not easily oxidized due to its lack of
peroxidation activity. In addition, it does not enter the redox
cycle and radical forming reactions [20]. Unlike other
antioxidants, it has no toxic effect when used in excessive
amounts. The various classic antioxidants (vitamin E,
vitamin C, beta-carotene, etc.) become pro-oxidants once
they show their action. These substances are less harmful
than the oxidants they remove. However, melatonin is an
oxidant, and its by-products also have antioxidant effects.
Its property is very valuable for an antioxidant agent and is
described as a ‘'terminal antioxidant. In conclusion;
Melatonin has been found to stimulate antioxidant enzymes,
prevent lipid peroxidation, and protect brain tissue from free
radicals produced by oxygen intake [21-22].

Melatonin and the digestive system. Melatonin is
synthesized in high concentrations in enter chromaffin cells
of the gastrointestinal tract. Not only the epiphyseal enzyme
of melatonin  synthesis hydroxyl-O-methyltransferase
(HIOMT) and its precursor serotonin are found in enter
chromaffin cells of the intestinal mucosa. Increases
bicarbonate (HCO3) secretion via melatonin receptors
(MT2) in duodenal epithelial cells and enhances the
protective factor.

Melatonin acts in the digestive system in addition to its
receptor effect as well as in a non-receptor way. By
removing free radicals, Gl has an inhibitory effect on ulcer
formation [24].

Effects of melatonin on digestive diseases.
Melatonin is known to be synthesized in significant amounts
in the gastric mucosa. Because of its lyophilic properties,
the results of immunohistochemically studies support the
hypothesis that it can penetrate deeper into the mucosal
layer, even into the intermuscular plexus, and into the
muscular layers [28]. The gastric mucosa is constantly
exposed to factors such as hydrochloric acid and pepsin,
which can damage the tissue. There are many mechanisms
that protect the structure and function of the stomach
against these factors, such as the mucosal bicarbonate
barrier and prostaglandins. An imbalance between the
harmful agents and the protective mechanisms causes
damage to the stomach.

Gastric damage or ulceration has been induced in
experimental animal studies by various means, such as
ethanol administration, injection of indomethacin, exercise
restriction, and cold stress [25]. Studies carried out in the
early 2000s showed that stress-induced gastric ulcer
formation in an ischemia-reperfusion model was
suppressed by the administration of melatonin and L-
tryptophan. These studies have suggested that the
therapeutic and prophylactic effects of melatonin on gastric
mucosal damage are based on stimulation of the
cyclooxygenase pathway, an increase in prostaglandin
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synthesis, and induction of nitric oxide (NO) synthesis. It
has also been shown to accelerate blood flow in the
mechanism of action.

These results are consistent with studies showing an
increase in inducible nitric oxide synthase (INOS) mRNA
and its expression at the edges of healing ulcers [26,27].

The role of the antioxidant effect of melatonin through
the removal of reactive oxygen species in this protective
and therapeutic effect cannot be excluded. In fact, animal
studies in  which cyclooxygenase enzymes and
prostaglandin synthesis are inhibited by indomethacin have
shown that melatonin has therapeutic and protective effects
due to its antioxidant activity.

In addition to all these effects, there is evidence that the
increased concentrations of gastrin and cholecystokinin
observed in patients treated with melatonin and L-
tryptophan also promote ulcer healing [29-31]. In light of
these studies, the ability of melatonin and L-tryptophan to
treat gastric mucosal damage can be summarized. Other
important pathologies such as gastroesophageal reflux
disease (GERD), chronic esophagitis, Barrett's esophagus,
and esophageal cancer are common in the community. The
incidence of Barrett's esophagus and esophageal strictures
is increasing. For this reason, the effect of melatonin in
patients with gastroesophageal reflux disease has been
specifically studied. One of these, melatonin and L-
tryptophan, has been clinically tested for reducing the
symptoms of gastroesophageal reflux disease and
achieving complete remission [32]. In an animal model of
gastroesophageal reflux disease, prior administration of
melatonin prevented esophageal damage. In the same
study, it was shown that increased mucosal blood flow,
increased prostaglandin synthesis (PGE2), and decreased
TNF-alpha levels were associated with a therapeutic effect
of melatonin [33]. Reduced plasma melatonin levels in
patients with digestive diseases, such as gastroesophageal
reflux disease and duodenal ulcer disease, have shown that
deficiency of this hormone influences the rapid damage of
the upper gastrointestinal mucosa. Reduced melatonin
synthesis in the elderly patient group and a higher risk of
complications due to reflux esophagitis in elderly patients
support the possibility of a possible harmful effect of
melatonin deficiency on upper gastrointestinal mucosa
[33,34].

Inflammatory bowel diseases, more commonly Crohn's
disease and ulcerative colitis, are chronic inflammatory
pathologies with remissions with relapses and temporary
improvements. Triggers are also the occurrence of chronic
inflammation, the presence of some genetic predisposition,
and environmental factors that compromise the integrity of
the intestinal epithelial barrier. There are studies that show
that circadian rhythm influences the composition of the
intestinal microbiota. There may be a hypothetical link
between inflammatory bowel disease and melatonin
secretion. A clinical trial reported that melatonin significantly
improved outcomes in Crohn's disease and ulcerative colitis
when prescribed in addition to basic treatment for
inflammatory bowel disease [25].

By reducing the expression of melatonin-induced nitric
oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) in
the colon, acetyl acid enemas with 2,4,6-trinitrobenzene
sulphonic acid (TNBS) have been shown to have a
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protective effect on the intestinal mucosa against models of
induced colitis [26].

The role of melatonin in clinical use. Today,
melatonin and its agonists have found use in clinical
practice. Melatonin medications are available with or
without a prescription. Melatonin is used for sleep disorders,
a syndrome of circadian rhythm disturbance due to short
journeys called 'jetlag' [27]. On the other hand, drugs such
as ramelteon, which are melatonin agonists, are indicated
for insomnia, and agomelatine is indicated for depression
associated with sleep disorders [28,29]. Current
applications of melatonin are depression, including
biological rhythm and sleep regulation.

Aim. To monitor the therapeutic effects of melatonin in
relation to ethanol concentration in an ethanol-induced
experimental gastric ulcer model.

Materials and methods

Study: Experimental (preclinical). Preclinical model
details.

Subjects: Wistar Albino rats (300-380 g).

Induction of Ulcers: Gastric ulcers induced using
ethanol at varying concentrations (100%, 75%, 60%). This
concentrations of ethanol through a special gastric probe
and waited for 1 hour to develop an ulcer model.

Groups: group 1: Ethanol-only (control). n=6;

group 2 (pre — melatonin): Ethanol + melatonin (15
mg/kg) administered intraperitoneally. Melatonin (15 mg/kg)
was administered intraperitoneally before 30 min ethanol
consumption. n=6;

group 3 (pre — melatonin): Control group. Melatonin (15
mg/kg) was administered intraperitoneally before 30min
euthanasia n=6;

Melatonin dosage: Administered intraperitoneally at 15
mga/kg.

Outcome Measures: Macroscopic analysis of gastric
lesions (ulcer area).

Etics approval. Approval for the research was received
from Gazi University Animal Experiments Local Ethics
Committee (Number: 04.10.2019-E.123689).

The study was conducted in group 6, with models of
gastric ulcer induced by ethanol in different concentrations
(100-75-60%) and pre-melatonin (15 mg/kg) administered
intraperitoneally in the ulcer group and control group. This
preclinical study was conducted in the research laboratory
of the Department of Clinical Pharmacology, Faculty of
Medicine, Gazi University, Turkey. Ethanol-induced gastric
ulcer model Rats weighing 300-380 g, matured under
standard conditions (Wistar Albino breed), were injected
with different concentrations of ethanol through a special
gastric probe and waited for 1 hour to develop an ulcer
model. Subsequently, euthanasia was carried out under
anesthesia, the stomach was extracted and macroscopic
analysis was performed\ The wound area was measured
using a milimeter ruler. Statistically, variables were
summarized using frequencies and percentages. P <0.05
was considered statistically significant.

The results

In the rat stomach, ethanol increased the wound area in
a concentration-dependent macroscopic  analysis. In
addition to this increase in the wound area, melatonin
administered as a prophylactic subcutaneous injection
reduced the total wound area. In the ethanol-induced group
(100%), the wound area was 15.01£1.92 mm, with
melatonin (15 mg/kg) administered intraperitoneally, and
the wound area was 14.01+1.74 mm after 30 minutes in the
100% ethanol-induced group, 13.24+1.71 mm in the 75%
ethanol group, 11.87+1.45 mm in the melatonin + 75%
ethanol induced group, the wound area was 11.52+1.15
mm in the 60% ethanol induced group and 6.12+0.54 mm
in the melatonin + 60% ethanol induced group [Table 1;
Figure 1,2].

Table 1.
Effects of melatonin in a model of gastric ulcer induced by ethanol at different concentrations.

Concentration n Macroscopic wound area Concentration n Macroscopic wound area
Ethanol 100% 6 15.01+1.92 Melatonin + Ethanol % 6 14.01+1.74
Ethanol 75% 6 13.24+1.71 Melatonin + Ethanol 75% | 6 11.87+1.45
Ethanol 60% 6 11.52+1.15 Melatonin + Ethanol 60% | 6

-

Figure 1. Model of an ethanol-induced gstric ulcer.

Figure 2. Melatonin + ethanol gastric ulcer model.
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Rats in the control group were put to sleep by
anesthesia after 24 hours of fasting without any
manipulation. In the control group, no signs of gastric
mucosal lesions were observed when the gastric mucosa
was analyzed. 1 h after administration of ethanol through
the gastric tube, the mucosa of the group which developed
gastric ulcer showed erosions, ulcers, hemorrhages,
petechial with black spots, puffiness, swelling of the
mucosa, and an area of lesions with redness. 1 hour later.
30 min after intraperitoneal injection of melatonin (15
mg/kg) in rats administered ethanol via a gastric tube, the
mucosal layer showed erosions, reduced ulcerated area,
pulmonary petechial, edema, the reddening area of the
mucosal layer was statistically reduced compared with the
wound model group, and no bleeding was observed.

Discussion

A single blind randomized study was performed in
which 176 patients underwent treatment using the
supplement cited and 175 received treatment of 20 mg
omeprazole. All patients with melatonin (100%) reported a
complete regression of symptoms after 40 days of
treatment. On the other hand, 115 subjects (65.7%) of the
omeprazole reported regression of symptoms in the same
period. There was statiscally significant difference between
the groups (P < 0.05). This formulation promotes regression
of GERD symptoms with no significant side effects [22].

In a gastric ulcer model, it has been shown that prior
administration of melatonin through the gastric tube reduces
the area of ulcer formation. In many experimental and clinical
studies, melatonin pre-injection has been shown to reduce
pathological and inflammatory processes in various models of
the digestive system. When the ethanol concentration is high,
the wound area is enlarged and bleeding is more severe, while
in the groups receiving lower concentrations, the wound area is
relatively reduced compared to the 100% concentration. The
therapeutic properties of melatonin  depend on the
concentration of ethanol. In other words, melatonin exhibited a
therapeutic effect to varying degrees, depending on the
strength of the aggressive factor. Particularly in the group of
wounds induced by 60% ethanol, the therapeutic protective
effect of melatonin was statistically significant. Melatonin has
been shown in many studies to reduce ulcer index and lesion
area in a model of gastric ulcer induced by other factors such
as ethanol, stress, indomethacin, and non-steroidal anti-
inflammatory drugs. It has been suggested that the mechanism
of action lies in the stimulation of nitric oxide and prostaglandin
synthesis. In addition, melatonin has been shown to exert its
effects by increasing mRNA levels and the expression of
inhibitory nitric oxide synthase (INOS) in the tissue surrounding
the wound. In a model of gastroesophageal reflux disease, its
beneficial and protective effects on the esophageal mucosa
were attributed to its antioxidant and anti-inflammatory effects.
It has been shown to reduce the secretion of pro cytokines
involved in inflammation, such as IL-1beta and TNF-alpha [29-
31].

Application of melatonin abrogates mesothelial cell
pyroptosis through a MT1R-mediated action, and
successfully reduces peritoneal fibrosis and angiogenesis in
an animal model while preserving dialysis efficacy.
Mechanistically, melatonin treatment maintains
mitochondrial integrity in mesothelial cells, meanwhile
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activating mTOR signaling through an increase in the
glycolysis product dihydroxyacetone phosphate [32].

In a clinical trial, the use of melatonin alone and in
combination with omeprazole in 36 patients diagnosed with
gastroesophageal reflux disease showed very significant
results in reducing complaints [33].

Conclusion

Melatonin is known to be an important chronobiological
molecule that exerts its effect on any system in the body.
The role and pharmacological effect of melatonin in the
gastrointestinal system is still one of the important issues,
and research continues in various directions. In this study,
melatonin showed a positive effect in the prevention and
treatment of ethanol-induced ulcers at different
concentrations. A significant change was observed at
higher levels of melatonin inhibition of ethanol exposure at
lower concentrations. We hope that in clinical practice,
taking into account its therapeutic effect on the mucous
membrane of the digestive system through its antioxidant
effect against oxidative stress, and taking into account the
preventive and therapeutic properties of the digestive
system, the indicator of wide-spectrum use will increase.
For this reason, it is necessary to conduct clinical studies in
different directions for the use of its antioxidant effect.
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