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Abstract

Introduction: Melatonin is involved in many biological and physiological processes in the body. In recent years, its
protective effect on the digestive system has been investigated in many ways and the therapeutic role of melatonin in
gastrointestinal pathologies has been investigated.

Aim: review of the literature on the clinical effects of melatonin in digestive system diseases, characteristics of its place
in clinical use.

Search strategy: "The effect of melatonin in diseases of the digestive system” in 3 languages (Russian, Turkish and
English), sampling depth 10 years, Web of Science, PubMed, Google Scholar, Dergipark entry data were used. As a result,
806 articles were found, of which 53 articles were selected. Inclusion criteria: full versions of articles of randomized and
cohort studies, reports, dissertations, protocols. Exclusion criteria: abstracts, articles, scientific publications describing a
single case, summaries of reports.

Results and conclusions.Taken together, the studies revealed that melatonin is an effective chronobiological molecule
that can act in different directions. In this regard, it is not surprising that it is widely used in clinical practice, especially in
terms of its mucosal protective effects. As a result of clinical studies, positive results have been achieved in the protective
effect of melatonin in gastric and intestinal ulcer diseases, in the reduction of complaints of patients in gastroesophageal
reflux diseases. As a result of several studies, a positive significance has been recognized in the protection against damage
caused by aggressive factors that lead to the disruption of the digestive system. In addition, it has many positive effects in
liver pathologies of the digestive system (non-alcoholic fatty liver disease, hepatosteatosis), intestinal diseases (Crohn's
disease, its inflammatory frequency and ulcerative colitis, and in prolonging the remission stage), especially in irritable bowel
syndrome. conclusions cannot be ignored.

Different lines of research continue to elucidate the role, function, and potential pharmacological effects of melatonin in
the gastrointestinal system, and the topic remains relevant.
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AkTyanbHOCTb. MenaToHuH y4acTByeT BO MHOMMX 6uonoruyeckux W uanonornyeckux npoleccax B opraHusme. B
nocnegHWe rodbl LUMPOKO W3y4aeTcs ero 3alluTHOE [eNCTBUE Ha MULLEBApUTENbHYIO CUCTEMY U uCcneayeTcs
TepaneBTUYECKas POrib MENaTOHWHA NP NATONOMUSX XENYAOUYHO-KMLLEYHOrO TpaKTa.

Llens mccnepoBaHusA: 063op nuTepaTypbl O KNMHUYECKMX 3dpekTax MenaTtoHuHa npu 3aboneBaHWsX OpraHoB
NULLEBAPEHMS, XapaKTePUCTIKA ero MeCTa B KIMHUYECKOM MPUMEHEHNN.

Crpaterusi noucka: «[leicTBue MenaToOHWHA Npn 3ab0neBaHNsX OpraHoOB MULLEBAPEHNS» Ha 3-X S3blkax (PYCCKOM,
TYpeLKoM W aHrnuiickom), rnybuHa Beibopku 10 net, ucnonb3osaHbl BxoaHble AaHHble Web of Science, PubMed, Google
Scholar, Dergipark. B pe3ynbtate 6bino HangeHo 806 cratei, 13 Hux otobpaHo 53 ctateu. Kpumepuu 8KHOYEHUS: NOMHbIe
BEpCMM CTaTbi PaHLOMM3MPOBAHHBIX W KOTOPTHBIX WCCIIEOOBaHWA, OTYeTbl, AMCCepTauuu, NpOTOKOMbl. Kpumepuu
UCKITKOYeHuSs: aBTopedepaTbl, CTaTb, Hay4Hble NybnnKaLum oNuchIBatoLLME eaNHUYHbIE Clyyall, pe3toMe SOKNaLoB.

PesynbTatbl U BbIiBOAbl. B COBOKYMHOCTW WCCnefoBaHMs MoKasanW, YTO MENaTOHWH SBNsieTCs 3ddeKTUBHON
XPOHOBMONOrNYECKOI MOMEKYNON, KOTOpas MOXET AeCTBOBATb B Pa3HbIX HAMPaBMNEHNAX. B CBA3M € 3TUM HeYAMBMTENLHO,
YTO OH LUMPOKO UCTONbB3YETCS B KIMHUYECKOH NPAKTUKE, 0COBEHHO C TOYKM 3PEHWS €r0 3aLUTHOrO AEMCTBUS HA CRIM3UCTYIO
0bonouyky. B pesynbrate KNMHUYECKNX UCCIES0BaHNIA LOCTUTHYTbI NOMOXMTENbHBIE PE3YMbTaThl MO 3aLUMTHOMY AEMCTBIIO
MenaToHWMHa NpU SI3BEHHON OONE3HW Xernyaka M KULWEYHWKA, YMeHbLueHWto xanob GonbHbIX racTpodsodareansHom
pecdriokcHon BonesHblo. B pesynbTaTe psga  MCCnefoBaHMA  MPU3HAHO MOMOXKWUTENBHOE 3HAYEHWE  3alUuTbl  OT
MOBPEXAEHMIA, BbI3BAHHbIX arpeCCUBHBIMU haKTOpaMi, MPUBOLALLMMIA K HAPYLLEHUIO paboTbl NULLEBAPUTENBHON CUCTEMBI.
Kpome TOro, Hemnb3s WrHOPUMPOBATb MHOXECTBO MOMOXMTEMNbHLIX 3QGEKTOB NPKU NEYEHOUHBbIX NATONOMUSIX OpraHoB
nuLLEeBapeHns (HearnkoronbHas xupoBas 60rnesHb neyeHu, renatocTeartos), 3aboneBaHusx kuweyHnka (6onesHs Kpowa,
yactoTa €€ BOCManMTENbHOTO MPOLEcca M A3BEHHbIM KOMWT, MpU YAWHEHWM CTagun pemuccimn), O0CODEHHO npw
pa3apaXeHHOM KMLLEYHWKE.

PasnuyHble  HanpaBneHWs  WUCCMEedOBaHWA  MPOJOMKAIOT  BbISICHATb  Pofb,  (OYHKUMIO W MOTEHUMarbHble
thapmakonornyeckue 3 hekTbl MENaTOHNHA B XKENyA04HO-KULIEYHOW CUCTEME, M 3Ta TEMA OCTAeTCs aKTyarnbHOMN.

Knroyeebie cnoea: MenamoHuH, 6uonozuyeckue pummbl OpeaHu3Ma, aHmuokcudaHm, XenyOoYHO-KuWeyHas
cucmema.
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Kipicne. MenaToHuH opraHuamae kenTereH Guonorusnbik XaHe duanonorusnblk, npouectepre Katbicadbl. COHgbl
KblNAapbl  ackopbiTy XylieciHe Koprayllbl acCepi KkenTereH OarbiTTapga 3epTTeNyAe, acKalaH-illek  Kombl
naTonorusanapbiHaasbl MEaTOHNHHIH, eMAIK peniH 3epTTey Gonbin Tabbinagbl.

3eptTeyadin, Makcatbl: MenaToOHWHHIH, acKOpPbITY JKyieci aypynapblHAa oCepiH KIWHUKAChIH, KIWHUKambIK
KONAaHydafbl OPHbIHBIH, epeKLLEenikTepiH BonbiHWa agebueTTepre wony.
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Isgey ctpaterusicbl; Web of Science, PubMed, Google scholar, Dergipark «ipic aepektepiH nanganasa otbipbin, 3
Tinge «MenaToHMHHIH, acKOpbITY XKyieci aypynapbiHaa acepi» (OpbIC, TyPiK XaHe afbinibiH), Tangay Tepeniri 10 xbin.
HatuxeciHoe 806 makana Tabbingbl, ogaH 53 makana Tawgangbl. Kocy kpumepulinepi: paHoOMMU3aUMsnaHFaH xoHe
KOTOPTTbIK 3epTTeynepAiH, TOMblk, HyCKanmapbl, €cenTep, AuccepTauusanap, xatTamanap. Epexwernik kpumepulinepi:
aBTopedpepatTap, Makananap, Oip xafgandbl CcunaTTalTbiH FbINbIMA XapusnaHbiMgap, 6asHoamanapgbiH, KbiCKalia
Ma3MyHbl.

Hatuxenep MeH KOpbITbIHAbINAP. 3epTTeynepai TyTacTal anfaHaa, MenaToHUHHIH, apTypri 6arbiTTapaa spekeT ete
anatblH TWiMAI XpoHOGUONOrMANbIK MOnekyna ekeHairi aHbikTansaH. OcblFaH GalnaHbICTbI, KNMHUKaNbIK Taxipubene,
acipece OHbIH, WbIPbIWTHI KAbaTThl KOPFANTLIH CEpnepi TypFbiCbiHAH KNUHWKAAA KEHHEH KOMAaHbINybl TaHKanaphbik,
emec. ACKa3aH—iLeK apa aypynapblHaa MenaToOHUHHIH, NPOTEKTUBTI acepi, racTpoasodiareanbii pedhroke aypynapbiHaa
HayKkacTapOblH, LWafbIMbIHbIH, a3aloblHOA KIWMHUKAMbIK 3epTTeynep HaTWKECHAE OH HaTWXKenepre KoM KETKI3inreH.
ACKOpbITY XyliecCiHiH, Oy3binbiCbiHA anbin KeneTiH arpeccuBTi (hakToprnapAblH, canpapblHaH 3aKbiMAaHydaH Koprayda
OipHelle 3epTTeynep HaTWKeCiHAe OH MaHAINK TaHbinFaH. COHbIMEH KaTap, ackopbiTy XyWeciHiH Gayblp
naronorusnapbiHaa ga (ankoronbAai emec baybipabiH, Mait 6acy aypysl, renatocteatos) ilwek aypynapsiHga (KpoH aypysl,
OHbIH, KAObIHY XWiNifi MEH iLUeKTepAiH OMbIK, Xapa KONUTTEpiHAE PEMUCCHS CaTbIChIH y3apTyaa XoFapbl HaTWXenepre Kon
KETKi3inreH), acipece TITIPKEHreH iLueK CMHAPOMbIHAA OHbIH, KeNTEreH OH, aCepnepi Typarbl KOpbITbiHAbINapAb! enemeyre
Bonmaigp!.

op Typni GarbiTTasbl  3€pPTTeyNep MENaTOHWHHIH, acKa3aH-illeKk XXyheciHaeri peniH, KbIBMETIH XaHe bIKTUMan
hapMaKonormsAnbIK aCEPiH aHbIKTayabl XanFacTbipyaa XaHe TakbIpbin ani Ae e3ekTi 6onbin kana 6epegi.

TytiHdi ce3dep: MenamoHuH, 6UOM0_USITLIK PUMM, aHMUOKCUAaHM, acKkopbIimy XyUeci.
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Introduction Its effects on cell regeneration and the immune system,
Melatonin participates in numerous biological and  as well as its other well-known functions, have been widely
physiological processes in the body. It has many important  recognized. This literature review focuses on the general
functions, including cell regeneration, strengthening the  characteristics of the hormone melatonin and discusses the
immune system, regulating sleep patterns, and controlling  role of melatonin synthesized in the gastrointestinal tract
body temperature. This indole is one of the strongest  (GIT) for the body, along with its effects on physiological
antioxidants due to its lipophilic properties. As a result of  and pathological processes. Melatonin is synthesized in the
these properties, it easily disseminates throughout the body ~ gastrointestinal tract by enterochromaffin cells, and the
and can cross the blood-brain barrier. intensity of this synthesis is coordinated with the rhythm of
Melatonin and its agonists, which are used to treat  food intake. The concentration of melatonin in the GIT is
sleep disorders, as well as their role as antidepressants, are  approximately 10-100 times higher than its concentration in
still being studied in the treatment of many diseases. Until  the blood. In fact, the total amount of melatonin present in
recently, however, melatonin itself and its agonists have  the gastrointestinal mucosa is about 400 times greater than
been used clinically only for conditions such as jet lag  thatfound in the pineal gland [4-5].
syndrome, insomnia, and depression associated with sleep Objective: To analyze the effects of melatonin in
disturbances. Meanwhile, new findings regarding the unique  diseases of the digestive system and to evaluate the
characteristics of melatonin produced in the gastrointestinal ~ specific features of its role in clinical practice based on
tract are emerging, highlighting its therapeutic potential in  current evidence.
various pathological conditions, and research in this area is Search strategy: To meet international standards, this
ongoing. This literature review explores the role of  review followed the systematic review reporting criteria
melatonin in the physiology and pathologies of the  outlined by PRISMA for reviews and meta-analyses.
gastrointestinal tract (GIT) based on recently published  Systematic searches were conducted using the following
studies. databases: Web of Science, PubMed, Google Scholar, and
Melatonin is a natural neurotransmitter that plays a role in ~ Dergipark. The search was performed in three languages
regulating numerous biological and physiological processes in  (Russian, Turkish, and English) using the keywords “Effects
the body, including sleep and biological rhythms (circadian ~ of melatonin in diseases of the digestive system”, with a
rhythms). Its primary function is to control the body’s biclogical ~ publication time frame of the last 10 years. As a result, 806
clock and maintain rhythmicity [1]. Melatonin (chemically known  articles were identified, of which 53 were selected for
as 5-methoxy-N-acetyltryptamine) is an indole hormone thatis  inclusion.
mainly secreted by the pineal gland. In addition to the brain, it is Inclusion Criteria: Full-text randomized controlled trials
also synthesized in other peripheral tissues and systems, such  and cohort studies, reports, dissertations, and study
as the bone marrow, platelets, lymphocytes, and the skin,  protocols.
thereby influencing multiple physiological systems [2—6]. Exclusion Criteria: Abstracts only, review articles,
single-case reports, and conference abstracts.
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Results

Synthesis of the hormone melatonin

Tryptophan, the precursor of melatonin synthesis, is an
essential amino acid that is obtained from the diet. After
being taken up from the plasma by the pineal gland,
tryptophan undergoes hydroxylation by the enzyme
tryptophan hydroxylase. In pinealocytes, this reaction leads
to the formation of 5-hydroxytryptophan, the first
intermediate in melatonin synthesis, which can readily cross
the blood-brain barrier. Using tetrahydrobiopterin (BH,) and
superoxide (O,) as cofactors, along with vitamin B as a
coenzyme, 5-hydroxytryptophan is then converted into 5-
hydroxytryptamine  (serotonin) by the enzyme 5-
hydroxytryptophan decarboxylase. Serotonin itself cannot
cross the blood-brain barrier. Subsequently, serotonin is
acetylated by the enzyme N-acetyltransferase (NAT) to
form  N-acetylserotonin.  Finally, N-acetylserotonin is
methylated by hydroxyindole-O-methyltransferase (HIOMT)
to produce N-acetyl-5-methoxytryptamine, i.e., melatonin
[7-9].

Sites of melatonin synthesis

In mammals, melatonin is secreted by the pineal gland,
bile and gastrointestinal tract, and the retina. In the retina,
melatonin produced by the retinal pigment epithelium and
photoreceptors plays a role in regulating retinal responses
to day-night changes. Melatonin synthesized in the skin
contributes to tissue adaptation and protects against
harmful solar radiation. After food intake, melatonin
produced by enterochromaffin cells in the gastrointestinal
tract is released into the bloodstream. Melatonin
synthesized in the bile protects the mucosa and epithelium
of the bile ducts from oxidative damage caused by oxidized
cholesterol derivatives and bile acids. However, the
contribution of this peripheral synthesis to circulating
melatonin levels is very small. Approximately 80% of
melatonin in the bloodstream is synthesized by the pineal
gland [7,10].

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
involved in regulating the retina, kidney function, biological
rhythms, reproductive functions, and constriction of cerebral
arteries [11]. In contrast, MT2 and MT3 receptors act via
phosphoinositide  hydrolysis. Melatonin receptors are
present in various regions of the human brain, the intestine,
ovaries, and blood vessels. Notable agonists include
melatonin analogs such as Ramelteon, Tasimelteon, and
Agomelatine, which are used in the treatment of sleep
disorders and depression [11,12].

Pharmacokinetics

In the blood, 60-70% of melatonin is bound to albumin.
The half-life of melatonin ranges from 3 to 45 minutes. Due
to its partial solubility in both water and lipids, melatonin
easily penetrates tissues and cells. Melatonin is primarily
metabolized in the liver to 6-hydroxymelatonin, which is
then converted through a series of reactions to N-acetyl-5-
methoxy-6-hydroxytryptamine. It is  subsequently
conjugated with sulfate or glucuronide to form 6-
sulfatoxymelatonin, which is excreted in the urine. Less
than 1% of melatonin is excreted unchanged in the urine.

Melatonin levels vary with age: in newborns during the
first three months of life, melatonin levels are low, begin to
increase between 3-6 months, reach approximately 65
pg/mL at ages 5-15, and decrease to around 20 pg/mL by
ages 50-70. In adults, the average plasma concentration is
approximately 50-70 pg/mL [13].

Melatonin secretion is dependent on the photosensitivity
of pinealocytes. Light exposure suppresses its synthesis,
while in darkness, pinealocytes resume melatonin
production. Secretion reaches its peak between 23:00 and
05:00, during which blood concentrations increase 3-10-
fold. The circadian rhythm plays a key role in melatonin
release: levels begin to rise around 21:00-22:00, peak
between 02:00 and 04:00, and decline to basal levels by
05:00-07:00. During the day, plasma concentrations range
from 0-20 pg/dL, increasing to 50-200 pg/dL at night. On
average, approximately 30 mg of melatonin is synthesized
per night [13,14].

Melatonin  has antioxidant effects, stimulating
antioxidant enzymes, reducing lipid peroxidation, and
protecting brain tissue from oxidative damage. It also
inhibits the proliferation of cancer cells and the growth of
tumors. Melatonin is highly soluble in both water and lipids.
As a bioactive compound, it is naturally present in various
foods, including oranges, tomatoes, strawberries, grapes,
cherries, olive oil, rice, barley, and nuts, as well as in certain
medicinal and aromatic plants that serve as pharmaceutical
raw materials. Regular consumption of foods rich in
melatonin, along with a healthy diet and lifestyle,
contributes to the prevention of various pathologies [15].

Effects of melatonin on the immune system

A decrease in melatonin has immunosuppressive
effects, reducing both humoral and cellular immune
responses. At the end of the 20th century, Maestroni et al.
demonstrated that continuous light exposure and fB-
adrenergic receptor blockade suppressed immune function
[16]. Later, Wichmann et al. showed that administration of
melatonin restored immune function in studies involving soft
tissue injury and hemorrhagic tissues [17].

In rats that underwent pinealectomy, the immune
system was suppressed, with thymic atrophy and reduced
spleen size. Administration of melatonin orally restored
these impairments [18].

A clinical study, individuals who received 10 mg of
melatonin orally for 10 days showed an increase in salivary
IgA. Another study demonstrated a correlation between
urinary melatonin levels and salivary IgA concentrations
[19,20]. Through receptors on monocytes and
macrophages,  melatonin  stimulates  granulocyte-
macrophage colony-stimulating factor and enhances
macrophage synthesis. Levels of T-lymphocyte cytokines,
including interferon-gamma (IFN-y), interleukin (IL)-2, IL-6,
IL-12, IL-4, and IL-10, are increased, indicating that
melatonin helps prevent secondary immunosuppression
induced by stress [21].

The effect of melatonin on cancer development

Currently, most studies investigating the effects of
melatonin on cancer have been conducted using breast
cancer models. Research has shown that administration of
melatonin at night yields more favorable outcomes in
cancer treatment. A reduction in nocturnal melatonin
secretion has been implicated in cancer development. In
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particular, women who work under light exposure at night
have been found to have an increased incidence of cancer
[21].

Antioxidant effects of melatonin

Oxidative stress induced by certain toxins that cause
tissue damage <can be mitigated by melatonin
administration. Because melatonin is soluble in both water
and lipid phases, it can easily penetrate all intracellular
components, effectively protecting cell membranes,
organelles, and the nucleus from free radical-induced
damage. Melatonin located on the outer surface of the cell
membrane protects it by detoxifying radicals. It also reduces
the production of free radicals, such as oxygen (O),
hydrogen peroxide (H,O,), and hydroxyl radicals (*OH),
generated during mitochondrial respiration.

Melatonin protects DNA from oxidative damage, is
resistant to oxidation, and does not exhibit pro-oxidant
activity. Furthermore, it does not participate in redox cycling
or radical-generating reactions [22].

Unlike other antioxidants, melatonin does not exhibit
toxic effects even at high doses. Many classical
antioxidants (such as vitamin E, vitamin C, and beta-
carotene) can act as pro-oxidants after exerting their
effects. Although these pro-oxidant byproducts are less
harmful than the oxidants they neutralize, they can still
cause damage. In contrast, melatonin is an oxidizable
compound whose metabolites also retain antioxidant
properties. This characteristic is highly valuable for an
antioxidant agent and has led to melatonin being described
as a “terminal antioxidant.

Effects of melatonin on the cardiovascular system

In vivo studies, intravascular administration of melatonin
was found to prevent ventricular tachycardia, ventricular
fibrillation, and premature ventricular  contractions.
Additionally, nocturnal melatonin synthesis may play an
important role in lowering blood pressure and heart rate, as
well as in the regulation of hypertension [24].

Aging and melatonin

One of the causes of anatomical and functional
degeneration observed in organs during aging is a decline
in antioxidant capacity and damage from free radicals, as
melatonin synthesis decreases with age [25]. Because
melatonin stimulates antioxidant enzymes, reduces lipid
peroxidation, and protects brain tissue from oxidative
damage, its decline contributes to an increase in free
radicals, which can lead to various neurodegenerative
injuries. Melatonin is an important scavenger of hydroxyl
radicals. Loss or reduction of melatonin during aging
exposes brain tissue to oxidative attacks, but
supplementation with melatonin can help prevent this.
Melatonin has been shown to influence immunity, stress
response, reproductive physiology, and aging-related
processes. A decrease in B-adrenergic receptors on the
pineal membrane may lead to reduced melatonin synthesis
in the pineal gland, as these receptors mediate
norepinephrine release from sympathetic neurons at night,
initiating processes that increase nocturnal melatonin
production [26].

In pregnant women, melatonin has a beneficial effect on
maintaining placental homeostasis until the late stages of
pregnancy. lts potent antioxidant and anti-inflammatory

properties help reduce oxidative reactions and inflammatory
processes [27].

Clinical applications of melatonin

Today, melatonin and its agonists have established a
place in clinical practice. Melatonin preparations are
available both by prescription and over-the-counter.
Melatonin is used for sleep disorders and in the treatment of
jet-lag, a syndrome caused by rapid travel across time
zones resulting in misalignment of the circadian rhythm [28].
On the other hand, melatonin agonists, such as ramelteon,
are indicated for insomnia, while agomelatine is used for
depression accompanied by sleep disturbances [28,29].
Currently, melatonin is also applied in areas related to
depression, particularly in regulating biological rhythms and
sleep. By maintaining the biological circadian rhythm,
melatonin regulates numerous biological and physiological
processes in the body. It plays a role in cell renewal,
strengthening the immune system, and regulating body
temperature. Due to its lipophilic properties, melatonin is a
highly potent antioxidant, capable of reaching all areas of
the body and easily crossing the blood-brain barrier.

Melatonin and the gastrointestinal (Gl) system

High concentrations of melatonin are synthesized in the
gastrointestinal (Gl) tract, particularly in enterochromaffin
cells. It has been found that not only the pineal gland but
also the enzyme responsible for melatonin synthesis,
hydroxyindole = O-methyltransferase (HIOMT), and its
precursor serotonin are present in enterochromaffin cells of
the intestinal mucosa. In the epithelial cells of the
duodenum, melatonin enhances protective factors by
increasing bicarbonate (HCOs~) secretion through MT2
receptors. In addition to its receptor-mediated effects,
melatonin also exerts receptor-independent actions in the
Gl tract. By scavenging free radicals, it demonstrates an
inhibitory effect on the development of gastrointestinal
ulcers [7].

Effects of melatonin in gastrointestinal diseases

It is known that melatonin is synthesized in significant
amounts in the gastric mucosa. Due to its lipophilic
properties, immunohistochemical studies suggest that
melatonin can penetrate deeply into the mucosa, including
the myenteric plexus and muscle layers, potentially exerting
effects there [30]. The gastric mucosa is constantly exposed
to factors capable of damaging tissues, such as
hydrochloric acid and pepsin. Several protective
mechanisms exist to preserve the structure and function of
the stomach against these factors, including the mucus—
bicarbonate barrier and prostaglandins. An imbalance
between harmful agents and protective mechanisms leads
to gastric injury. In experimental animal models, gastric
damage or ulcer formation is induced by various methods
such as ethanol or indomethacin administration, restriction
of movement, and exposure to cold or stress [30].

Studies conducted in the early 2000s demonstrated that
administration of melatonin and L-tryptophan could prevent
the formation of gastric ulcers induced by stress and
ischemia-reperfusion models. Furthermore, these studies
showed that the protective effects of melatonin and L-
tryptophan could be abolished by indomethacin
administration [31]. Based on these results, it was
suggested that the therapeutic and prophylactic effects of
melatonin on gastric mucosal injury are mediated through
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stimulation of the cyclooxygenase pathway, enhancement
of prostaglandin synthesis, and induction of nitric oxide
(NO) production. Additionally, melatonin has been shown to
accelerate blood flow, which contributes to its protective
mechanism. These findings are consistent with studies
reporting increased inducible nitric oxide synthase (INOS)
expression and mRNA levels at the margins of existing
ulcers in animals [32,33].

The antioxidant effect of melatonin, achieved through
scavenging reactive oxygen species, also plays a critical
role in its gastroprotective and therapeutic actions. Indeed,
in animal studies where cyclooxygenase enzymes and
prostaglandin synthesis were inhibited by indomethacin,
melatonin still exerted protective and therapeutic effects
due to its antioxidant properties. Beyond these
mechanisms, there is evidence that treatment with
melatonin and L-tryptophan increases gastrin and
cholecystokinin concentrations, further contributing to ulcer
healing [32-34]. Collectively, these studies support the
potential of melatonin and L-tryptophan in treating gastric
mucosal injury.

Gastroesophageal reflux disease (GERD), chronic
esophagitis, Barrett's esophagus, esophageal strictures,
and esophageal cancer are among the prevalent
gastrointestinal pathologies in the population. The incidence
of Barrett's esophagus and esophageal strictures has been
increasing over the years. Consequently, the role of
melatonin has been specifically investigated in patients with
GERD. Clinical studies have shown that administration of
melatonin and L-tryptophan can reduce GERD symptoms
and even lead to complete remission [35].

In animal models of GERD, pre-treatment with
melatonin was observed to prevent esophageal injury.
These studies also demonstrated that melatonin's
therapeutic effects are associated with increased blood flow
in the gastrointestinal mucosa, enhanced prostaglandin
(PGE2) synthesis, and decreased TNF-alpha levels [36]. In
patients with GERD and duodenal ulcers, lower plasma
melatonin levels were observed, suggesting that melatonin
deficiency may contribute to accelerated damage of the
upper gastrointestinal mucosa. In elderly populations,
reduced melatonin synthesis correlates with an increased
risk of complications from reflux esophagitis, indicating that
melatonin insufficiency may be a factor in upper
gastrointestinal mucosal injury [36,37].

Inflammatory bowel diseases (IBD), primarily Crohn’s
disease and ulcerative colitis, are chronic inflammatory
conditions characterized by relapses and temporary periods
of remission. The development of chronic inflammation
involves certain genetic predispositions as well as
environmental triggers that disrupt the integrity of the
intestinal epithelial barrier. Studies have shown that
circadian rhythms influence the composition of the gut
microbiota, suggesting a possible link between melatonin
secretion and the pathogenesis of IBD. Clinical studies
indicate that adjunctive administration of melatonin
alongside standard therapy significantly improves treatment
outcomes in patients with Crohn’s disease and ulcerative
colitis [38].

Melatonin has been shown to exert protective effects on
the intestinal mucosa in animal models of colitis induced by
intracolonic administration of acetic acid or 2,4,6-

trinitrobenzene sulfonic acid (TNBS). These protective
effects are associated with melatonin’s ability to reduce the
expression of inducible nitric oxide synthase (iNOS) and
cyclooxygenase-2 (COX-2) in the colon [39].

In preclinical studies, treatment of rats with hepatic
steatosis using melatonin resulted in reductions in body
weight, adiposity index, oxidative stress, and inflammation.
However, melatonin did not significantly affect glucose
metabolism disturbances induced by a high-carbohydrate
diet. Melatonin was observed to slow the progression of
non-alcoholic fatty liver disease (NAFLD) through various
mechanisms. Long-term administration also improved liver
function  parameters, including  aminotransferases.
Regarding its effects on lipid profile, liver
aminotransferases, and gamma-glutamyl transpeptidase,
melatonin has been suggested as both a potential
diagnostic marker and a therapeutic option for managing
NAFLD [40,42]. Additionally, higher doses of melatonin
reduced the steatosis index in rats fed a high-carbohydrate
diet, whereas in healthy rats, high-dose melatonin caused
mild liver injury [43,44]. Thus, melatonin treatment
demonstrated beneficial effects in NAFLD induced by high-
carbohydrate diets in rats. Consequently, due to the
potential risk of lipid metabolism disturbances and liver
complications, high doses of melatonin should be
administered with caution [45,47].

Several clinical and preclinical studies have shown that
melatonin synthesized in the intestine plays an important
role in improving digestive tract function, particularly in
protein digestion and the regulation of gut microbiota [48-
52].

In a preclinical study investigating the protective effects
of melatonin against hepatocellular aging induced by D-
galactose (D-Gal) in rats, liver inflammation, structural
damage to hepatocytes, and non-alcoholic fatty liver
disease were examined. Rats were divided into four groups:
phosphate-buffered saline (PBS, control), D-Gal (200
mg/kg/day), melatonin (20 mg/kg/day, control), and a
combination of D-Gal (200 mg/kg/day) with melatonin (20
mg/kg/day). The compounds were administered once daily
for eight consecutive weeks. Treatment with melatonin
attenuated D-Gal-induced hepatocyte damage.
Aminotransferase levels were significantly elevated in the
D-Gal groups compared to controls, whereas alanine
aminotransferase levels were reduced in the group
receiving both D-Gal and melatonin. Inflammatory genes,
including IL-1B, NF-kB, IL-6, TNF-a, and iNOS, were
significantly upregulated in the D-Gal groups but were
markedly lower in the D-Gal plus melatonin group.
Furthermore, the expression levels of genes associated
with liver steatosis, such as LXRa, C/EBPa, PPARa, ACC,
ACOX1, and CPT-1, were significantly reduced in the D-Gal
plus melatonin group. These results indicate that melatonin
mitigates D-Gal-induced hepatocyte aging and suppresses
both hepatic steatosis and inflammation [53]

Conclusion

Overall, research has demonstrated that melatonin is an
effective chronobiological molecule capable of acting in
multiple directions. Clinical studies have shown positive
results regarding the protective effects of melatonin in
peptic ulcer disease and in reducing symptoms in patients
with gastroesophageal reflux disease (GERD). Several
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studies have confirmed its protective role against damage
caused by aggressive factors that disrupt the function of the
digestive system. Moreover, melatonin has shown
beneficial effects in liver pathologies (non-alcoholic fatty
liver disease, hepatic steatosis) and intestinal disorders
(Crohn’s disease, prolonging remission in ulcerative colitis),
as well as significant positive outcomes in irritable bowel
syndrome. Therefore, its widespread clinical use,
particularly due to its mucosa-protective properties, is not
surprising. Research continues to explore the role, function,
and potential pharmacological effects of melatonin in the
gastrointestinal system, and this topic remains highly
relevant. Further clinical studies are needed to fully harness
the therapeutic potential of melatonin’s antioxidant effects
across various medical fields.
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