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The aim of research — to investigate the effect of melatonin at a dose of 5 mg/kg body
weight on free radical oxidation of biomolecules and blood antioxidant system in rats
with gastroduodenal erosive-ulcerative lesions (EUL) under conditions of continuous
light exposure.

Material and methods. Experiments were performed on 40 male rats weighing 180-200 g.
EUL was induced by daily oral administration of indomethacin (3 mg/kg) acetylsalicylic
acid (100 mg/kg), and 10% medical bile (10 ml/kg) mixture for 14 days. Melatonin was
administered intragastricaly at 8 p.m. at a dose of 5 mg/kg.

The study was performed in compliance with the Rules of the work using experimental animals
(1977) and the Council of Europe Convention on the Protection of Vertebrate Animals
used in experiments and other scientific purposes (Strasbourg, 1986). It was performed
according to directions of International Committee of Medical Journals Editors (ICMJE),
as well as «Bioethical expertise of preclinical and other scientific research performed on
animalsy (Kyiv, 2006). The results were statistically processed using the STATISTICA 10
software (StatSoft Inc.). A Shapiro-Wilk test and Mann-Whitney test were performed to
verify normality of data distribution. Data are illustrated as arithmetical mean+SEM (n=6
animals per group). P<0.05 was considered as statistically significant differences.

Results. Experimental modeling of non-steroidal anti-inflammatory drugs (NSAIDs)-
induced EUL in rats led to significant oxidative stress, as evidenced by elevated levels of
malondic aldehyde (54%) and oxidatively modified proteins (72%,), reduced glutathione
depletion (24%), and increased glutathione peroxidase and ceruloplasmin activity.
Continuous light exposure strengthened redox imbalance, intensification of lipid andprotein
peroxidation and further suppression of antioxidant defenses. Melatonin administration (5
mg/kg) against a background of EUL under constant light normalized oxidative markers,
improved glutathione levels, and partially restored antioxidant enzyme activity.
Conclusions. Constant light exposure against a background of NSAIDs-induced EUL deepens
activation of free radical oxidation of biomolecules and depletion of antioxidant protection.
The introduction of melatonin at a dose of 5 mg/kg for 14 days contributes to the normalization
of the main indicators of oxidative stress and partial vestoration of antioxidant protection even
under the conditions of the combined effect of NSAIDs and light desynchronization.
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3AXMCHUM BNIJIMB MEJIATOHIHY LIOJ0 IMMOPYIIEHHS
OKHCHO-BIJHOBHOT' O BAJIAHCY ITPHU YPAXKEHHSX
TACTPOAYOJIEHAJBHOT 30HU 3A YMOB NOCTIMHOI'O OCBITJIEHHS

H. B. /lasuoosa

BykoBuHCBHKUIi Aep;kaBHUN MeAM4YHUN YHiBepcuTeT, M. YepHiBui, Ykpaina

Mema podomu — docrioumu 6niue MeJamoHiHy 6 003l 5 me/ke macu mina Ha npoyecu
BLILHOPAOUKANLHO20 OKUCHEHHS DIOMOLEKY ma CMAK AHMUOKCUOAHMHOT cucmemu Kpogi
Wypis 3 epo3usHo-eupaskosum ypadcennsm (EBY) cacmpodyodenanvhoi 30nu 3a ymog
HOCMIUNO020 OCEIMIEHHS.

Mamepian i memoou. Excnepumenmu nposoounu na 40 camysx Oinux wypie macoro
180-200 2. EBY moldemosanu wiisixom woOOEHHO20 NepopasibHO20 GGEOCHHS CYMiuli
inoomemayuny (3 me/xe), ayemuncaniyunogoi kucromu (100 me/xe) ma 10% meduunoi
arcosui (10 mn/xe) enpoodosoic 14 0ib6. Menamonin 6600unu GHymMpiUHbOULTYHKOBO
0 20.00 y oo3i 5 me/xe. [ocnioxcennus nposedeno 6ionogiono oo Ilpasun pobomu
3 GUKOPUCIAHHAM eKcnepumenmanvuux meaput (1977 p.) ma Koneenyii Paou €eponu
npo 3axucm xpebemHux meapun, wo GUKOPUCHOBYIOMbCS 8 eKCNEPUMEHMAX Ma THUUX
naykosux yinax (Cmpacoype, 1986 p.) ma suxonano 32iono 3 ékaszigkamu Misicnapoono2o
Komimemy pedaxmopie meouunux sxcypranie (ICMJE), a makooic « bioemuunoi excnepmusu
OOKJIIHIYHUX MA [HUWUX HAYKOGUX OOCNIONCEHb, WO Nposodsmuvcsi Ha meapunaxy (Kuis,
2006 p.). Pesynemamu cmamucmuiHo ONpAybo8aHi 3d OONOMOS0K HPOSPAMHOZ0
sabesneuennss STATISTICA 10 (StatSoft Inc.). [{na nepesipxu HopmanvHocmi po3nooiny

Ooanux npogsedeno mecmu [llanipo-Yinka ma Manuna-Bimui. Jlani npedcmasneni y 6uenaoi
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cepeonvoi apugmemuunoi eubipku (M) £ cmanoapmua noxubka (m), (n=6 meapun
y Kodichill epyni). 3nauenns P < 0,05 @sasicanu cmamucmuiro 3Ha4yuum.

Pezynvmamu. Excnepumenmanvremooentosants EBY ywypisnpuzeoouno 0o supasicenoco
OKCUOAMUBHO20 cmpecy: NIOBUUeHHS. PIBHIE MATIOH08020 anvboe2idy (Ha 54%) i okucHo
MoOughikosarux 6inxie (Ha 72%), 3HUdICEHHS PiBHS BIOHOBIEHO20 enymamioHy (Ha 24%),
3DOCMAHHSL  AKMUHOCMI  2ymamionnepoxcuoasu ma yepyroniasminy. Ilocmitine
OCBIMIEHHsT NOCUTIOBAN0 NOPYULEHHS. PEOOKC-20Me0Cmasy ma — GLIbHOPAOUKATIbHE
VUIKOOIICEHHS, 1ini0ig i OLIKI6 [ CRPUSIO NOOAIbUIOMY BUCHANCEHHIO AHMUOKCUOAHMHO20
saxucmy. Beedenns menamowniny (5 me/xe) na gouni EBY 3a ymos nocmiiinozo oceimnenHs
HOPMANi3y8ano NOKA3ZHUKU GLIbHOPAOUKAIbHO20 OKUCIEHHS Md Pi6eHb 2Iymamiony ma
4ACMKOB0 GIOHOBUNO AKMUBHICHL AHMUOKCUOAHIMHUX (DEPMEHMIE.

Bucnosku. Ilocmitine oceimnenns Ha ¢oni EBY  eacmpodyodenanvhoi  30Hu,
IHOYKOBAHO2O HECMEPOIOHUMU NPOMUZANATLHUMU NPEnapamami, NOCUTIOE Npoyecu
BIILHOPAOUKATLHO20 OKUCHEHHS OIOMONEKY | BUCHAICEHHS AHMUOKCUOAHIMHO20 3AXUCTIY.
Beedenns menamoniny y 003i 5 me/xe 6npoooesc 14 0i6 cnpusic Hopmanizayii 0CHOBHUX
NOKA3HUKIB OKCUOAMUBHO20 CIPeCy Ma YACMKOBOMY GIOHOBNIEHHIO AHMUOKCUOAHMHO20
3axucmy Hagimv 3a YMO8 KOMOIHOBAHOZO 6NIUGY HECMEPOIOHUX NPOMU3ANATLHUX

npenapamis i c8imuo6020 0eCUHXPOHO3Y.

Introduction

Peptic ulcer disease remains a signi¢cant clinical
challenge due to its high prevalence, tendency for
recurrence, and potential for serious complications. [1].

Non-steroidal anti-inAammatory drugs (NSAIDs) are
among the most frequently used medications worldwide
for the treatment of pain, inAammation, and fever
[2]. However, their widespread and often prolonged
use is strongly associated with the development of
gastroduodenal mucosal damage, including erosions,
ulcers, and gastrointestinal bleeding [3, 4].

Activation of free radical oxidation of biomolecules
and depletion of the antioxidant defense system represent
universal mechanisms of injury and death of the foveolar
epithelium in the gastroduodenal mucosa [5].

In recent years, signi¢cant attention has been paid
to melatonin — neurohormone of the pineal gland —
recognized as one of the most potent endogenous
antioxidants [6,7]. Literature sources report its positive
e ects on the balance of pro- and antioxidant systems
under ulcerative conditions [8]. However, the therapeutic
doses used vary widely and are generally high [7,8].

The relevance of this topic is further underscored
by the growing prevalence of light-induced circadian
rhythm disruption in modern society. Exposure to
arti¢ cial light at night, shift work, screen time, and urban
light pollution have been shown to suppress endogenous
melatonin production and disturb oxidative balance [9].
These conditions may exacerbate mucosal vulnerability
and contribute to gastrointestinal disorders, including
peptic ulcer disease [10]. Thus, modeling continuous
light exposure in experimental animals is of particular
importance for simulating real-life risk factors and
exploring their impact on redox homeostasis. Melatonin
secretion is known to follow circadian rhythms, and its
production is suppressed by continuous light exposure
[9]. Therefore, disturbance of the light—dark cycle may
potentiate oxidative stress and exacerbate mucosal injury.

The aim of research
Toinvestigatethee ectofmelatoninatadose of 5mg/kg
body weight on free radical oxidation of biomolecules
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and the status of the blood antioxidant system in rats with
erosive-ulcerative lesions (EUL) of the gastroduodenal
zone under conditions of continuous light exposure.

Research materials and methods

The study was performed in compliance with the
Rules of the work using experimental animals (1977)
and the Council of Europe Convention on the Protection
of Vertebrate Animals used in experiments and other
scienti¢,c purposes (Strasbourg, 1986). It was performed
according to directions of International Committee of
Medical Journals Editors (ICMJE), as well as «Bioethical
expertise of preclinical and other scienti¢c research
performed on animals» (Kyiv, 2006).

Experiments were performed on 40 white non-linear
male rats weighing 180-200 g which were randomly
grouped and kept in polycarbonate cages (4 rats per cage)
in a room under controlled environmental condition.
Animals received food and water ad libitum.

Animals were divided into ¢ve groups: Group 1
(control) — intact rats kept under a standard light/dark
cycle (12 h:12 h). Group 2 - rats with erosive-ulcerative
lesions (EUL) induced by daily oral administration
of indomethacin (3 mg/kg), acetylsalicylic acid
(100 mg/kg), and 10% medical bile (10 ml/kg) mixture for
14 days. Group 3 (EUL + melatonin) — rats with induced
EUL receiving intragastric melatonin daily at 8 p.m. at
a dose of 5 mg/kg for 14 days. Group 4 (EUL + light) —
rats with induced EUL, kept under continuous 24-hour
light exposure by a constant Auorescent light of 1500 lux
intensity throughout the 14-day experimental period.
Group 5 - (EUL + light + melatonin) — rats with induced
EUL along kept under continuous 24-hour light exposure
receiving intragastric melatonin for 14 days.

Groups 1-3 were maintained under a standard
12 h:12 h light-dark cycle. Groups 1, 2 and 4 received an
equivalent volume of distilled water instead of melatonin.

Animals were decapitated under light ether anesthesia
on the 14th day after beginning of the experiment. Blood
samples were collected in the presence of anticoagulant
EDTA (1 mg/ml of blood). Blood plasma was obtained
by blood centrifugation at 3000 rpm for 10 min.
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Erythrocytes were washed three times with ¢ve volumes
of saline solution and centrifuged at 3000 rpm for 10 min.

Malonic dialdehyde (MDA) content was assayed
in erythrocytes by spectrophotometric measurement
of trimethine colored complex formed in reaction with
thiobarbituric acid at high temperature and acidic pH
[11]. The content of oxidatively modi¢,ed proteins (OMP)
in blood plasma was assayed by reaction of amino acids
carbonyl derivatives with 2.4-dinitrophenyl hydrazine
which results in formation of hydrazones having
speci¢ c absorption spectrum. Aldehydes derivates were
determined at 370 nm [12]. The content of glutathione
was measured by SH-groups content in reaction with
5,5-dithiobis-2-nitrobenzoic acid (Ellmans’ reagent)
[13]. The ceruloplasmin content in the blood plasma
was measured spectrophotometrically by determination
of phenylenediamine oxidation products and expressed
in mg/l of blood plasma [14]. The catalase activity
was determined by a method based on the ability of
hydrogen peroxide to form a stable colored complex
with ammonium molybdate with a maximum absorption
at A=410 nm [14]. Total protein content was assayed by
Lowry using standard reagent kit for clinical diagnostics
(«Filisit-Diagnostics» Co., Ltd.).

The results were statistically processed using the
STATISTICA 10 software (StatSoft Inc.). A Shapiro-
Wilk test and then Mann-Whitney test were performed to
verify normality of data distribution. Data are illustrated as

arithmetical mean+SEM (n=6 animals per group). P<0.05
was considered as statistically signi¢,cant di erences.

The work is a fragment of the research project
«Morphofunctional restructuring of the structures of
the nervous and endocrine systems in di erent periods
of postnatal ontogeny and biochemical mechanisms
of signal molecules metabolism, state of oxidative and
antioxidant systems under conditions of experimental
pathologies, and the inAuence of glutathione and
melatoniny, state registration Ne . 0124U002513.

Results and their discussion

Prolonged administration of non-steroidal anti-
inAammatory drugs (NSAIDs) is one of the most
common ulcerogenic factors [3,4]. The gastropathic
e ect of NSAIDs is associated with the suppression of
prostaglandin synthesis, leading to reduced bicarbonate
secretion, vasoconstriction, impaired mucosal blood
Aow, and increased neutrophil in¢ ltration in the gastric
mucosa. These changes disrupt microcirculation, cause
stasis and ischemia, and provoke the generation of
reactive oxygen species (ROS) [5].

Our ¢ndings congrm that modeling erosive-
ulcerative lesions (EUL) of the gastroduodenal zone
leads to intensi¢ ed free radical damage to biomolecules.
This is evidenced by a signi¢,cant increase in MDA levels
(by 54%) and OMP in plasma (by 72%) compared to the
intact control group (table 1).

Table 1

Indicators of pro- and antioxidant system in rats’ blood in terms of gastroduodenal erosive-ulcerative lesions
combined with constant light exposure and melatonin intake (M+m, n=6)

Control EUL EUL+ melatonin| EUL + Light | EUL + Light + melatonin
Parameter/ Groups (group1) | (group2) (group 3) (group 49) (ggoup 5)
MDA, nmol/mL 9.94+0.622 | 15.33+1.45* 8.84+0.52 17.08 £1.21*f 10.51 +0.72
OMP, mmol/g protein 0.782 +0.029 | 1.346+0.084* | 0.811+0.057 | 1.472 +0.09*t 0.852+0.061
Reduced GSH, pmol/mL 1.163+0.075 | 0.880+0.039* | 1.027+0.070 |0.725+0.042*t 0.950+0.052
Ceruloplasmin, mg/L plasma 123.6 £9.83 [196.2 + 14.4*| 159.7£10.8* [211.5+ 13.0*t 165.3+12.1*
Catalase, pmol/minxL 17.77+0.863 | 19.60+0.88 18.04+1.14 11.44+0.98*t 15.01+0.94*
Glutathione peroxidase, pmol/minxg Hb| 114.846.99 | 149.0+6.3* 125.7£9.3 167.3+7.5*t 135.5+8.0*

Notes: * p <0.05 — significant difference vs. control group; 1 p < 0.05 — significant difference vs. group 2

The intensi¢ cation of free radical processes correlates
with disruptions in the antioxidant defense system.
Specig,cally, the content of reduced glutathione (GSH)
in erythrocytes was decreased 24%, possibly due to its
increased utilization by glutathione peroxidase, whose
activity exceeded the control 30%. Ceruloplasmin
activity in plasma increased 59%, while catalase activity
showed no statistically signi¢cant di erence.

It was shown that rats with EUL kept under continuous
light exposure demonstrated a more pronounced
imbalance in redox homeostasis. Speci¢ cally, MDA and
OMP levels were signi¢cantly higher than in both the
intact and EUL-only groups (71% and 88%), indicating
enhanced lipid and protein peroxidation. The depletion of
reduced glutathione in this group was more severe (38%
from control), alongside the highest recorded activities
of glutathione peroxidase (46%). Ceruloplasmin activity
also reached its peak in this group (71%), suggesting
intensi¢ed acute-phase oxidative responses. Catalase
activity was by 36% the level of control group that could
prove depletion of antioxidant defense.

ISSN 1727-4338  https://www.bsmu.edu.ua

These ¢ndings support the hypothesis that circadian
disruption due to constant light exposure acts as an
additional oxidative stressor that aggravates NSAID-
induced mucosal damage. This is in line with previous data
indicating that melatonin synthesis is inhibited by light at
night, which compromises antioxidant defenses [7,9].

We found (table 1) that melatonin administration at
a dose of 5 mg/kg for 14 days during EUL modeling and
its combination with constant light exposure normalized
MDA and OMP levels, restored GSH content in the
blood. Ceruloplasmin levels in group 3 and group 5
were lower than in melatonin-untreated animals but still
remained higher control level 29% and 33%. Melatonin
administration normalized glutathione peroxidase
activities in NSAID-induced EUL rats and reduced its
activity to 18% above control for rats with EUL kept
under constant lights. Catalase activity in group 5 animals
was still by 16% below the control group level.

Overall, melatonin demonstrated a clear protective
antioxidant e ect, even under conditions of combined
NSAID-induced injury and circadian rhythm disruption.
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Its action may be attributed to the direct scavenging of
free radicals via its indole ring, and to the regulation of
gene expression for antioxidant enzymes [7, 8].

Conclusions

Constant light exposure during NSAIDs-induced
EUL deepens activation of free radical oxidation of
biomolecules and depletion of antioxidant protection.
The introduction of melatonin at a dose of 5 mg/kg for
14 days contributes to the normalization of the main
indicators of oxidative stress and partial restoration of
antioxidant protection even under the conditions of the
combined e ect of NSAIDs and light desynchronization.

Prospects for further research

To study dose-dependent e ect of melatonin to
determine the optimal therapeutic concentration for the
correction of oxidative stress in EUL and assess the
duration of its protective e ect.
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