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It is well known that chronic stress can have serious health consequences, leading to
depression, anxiety, hypertension, obesity, diabetes, and so on. Additionally, the stress-induced
impact results in a decrease in immune system functions, rendering the body more susceptible to
infections and other illnesses. In addition to regulating sleep, melatonin possesses pleiotropic
properties: it inhibits oxidative stress, exhibits anti-aging effects, and demonstrates documented
anti-cancer activity. Melatonin is an effective antioxidant that stabilizes mitochondria. It remains
incompletely understood how melatonin affects immune defence under conditions of chronic
stress.

This study aimed to determine the influence of melatonin on certain indicators of the
immune system under conditions of stress exposure. Three groups of laboratory mice of the
BALB/c strain were formed. The first group was kept under a 12-hour light-dark cycle. The
second and third groups were subjected to chronic stress through constant illumination. The third
group of animals additionally received exogenous melatonin in their drinking water. On the fifth,
fifteenth, and thirtieth days of the experiment, indicators of leukocyte levels, phagocytic activity
using the latex particle uptake method, and the Th1-dependent immune response were determined
by the intensity of delayed-type hypersensitivity reactions.

Comparison of the indicators revealed that in the second group on the 5th day of the
experiment, there was an increase in the total number of leukocytes, an elevation in the level of
neutrophils, and a decrease in the level of monocytes. Animals receiving melatonin demonstrated
similar results. At the end of the experiment, in the group receiving melatonin, the level of
neutrophils decreased against an elevated level of lymphocytes and monocytes.

At the end of the experiment, the group subjected to chronic stress demonstrated a decrease
in the number of colony-forming units. However, in the melatonin-treated group, the opposite was
observed — an increase occurred. A similar trend was observed in the determination of
hypersensitivity activity. In the melatonin-treated group, hypersensitivity indicators were higher
compared to the group not receiving melatonin. Phagocytic activity in the third group was already
higher on the fifth day of the experiment.

The results of the study indicate that the administration of melatonin has a positive impact
on certain indicators of the immune system under conditions of chronic stress. Specifically,
phagocytic activity increased, the level of lymphocytes was elevated, antibody production
intensified, and delayed hypersensitivity reaction was enhanced.
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EK30T'EHHUH MEJIATOHIH TIOCHUJIIOE€E AKTUBHICTh IMYHHOI
CUCTEMMU B YMOBAX XPOHIYHOI'O CTPECY

3acanvHo6ioomo, Wo XpOoHIYHULL cmpec MOdce MAamu CepuosHi HAcTiOKU Oasi 300po8 s,
CNpUYUHAE Oenpecito, MPUBOINCHICMb, 3YMOGIIOIYU 2INEPMOHII0, OXCUPIHHA, Oiabem MmMoujo.
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Pasom 3 mum, cmpecopnuili 6niué npuszeo0umsv 00 3HUNCEHHSA (OYHKYIU IMYHHOI cucmemu,
3pobuswU Opeanizm OibulL 8paA3IUEUM 00 THGeKyill ma inwux 3axeopioears. OKpim pe2yisayii cHy,
MENAMOHIH MAE NIeUOMPONHI  61ACMUBOCMI: [H2IOYIOMb OKUCHUNL cmpec, NPOMUBIKOEI,
3aghixcosana npomupakosa akmugHicms. Menamonin a615€ co6010 eghekmusHuLl AaHMUOKCUOAHM,
cmaobinizye MIimoxouopii. 3anumaemovcs He NOSHICMIO PO3KPUMUM, SKUM YUHOM MeNamoHiH
BNIUBAE HA IMYHHUL 3AXUCM 8 YMOBAX XPOHIUHO20 CmMpecy.

YV yvomy Oocnidowcenni eusnauanu eniué npenapamy MeNamoHiHy HA OesaKi NOKAZHUKU
IMYHHOI cucmemu 8 ymogax eénaugy cmpecy. byno cghopmosarno mpu epynu nabopamopuux muuiei
ninii BALB/c. Ilepwa epyna ympumysanacs 3a ymog ocgimienns 12 200un ceimaa ma 12 2o0un
mempsaeu. Jlpyea ma mpems epynu  niooaganucs 6nauey XpOHIYHO20 cmpecy y 6ucisaoi
Yinooobosozo ocsimienus. Tpems epyna meapun 000aAmMKOBO OMPUMYBANA  €K302eHHUL
Menamonin y cknadi numuoi eoou. Ha n’amuti, n’amuaoyamuii ma mpuoyamui OeHb
eKCHepUMeHmy BU3HAYANU NOKASHUKU DI6Hs NelKoyumie, akmueHicmv azoyumosy memooom
inoyxoeanoco HCT-mecmy ma noenunanua oucnepcrhoco aamexcy, Th2-3anedcHy iMyHHY
8I0N06I0b GU3HAYANU MEMOOOM NIOPAXYHKY KOJIOHIEYMBOPIOYUX KIIMUH y cene3inyi nicis
imynizayii epumpoyumamu 6apana. Thl-3ane0icHy 1aHKY IMYHHOI 6I0n06I0I 00CHIONCY8ANU 3A
IHMEHCUBHICMIO peaKyii cinepuymau8oCcmi CNOGLIbHEHO20 MUny.

llopiguanns noxazuuxie noxaszano, wo y Opyeit epyni Ha 5-U OeHb eKCnepuMeHmy
niOBUWYBANACA 3A2allbHA KLIbKICMb JleUKoyumis, niosuuyyeascs pieens Helumpoghinie, a pieeHb
MOHOYUMIB 3HUNCYEMbCA. Teapunu, AKi OmMpumy8anu MeiamoHin O0eMOHCMPY8anu HNoOJiOHI
pesynomamu. Hanpukinyi excnepumenmy 6 2pyni AKa OmMpumyeanla MeIamoHIiH pI6eHb
HeUmpoghinie 3HUNCYB8ABCS HA ML NIOBULEHO20 PIBHS TIMPOYUMie ma MOHOYUMIS.

Hanpuxinyi excnepumenmy epyna nio 0i€i0 XpOHIUHO20 cmpecy NpOoOeMOHCMPY8anad
SHUMHCEHHSL KLIbKOCMI KOJIOHIEYMBOPIOIOYUX KONOHIU, npome y epyni AKa Ompumyeaid MelamoHiH
Hasnaku — nioguuysanacs. Ilodibna menoenyis cnocmepieanacs nio Yac 8UsHaA4eHHs. aKMUGHOCMi
einepuymaueocmi. Y epyni, ika ompumy8ana MeiamoHriH NOKA3HUKU 2Inepuymiueocmi oyau oinviu
BUCOKUMU Y NOPIGHAHHI I3 2PYNOI0 KA 1020 He ompumysana. Axmusenicms gacoyumosy y 3-i
epyni 6yna 6inbut BUCOKOIO 8JiCe HA N AMULL OeHb eKCNEePUMEHN).

Ompumani  pesyromamu OO0CHIONCEHHA 6KA3YIOMb HA me, WO VB8EOeHHS MelamOoHIHy
NO3UMUBHO GNIUBAE HA O0€AKI NOKA3HUKU IMYHHOI CcUCmeMU 6 YMO8aX XPOHIUHO20 Cmpec).
3okpema axmusHnicme  ¢hacoyumo3zy nocunoeanacs, NiOGUWYEABCs  pigeHb  TiMpoyumis,
NOCUNIOBANIOCS AHMUMIIOYMBOPEHHS, PEaKyisi CNOBIIbHEHOI 2inepuymausocmi 0yia nio8UUeHor0.

Knrouoei cnoea: imynna cucmema, cmpec, MenamoHuin, YUpKaoui pummu, azoyumos.

It is well known that sleep is one of the key aspects of human health.
Regulating this process is aided by the hormone melatonin, which is known to be
produced during sleep [16]. Its synthesis occurs in the pineal gland. Light can both
inhibit and synchronize melatonin production, while darkness is the optimal period
for hormone concentration (accumulation) [4]. The transformation of melatonin
occurs in two stages: the first stage of transformation involves the conversion of
tryptophan to serotonin followed by acetylation with serotonin N-acetyltransferase.
The second stage is the production of melatonin, which occurs with the help of the
enzyme hydroxyindole-O-methyltransferase [16].

The first reports on melatonin were obtained as early as 1958. American
physician and prof. Aaron B. Lerner and his colleagues isolated a hormone from the
pineal tissue of cattle. At that time, they identified it as a molecule that lightened the
skin chromatofores. Scientists didn't even realize the significance of their discovery
and what it would entail for scientific breakthroughs. Despite the hormone being
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discovered as far back as the mid-20th century, its effects on the body remain
insufficiently understood and require further research [11].

Modern endocrinology provides us with a clear understanding that melatonin is
not only a sleep-regulating hormone but also performs anti-aging, antioxidant,
Immunomodulatory, and anti-cancer actions [3].

The anti-cancer action of melatonin is the most important, as oncological
diseases currently rank second in causes of human mortality. A large body of
research has confirmed the anti-cancer effects of melatonin. However, there is an
assertion about the dual action of this hormone. Such effects can be observed both in
the initiation and inhibition of oxidative stress. The influence of reactive oxygen
species on the development of oncological diseases has also been thoroughly
investigated. In particular, it has been demonstrated that an increase in mutation
frequency, activation of growth receptors, enhanced oncogenic signalling, and
promotion of angiogenesis were observed in cells exposed to reactive oxygen
species. On the other hand, oxidative stress can inhibit the survival of cancer cells
by inducing DNA damage, telomere shortening, and oxidation of biological
molecules [14].

The production of active metabolites, enhancement of antioxidant enzyme
expression, reduction of free radicals, and stabilization of mitochondria are all
functions performed by melatonin as an effective antioxidant. However, the anti-
tumour action of this indolamine is not always linked to its antioxidant activity.
Recent research has shown that the anti-tumour action of melatonin can be achieved
by stimulating the production of reactive oxygen species. On the other hand, many
studies have confirmed melatonin's induction of apoptosis against various types of
cancer, including gastric cancer and cervical cancer [3].

Thus, it can be asserted that while the anti-cancer function of melatonin is
evident, the specificities of its influence on inhibiting the development of
oncological diseases require further investigation [10].

In addition to the aforementioned properties, melatonin also plays a key role in
reproductive medicine: it controls the production of gonadotropins and steroid
hormones. Moreover, it participates in sexual maturation, follicular genesis,
pregnancy, and menopause. During pregnancy, the maximum concentration of
melatonin is secreted in the third trimester, and then returns to optimal levels after
delivery [9].

Supporting cellular redox homeostasis and exerting «control» over the aging
process is another important function of melatonin. Elevated levels of free radicals
and the formation of non-radical oxygen species with subsequent accumulation in
cells can disrupt cellular redox balance (oxidative stress) [12, 13].

Melatonin is a universal antioxidant that is highly popular among athletes. It is
known that antioxidant supplements are common practice among athletes who need
to enhance their endurance and physical performance, which is significantly
achievable by minimizing the detrimental effects of oxidative stress on the body [7].
As stress is a universal trigger that stimulates the onset of diseases and contributes
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to the development of oncological conditions. The aim of this study was to
determine the effect of melatonin supplementation on certain indicators of the
Immune system under conditions of stress exposure.

MATERIALS AND METHODS

B the experiment, male BALB/c mice aged 4 months, weighing 26-30 g, were
used. The experiment was conducted in the spring (March). The mice were kept at a
constant temperature (22+20C) on a standard laboratory diet with free access to
food and water. The animals were divided into 3 groups. The first group served as
the control (n = 20) and were kept for 30 days under a 12-hour light:12-hour dark
cycle. The second group (n = 20) was kept for 30 days under continuous
illumination. The third group (n = 20) was also kept for 30 days under continuous
illumination, but the animals in this group received melatonin. This supplement was
added to the drinking water at a dose of 0.01 mg per 1 g of body weight.

On the fifth, fifteenth, and thirtieth days of the experiment, the animals were
weighed and euthanized by decapitation under thiopental anaesthesia in the morning
(from 10:00 to 12:00). Blood was collected from the decapitation wound, as well as
lymphoid organs (thymus and spleen). To study innate immunity, the number of
leukocytes in the blood was determined by standard methods. The Thl-dependent
Immune response was assessed by the intensity of delayed-type hypersensitivity
reaction, and the Th2-dependent immune response was evaluated by the number of
antibody-producing cells in the spleen after immunization with allogeneic
erythrocytes. The functional activity of phagocytes was determined by spontaneous
and induced nitroblue tetrazolium tests and by phagocytosis of monodisperse
polystyrene latex particles [5]. All experimental procedures were conducted in
accordance with the principles of humanity outlined in the directives of the
European Community (86/609/EEC) and the Helsinki Declaration on the protection
of vertebrate animals used for laboratory and other scientific purposes [15].

Statistical analysis of the results was carried out using the «Statistica 10»
program. The validity of the differences was determined according to the Man-
Whitney and Wilcoxon criteria. Changes were considered likely under P<0.05. The
research has been carried out under Directive 2010/63/EU on the protection of
animals used for scientific purposes.

RESULTS AND DISCUSSION

Comparison of the experiment's results on the fifth day showed that in the
second group (exposed to stress), there was an increase in the total number of
leukocytes. The level of neutrophils was elevated, while the level of monocytes was
decreased. In the group receiving melatonin, there was also an increase in the level
of leukocytes, specifically neutrophils. The level of monocytes was decreased.

On the fifteenth day after exposure to stress, in the second group (stress only),
compared to the control, the level of leukocytes was elevated, specifically due to
neutrophils. In the stress group receiving melatonin, an increase in the level of
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leukocytes also occurred, but due to an increase in the level of monocytes. The level
of neutrophils did not increase.

At the end of the experiment, in the stress group, there was also an elevated
level of neutrophils. In the stress group receiving melatonin, the level of neutrophils
decreased against a background of higher levels of lymphocytes and monocytes

(Fig. 1).
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Fig. 1. Dynamics of leukocyte levels in peripheral blood on the 5th, 15th, and 30th days

of the experiment

Notes: * P<0.05 compared to control values
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On the fifth day after the start of the experiment, the number of antibody-
producing colonies was slightly decreased in both the stress group and the group
receiving melatonin. On the fifteenth day, in the stress group (Group 2), there was a
significant decrease (p < 0.05) compared to the control. On the thirtieth day, in
Group 2, the number of antibody-producing colonies continued to decrease, while in
the group receiving melatonin (Group 3), it increased (Fig. 2).
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Fig. 2. Antibody-producing colonies
Notes: * P<0.05 compared to control values

On the fifth day, the hypersensitivity activity in the stress group was reduced.
In the group receiving melatonin, the delayed hypersensitivity activity was also
reduced, but to a lesser extent than in the stress group. On the fifteenth day, there
was a sharp decrease in delayed hypersensitivity activity in the stress group without
melatonin. In the group receiving melatonin, the delayed hypersensitivity activity on
the fifteenth day was higher compared to the control. Particularly notable were the
results in this group (Group 3) - the hypersensitivity indicators were higher (Fig. 3).
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Fig. 3. Delayed-type hypersensitivity
Notes: * P<0.05 compared to control values
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The phagocytosis indicators in the stress group and the group receiving
melatonin (Fig. 4) were found to be intriguing. On the fifth day of the experiment,
the phagocytosis activity was higher in Groups 2 and 3.
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Fig. 4. Phagocytosis Activity
Notes: * P<0.05 compared to control values

On the fifteenth day, the group receiving melatonin showed a significant
Increase in phagocytosis activity. A similar situation was observed at the end of the
experiment on the thirtieth day. In contrast, in Group 2, the phagocytosis activity
was similar to that in the control group.

Melatonin plays a crucial role in regulating the response to stress and its impact
on the body. During stressful situations, changes occur in the production and
functioning of melatonin, which can exert both protective and adaptive effects on
the bodly.

Firstly, melatonin possesses antioxidant properties that can help protect the
body's cells from damage caused by stress and oxidative stress [1]. This is
particularly important in conditions of increased free radical activity, which often
accompany stress.

Secondly, melatonin contributes to the normalization of circadian rhythms and
improves sleep quality, which is a key factor in the body's recovery after stressful
situations. Regular sleep and normalization of circadian rhythms help reduce the
impact of stress on the body and its ability to adapt.

Previous researchers have shown that plant-derived melatonin exhibits anti-
tumour activity [8] and is a promising adaptogen [6]. Melatonin can directly
influence the hormonal status of the body under stress conditions by participating in
the regulation of cortisol and other stress hormones [2]. This helps the body
maintain balance and adapt to stressful conditions.

Thus, melatonin plays an important role in regulating the response to stress,
supporting the body's protective mechanisms, and promoting adaptation to adverse
conditions.

The results obtained indicate that administering melatonin during stress leads
to the activation of the immune system. We observed an increase in the level of
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monocytes, corresponding to enhanced phagocytic activity. There was also an
increase in lymphocyte levels and, consequently, antibody production. Thus,
melatonin enhanced humoral immunity, increased the hypersensitivity reaction, and
strengthened phagocytosis.

CONCLUSIONS

The experiment results demonstrate that melatonin during stress affects the
Immune system. Exogenous administration of melatonin under conditions of stress
induced by continuous illumination affects the level of leukocytes. At the end of the
experiment, the level of neutrophils decreases, but the level of lymphocytes and
monocytes increases.

Furthermore, the influence of melatonin on the humoral immune response was
identified: the number of antibody-producing colonies in the spleen increases under
the influence of melatonin in stress conditions.

The activity of delayed hypersensitivity reaction increases under the influence
of melatonin in stress conditions.

Melatonin affects the activity of phagocytosis under stress. In the middle and at
the end of the experiment, the activity of phagocytosis in the group receiving
melatonin increases.
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