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РЕГИСТРАЦИЯ ИОННЫХ ТОКОВ СКВОЗЬ LCC-КАНАЛЫ ЯДЕРНОЙ МЕМБРАНЫ:  

ХРОНОБИОЛОГИЧЕСКИЙ АСПЕКТ 
На протяжении семи лет исследований транспортных систем ядерных мембран с применением метода patch-clamp наблюдалась 

определенная закономерность: зимой эффективность работы этим методом значительно снижалась. Поскольку разные се-
зоны/времена года характеризуются различными световыми и температурными показателями, мы решили обратить внимание на 
возможное воздействие последних на успешность выполнения исследований. Целью этой работы стала проверка влияния таких 
сезонных факторов, как изменение продолжительности светового дня, температура, атмосферное давление, количество осадков и 
облачность на качество patch-clamp-регистраций ионных токов через LCC-каналы ядерной мембраны кардиомиоцитов и нейронов 
Пуркинье мозжечка. Было выдвинуто предположение, что с уменьшением продолжительности светового дня и понижением темпе-
ратуры уменьшаются качественные и количественные показатели patch-clamp-регистраций. Для проверки этого предположения 
был применен корреляционный анализ Пирсона с исходными данными о продолжительности светового дня, метеорологических усло-
виях и рассчитанной успеваемостью регистраций (%) за конкретный день. На основе результатов такого анализа было установлено, 
что существует прямая выраженная линейная зависимость качества и количества регистраций от продолжительности светового 
дня (r = 0,6) и температуры (r = 0,6), а также слабая обратная зависимость от облачности (r = 0,3). На основе дисперсионного анализа 
(ANOVA) подтверждено достоверно большую успешность регистраций, выполненных в летний период, по сравнению с зимними того 
же года. Полученные результаты могут стать основой для оптимизации исследовательской деятельности рабочих групп, изучаю-
щих функционирование внутриклеточных транспортных систем электрофизиологическими методами, в частности patch-clamp. 

Ключевые слова: биоритмы, хронобиология, метеорологические условия, patch-clamp, ядерная мембрана, ионные каналы,  
LCC-каналы.  
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ION CURRENTS REGISTRATION THROUGH LCC-CHANNELS OF THE NUCLEAR MEMBRANES:  

CHRONOBIOLOGICAL ASPECT 
For seven years of researching the transport systems of nuclear membranes using the patch-clamp method, we observed a certain pattern: in 

winter, this method's efficiency significantly decreased. Since different seasons are characterized by different light and temperature indicators, we 
decided to pay attention to the latter's possible impact on the success of the research. Therefore, the purpose of this work was to test the influence 
of seasonal factors such as changes in daylight hours, temperature, atmospheric pressure, precipitation, and cloudiness on the quality of patch-
clamp recordings of ion currents through the LCC channels of the nuclear membrane of cardiomyocytes and cerebellar Purkinje neurons. We 
assumed that with decreasing daylength and decreasing temperature, the patch-clamp registrations' qualitative and quantitative indicators also 
decrease. We applied Pearson's correlation analysis with initial data on daylight hours, meteorological conditions, and calculated progress of 
registrations (%) for a specific day to test this assumption. Based on the results of this analysis, we found out that there is a direct pronounced 
linear dependence of the quality and number of registrations on the length of daylight hours (r = 0.6) and temperature (r = 0.6), as well as a weak 
inverse dependence on cloudiness (r = 0.3). Analysis of variance (ANOVA) also confirmed a significantly greater success of registrations performed 
in the summer compared to the winter of the same year. The obtained results can become the basis for optimizing the research activities of working 
groups studying intracellular transport systems' functioning by electrophysiological methods, in particular, patch-clamp. 
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MORPHO-FUNCTIONAL STATE OF RATS PINEAL GLAND  
AND SUPRACHIASMATIC NUCLEUS OF HYPOTHALAMUS AFTER DIFFERENT REGIMES  

OF EXOGENOUS MELATONIN ADMINISTRATION 
 
In modern society increase of digitalization associated with grown exceed level of light at night – a new type of pollution. 

Presence of light at night inhibited endogenous melatonin synthesis by pineal gland, that influence on circadian system work 
cycles, so organism oftenbroken regime of wake/sleep, meals, physical activity. Also, a lack of melatonin in some certain time of 
dayand low melatonin concentration both, were shown take some intervention in diseases development through incorrect 
regulation of clock-depended genes expression. In connect with this, some latest clinical protocol in therapy or clinical trials of 
many different pathologies (for example, insomnia, metabolic syndrome, cardiovascular diseases, central nervous and immune 
system trouble, cancer, viral infection, etc.) include exogenous melatonin usage. As melatonin perform his function via endocrine 
and paracrine ways in variety types of cell, his application take place in wide range of doses and in different time of day 
(chronotherapeutic approach). Therefore, important to control state of circadian system central elements – pineal gland (main 
producer of endogenous melatonin) and suprachiasmatic nucleus (SCN) of hypothalamus (central pacemaker of circadian 
rhythm) in conditionsof exogenous melatonin treatment. Thus, the main goal of our research were analysis of rats pineal gland 
and hypothalamic SCN morpho-functional state after different time (morning, evening and continuously with drinking water) 
melatonin daily administration. Melatonin was administered by gavage for 7 weeks in dose 30 mg/kg 1 h before lights-off (M ZT11, 
evening), or 1 h after lights-on (M ZT01, morning), or continuously with drinking water during day-night period (MW). After 
melatonin use only in MW group pineal gland demonstrates changes in morphology (pinealocytes nucleus had mild basophilic 
color) and morphometric (increased cross-sectional area of the pinealocytes nucleus in compare with control group) analysis 
data. Besides, some similar changes were observed in SCN: the cross-sectional area of the SCN neurons nucleus grown in case 
of usage each of regime melatonin administration, while morphology characteristic remains without any alteration. In general, it 
suggesting about having by melatonin non-inhibiting features in context of circadian system feedback loop and supposing wide 
potential for melatonin use with absent huge side effect on central elements of above mentioned system. 

Keywords: melatonin, feedback loop, chronobiology, pinealocytes, neuron, histology, circadian system, side effect. 
 
Introduction. Melatonin – the main signal molecule of 

circadian system, pineal gland hormone, that has plei-
otropic effect on organism insofar as may influence at most 

different cells in tissue [1]. This action mediated by both: 
1) presentation in many cells melatonin's receptors 
(through membrane receptors 1 MT1 and 2 types MT2 [2], 
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cytosolic receptors 3 MT3[3]); and 2) orchestration of circa-
dian molecular clock machinery work in each individualcell 
(through activation RORα1 (retinoid-related orphan recep-
tors), RORα2 and RZRα [4]). Also melatonin and itsderiva-
tives may act directly as antioxidant by bounding active 
form of oxygen radicals [5]. In addition, perform a huge role 
in sensing and transform signal to organism about season-
al changing during year; thereby regulatingseasonal repro-
duction, migration, metabolic rebuilding etc. [6].  

Nowadayshad been approved clinical application of 
melatonin for cure the delayed sleep phase disorder (in-
cludingin totally blind or sighted patients), jet-lagin case of 
circadian system dysfunction (wake-sleep regimes) [7]. 
Intriguing, melatonin enter in some critical care COVID-19 
management protocol as one of necessary component in 
"cocktail" for prophylaxis and mitigation mildly symptomatic 
patient [8] (at home and in hospital too, for example, in 
Eastern Virginia Medical School). 

Due to one of the environment features of modern so-
ciety, characterized by urbanization and infrastructure de-
velopment; there is the appearance of excessive light at 
night – the latest type of pollution; most of human had de-
creased endogenous melatonin level [9]. Also violation of 
the time regime of meals, wake\sleep, physical activity, 
circadian rhythms of the body leads to the destruction of 
melatonin synthesis time-pattern → cyclic expression of 
temporal genes and, accordingly, genes that are regulated 
by them – receptors, enzymes, transcription factors, hor-
mones, cytokines [10]. In this connection these factors con-
tribute to the etiology of development many different pa-
thologies. Therefore now, melatonin action study in clinical 
trials and in experimental models for treat obesity and obe-
sity-related disorders [11], mood deviation (depression, 
suicide, autism etc.) [12], diabetes [13], cancers [14], car-
dio-vascular diseases [15], central nervous system pathol-
ogies (bipolar disorders, Parkinson disease, Huntington 
disease, and Alzheimer's disease) [16], pathologies with 
inflammation process [17]. 

World FDA organization (Food & Drug Administration) 
categorized melatonin as dietary supplements, not drugs, 
since melatonin can be found in many food products (es-
pecially plants – phytomelatonin), thou melatonin usage 
FDA does not regulate [18, 19]. Many researches support-
ed that melatonin had not any side effects in case of usage 
wide range of dose (0,1 mg/kg – 100 mg/kg) [20, 21]. 
Moreover, in case of melatonin use, it's necessary totake 
account of melatonin intervention time, because there are-
different sensitivity (density, affinity) of melatonin receptors 
during the day – chrobiological approach an integral part in 
melatonin therapy [22]. 

The circadian system for the most partconsists of hypo-
thalamic suprachiasmatic nucleus (SCN) and pineal gland 
[23]. Pineal gland is the main source of melatonin synthesis, 
also enterochromaffin cells of intestine contributesin basal 
melatonin level [24]. The SCN coordinate inputs of environ-
ment inoutputs to organism – central pacemaker [25]. 

So, the main aim of research were analysis of rats pin-
eal gland and hypothalamic SCN morpho-functional state 
after different time (morning, evening and continuously with 
drinking water) melatonin daily administration in dose 
30 mg/kg during 7 weeks. 

Materials and methods. White nonlinear male rats 
weighing 100 ± 10 g were used in this study. The light cy-
cle was 12-h light and 12-h darkness, with lights-on at 
07:00 h (Zeitgeber time, ZT: ZT00) andlights-off at 19:00 h 
(ZT12). All experiments on animals were carried out in 
compliance with the international principles of the Europe-
an Convention for the Protection of Vertebrate Animals 
used for experimental and other scientific purposes (Euro-

pean Convention, Strasburg, 1986), Article 26 of the Law of 
Ukraine "On the Protection of Animals from Cruelty" 
(№ 3447-IV, February 21, 2006) as well as all norms of 
bioethics and biological safety. 

All animals received standard rodent chow 
(15,27 kJ•g–1). Food and water were available ad libi-
tum. Animals kept under standard vivarium conditions 
with constant temperature and humidity. Rats were di-
vided into four groups:  

1. Control group without any inductions of melatonin. 
2. Group M ZT01 received melatonin in the morning 1 

hour after light-on.  
3. GroupM ZT11 obtained melatonin administrations1 

h before light-off. 
4. Group MW (Melatonin Water) consumed melatonin 

solutions continuously with drinking water during all period 
of experiment. 

Thus, the experimental groups are indicated below as: 
control, M ZT01, M ZT11 and MW. 

Melatonin (Alcon Biosciences, USA) was administered 
daily by single peroral by gavage introductions 2 mL as a 
solution (group M ZT01 and M ZT11) or constantly with 
drinking water (the dose required was dissolved in 25–30 mL 
according to the calculated daily average volume of drinking 
water consumption per animal [26]) for 7 week (30 mg/kg).  

For the treatment of many experimental diseases 
models [27] and also in case of clinical trials [28], the use 
of different doses, methods and times of melatonin ad-
ministration is shown. For the melatonin adverse effects 
testing was chosen the lowest dose of melatonin at the 
use of which observed both a simultaneous decrease 
obese rat's weight gain and the appearance of beige adi-
pocytes, as we are interested in obesity therapy through-
beige adipocyte activation. 

On the last day of the experiment, the animals were 
sacrificedby carbon dioxide asphyxiation and decapitated, 
and then the pineal gland and hypothalamus was isolated.  

Histological examination was performed to characterize 
the morphology and functional status of pineal gland and 
suprachiasmatic nucleus of hypothalamus (SCN). Pineal 
gland were fixed entirely, while whole brain had been col-
lected and previously sectioned in lateral sites throe third 
ventricles (for rapid fixation process) to obtain fragments in 
the size of 10 x 10 mm. Tissues were fixed in 4 % of para-
formaldehyde in 0.1 M phosphate buffer for 72 hours, after 
which they were dehydrated and embedded into paraffin 
according to a standard procedure. From the paraffin 
blocks, 5 μm sections were performed and stained with 
Bemer'shematoxylin and eosin (H&E). Five-μm-thick slices 
were prepared from such blocks; these slices included the 
SCN, borders of which were identified according to the 
stereotaxic atlas [29]. Further examination of sections was 
performed using a light microscope BX41 (Olympus, Ja-
pan). Microphotographs were taken using the DP20 
(Olympus, Japan) digital camera and the QuickPHOTO 
MICRO software (Promicra, Czech Republic). 

The cross-sectional area of the pinealocytes nucleus 
were used as criteria for assessing the morphology and 
functional status of the pineal gland; and the cross-
sectional area of the SCN neurons nucleus was used to 
evaluation the state of the hypothalamus SCN. All parame-
ters were measured using the ImageJ software (National 
Institutes of Health, USA). 

Statistical data analysis was performed using the Sta-
tistica 6.0 (StatSoft, USA) and Microsoft Excel 2010 soft-
ware (Microsoft, USA). The obtained data was presented 
as mean ± standard error of mean (SEM). The distribution 
of values was estimated using Shapiro-Wilknormality  
W-test. Since the deviation of these values distribution of 
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from the normality was minor, to evaluate the differences 
between the values was used by one way ANOVA (analysis 
of variance) and tested by Dunnet's multiple range test with 
control as post hoc test. The differences with probability of 
the null hypothesis p < 0.05 were considered significant.  

Results and discussion. In order to create a com-
plete picture of the exogenous melatonin action at a dose 
of 30 mg/kg in different regimes of daily administration to 
important targets onto circadian rhythms regulation sys-
tems of body, the morpho-functional state of the pineal 
gland was studied. 

The pineal gland consists of 2 types of cells: pinealo-
cytes (synthesizing melatonin) and neuroglial supporting 
cells (Fig. 1). Pinealocytes differ from neuroglial cells by 
larger size (Fig. 1, red arrow), the presence of long cyto-
plasmic processes reaching the capillaries (Fig. 1, green 
arrow). Neuroglial cells have a small dark-colored nucleus 
(Fig. 1, triangle), unlike pinealocytes. Pinealocytes are mod-
ified neurons that have rounded or ovoid nuclei with a pale 
cytoplasm that contain granules filled with melatonin. With 
the melatonin introduction under the conditions of all 3 re-
gimes (M ZT01, M ZT11 and MW) the shape of the nucleus 
did not change, there was a constant presence of the nucle-
olus and moderate basophilia (Fig. 2). Cytoplasm conserved 
brightacidophilic color in M ZT01, M ZT11 and MWgroup that 
similar to control group. Extracellular accumulations of calci-

fied sediment (brain sand) in the form of conglomerates were 
not detected in all experimental groups.In some cases, were 
observed difference in pinealocytes nucleus color between 
control and MW group: lighter basophiliс nucleuses were 
commonly found in MW group, while in control there had 
frequently medium shade of color. Both population light and 
dark pinealocytes had classic morphology and did not 
demonstrate marked deviation [30]. 

Morphometric analysis of the cross-sectional area of pin-
ealocytes nucleus showed no effect after melatonin admin-
istration in groups M ZT01 and M ZT11, but in group MW 
this parameter increase by 13,5 % in compare with control 
group, which indicates about mild stimulating effect of con-
sume melatonin continuously with drinking water (Fig. 3). 

Pinealocytes have autocrine mechanisms activation by 
melatonin, as was shown presentence MT1 and MT2 in their 
own membrane [31]. Weak blocking of morpho-functional 
activity by exogenous melatonin is connecting with specific 
regulation of melatonin synthesis, which mediated thought 
removal of the light blocking action at night [32]. 

Also, there are no unique data about endogenous 
melatonin blood concentration after use exogenous mela-
tonin during short or long administration. Ambiguous data 
presented about melatonin maximal plasma/serum concen-
tration after pharmacokinetics analysis due to different 
melatonin dose/administration route [33]. 

 

 
Fig. 1. Microphotographs of rats' pineal gland sections: H&E staining; × 900 magnifications.  

Notes: red arrow – pinealocytes nucleus, triangle – nucleus of neuroglial cells, green arrow –blood vessel 
 

 
 

Fig. 2. Microphotographs of rats' pineal gland sections: H&E staining; × 400 magnifications 
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Fig. 3. The morphometric analysis data of the rats' pineal gland.  
Notes: * – a significant difference between the control and experimental groups, p ≤ 0.05 

 
The morpho-functional state of SCN neurons of the 

hypothalamus under the conditions of exogenous melato-
nin administration was also analyzed (Fig. 4). The study 
of the SCN neurons morphology of the hypothalamus 
shown that in all groups M ZT01, M ZT11 and MW, the 
shape of the nuclei remained unchanged – rounded with 
clear boundaries, the present nucleolus and moderate 
slightly light basophilia.The perikaryonscytoplasm of neu-
rons in these groups showed weakly acidophilic proper-
ties in comparison with the surrounding nerve fibers and 
glial cells as in control group. 

Morphometric calculation of the cross-sectional area of 
the SCN neurons nucleus (Fig. 5) revealed an increase in 
this parameter after the use of melatonin in M ZT01 by 
57 %, in M ZT11 by 21,5 % and in MW by 18,5 % in com-
pare with control group.Also was shown difference be-
tween effects after different mode of administration: in 
compare with MW group the cross-sectional area of the 
SCN neurons nucleus rise in M ZT01 group by 33 %, while 
in M ZT11 this parameter did not differ. Taking into account 
the data of morphological observations and morphometric 
analysis shows the activating effect of melatonin on the 
SCN neurons of the hypothalamus.  

 

 
 

Fig. 4. Microphotographs of rats' hypothalamus SCN sections: H&E staining; × 400 magnifications 
 

 
Fig. 5. The morphometric analysis data of the rats' SCN neurons of hypothalamus.  
Notes: * – a significant difference between the control and experimental groups, p ≤ 0.05;  

# – a significant difference between the MW group and M ZT01, M ZT11, p ≤ 0.05 
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Obtained data are according with SCN-melatonin feed-
back loop mechanism, as SCN has high concentration of 
melatonin receptors for entrained and phase-shifting set-
ting own pacemaker working rhythm [34, 35]. Thus, mela-
tonin administrations in dose 30 mg/kg can activate nuclear 
synthesis, that manifested in grow cross-sectional area of 
the SCN neurons nucleus. Moreover, in group M ZT11 and 
MW changes of these parameters did not differ, insofar as 
rats are nocturnal animals, which consume water mostly at 
night – MW group – and time of exogenous melatonin peak 
is approximatelysimilar like in M ZT11 group. While in 
M ZT01 group striking increaseof cross-sectional area of 
the SCN neurons nucleuscan be explained by the time of 
animal's slaughter: they were held in the first half of the day 
– shortly after the melatonin introduction. Morphology var-
iation during the day of the SCN neuron happen not only 
with nucleus, also was shown changes in total protrusion 
and simple dendritic spine density [36]. In the other hand, 
rise can be provoked by continuation of the night melato-
ninpeakthrough morning administration [37]. In some cas-
es, out of timechronotherapy can lead to desynchrony and 
circadian disruption [38], but in human occur a few chrono-
types: early and late, taking into account is necessary dur-
ing treatment [39, 40]. In according of this, morning admin-
istration takes place to be in patient with early chronotype.  

Conclusions. Daily administration of exogenous mela-
tonin (30 mg/kg, 7 weeks) in different time of day did not 
inhibitthe activity of such links of the circadian system as 
pineal gland and suprachiasmatic nucleus of hypothala-
mus. Furthermore, application melatonin solutions continu-
ously with drinking water during all period of experiment 
(group MW) lead to mild activation of morpho-functional 
state of pineal gland (pinealocytes nucleus had lighter ba-
sophilic color and cross-sectionalarea of nucleus increase) 
and of suprachiasmatic nucleus of hypothalamus (cross-
sectionalarea of SNC neurons nucleus also grown). In ad-
dition, morning (1 hour after light-on, group M ZT01) and 
evening (1 hour before light-off, group M ZT11) regimes of 
melatonin administrations conduct in enhance the cross-
sectionalarea of SNC neurons nucleus too, but not of pine-
alocytes nucleus. Thereby, different modes of exogenous 
melatonin applications rats in dose 30 mg\kg during 
7 weeks did not demonstrate negative feedback loop mani-
festation on morpho-function state of pineal gland and su-
prachiasmatic nucleus of hypothalamus. 
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МОРФО-ФУНКЦІОНАЛЬНИЙ СТАН ЕПІФІЗА  

ТА СУПРАХІАЗМАТИЧНОГО ЯДРА ГІПОТАЛАМУСА ЩУРІВ  
ЗА РІЗНИХ РЕЖИМІВ УВЕДЕННЯ ЕКЗОГЕННОГО МЕЛАТОНІНУ 

У сучасному суспільстві зростання цифрових технологій пов'язане з перевищенням рівня освітленості в нічну пору – новим ти-
пом забруднення. Світло вночі пригнічує синтез ендогенного мелатоніну епіфізом, що впливає на цикли роботи циркадної системи, 
тому в організмі часто порушуються режими неспання/сну, прийому їжі, фізичної активності. Крім того, показано, що нестача мела-
тоніну в певний час доби так само, як і його низька концентрація, зумовлює розвиток захворювань шляхом порушення правильної 
регуляції експресії годинних генів. У зв'язку із цим деякі останні клінічні протоколи або клінічні випробування для терапії багатьох 
патологій (напр. безсоння, метаболічного синдрому, серцево-судинних захворювань, проблем центральної нервової та імунної систем, 
раку, вірусних інфекцій) включають використання екзогенного мелатоніну. Оскільки мелатонін виконує свою функцію ендокринними і 
паракринними шляхами в різних типах клітин, то його застосування відбувається в широкому діапазоні доз і різний час доби (хроно-
терапевтичний підхід). Тому важливим є контроль стану центральних елементів циркадної системи – епіфіза (основного продуцента 
ендогенного мелатоніну) і супрахіазматичного ядра (СХЯ) гіпоталамуса (центрального водія ритму циркадної системи) – в умовах 
лікування екзогенним мелатоніном. Отже, метою нашого дослідження став аналіз морфо-функціонального стану епіфіза і СХЯ гіпо-
таламуса щурів після щоденного введення мелатоніну в різний час доби (уранці, увечері і безперервно з питною водою). Мелатонін 
уводили перорально крізь зонд протягом 7 тижнів у дозі 30 мг/кг за 1 год до вимикання світла (M ZT11, вечірнє введення) або 1 год після 
його увімкнення (M ZT01, ранкове), або безперервно з питною водою протягом дня і ночі (МВ). Після застосування мелатоніну тільки у 
групі MВ епіфіз демонстрував зміни морфології (ядра пінеалоцитів мали слабке базофільне забарвлення) і даних морфометричного 
аналізу (збільшення площі поперечного перерізу ядра пінеалоцитів порівняно з контрольною групою). Крім того, аналогічні зміни спо-
стерігалися й у СХЯ: площа поперечного перерізу ядер нейронів СХЯ зросла при використанні кожного окремого режиму введення ме-
латоніну, а морфологічна характеристика залишилася без змін. Із цього можна припустити наявність у мелатоніну неінгібуючих вла-
стивостей у контексті петлі зворотного зв'язку циркадної системи, що передбачає широкий потенціал його використання за відсу-
тності значного побічного ефекту на центральні елементи вищезгаданої системи. 

Ключові слова: мелатонін, петля зворотного зв'язку, хронобіологія, пінеалоцити, нейрон, гістологія, циркадна система, побічна дія. 
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МОРФО-ФУНКЦИОНАЛЬНОЕ СОСТОЯНИЕ ЭПИФИЗА  

И СУПРАХИАЗМАТИЧЕСКОГО ЯДРА ГИПОТАЛАМУСА КРЫС  
ПОСЛЕ РАЗНЫХ РЕЖИМОВ ВВЕДЕНИЯ ЭКЗОГЕННОГО МЕЛАТОНИНА 

В современном обществе рост цифровых технологий связан с превышением уровня освещенности в ночное время – новым ти-
пом загрязнения. Свет ночью подавляет синтез эндогенного мелатонина эпифизом, что влияет на циклы работы циркадной сис-
темы, поэтому в организме часто нарушаются режимы бодрствования/сна, приема пищи, физической активности. Недостаток ме-
латонина в определенное время суток, равно как и низкая его концентрация, влияют на развитие заболеваний путем неправильной 
регуляции экспрессии часовых генов. В связи с этим некоторые последние клинические протоколы или клинические испытания для 
терапии различных патологий (напр. бессонницы, метаболического синдрома, сердечно-сосудистых заболеваний, проблем централь-
ной нервной и иммунной систем, рака, вирусных инфекций) включают использование экзогенного мелатонина. Поскольку мелатонин 
выполняет свою функцию эндокринным и паракринным путями в различных типах клеток, его применяют в широком диапазоне доз и 
в разное время суток (хронотерапевтический подход). Поэтому важен контроль состояния центральных элементов циркадной сис-
темы – эпифиза (основного продуцента эндогенного мелатонина) и супрахиазматического ядра (СХЯ) гипоталамуса (центрального 
водителя ритма циркадной системы) в условиях лечения экзогенным мелатонином. Исходя из вышесказанного, основной целью на-
шего исследования стал анализ морфо-функционального состояния эпифиза и СХЯ гипоталамуса крыс после ежедневного введения 
мелатонина в разное время (утром, вечером и непрерывно с питьевой водой). Мелатонин вводили перорально через зонд в течение 7 
недель в дозе 30 мг/кг за 1 час до выключения света (M ZT11, вечер) или через 1 час после его включения (M ZT01, утро), или непрерывно 
с питьевой водой в течение дня и ночи (МВ). После применения мелатонина только в группе MВ эпифиз демонстрировал изменения 
морфологии (ядро пинеалоцитов имело слабую базофильную окраску) и данных морфометрического анализа (увеличение площади 
поперечного сечения ядра пинеалоцитов по сравнению с контрольной группой). Кроме того, аналогичные изменения наблюдались и в 
СХЯ: площадь поперечного сечения ядра нейронов СХЯ увеличилась при использовании каждого отдельного режима введения мелато-
нина, а морфологическая характеристика осталась без изменений. В целом это предполагает наличие у мелатонина неингибирующих 
свойств в контексте петли обратной связи циркадной системы и широкий потенциал его использования при отсутствии значите-
льного побочного эффекта на центральные элементы вышеупомянутой системы.  

Ключевые слова: мелатонин, петля обратной связи, хронобиология, пинеалоциты, нейрон, гистология, циркадная система, побо-
чный эффект. 

 
 


