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Abstract. The aim of this study was to characterise the optical density of MT1
melatonin receptors in neurons of the supraoptic nucleus of the hypothalamus in
aged rats under conditions of immobilisation stress, using an
immunohistochemical technique combined with computerised
microdensitometry.

Material and methods. The experimental studies were conducted on outbred
male white rats aged 19-23 months and weighing 300-320 g. The animals were
divided into two study series (each further subdivided into two groups), in which
biomaterial was collected at 14:00 and 02:00. The animals in the first series
(control) were maintained for 30 days under standard lighting conditions (light
from 08:00 to 20:00, with a light intensity of 1000 lux at cage level provided by
fluorescent lamps). Animals in the second series, which were kept under the same
lighting conditions as the rats in the first series, were subjected to experimentally
induced prolonged immobilisation stress by being confined to special plastic
restraining cages for 6 hours daily for 30 consecutive days.

For the immunohistochemical procedure, polyclonal antibodies against the MT1
melatonin receptor from Abcam (UK) and the LSAB2 streptavidin-biotin
visualisation system (peroxidase label + diaminobenzidine) from Chemicon
International Inc. (USA) were used. Given the need to perform multiple statistical
comparisons of means in statistical samples, the Newman-Keuls criterion was
used to determine differences between populations.

Results. Using an immunohistochemical technique combined with computerised
microdensitometry, we detected distinct positive immunohistochemical staining,
appearing as granules varying in size and optical density. It was found in the
neurons of the supraoptic nucleus of the hypothalamus in aged rats. The granules
observed were concentrated mainly at the periphery of all cells, suggesting a
transmembrane localisation of the MT1 (also known as MTNR1A or Mella) —
high-affinity membrane receptors that play a key role in regulating circadian
rhythms (the biological clock) and the sleep-wake cycle in humans and other
mammals. They belong to the family of G-protein-coupled receptors (GPCRs). At
the same time, no immunohistochemical staining of the nuclei was observed. They
stained only with haematoxylin and exhibited the typical morphological
characteristics of neurons in the rat hypothalamic supraoptic nucleus. The
highest density of MT1 melatonin receptors in the neurons of the supraoptic
nuclei of the hypothalamus in aged rats was detected at 02:00 compared with
14:00 (in a field of view measuring 1600 um? according to the Newman-Keuls
criterion, p = 0.003). Under immobilisation stress, the number of neurons in the
supraoptic nuclei of the hypothalamus that were positively stained for the MT1
melatonin receptor within a 1600 um? field of view was 0.219+0.0018 at 02:00,
at 14:00 — 0.217 £ 0.0022 optical density units, and was significantly lower (p <
0.001) compared with control values during the selected observation periods.
Conclusions. 1. The density of MT1 melatonin receptors in neurons of the
supraoptic nucleus of the hypothalamus in aged rats is highest at 02:00, but at
14:00 it is significantly lower. 2. Modelling of prolonged immobilisation stress
leads to a reduction in the optical density of MT1 melatonin receptors in the
neurons of the supraoptic nuclei of the hypothalamus in animals.
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Peztome. Mema pobdomu — oxapaxmepusysamu onmudHy WilbHicmb peyenmopis
menamoniny MTI y Heliponax Had30p08020 A0pa 2inomanamyca cmapux wypie
Ha mJi IMMOOINI3ayiliHo20 cmpecy, Ha NIOCMAi IMYHO2ICIMOXIMIYHOL MemoOUK,
NOEOHAHOT 3 KOMN TOMEPHOIO MIKPOOEHCUMOMEMPIEIO.

Mamepian i memodu. ExcnepumenmanvHi OO0CHIONCEHHS NPOGEOCHO HA
HeniniuHuX Oinux wypax-camysax eikom 19-23 mic. 1t macoro 300-320 2. Teapun
PO3n00iNeHo Ha 06i cepii docaiodcenb (KodcHa uje Ha 08I 2pynu), y sKux 3a0ip
biomamepiany nposoounu o 14.00 i 02.00 200. Teapuru nepuwioi cepii (konmpois)
nepebysanu enpooosxc 30 0ib 8 ymosax cmanOApmMHO20 PeHCUMY OCEIMIeHHs
(ceimno 3 08.00 oo 20.00 200, oceimaenicmv nOMIHECYESHMHUMU TAMNAMU HA
pisni xnimox 1000 JIk). Teapunam opyeoi cepii, axi nepebyganu 3a maxux ymos
0CGImMNIeHHs K | wypu nepuioi cepii, 30iliCHIOBAIU MOOETIOBAHHS MPUBALO2O
IMMOOBINI3AYIIHO20 CIMpecy WISAXOM IX VMPUMAHHS 61po006xc 6 200 uwjoderHo 30
0i6 nocnine y cneyianbHux NAACMUKOSUX KIIMKAX-NeHAaldx.

3  Memow  GUKOHAHHA  IMYHOZICMOXIMIYHOI ~ MemOOUKU  BUKOPUCIAHI
NOMIKNOHANLHE anmumina 0o peyenmopie meramoniny MT1 eupobnuxa Abcam
(Benuxa bpumanis) ma cmpenmagiounbiomunosy cucmemy gizyanizayii LSAB2
(nepokcudasna mimka + diaminobenzudun) supoonuxa Chemicon International
Inc. (CLLUA). Bpaxogyiouu  HeoOXiOHicMb  BUKOHAHHA — MHOMCUHHUX
CMAmMuUCMuyHUx NOPIGHAHL CepeOHiX 8eIUYUH Y CINAMUCMUYHUX 8UDIpKAX, O/
BUSHAYUEHHA GIOMIHHOCMEU MIdHC CYKYRHOCMAMU BUKOPUCMAHUL Kpumepil
Hvtomena-Keiinca.

Pezynvmamu. Buxopucmogyiouu imMyHO2ICMOXIMIYHY MemOOUKy, HOEOHAHY 3
KOMN 10MepHoI0  MIKpOOEeHCUMOMEempIcio, HAMU 6UABIEHO HimKe NO3UMUHE
iMynocicmoximiune 3abapenents, siKe Gi3yanizy8anocs y 6ueisioi epamyi, SKi
PIBHUIUCA 3G pO3ZMIpAMU MA ONMUYHOIO WiNbHICMIO. Y Hellponax Had30po6o2o
a0pa cinomanamyca Cmapux wypie 6UsAGNeHi Spanyiu, sKi 30Cepeddtcy8anucs
30ebibuioe0 no nepugepii  ycix KIMuH, WO CEIOYUMb HA  KOPUCHb
mpancmembpanHo2o posmauwyeanns peyenmopie menramoniny MT1 (maxoosc
sioomux sx MTNR1A a6o Mella). []e sucoxoapinni membpanni peyenmopu, siki
gidiepaioms KI0O408Y pONb Yy pecyiayili Yupkaouux pummie (0ion02iuH020
200UHHUKA) MA YUKTY CHY-HeCNAHHA 6 MOuHU ma IHwux ccasyie. Bownu
Hanesxcams 00 poouHu peyenmopis, cnpsaxcerux i3 G-oinkom (GPCR). BooHouac,
iMyHOZicmOXiMiuHO20 — 3a0apenenHs  s0ep He  cnocmepieaiu  —  8OHU
3a0apenosanucs MibKU 2eMAMOKCULIHOM | MAlU MUnogy Mopponociumny
Xapakmepucmuxy Oas HeUpPoHi8 HAO30pP06020 A0pA 2inomanamyca wypie.
Hatisuwy winvnicmo peyenmopie menamouniny MTL y uetiponax naozoposux
s0ep einomanamyca cmapux wypie eusgiero o 02.00 200 00bu nopiensino 3 14.00
200 (y noni 30py naoweio 1600 mxm? 3a kpumepiem Horomena-Keiinca p=0,003).
B ymosax immobinizayiiinoco cmpecy KinbKicmb NO3UMUEHO 3a0apP6LeHUX HA
peyenmopu meramoniny MTI netiponie Hao3oposux adep cinomanamyca 6 noii
30py naowero 1600 mxm? nepebysana 6 mexcax o 02.00 200 — (0,219+0,0018), o
14.00 200 — (0,217+0,0022) 6. o. onm. winbrocmi i Gyia 6ipocioHo HUNCHOIO
(p<0,001) nopisusano 3 KkonmporLHUMU GeIUMUHAMU 6 O0OpaHi nepioou
CnocmepedtCcenHts.

Bucnoseku. 1. Ilinbnicms peyenmopie menamoniny MT1 y  wuetiponax
Hao030po6020 A0pa cinomanamyca cmapux wypie navsuwa o 02.00 200, npome o
14.00 200 e6ona ¢ 6ipociono Hudicuor. 2. Mooenosauns mpusaioco
IMMOOBINI3aYiiHO20 cmpecy Npu3o0Uumsb 00 3HUINCEHHS ONMUYHOL WiNbHOCMI
peyenmopie menamoniny MTI y neliponax naodsoposux sdep ecinomanamyca
00CIOACYBAHUX MEAPUH.

Introduction. The rapid development of science and  several adverse factors into human life, including physical
technology has brought not only positive changes but also  inactivity, excessive mental and physical strain, and
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occupational and everyday stress. A common situation
today is a reduction in physical activity — physical
inactivity — which leads to disturbances in the body’s
metabolism and energy balance, cardiovascular diseases,
gastrointestinal disorders, excess weight, premature
ageing, a reduced ability of the body to resist various
diseases, and changes in the body’s general condition,
among other things. Such stress-related effects are
observed at the cellular and molecular levels. As stress
increases, metabolic disorders arise, and the activation of
free radical oxidation leads to disruption of the primary
(barrier, receptor, catalytic) functions of biological
membranes [1, 2].

Melatonin plays a key role in the body’s adaptation to
environmental conditions, with the pineal gland
(epiphysis) being the primary site of its production. It has
been shown that melatonin secretion follows distinct
circadian variations, with a minimum during the daytime
and a maximum around 02:00 [3-5]. Via melatonin
receptors (membrane, cytosolic and nuclear), the hormone
regulates the state of the hypothalamic-pituitary system
and the activity of the endocrine glands [6, 7]. Furthermore,
via a feedback mechanism, it influences the activity of the
magnocellular neurosecretory supraoptic nuclei of the
hypothalamus [8-10].

Given the important role played by the hypothalamic
supraoptic nuclei in the body’s adaptive responses, it is of
particular relevance to investigate the density of melatonin
receptors in these brain structures when experimental
animals are subjected to immobilisation stress [11, 12].

The aim of the study is to use immunohistochemical
techniques combined with computerised
microdensitometry to quantify the density of MT1
melatonin receptors in neurons of the supraoptic nucleus of
the rat hypothalamus under conditions of immobilisation
stress.

Material and methods. The experimental studies were
conducted on male outbred white rats aged 19-23 months
and weighing 300-320 g. The animals were divided into
two study series (each further subdivided into two groups),
in which biomaterial was collected at 14:00 and 02:00. The
chosen times for the experiment were determined by the
varying functional activity of the pineal gland during these
periods of the day. The rats were housed under standard
vivarium conditions with free access to food and water.

Animals of the first series (control group) were
maintained for 30 days under a standard lighting conditions
(light from 08:00 to 20:00; with a light intensity of 1000
lux at cage level provided by fluorescent lamps). Rats of
the second series, kept under the same lighting conditions
as those of the first series, were subjected to experimentally
induced prolonged immobilisation stress by being confined
to special plastic restraining cages for 6 hours daily for 30
consecutive days.

At the completion of the experiment, on the following
day at 14:00 and 02:00, the animals were euthanised by
decapitation under thiopental sodium anaesthesia (40.0
mg/kg intraperitoneally).

The scientific research was conducted in compliance
with the key provisions of the Law of Ukraine No. 3447-
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IV “On the Protection of Animals from Cruelty”, the
Council of Europe Convention for the Protection of
Vertebrate Animals used for Experimental and other
Scientific Purposes (18 March 1986), European Union
Directive 2010/63/EU, and the orders of the Ministry of
Health of Ukraine No. 690 dated 23 September 2009, No.
944 dated 14 December 2009, and the Order of the
Ministry of Education and Science No. 249 dated 1 March
2012. The research protocol was approved by the BSMU
Biomedical Ethics Committee on 15 February 2024.

For immunohistochemical analysis, sections of the
cerebral hemispheres, including the supraoptic nucleus of
the hypothalamus, were fixed in 10% neutral buffered
formalin for 22 hours. It was followed by accelerated
dehydration in a series of alcohols of increasing
concentration, embedding in paraffin at 58°C, and the
subsequent preparation of 5-micrometre-thick histological
sections.

For the immunohistochemical procedure, polyclonal
antibodies against the MT1 melatonin receptor from
Abcam (UK) and the LSAB2 streptavidin-biotin
visualisation system (peroxidase label +
diaminobenzidine) from Chemicon International Inc.
(USA) were used. The standardisation of the method
protocol was adhered to as closely as possible across all
sections. Nuclei were counterstained with Mayer’s
haematoxylin.

Quantitative analyses of staining intensity were
performed as follows. First (using a 40x microscope
objective), digital copies of the optical image were
obtained, which were subsequently analysed using a
licensed version of the software, specifically by performing
computerised microdensitometry. The measurement
results were analysed using the microprobe technique of
regions showing positive staining according to the ‘Optical
Density’ parameter (expressed as a relative value on a scale
of 0-1, where ‘0’ corresponds to absolute optical
transparency in the microprobe and ‘1’ to absolute optical
opacity). The intensity of specific staining (the ‘Optical
Density’ index) was equated with the degree of melatonin
receptor density. Given the need to perform multiple
statistical comparisons of means in statistical samples, the
Newman-Keuls criterion was used to determine
differences between populations.

Results. In the neurons of the supraoptic nucleus of the
hypothalamus, =~ we  observed  distinct  positive
immunohistochemical staining in the form of granules
varying in size and optical density (Fig. 1).

The granules detected were concentrated mainly at the
periphery of each neuron, clearly reflecting the
transmembrane localisation of MT1 melatonin receptors. At
the same time, no immunohistochemical staining of the
nuclei was observed. The latter were stained only with
haematoxylin and exhibited the typical morphological
characteristics of neurons in the rat hypothalamic supraoptic
nucleus. Based on the experimental results,
microphotographs were taken at magnifications lower than
the ‘working’ one. They are purely illustrative, and intended
to demonstrate the uniformity of the response of the studied
melatonin receptors in neurons of the supraoptic nuclei of
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the hypothalamus at different locations.

We observed the highest density of MT1 melatonin
receptors in the neurons of the supraoptic nuclei of the rat
hypothalamus at 02:00 compared with 14:00 (in a field of
view measuring 1600 pm? according to the Newman-Keuls
criterion, p = 0.003).

Under conditions of immaobilisation stress, the number
of neurons in the supraoptic nuclei of the hypothalamus
that were positively stained for the MT1 melatonin receptor
within a 1600 um? field of view was 0.219+0.0018 at

02:00, and at 14:00 — 0.217 + 0.0022 in terms of optical
density. Differences between the study groups according to
the Newman-Keuls criterion were not statistically
significant (p > 0.05). At the same time, we recorded a
significant decrease in this indicator during the observation
periods (p<0.001) compared with the indices of animals
kept under standard lighting conditions. These patterns are
illustrated in micrographs of immunohistochemical

sections of the rat hypothalamus containing neurons of the
supraoptic nuclei (Fig. 2).

Fig. 1. Optical density of specific staining of melatonin MT1 receptors in neurons of the supraoptic nucleus of the rat
hypothalamus: (a) at 02:00; (b) at 14:00 Obj. 40%, Oc. 10x

Fig. 2. Effect of immobilisation stress on the optical density of the specific staining of MT1 melatonin receptors in
neurons of the supraoptic nucleus of the rat hypothalamus: (a) at 02:00; (b) at 14:00 Obj. 40, Oc. 10x

Conclusions. 1. The density of MT1 melatonin
receptors in neurons of the supraoptic nucleus of the
hypothalamus in aged rats is highest at 02:00, and by 14:00
it has decreased significantly. 2. Modelling of prolonged
immobilisation stress leads to a reduction in the optical
density of MT1 melatonin receptors in the neurons of the
supraoptic nucleus of the hypothalamus in animals.

Prospects for further research. In future studies, it is
planned to perform pharmacological correction of the

observed changes in the density of melatonin MT1
receptors in neurons of the supraoptic nucleus of the
hypothalamus in aged rats induced by immobilization
stress.
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