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AGE-RELATED MORPHODENSITOMETRIC CHANGES IN NEURONS OF THE
SUPRAOPTICAL NUCLEUS OF THE HYPOTHALAMUS OF RATS DURING
STRESS MODELING AND ITS PHARMACOLOGICAL CORRECTION
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Objective — to study melatonin effect on the morphodensitometric parameters of neurons  Keywords: supraoptical
of the hypothalamus supraoptical nuclei in old rats subjected to immobilization stress. nucleus, hypothalamus,
Material and methods. The experiments were carried out on male white rats aged 19-23  morphometry,

months and weighing 300-320 g, divided into three series (two groups each) for densitometry,
investigation during the day and night periods. The first series of animals was kept for 30  immobilization stress,
days under the lighting regime of 12.00L:12.00D; the second series was under the same melatonin.

lighting regime and the animals were simulated with prolonged immobilization stress. Rats

of the third series under conditions of immobilization stress were administered melatonin.  Clinical and experimental
Morphodensitometric analysis of the hypothalamus neurons of rats was performed using  pathology 2026. Vol. 25,
a computer system for digital image analysis of the VIDAS-386 series (Kontron Elektronik, Ne 2 (96). P. 84-91.
Germany) in the visible spectrum. Quantitative parameters of the area of neurons, their

nuclei and nucleoli, RNA content in the cytoplasm of cells, their nuclei and nucleoli were  DOI 10.24061/1727-
obtained in a semi-automatic mode using licensed software. To establish the probability of 4338.XXV.2.96.2026.14
differences in values, the Student (t) test was used. Scientific research was conducted in

compliance with the main provisions of Ukrainian Law No. 3447-1V "On Protection of E-mail:

Animals from Cruelty”, the European Convention for the Protection of Vertebrate Animals  sagranov03@gmail.com
Used for Experimental and Other Scientific Purposes (18.03.1986), EU Directive

2010/63/EU, Orders of the Ministry of Health of Ukraine No. 690 (23.09.2009), No. 944

(14.12.2009), and Order of the Ministry of Education and Science of Ukraine No. 249

(01.03.2012). The research protocol N2 was approved by the Biomedical Ethics

Commission of [BSMU] (17.10.2024).

The research was conducted within the framework of approved research project of the

Department of Medical Biology and Genetics "Morphofunctional Reorganization of

Structures of Nervous and Endocrine Systems in Different Periods of Postnatal

Ontogenesis and Biochemical Mechanisms of Metabolism of Signaling Molecules, State

of Oxidative and Antioxidant Systems under Conditions of Experimental Pathologies and

Influence of Glutathione and Melatonin (Experimental Study)" (state registration number

01240002513, implementation period 01.2024-12.2028).

Results. The study of the morphodensitometric characteristics of neurons of the

hypothalamus supraoptical nuclei revealed daily dynamics of the indices. Under standard

light conditions a daily rhythm of morphofunctional activity of neurons of the

hypothalamus supraoptical nuclei with a maximum activity at night (02.00) was recorded

in rats. Keeping animals under conditions of immobilization stress caused more

pronounced changes in the morphodensitometric parameters of neurons of the

hypothalamus supraoptical nucleus at 02.00 than at 14.00. Thus, the area of the neuron

nucleus constituted 265.61+6.327 um? and was probably smaller (14.0%) concerning the

same index in the control group of animals. These changes were accompanied by a

decrease in the area of the nucleus and cytoplasm of the neuron, which constituted

167.64+4.707 um? and was significantly smaller (24.0%) than that in animals kept under

standard lighting conditions. The staying of animals under immobilization stress disturbed

the circadian rhythm of the morphofunctional activity of neurons of the hypothalamus

supraoptical nuclei. Their greater activity, in contrast to rats kept under normal lighting,

was registered during the daytime observation period. In order to correct

pharmacologically the identified disorders caused by immobilization stress, the animals

were administered melatonin intraperitoneally. Thus, at 14.00 a veritable increase in the

areas of the nucleus and neuron nucleolus of the hypothalamus supraoptical nucleus was

registered, which constituted 111.79+7.095 um? and 84.71£8.577 um? respectively,

against a background of a decrease in the area of its cytoplasm, concerning the animals

that were subjected to immobilization stress without melatonin administration. During this

period of time, the RNA concentration in the neuronal structures under study accordingly

also increased. At 02.00, the areas of the nucleus, nucleolus, and cytoplasm of the

hypothalamic supraoptical nucleus neuron, as well as the RNA concentration level in the

nucleus and cytoplasm of the neuron were probably greater than in rats that were
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subjected to immobilization stress without melatonin administration. At the same time,
melatonin did not correct the neurons rhythm activity of the supraoptical nucleus, which
remained the same as in animals exposed to immobilization stress and inversive
concerning the animals that were under normal light conditions.

Conclusions. 1. Under standard light conditions, a daily rhythm of morphofunctional
activity of neurons of the hypothalamus supraoptical nuclei with a maximum of activity at
night is registered in rats. 2. Keeping animals under immobilization stress provoked a
disturbance of the rhythm of morphofunctional activity of the neurons under study and
caused more pronounced changes in the morphodensitometric parameters of their
structural components at 02.00 than at 14.00, accompanied by a significant decrease in
the area of the nucleus, nucleolus and cytoplasm of the neuron concerning similar values
in the control group of animals. 3. The administration of melatonin to rats, exposed to
immobilization stress, had a positive effect and contributed to the increase in the functional
activity and correction of deviations in morphodensitometric parameters of the studied
neurons of the supraoptical nucleus of the hypothalamus of rats, mostly at 02.00, when the
body normally produces the most melatonin.

BIKOBI MOP®OJIEHCATOMETPHUYHI 3MIHU HEPOHIB Key words: naosopose
HAZA30POBOI'O AAPA I'ITIOTAJIAMYCA IIIYPIB ITPU MOJIEJTFOBAHHI A0po, 2zinomanamyc,
CTPECY TA HOT'O ®PAPMAKOJIOI'TYHINA KOPEKIIIT Mopepomempis,

OoeHcumomempis,
iMmobinizayitinuii cmpec,
Bukovinian State Medical University, Chernivtsi, Ukraine MELAMOHIH.
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Mema po6omu — suguumu 6niu8 MENAMOHIHY HA MOPHOOEHCUMOMEeMPUYHT Napamempu Kninivna Ta
HEUpOHi6 HAO30posuUX sdep 2cinomanamyca cmapux wypie, wjo 3asuamw Oii CKCICPUMEHTalIbHA
iMmobinizayiiinozo cmpecy. naronoris. 2026; T.25,
Mamepian i memoou. Excrnepumenmu ukonano na camysx Gimux uypie eiom 19-23 mic.  Ne 2 (96). C. 84-91.
macoro 300-320 e, skux posnodinenHo ua mpu cepii (y KoxcHiti no 08i zpynu) O01s

0ocnioxcents: 8 OeHnull ma Hiunul nepioou 0oou. Teapun nepwoi cepii ympumysaiu 30

0i6 3a ymo8 peocumy oceimaenns 12.00C:12.00T; opyea cepis — 3a ananoeiuno2o

CBIMI08020 PEdCUMY 3 MOOCIOBAHHAM MPUBALO20 iMMobini3ayilinoco cmpecy. Llypam

mpemvoi  cepii 8 YyMo8ax  iMMOOINI3aYiliHO20  cmMpecy  6B00UNU  MEIAMOHIH.
Mopgodencumomempuunuil ananiz HeUpoHie 2inomanamyca wypie nposoounu 3
BUKOPUCAHHAM KOMN 10mepHoi cucmemu yugposozo ananizy sobpasicenns VIDAS-386

(Kontron Elektronik, Himeuuuna) y euoumomy cnexmpi. Kinvkicni napamempu niowyi

HelpoHis, ixHix s0ep ma sidepeyv, a makodxc emicm PHK ompumysaru 6
HANIBAGMOMAMUYHOMY — pedcumMi  3a  OONOMO20H0  JIIYEH308AHO20  NPOSPAMHOO
3abesneuenna. i 6CmaHOBNeHHs  GIPOCIOHOCMI  GIOMIHHOCMEU  3HAYEHb
sukopucmosyeanu t-kpumepiti. Cmorooenma. J[ocniodxncenHss 6UKOHAHI 3 OOMPUMAHHAM

OCHOBHUX nonoxcetsb 3akony Ykpainu No 3447-1V «IIpo 3axucm meapun 8i0 JcopcmoKoeo
nosoodicennsy, Komgenyii Paou €eponu npo oxopony Xxpebemuux meapuw, uwo
BUKOPUCTOBYIOMb 68 eKCNepUMeHmax ma iHwux Haykosux yinax (6i0 18.03.1986 p.),

[upexmusu E€sponeiicokoeo Corwsy 2010/63/EU ma naxazie MO3 Vkpainu Ne 690 sio
23.09.2009 p., Ne 944 gio 14.12.2009 p. i naxazy MOH Ne 249 gio 01.03.2012 p.

Ipomoxon Ne2  nayxoeoco oOocnioacenns 3ameepoxcenutl Komiciero 3  numans

oiomeouunoi emuxu BJIMY 6i0 17.10.2024 poky. [ocniOcenns suxonysanu 8 pamrax
HAyKo80-00CHiOHOi  pobomu  KageOpu  meduunoi  6ionozii ma  eceHemuKu
«Mopgogynryionanvhi nepedyoosu cmpyknyp Hepeosoi ma eHOOKPUHHOL cucmem y pizHi

nepioou NOCMHAMANLHO20 OHMO2eHe3y ma OIOXIMIYHI MeXaHizmu memabonizmy

CUCHAILHUX MOLEKYI, CMAH OKCUOAHMHOI ma AHMUOKCUOGHMHOI cucmem 3a YMO8
eKCNepUMEHMAbHUX NAMONo2il | nIugy 2IymamioHy ma MelamoHiHy (excnepu-

MenmanbHe 00CaiOdceHHs)y (Oeparcasrull peecmpayivnuti nomep 01240002513, mepmin

suxonannsn 01.2024 p.—12.2028 p.).

Pesynomamu. Buguennsa mopghooeHcumomempuyHux —Xapakxmepucmux — HeupoHie

Hao30posux Adep ecinomaiamyca 6ussuio 00008y OUHAMIKY NOKA3HUKIE. 3a
CMAHOAPMHO20  CGIMA0BO20  pedcUMy 8 Wypie peecmpysaiu 00008uUll  pumm
MoppogynkyionanbHoi aKmueHOCMi  HeUpoHi6 HAO30pOsUX sdep 2inomanamyca 3

maxcumymom akmuerocmi 6 uiyHuti yac (02.00 200). Ympumanns meapun 6 ymoeax
IMMOOINI3aYiliHO20 cmpecy SUKIUKANO OLTbUL 3HAYYWE 3MIHU MOPDOOEHCUMOMEMPUYHUX

napamempis HetipoHie Ha030p06oco adpa inomanamyca o 02.00 200, Hioc o 14.00 200.

3oxpema, nnowa s0pa neiipona cmanoeuna 265,616,327 mxn? i 6yna 6ipoziono menuioio
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(na 14,0 %) 3a ananociunuii NOKA3HUK Y KOHMPONbHIU epyni meapuH. Brazami sminu
CYNPOBOONCYBANUCS 3MEHUIEHHAM NIOWI A0epys ma YUmoniasuu HeupoHa (OCmaHHs
cmanosuna 167,644,707 mxm?), wo 6yno eipoziono memwe (na 24,0 %) sionocho
MBAPUH, AKUX YMPUMYBAIU 3d CMAHOAPMHO20 pexcuMy oceimnenus. Ilepebysanms
meapun 8 YMO8ax IMMOOInI3ayitiHo20 cmpecy HOPYu8ano  00008Ull  pumm
MOPPOGYHKYIOHANLHOT AKMUBHOCMI HEUPOHIE HA030P08UX s10ep cinomanamycad. binvuty
Ix axmueHicmb, Ha GIOMIHY 6i0 wypis, SKI nepebysanu 3a 36UYALHO20 OCEIMJIeHHS,
peecmpyeanu y OeHHuil nepiod cnocmepecens. 3 memoio papmaxonociunoi kopexyii
BUAGIEHUX — NOPYWIEHb,  CHPUYUHEHUX  IMMOOINI3ayitinum  cmpecom,  meapuHam
BHYMPIUWHbOOUEPEGUHHO 600U MeramoHin. Tax, o 14.00 200 3apeecmposaro 6ipocione
3pocmanns  naow A0pa I s0epysi Heupona HA030po6020 A0pa 2inomanamycd, sKi
cmanosunu 111,79+7,095 mxm? ma 84,718,577 mxm® 8i0nogioHo, Ha mai 3HUIMCEHHS.
naowi 1020 YUMonNIasmuy, wooo meapuH, AKi 3a3Hanu Oii iMmobinizayitinoeo cmpecy 6e3
y8eOeHHs MelamoHiny. V yell uacosuii npomiscox maxoxc spocmana konyenmpayis PHK
y Oocniodxcysanux Hetiponnux cmpykmypax. O 02.00 200 niowi adpa, Adepys,
YUMONAA3MU HEUPOHA HAO30P0B020 A0PA SINOMANAMYCA, A MAKONC Pi6eHb KOHYEeHMpayii
PHK y s0pi ma yumonnaszmi Heupona Oyiu 6ipociOHO Oimbuiumu, HidC Y wypis, sAKUX
niooanu Oii iMMobLNIz3ayiHo20 cmpecy be3 yeedeHHs Menamoniny. Boonouac, menamonin
He Kopezysas pummy aKmusHOCHI HEtPOHI8 HA030P0620 0pa, GiH 3ATUUMABC MAKUM, K
i y meapun, wjo 3ananu Oil iMMODINI3ayiliHO20 cmpecy ma iH8EPCHUM U000 MEAPUH, SIKL
nepebysanu 3a 36UHALIHO20 C8IMIL0B020 PEHCUMY.

Bucnoeku. 1. 3a cmanoapmuoco c8imioe020 pexicumy 6 wypie peecmpyemscs 00606uil
pumm mMoppogyHKyionanbHoi aKmMuGHOCMI HEUPOHI8 HAO30POBUX A0ep 2iINOManamyca 3
MAKCUMYMOM — aKMUBHOCMI 8 HiuHull uwac. 2. YmpumyeanHs meapuH 8 YMo8ax
MMODINI3ayitiHO20 cmpecy CHPUYUHULO NOPYWEHHS PUmMMYy MOPHOPDYHKYIOHATLHOT
AKMUBHOCMI  OOCNIONCYBAHUX — HEUPOHI8 [ GUKIUKALO OLIbW  BUPAJICEHT  3MIHU
MopghooeHcumomempuyHUX napamempie ix cmpykmypHux komnonenmis o 02.00 200, wjo
CYNPOBOOANCYBANOCA BIPOSIOHUM 3MEHUIEHHAM NAoWi A0pa, sA0epys ma Yumoniazmu
HeUpoOHa w000 AHANOZIMHUX GETUYUH KOHMPONbHOI epynu meapun. 3. Yeedenus
MENLAMOHIHY WYPAM, SIKI 3a3HANU O IMMOODLI3aYIIHO20 CMmpecy Majlo RO3UMUSHUL eeKm
i cnpuano 3pocmanmio  QQYHKYIOHANLHOI  AKMUBHOCMI mMa  KOpeKyii  8i0XuneHb
MOPGDOOCHCUMOMEMPUYHUX NAPAMEMPIE O0CTIONCYEAHUX HEUPOHIE HAO30P08020 A0PA
einomanamyca wypie 30edinvuiozo o 02.00 200, Ko 6 HOpMI 8 OPeaHizmi NPOOYKYEMbCS

Hauoitbue Menamouimy.

Introduction

Motional activity is an important property of animals
and human being, it is one of the conditions for their
normal existence and development. Restriction of
motional activity (hypokinesia, or immobilization) is a
powerful stress factor that causes various pathological
processes [1-3].

The vital activity of all organisms on Earth is also
influenced by biological rhythms (biorhythms) - (diurnal,
seasonal, etc.) fluctuations in the intensity and nature of
certain biological processes and phenomena that
contribute to the adaptation of organisms to cyclical
changes in the environment. Today, biorhythmicity is
recognized as one of the main properties of all living
organisms. It is an important mechanism for regulating
functions that ensure the ability of organisms to maintain
homeostasis and adapt to environmental changes [4-6].

The alternation of the circadian (diurnal) cycle of day
and night is the most important regulator of various
physiological rhythms in all living organisms [7, 8]. The
invention of electricity and artificial lighting more than a
hundred years ago radically changed both the light regime
and the duration of light exposure, including on humans.
The impact of light at night, often called light pollution,
has increased and has become an essential part of the
modern lifestyle, accompanied by a number of serious
behavioral and health disorders.

The main rhythmic controller of the body's functions is
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considered to be the neuroendocrine brain structure - the
pineal gland (epiphysis), which is found in all vertebrates.
Together with the suprachiasmatic nucleus (SCN) of the
hypothalamus, this gland is a part of the so-called
biological clock of the body, what plays a key role in the
mechanisms of "internal timekeeping" [9]. In addition to
that, the SCN of the hypothalamus plays the role of a
central oscillator that regulates the adjustment of metabolic
and energy rhythms to the rhythms of lighting as an
exogenous energy source [3].

The coding of information about the light regime is
carried out by means of the main hormone of the pineal
gland — melatonin [10]. By influencing the functional
activity of the hypothalamic-pituitary-adrenal and
reproductive systems, melatonin is involved in the
regulation of the circadian and seasonal rhythms. It has
been shown that melatonin secretion is subjected to clear
daily variations with a minimum value during the day and
a maximum around 02.00 [8]. Violation of the light regime
(long-term lighting, constant darkness) is a determining
stressor that resulted in the development of desynchronosis
[11,12].

The hypothalamus, as the highest subcortical center of
the autonomic (vegetative) nervous system, has a powerful
regulatory effect on all vital functions of the body,
including maintaining the homeostatic balance of a living
system, which is disturbed as a result of the activity of
stressors, in particular immobilization, constant lighting
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[13]. Due to the important role of the large-cell
neurosecretory supraoptical nuclei of the hypothalamus, it
is relevant to study the nature of their response to the
effects of immobilization stress and melatonin on the
organism of experimental animals in the implementation
of the adaptive capabilities of the organism [14, 15].

The aim of the research

Study melatonin effect on the morphodensitometric
parameters of neurons of the supraoptical nuclei of the
hypothalamus of old rats exposed to immobilization stress.

Material and methods of the research

Experimental studies were carried out on non-linear
white male rats aged 19-23 months and weighing 300-320
g. The animals were divided into 3 series of studies (each
into two groups), in which the biomaterial was collected at
14.00 and 02.00. The chosen experimental periods were
determined by different functional activity of the pineal
gland at the indicated time periods of the day. The rats were
kept in standard vivarium conditions with free access to
food and water.

Animals of the st series (control group) were kept for
30 days under standard light conditions (light from 08.00
to 20.00, illumination by fluorescent lamps at the cage
level of 1000 lux). Rats of the 2nd series, which were under
the same lighting conditions as the animals of the 1st
series, were simulated with prolonged immobilization
stress by keeping them in special plastic cages-pencils for
6 hours daily for 30 days running. Rats of the 3-rd series
were under the same experimental conditions as the rats of
the 2nd series. They were daily injected with melatonin
intraperitoneally at 19:00 (Sigma, USA, degree of
purification —99.5%) at a dose of 10.0 mg/kg of animal
body weight.

After completion of the experiment, the animals were
removed from the experiment the next day at 14.00 and
02.00 by means of decapitation under thiopental-sodium
anesthesia (40.0 mg/kg intraperitoneally). The brain of the
animals was immediately removed and placed in 10.0%
formalin solution in 0.1 mole phosphate buffer (pH 7.2) for
20 hours at room temperature. After the standard
procedure of dehydration and chloroform-paraffin
impregnation, the brain was embedded in paraffin.
Scientific research was conducted in compliance with the
main provisions of Ukrainian Law No. 3447-IV "On
Protection of Animals from Cruelty", the European
Convention for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes
(18.03.1986), EU Directive 2010/63/EU, Orders of the
Ministry of Health of Ukraine No. 690 (23.09.2009), No.
944 (14.12.2009), and Order of the Ministry of Education
and Science of Ukraine No. 249 (01.03.2012). The
research protocol N2 was approved by the Biomedical
Ethics Commission of BSMU (17.10.2024).

The research was conducted within the framework of
approved research project of the Department of Medical
Biology and Genetics "Morphofunctional Reorganization
of Structures of Nervous and Endocrine Systems in
Different Periods of Postnatal Ontogenesis and
Biochemical Mechanisms of Metabolism of Signaling
Molecules, State of Oxidative and Antioxidant Systems
under Conditions of Experimental Pathologies and
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Influence of Glutathione and Melatonin (Experimental
Study)" (state registration number 0124U002513,
implementation period 01.2024-12.2028).

Histological sections 7 um thick were deparaffinized
in xylene, rehydrated in descending concentrations of
ethanol (100%, 96%, 70%), washed three times in distilled
water and stained for 48 h by the Einarson method in a
solution of halocyanine-chromium alum, which allows the
detection of nucleic acids (mostly RNA) in neurons, in
order to study the morphometric characteristics of neurons
of the hypothalamus supraoptical nucleus. Then the
sections were washed three times in distilled water,
dehydrated in ascending concentrations of ethanol (70%,
96%, 100%), xylene and placed in Canada balsam.

Morphometric analysis of hypothalamic neurons was
carried out in a computer-based digital image analysis
system VIDAS-386 (Kontron Elektronik, Germany) in the
visible spectrum. The image, obtained on the AXIOSKOP
microscope, was installed into the VIDAS-386 (Kontron
Elektronik, Germany) computer system for digital image
analysis using a COHU-4922 video camera (COHU Inc.,
USA). Image analysis was performed in a semi-automatic
mode using the VIDAS-2.5 (Kontron Elektronik,
Germany) application program package: the boundaries of
the neuron body, its nucleus and nucleolus were
interactively determined.

The experimental data obtained were processed on
personal computers using the VIDAS-2.5 (Kontron
Elektronik, Germany) application and statistical program
package and EXCEL-2003 (Microsoft Corp., USA). For
all indicators, the values of the arithmetic mean of the
sample (x), its variance and the error of the mean (Sx) were
calculated. To identify the probability of differences in the
results of studies in the experimental and control groups of
animals, the Student coefficient (t) was determined, after
which the probability of the difference of the samples (p)
and the confidence interval of the mean were found
according to the Student distribution tables. Values were
considered probable for which p<0.05.

Scientific research was carried out in compliance with
the main provisions of the Law of Ukraine No. 3447-1V
"On the Protection of Animals from Cruelty to Animals",
the Council of Europe Convention for the Protection of
Vertebrate Animals Used for Experiments and Other
Scientific Purposes (dated 03/18/1986), the European
Union Directive 2010/63/EU and orders of the Ministry of
Health of Ukraine No. 690 dated 09/23/2009, No. 944
dated 12/14/2009 and order of the Ministry of Education
and Science No. 249 dated 03/01/2012. The scientific
research protocol was approved by the Biomedical Ethics
Commission of the BSMU dated 02/15/2024.

Results and Discussion

When studying the morphometric parameters of the
supervisory nucleus of the hypothalamus at 14.00, it has
been found that the area of the neuron body constituted
277.72+44.358 pum?, the nucleus — 75.5141.280 pum?, the
nucleolus — 31.4944.510 pm? and the cytoplasm —
202.21+4.230 pum? (Table 1). The conducted correlation
analysis established a close relationship between the area
of the neuron body and the nucleus (1=0.72), between the
area of the nucleus and the nucleolus (r=0.94). A direct
correlation has been also found between the area of the
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neuron and its cytoplasm (r=0.68). The nuclear-
cytoplasmic ratio (NCR) was within 2.6540.023 units, the

specific volume of the neuron nucleus constituted
73.37+0.562%, and the cytoplasm was 26.62+0.561%.

Table 1

Morphometric changes in neurons of the hypothalamic supraoptical nucleus in old rats with melatonin
administration against a background of immobilization stress (x+Sx)

Series of experimental Neuron area, | Area of the neuron | Area of the neuron | Area of the neuron
animals um? nucleus, pm? nucleoli, pm? cytoplasm, um?
1. Control, 277,72+4,358 75,51£1,280 31,49+4,510 202,21+4,230
14.00
Control, 309,95+ 8,050 88,93 + 5,086 37,19+ 8,927 221,03+6,012
02.00 p1<0,01 pi<0,05 p1<0,05
2. Immobilization 305,41+8,085 68,800+2,728 31,8545,657 236,61+7,933
stress, 14.00 p<0,05 p<0,05 p<0,01
e 265,616,327 97,96+3,778 27,19+4,350 167,64+4,707
Immobilization
stress, 02.00 p<0,001 p<0,001
’ p1<0,01 p1<0,001 p1<0,001
3. [Immobilization 314,01+12,288 111,79+7,095 84,718,577 202,11+7,205
stress+melatonin p<0.05 p=<0,001 p<0,001
’ p2<0,001 p2<0,001 p2<0,01
14.00
Immobilization 287,45+12,272 108,72+6,758 78,618,857 178,73+7,472
stress+ melatonin, p<0,05 p<0,001 p<0,05
02.00 p2<0,001 p1<0,005

Note: p — probable changes concerning the parameters of the control group of animals of the same time interval; p; —
probability of difference in the parameters of animals of the previous time interval within the series, p> — probability of
difference concerning the parameters of the same time interval in animals that were exposed to immobilization stress.

Each series consisted of 20 animals

The study of morphometric characteristics of neurons
of the hypothalamic supraoptic nucleus revealed daily
dynamics of indices. Thus, compared with the daytime
period (14.00), by 02.00 there was a probable increase
11.5% in the body area of neurons of the hypothalamic
supraoptic nucleus, caused by an increase in the area of the
cell nucleus 17.7% (Table 1), that is confirmed by a direct
correlation (r=0.33). In its turn, the increase in the area of
the neuron nucleus is caused by the increase in the area of
its nucleolus, which constituted 37.19+ 8.927 pm? (Table
1), the correlation coefficient between the indices under
study was 0.59. In addition to that, during the night period
of observation, the NCR in vasopressin-synthesizing
structures was 2.95+0.019% and probably higher (11.2%)
than during the daytime. At the same time, the specific
volume of the neuron cytoplasm increased 2.9%, and the
nucleus, on the contrary, decreased 7.2%.

These changes were combined with an increase in the
concentration of RNA in the nuclei themselves 13.2%
compared to the daytime period. In addition to that, we did
not register any significant changes in the concentration of
RNA in the cytoplasm of the neuron of the hypothalamic
supraoptical nucleus.

The values obtained indicate an increase in the
functional and synthetic activity of neurons of the
supraoptical nucleus in the control group of rats during the
night period.

Immobilization stress is a traditional model of an acute
stress situation, in which, in addition to movement
restriction, there is also a pronounced emotional
component associated with the inability to avoid a
threatening situation. When animals were kept under
immobilization stress conditions at14:00, the area of the
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neuron of the supraoptical nuclei of the hypothalamus
reached 305.41+8.085 pum? and was probably larger
(10.0%) concerning the similar value in the control group
of rats. At the same time, we found an increase in the size
of its cytoplasm 16.9% (r=0.78). The probable increase in
the NCR 41.0% concerning the control group of animals,
which constituted 3.74+0.018 units, also attracted
attention. At the same time, the specific volume of the
cytoplasm probably increased against a background of a
decrease in the specific volume of the nucleus of the
neurons under study. In addition to that, the specific
volume of the nucleolus was within 10.84+1.929 units and
was probably larger concerning the volume of the studied
structure in the neurons of the control group of animals
during the daytime observation period.

Immobilization stress resulted in a probable decrease
in the concentration of RNA in the nucleus 33.0% at 14.00.
Similar changes were registered in the nucleolus and
cytoplasm of the studied hypothalamic neurons, in which
the amount of RNA was probably lower than the values in
the control group of animals (Table 2).

Keeping animals under immobilization stress
conditions caused more pronounced changes in the
morphofunctional state of neurons of the hypothalamic
supraoptical nuclei at 02.00 hour than at 14.00 hour. Thus,
the area of the neuron nucleus constituted 265.61+6.327
um? and was probably lower (14.0%) than that in the
control group of animals. The mentioned changes were
accompanied by a decrease in the area of the nucleolus and
the area of the neuron cytoplasm, which constituted
167.64+4.707 pm2 and was probably lower (24.0%) than
in animals, kept under standard lighting conditions. It
should be noted that staying of animals under
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immobilization stress conditions disturbed the daily
rhythm of the morphofunctional activity of neurons of the
hypothalamic supraoptical nuclei. Their greater activity, in
contrast to rats kept under normal lighting, was recorded
during the daytime observation period (Table 1). The NCR

in the neurons of the hypothalamic supraoptical nuclei at
02.00 was probably lower than that in the control group of
animals 39.0% due to a decrease in the specific volume of
the neuron cytoplasm of the hypothalamic structure under
study in experimental animals.

Table 2

Diurnal fluctuations in the RNA concentration in neurons of the supraoptical hypothalamic nucleus of rats
exposed to immobilization stress and melatonin administration (x+Sx)

Series of experimental | RNA concentration in the | RNA concentration in the RNA concentration in the
animals nucleus, con.un.opt.den. nucleoli. cond.un. opt.den. | cytoplasm, cond.un.opt.den.
Control, 0,144+0,0025 0,338+0,0029 0,072+0,0021
| 14.00
" | Control, 0,190+0,0078 0,308+0,0121 0,071+0,0038
02.00 p1<0,001 p1<0,05
Immobilization 0,096::0,0031 0,182+0,0112 0,039+0,0025
stress, 14.00 p<0,001 p<0,001 p<0,001
2. e 0,111£0,0021 0,257+0,0069 0,065+0,0021
Immobilization
stress, 02.00 p=<0,001 p<0,01
’ p1<0,01 p1<0,001 p1<0,001
Immobilization 0,134+0,0039 0,197+0,0093 0,095+0,0036
stress+melatonin, p3<0,001 p3<0,001
3 14.00
Immobilization 0,136+0,0040 0,211+0,0103 0,105+0,0043
stress+melatonin,
02.00 p2<0,001 p2<0,01 p3<0,001

Note: p — probable changes concerning the parameters of the control group of animals of the same time interval; p;
— probability of difference in relation to the parameters of animals of the previous time interval within the series; p; —
probability of difference in relation to the parameters of the same time interval in animals exposed to immobilization

stress. 20 animals were in each series

Analyzing the night stage of the experiment, we note
that, as in rats kept under habitual photoperiod, a higher
RNA concentration in the nucleus of the neuron of the
hypothalamic supraoptical nuclei was also recorded at
02.00 at the level of 0.111+0.0021 con. units of optical
density. In this daily interval, the indices of the
concentration of nucleic acid in the nucleolus of the
structures under study were lower in comparison with the
values of the control group of animals of the same time
interval (Table 2).

In comparison with the daytime period (14.00), a
decrease in the body area of the neurons of the
hypothalamic supraoptical nuclei was detected by 02.00,
stipulated by a probable decrease in the area of the cell
cytoplasm (r=0.83). This became the reason for the
decrease of the NCR in the night-time period of
observation in the neurons under study, which constituted
1.79+0.031 units.

For the purpose to correct pharmacologically the
detected disorders caused by immobilization stress, the
animals were intraperitoneally administered melatonin. In
addition to that, at 14.00 we registered a probable increase
in the areas of the nucleus and nucleolus of the neuron of
the hypothalamic supraoptical nucleus, which were
111.794£7.095 pum? and 84.7148.577 pm?, respectively,
against a background of a decrease in the area of its
cytoplasm, concerning animals that were exposed to
immobilization stress without melatonin administration.
During this time period, the concentration of RNA in the
structures of neurons under study increased accordingly.
At the same time, melatonin did not correct the activity

rhythm of neurons of the supraoptic nucleus, which
Kiiniuna ta excnepumenTanbHa naronoris. 2026. T.25, Ne 2 (96)

remained the same as in animals exposed to
immobilization stress and inversely related to animals
under normal light conditions. At 02.00 hour, the areas of
the nucleus, nucleolus, and cytoplasm of the neuron of the
hypothalamic supervisory nucleus, as well as the level of
RNA concentration in the nucleus and cytoplasm of the
neuron were probably greater than in rats exposed to
immobilization stress without melatonin administration.
This is evidence of a positive effect of melatonin, which
contributes to the increase in the functional activity and
correction of deviations in the morphodensitometric
parameters of the neurons under study of the hypothalamic
supraoptical nucleus of rats caused by immobilization
stress during the specified period, when the body normally
produces the most melatonin.

Conclusions

1. Under standard light conditions, rats have a daily
rhythm of morphofunctional activity of neurons of the
hypothalamic supraoptical nuclei with maximum activity
at night.

2. Keeping animals under immobilization stress
conditions provoked a rhythm disturbance of the
morphofunctional activity of the studied neurons and
caused more  pronounced changes in  the
morphodensitometric parameters of their structural
components at 02:00 than at 14:00 hour, which was
accompanied by a probable decrease in the area of the
nucleus, nucleolus and cytoplasm of the neuron compared
to similar values in the control group of animals.

3. Melatonin administration to rats, exposed to

immobilization stress, had a positive effect and contributed
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to an increase of the functional activity and correction of
deviations in the morphodensitometric parameters of the
neurons under study of the hypothalamic supraoptical
nucleus of rats, mainly at 02:00, when the body normally
produces the most melatonin.

Prospects of scientific research

The influence of immobilization stress and melatonin
on the morphofunctional activity of neurons of the
hypothalamic  ventricular nuclei for a deeper
understanding of the mechanisms of participation of these
structures in the regulation of neuroendocrine processes
during stress and stress reactivity of the organism is
planned to be investigated in the future.
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