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Changes in photoperiod duration, which serves as the primary synchronizer of biological rhythms, represent a
stress factor capable of disrupting the rhythmicity of somatic and visceral functions and disorganizing the mecha-
nisms of the organism’s adaptation to the effects of various factors. In this regard, studying the expression level of
the immediate-early response gene c-fos in neuronal subpopulations of the paraventricular nucleus of the hypothal-
amus is relevant for investigating stress responses. The experiment was conducted on male white rats, which were
divided into two groups (each containing two subgroups). For 14 days, the animals were maintained under different
lighting conditions: group 1 (LD) under a standard photoperiod of 12.00L:12.00D, and group 2 (DD) under conditions
of constant darkness 00.00L:24.00D (light deprivation). The study was performed at 14:00 and 02:00. Identification
of c-Fos in histological sections of the anterior hypothalamus was carried out using the method of indirect immuno-
fluorescence. Under standard lighting conditions (12.00L:12.00D), an increase in the fluorescence intensity of ma-
terial immunoreactive to c-Fos was detected in the medial parvocellular subnuclei of the paraventricular nucleus of
the hypothalamus in rats at 02:00 compared with 14:00. During the daytime, this parameter was 26.3441.510 um?,
whereas it increased during the nighttime. Light deprivation caused a shift of the fluorescence intensity peak in the
indicated subnuclei from the nighttime to the daytime period. The highest density of c-Fos-positive neurons in the
studied hypothalamic subnuclei was recorded at 02:00 in animals maintained both under the 12.00L:12.00D regime
and under 00.00L:24.00D conditions. Thus, the expression of the product of the immediate-early response gene
c-fos, the c-Fos protein, in the medial parvocellular subnuclei of the paraventricular nucleus of the rat hypothalamus
exhibits a pronounced rhythmic pattern. Under conditions of light deprivation, significant changes in its production
were observed. In particular, the concentration index of this protein during the daytime period of the experiment was
0.543+0.0128 a.u., which significantly exceeded the control values.

Key words: paraventricular nucleus, hypothalamus, c-fos gene, c-Fos protein, light deprivation.
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Introduction.

Amongthecurrentissuesinmodernchronophysiology
is the clarification of the involvement of neuroendocrine
structures in the mechanisms of daily (circadian)
rhythms in mammals [1-4]. The paraventricular nuclei of
the hypothalamus play the role of the autonomic center
coordinating physiological functions. They consist of
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several neuronal populations — subnuclei — which differ
in their structural and functional characteristics as well
as in the nature of neural connections with various
components of both the nervous and neuroendocrine
systems [5, 6].

Changes in photoperiod duration, as the main time-
setting factor, represent a stressor that desynchronizes
the rhythmicity of somatic and visceral functions and
disrupts the coordination and modulation of mechanisms
involved in the organism’s adaptation to the influence of
various factors [7-9]. In order to study stress reactions
and the effects of stress-limiting factors (in particular,
the hormone melatonin), the investigation of neuronal
subpopulations of the paraventricular nucleus of the
hypothalamus is of considerable interest [10]. A major
factor exerting a significant effect on the regulation of
adrenocorticotropic hormone (corticotropin) secretion is
corticotropin-releasing factor. Immunoreactive labeling
for corticotropin-releasing factor has been detected
predominantly in the medial parvocellular subnuclei
of the paraventricular nucleus of the hypothalamus
[11]. Therefore, the study of the influence of constant
darkness (light deprivation) on the state of these
hypothalamic subnuclei is of particular interest [12-15].
In particular, it is important to investigate the expression
level of the immediate-early response gene c-fos in
these hypothalamic structures. It should be noted that
a potent (although not the only) inhibitor of c-fos gene
transcription is the product of its expression — the c-Fos
protein [16]. Investigation of c-Fos protein expression is
widely used to identify the functional activity of neurons
as components of specific conduction pathways within
the nervous system. Disturbances in the lighting regime
(constant darkness) cause immediate changesin the level
of c-fos gene expression in the paraventricular nuclei.
Intensification of the expression of this gene stimulates
the synthesis of the corresponding immunospecific
c-Fos protein [17]. The latter, in turn, participates in the
mechanisms of synchronization of activity by exogenous
cyclic influences (including circadian rhythms associated
with the alternation of light and darkness). Information
concerning the influence of photoperiod modifications
on the activity of the above-mentioned neuronal
subpopulations of the paraventricular nucleus of the
hypothalamus involved in circadian rhythm mechanisms
remains insufficiently described and requires further
detailed investigation.

The aim of the study.

To determine the dynamics of c-fos gene expressionin
the medial parvocellular subnuclei of the paraventricular
nucleus of the hypothalamus in rats under conditions of
light deprivation.

Object and research methods.

Experimental studies involved 28 male outbred
white rats aged 24-27 months. The animals were kept
under standard vivarium conditions with constant air
temperature and humidity and had free access to food
and drinking water. The experimental animals were
divided into two groups, each of which was further
subdivided into two subgroups (seven animals in each).

Animals of the first group (intact) were maintained
for 14 days under a standard lighting regime of
12.00L:12.00D (LD; illumination provided by fluorescent
lamps from 08:00 to 20:00, with the illumination level at
the cage level reaching 500 Ix). Rats of the second group

were kept for 14 days under conditions of constant
darkness (light deprivation— DD, modeling hyperfunction
of the pineal gland in relation to melatonin synthesis).

After completion of the 14-day period, on the
following day at 14:00 and 02:00, the animals were
removed from the experiment by decapitation under
etaminal anesthesia (40.0 mg/kg, intraperitoneally).
The brains were immediately removed and placed in
10% formalin solution in phosphate buffer (0.1 M, pH
7.2) for 20 hours at room temperature. After a standard
dehydration procedure and infiltration with chloroform
and paraffin, the samples were embedded in paraffin.

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

To identify c-Fos in histological sections of the anterior
hypothalamus, the indirect immunofluorescence
method was used. First, histological sections with a
thickness of 14 um were deparaffinized in xylene,
followed by rehydration in ethanol solutions of six
descending concentrations (100-40%) and washing
three times for 10 minutes in phosphate buffer (0.1 M,
pH 7.2).

Rabbit antibodies (immunoglobulin IgG) against
c-Fos (“Sigma-Aldrich”, USA) were used as primary
antibodies. Initially, the sections were incubated for 45
minutes at 37°C in 0.3% Triton X-100 solution (“Sigma-
Aldrich”, USA) in 0.1 M phosphate buffer (pH 7.2) with
the addition of 1.0% goat serum. Subsequently, primary
antibodies to c-Fos (1:1000) were applied to serial
sections and incubated for 24 hours in a humid chamber
at 4°C. After washing off excess primary antibodies
in 0.1 M phosphate buffer, the histological sections
were incubated for 60 minutes at 37°C with secondary
antibodies diluted 1:200. Goat gamma-globulin, an
antibody against rabbit globulins conjugated with
fluorescein isothiocyanate (FITC; “Sigma-Aldrich”, USA),
was used as the secondary antibody. After incubation,
the sections were washed with phosphate buffer (0.1
M) and placed in a mixture of glycerol and phosphate
buffer (ratio 9:1) for subsequent examination using
fluorescence microscopy.

The specificity of antibody binding was controlled
using the same procedure but without the incubation
step with primary antibodies to c-Fos.

Identification of c-Fos protein in the studied neurons
of the anterior hypothalamus and determination
of its content were performed using a VIDAS-386
computerized digital image analysis system (“Kontron
Elektronik”, Germany) in the ultraviolet spectrum. To
obtain fluorescence images, a high-emission filter with
excitation and emission ranges of 370-390 nm and 420-
450 nm, respectively, was used, along with a specialized
objective with a wide aperture. The images were
introduced into the VIDAS-386 image analysis system
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usingan 8-bit CCD camera COHU-4922 (“COHU Inc.”, USA).
At the same time, the photobleaching effect associated
with gradual destruction of FITC molecules under
prolonged ultraviolet irradiation was prevented. After
introducing the immunofluorescent image, digitization
was performed using a densitometric scale with 256
grayscale gradations. Image analysis was carried outin an
automatic mode using the VIDAS-2.5 software package
(“Kontron Elektronik”, Germany). Identification of areas
of the preparations in which fluorescence intensity
significantly exceeded background values (characteristic
of nonspecific fluorescence) was performed using the
corresponding program. The area of these regions and
the total cross-sectional area of neuronal nuclei of the
rat paraventricular nucleus containing immunopositive
material (S, and S, respectively, um?) were measured.
Indicators characterizing the concentration of c-Fos
protein and its content in the nuclei of immunopositive
cells were calculated as Con, = |lg(D/D )| and C, = Con,
x S, (arbitrary units), taking into account fluorescence
intensity in immunopositive regions and background
fluorescence intensity (D, and D, respectively). Since
these parameters are relative rather than absolute
values, they were subsequently referred to as indices
of concentration and content of c-Fos protein in
immunopositive hypothalamic neurons.

Mapping of the topographic localization of
immunopositive neurons to specific structures of
the anterior hypothalamus was performed using a
stereotaxic atlas of the rat brain.

Processing of the obtained experimental data was
performed using the VIDAS-2.5 software package
(“Kontron Elektronik”, Germany) and EXCEL (“Microsoft
Corp.”, USA). For all indicators, the mean value,
standard deviation, and standard error of the mean
were calculated. In different groups of experimental
animals, samples of immunopositive neurons of the
paraventricular nucleus of the hypothalamus in which
S, and S_were measured and Con, and C, values were
calculated consisted of 120-153 units.

In addition, the density of localization of c-Fos-
immunopositive cells within the studied sections of
the paraventricular nucleus of the hypothalamus was
calculated. For this purpose, the number of such neurons
was first determined in several randomly selected fields
of view (4-7 for each rat), and the average number of
such cells per 1 mm? of the section area was calculated.
To determine the statistical significance of differences
between control and experimental groups of animals,
Student’s t-test (t) was used. Values with p<0.05 were
considered statistically significant.

Research results and their discussion.

Under the 12.00L:12.00D lighting regime, an
increase in the fluorescence intensity of material
immunoreactive to c-Fos in the medial parvocellular
subnuclei of the paraventricular nucleus of the
hypothalamus in rats was recorded at 02:00 compared
with 14:00. During the daytime observation period, the
fluorescence intensity of material immunoreactive to
c-Fos was 26.34+1.510 um?, whereas at 02:00 it reached
27.50+1.422 um?. Changes in the duration of the light
regime caused a shift in fluorescence intensity in the
medial parvocellular subnuclei of the paraventricular
nucleus of the hypothalamus from the nighttime to the
daytime period.

When calculating the cross-sectional area index of
the medial parvocellular subnuclei of the paraventricular
nucleus of the rat hypothalamus, it was found that in the
control group of animals during the daytime its value
was 34.54+0.564 pm?, whereas at 02:00 it significantly
decreased to 32.124+0.412 um?. Under conditions of light
deprivation, a significant decrease in this parameter
during the daytime observation period by 25.45% was
observed, while at 02:00 this parameter did not undergo
substantial changes compared with the control values.
At the same time, a shift in the larger subnuclear area
index from 14:00 to 02:00 was noted.

Under lighting regimes of 12.00L:12.00D and
24.00L:00.00D, intergroup differences were observed
when analyzing the obtained parameters both during
the day and at night. The indices of normalized areas
of the studied hypothalamic subnuclei in rats of the
intact group at 14:00 were 77.4%, and at night 86.8%
relative to the value of the total cross-sectional area
of the hypothalamic structures, and the detected
changes were statistically significant. The mean value
of this parameter at 14:00 was within 90.2%, whereas
at 02:00 it was 74.9% of the relative total area. Light
deprivation resulted in a shift of the maximal values of
the normalized area. During the studied time intervals,
the parameters did not show statistically significant
differences between each other; however, they were
higher compared with the values in rats of the intact
group during the corresponding periods of the day.

Modification of the photoperiod was also reflected
in the concentration index of the c-Fos protein in the
studied hypothalamic subnuclei of rats. An increase in
this index was detected during the daytime period of the
experiment in hypothalamic sections of rats maintained
under light deprivation. In this subgroup, the index was
0.54310.0128 a.u., which was 47.5% higher than that
observed in the subgroup of intact rats. During the
nighttime observation stage, the opposite pattern was
observed: the index was 61.0% lower compared with
the subgroup of animals whose samples were collected
at 14:00, and 10.4% lower compared with animals
maintained under the 12.00L:12.00D lighting regime
(fig. 1).

Anincrease was also observed in the index of the total
content of c-Fos protein, which reached 17.82+1.256

DD *

LD

0 4 8 12 16 20

a.u. of c-Fos immunofluorescence

o02.00 014.00

Figure 1 — Fluctuations in the content index of c-Fos protein in the
studied hypothalamic structures of the rat under conditions of light
deprivation.
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a.u., as a significant rise in the concentration of c-Fos
proteinin the studied hypothalamic subnuclei of rats was
recorded at 14:00in animals maintained under conditions
of constant darkness. During the nighttime stage of the
experiment in rats of this series, the index significantly
decreased; however, no significant differences were
found compared with the corresponding observation
period in the group of intact animals.

Considering the values of the integral density of
material immunoreactive to c-Fos, the highest density
of localization of c-Fos-positive neurons in the studied
hypothalamic subnuclei of rats maintained under
lighting regimes of 12.00L:12.00D and 00.00L:24.00D
was recorded at 02:00. It should be noted that no
statistically significant differences between the groups
were observed in all formed observation series. This
may be explained by the considerable variability of
the indicator in the areas of hypothalamic subnuclear
sections randomly selected for analysis.

The demonstrated changes suggest that animportant
factor influencing the integral density index of c-Fos in
the tissue of the studied hypothalamic subnuclei of the
animals was the alteration in the concentration index
of c-Fos protein, as well as the density index of c-Fos
protein content in the hypothalamic subnuclei of rats.
The integral density index of c-Fos in each of the two
studied series at 02:00 was significantly lower than at
14:00 (fig. 2).

Thus, under the standard lighting regime
(12.00L:12.00D) the index decreased by 26.3%, whereas
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Figure 2 — Daily variations in the index of the total content of c-Fos
protein in the medial parvocellular subnuclei of the paraventricular
nucleus of the rat hypothalamus under conditions of light
deprivation.

2. Under conditions of light deprivation, the
production of c-Fos protein undergoes significant
changes. In particular, the concentration index of this
protein during the daytime period of the experiment
was 0.543+0.0128 a.u., which was significantly higher
than the control values.

Prospects for further research.

Further studies are planned to determine the

under conditions of light deprivation (00.00L:24.00D) it
decreased by 62.9%, respectively.

Conclusions.

1. The expression of the product of the activity of
the immediate-early response c-fos gene — the c-Fos
protein — in the medial parvocellular subnuclei of the
paraventricular nucleus of the rat hypothalamus is
characterized by circadian rhythmicity.

dynamics of c-fos gene expression in the medial
parvocellular  subnuclei of the paraventricular
nucleus of the rat hypothalamus under conditions of
prolonged illumination (light stress) in order to gain
a deeper understanding of the mechanisms by which
brain structures are involved in the regulation of
neuroendocrine processes.
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BMNJ/IUB CBITNOBOI AENPUBALLIT HA EKCMPECIO FEHA c-fos
Y MPULLNYHOYKOBUX AAPAX FNMOTANTAMYCA LLYPIB

BYKOBMHCbKMI geprKaBHU MeaUYHUIA yHiBepcuTeT (M. YepHiBui, YKpaiHa)
bulyk@bdsmu.edu.ua

3miHu mpusasocmi ¢omonepiody, WO 8UCMYNAE OCHOBHUM CUHXPOHI3amopom biono2iYHuUx pummis,
€ CMpecosuM YUHHUKOM, 30aMHUM ropywysamu pummivyHicme COMamMu4HUX i eicyepanbHUx ¢yHKyili ma
de3opzaHizosysamu mMexaHizmu adanmauii opeaHiamy 00 0ii pizHUX YUHHUKIB. Y 38°A3KYy 3 YUM GKMYAsnbHUM €
0ocnidxnceHHA pisHA ekcripecii 2eHa «HAOPAHHbLOI» 8i0N08idi c-fos y cybrnionynauiax HelipoHi8 NPUWAYHOYKOB020
A0pa 2imomanamyca 3 Memoro 8UBYEHHA CMpPecosux peakyili. EKcrnepumeHm 8UKOHAHO HA CaMyAx binux wypis,
AKUX po3n00inuau Ha 08i epynu (KoxcHa micmuna o 08i nidepynu). Mpomsazom 14 0i6 meapuH ympumyeanu 3a
pi3HUX ceimaosux pexcumis: 1-wy epyny (LD) — npu cmaHdapmHomy ¢pomonepiodi 12.00C:12.00T, 2-ey epyny (DD)
— 8 ymosax nocmiliHoi mempsasu 00C:24.00T (ceimnoea denpusayia). JocnidxceHHs nposodunau o 14.00 ma 02.00
200. IdeHmugpikayito c-Fos y eicmosnoziyHux 3pizax nepedHbo2o 2inomasnamyca 30ilicHo8aau memoodom Hernpamor
imyHognyopecueHruyii. 3a ymos cmaHOapmHozo ocsimaeHHA 12.00C:12.00T y medianbHux OpibHOKAIMUHHUX
cy6’adpax npuwsayHOYKo8020 A0PaA 2inomanamyca uwypie sussneHo nidsUWeHHa iHmeHcusHocmi ghayopecyeHuyii
mamepiany, imyHopeakmugHo2o 00 c-Fos, 0 02.00 200 nopieHAHO 3 14.00 200. Y OeHHull nepiod yeli MOKA3HUK
cmaHosus 26,34+1,510 Mkm? modi aK y HiuHul Yac siH 3pocmas. Caimsoea denpusauyis npu3eoouna 00 3miuleHHA
niKy iHmeHcusHocmi ghriyopecyeHyii 8 3a3HaveHuUx cy6’adpax i3 HivHo2o Ha deHHUl npomixcoK. Halisuwy winsHicme
po3mawy8aHHs c-Fos-no3umusHux HelipoHig y 0ocnioxcysaHux cyb’adpax einomanamyca 3agpikcosaHo o 02.00 200 y
meapuH, Aki nepebysanu Ak y pexcumi 12.00C:12.00T, mak i 8 ymosax 00C:24.00T. Omace, ekcripecia npodykmy eeHa
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«HAOPAHHbLOI 8i0M08IdI» c-fos — binka c-Fos — y medianbHUX OpibHOKAIMUHHUX cyb6’a0pax NpuwayHO4YK08020 A0pa
einomanamyca wypie Mmae supaxceHuli pummiyHuli xapakmep. 3a yMmo8 c8ims080i 0enpusauii cnocmepiearomecs
cymmesi 3mMiHu (io2o rnpodyKuii: 30Kpema, iHOeKc KoOHUeHmMpauyii ybozo npomeiHy 8 0eHHuUl nepiod ekcrepumeHmy
cmaHosus 0,543+0,0128 Oig i docmogipHo nepesuuyys8as KOHMPOsbHi 3HAYEHHS.

Knro4voei cnosa: npuwiayHouyKose A0po, 2inomanamyc, eeH c-fos, 6inok c-Fos, ceimaosa denpusayis.

38’A30K ny6niKauii 3 nnaHoBMMM HayKOBO-poCNig-
HUMMK poboTamu.

JocnigKeHHA BWKOHAHI B paMKax 3aTBepArKeHOol
TEMM HAYKOBO-ZOCNIAHOI poboTn Kadeapn meanyHOI
6ionorii Ta reHeTUKN BYKOBMHCLKOMO [ep»KaBHOro me-
OWYHOro yHiBepcutety «MopdodyHKLioHanbHI nepe-
6ynoBM CTPYKTYP HEpPBOBOI Ta eHAOKPUHHOI cUcTem y
pi3Hi Nepioan NOCTHaTaNIbHOIO OHTOreHesy Ta bioximiu-
Hi MexaHi3mn meTaboniamy CUrHasibHUX MOEKY/, CTaH
OKCUAQHTHOT Ta @aHTMOKCUAAHTHOI CUCTEM 33 YMOB €KC-
nepuMeHTaIbHUX NATOANOrIM | BNAUBY MyTaTiOHY Ta mMe-
NATOHIHY (eKCnepuMeHTaibHe AOCAiAKEHHA)» (gepKaB-
HWUI peecTpauiiHuii Homep 0124U002513).

Bcryn.

Momix aKTya/ibHUX MUTAHb Cy4acHOi XpoHodoisiono-
rii € 3’AcyBaHHA y4yacTi HEMPOEHAOKPUHHUX CTPYKTYP
Yy MexaHisamax A060BuX (UMPKagHUX) PUTMIB CCaBLLiB
[1-4]. Ponb BeretaTMBHOIO LEHTPY KoopAmHaLii ¢yHK-
Ui HaNeXMTb NPULLIYHOYKOBUM AApaM rinoTanamyca.
[o ix cknagy BXoAUTb HU3KA HEMPOHHUX Monynauin —
cyb’agep, Wo, y CBOK 4epry, BiApi3HAOTLCA 33 CTPYK-
TYPHO-PYHKLIOHANIbBHUMKN 0COBANBOCTAMM, @ TaKOXK Xa-
paKTepOM HEpPBOBUX 3B’A3KIB 3 pisHUMMK Bigainamu sk
HEepPBOBOI, TaK i HEMPOEHAOKPUHHOI cuctem [5, 6].

3mMiHM TpuBanocti ¢oTonepioay, AK OCHOBHOMO Ya-
€0334aBava, € CTPECOBMM YMHHUKOM, WO OECUHXPOHI-
3YE PUTMIYHICTb COMATUYHUKX | BicuepanbHUX QYHKLIN
Ta MNOPYLWYE KOOPAMHALI i MOAYNALIID MeXaHi3mis
NPUCTOCYBaHHA OpraHiamy A0 Aii Pi3HOMAHITHUX YMH-
HUKIiB [7-9]. 3 mMeTol BMBYEHHA CTPECOBMX pPeakuin Ta
epeKTiB CTpec-NiMiTyIouMX YUNHHUKIB (30Kpema, ropmo-
HY MenaTOHiHy) aKTya/lbHUM € BMBYEHHA cybnonyns-
Uit HeMpOoHiB MPULLYHOYKOBOrO AApa rinotanamyca
[10]. NpoBigHMM YMHHMKOM, WO MAE BaroMuit edekT y
perynauii cekpeuii aApeHOKOPTUKOTPOMHOIO rOPMOHY
(KOpTMKOTPONiHY), € KOPTUKOTPONiH-PUNI3UHT daKTop.
IMyHOpeaKkTMBHa MiTKa A0 KOPTUKOTPOMiH-PUNI3UHT
daKTopa BMABAEHa, NepeBaXKHO, B MeAiaflbHUX ApPibHO-
KNITUHHMX cyB’aapax NpULLIYHOYKOBOTO AApa rinotana-
myca [11]. Tomy UiKaBMM NOCTa€ AOCNIAMKEHHA BMAMBY
nocTiltHOT TemMpABK (CBiT0BOI AenpuBaL,ifn) Ha CTaH LuX
cy6’spep rinotanamyca [12-15]. 3oKpema, BaXK/MBUM €
BMBYEHHA PiBHA eKCMNpecii reHa «HaZpaHHbOI» BignoBiaj
c-fos y BKasaHMX rinotanamiyHux cTpyktypax. Cnig 3a-
3HAUYUTK, LLLO NOTYKHUM (X04a i He EANHUM) iHTiBiITOpOM
TPaHCKPUNLIT reHa c-fos cnyuTb NPOAYKT MOro ekcnpe-
cii — 6inok c-Fos [16]. BuBuyeHHAa ekcnpecii 6inka c-fos
aKTUBHO BMKOPMUCTOBYETbCA ANA igeHTUdIKaLii dyHKLi-
OHaNbHOCTI HEMPOHIB — NaHKK cneundivyHMUX NPOBIAHUX
LINAXIB Y HEPBOBIN cucTemi. MOPYLLUEHHA PEXMMY OCBIT-
NIeHHA (NocTiMHa TempsABa) CNPUYMHAE B MPULLAYHOY-
KOBWX fApax HeramHi amiHu piBHA eKcnpecii reHa c-fos.
IHTecndikaLia ekcnpecii BKa3aHOro reHa CTUMY/IOE CUH-
Tes BignosigHoro imyHocneuugiyHoro binka c-Fos [17].
OcTaHHil, y CBOKO Yepry, 3a/ly4eHUNn Y MexaHi3aMn CUH-
XPOHi3aLii aKTUBHOCTI €K30reHHUMU UUKAIYHUMMK BMIN-
BamM (y T.4. LMPKAZHMMM, WO NOB'A3aHI 3 YepryBaHHAM
CBiTNa 1 TempsBu). BigomocTi, Wwo TopKatoTbea 3'acyBaH-

HA BNAMBIB MoaudiKauin doTonepiogy Ha AiANbHICTb
BULLEHaBeAeHUX cybnonynauii HEMPOHIB MPULLAYHOY-
KOBOTO fAgpa rinotanamyca, 3a4isHUX y MexXaHiamu Luu-
PKagHUX PUTMIB, BUCBITNEHI HEAOCTATHBLO | NOTPebyOTb
[EeTaNbHOro BUBYEHHS.

MerTta gocnigKeHHs.

3’AcyBaTV AMHaAMIKy eKcnpecii reHa c-fos y megiano-
HUX AOPIBHOKAITUHHMX cyb’agpax NPULLIYHOYKOBOTO
AApa rinoTanamyca LypiB 3a CBITI0BOI AenpuBaL,i.

O6’€eKT i meTOAU AOCNiAXKEHHA.

B eKkcnepuvmeHTaNibHi AOCHIAMEHHA 3anyvyeHO 28
camuis 6e3nopigHux 6innx wypis Bikom 24-27 mic. Tea-
pPUHKU nNepebyBanu 3a CTaHAAPTHUX YMOB BiBapito npu
CTanin TemnepaTtypi NOBITPA Ta BOSIOrOCTi NPUMILLEHHA
i Manu BiNbHUI AOCTYN A0 NUTHOI Ta TKi. EKcnepnmen-
Ta/bHi TBAPUHM NOAINEHO HA ABi FPYNK, Y KOXKHIN 3 AKKX
6yno we no Agi nigrpynu (no cim TBapuH).

TBapuH nepLuoi rpynu (iHTakTHKX) yTpumysanu 14 ai6
33 YMOB 3BMYAHOTO pexmnmy ocsitneHHsa 12.00C:12.00T
(LD, ocBiTneHHs 3a LONOMOTOHO IIOMIHECLEHTHMX 1amn 3
08.00 rog o 20.00 rog, NOKa3HMK OCBITAEHOCTI Ha PiBHi
KNiTOK i3 TBapuMHamu ctaHosmB 500 nk). Lypu 3 apyroi
rpynu 3Haxoaunmuca BnNpoaoB:K 14 ai6 3a ymos nocTiliHoT
TempnABK (cBiTnoBa aenpwuBauia — DD, mogentoBaHHSA Ti-
nepdyHKUii WKUIWKoNoaibHOT 3271031 WOA0 CUHTE3y Me-
NaTOHiHY).

Micna 3aBepweHHA 14-aeHHOro nepiogy HacTynHoro
OHA o 14.00 i 02.00 TBapuH BMBOAMIN 3 €KCNEPUMEH-
Ty WAAXOM AeKanitauii nig eTtamiHasioBMM HaApPKO30M
(40,0 mr/kr, B/ouepeBMHHO). HeraitHO BUAyYanmM MO30K
TBAPWH i nomiwanun B8 10 % po3unH dopmaniHy Ha doc-
datHomy 6ydepi (0.1 M, pH 7.2) Ha 20 rog, npu KiMHaTHiM
Temnepatypi. MpoBiBLWM CTAaHAAPTHY NpoLeaypy 3HEBOA-
HEHHA Ta NPOCoYeHHA Xx10podopMom i napadiHom 3pas-
KM 34iACHIOBANN 3a/MBKY B NapadiH.

HaykoBi pocnigrKeHHA BWKOHAHI 3 OOTPUMAHHAM
OCHOBHMX MOM0XeHb 3akoHy YKpaiHu Ne 3447-IV «[po
3aXMCT TBapUH Bif, KOPCTOKOIro NOBOAMKEHHA», KOHBEH-
uii Pagn €Bponun Npo OXOPOHY XpebeTHWX TBapuH, WO
BMKOPUCTOBYIOTb B €KCMEPUMEHTAX Ta iHLWMX HAyKOBUX
uinax (sig 18.03.1986 p.), AupekTnBu EBpONENCbKOro
Coto3y 2010/63/EU Ta Hakasis MO3 Ykpaidu Ne 690 Big
23.09.2009 p., Ne 944 gig 14.12.2009 p. i Hakazy MOH
Ne 249 Big 01.03.2012 p. MNpoToKo/N HAayKOBOro A0Chi-
[OXKEeHHs 3aTBepaKeHui Komicieto 3 nuTaHb GiomeanyHoi
etnku bOMY Big 15.02.2024 p.

3 meTolo igeHTUdIKaLii c-Fos y rictonoriyHmx 3pisax
nepegHbLOro rinoTasamyca TBapuMH BUKOPUCTOBYBaAM
meTog, Henpsamoi imyHodnyopecueHuii. Hacamnepes ae-
napacdiHyBann B KCWUIOAI TiCTONOFIYHI 3pi3n 3aBTOBLUKM
14 mKm, a 3rogom 3ailicHoBaAM npouec perigpatauii B
PO34YMHaX eTaHoNy 6 HU3XiIAHUX KOHUEeHTpaL,in (100-40%)
Ta Tpwudi Tpmeanictio 10 xB BigMmnsanu B pocpatHomy by-
¢depi (0,1 M, pH 7,2).

B AKOCTI NEPBUHHUX aHTUTIN BUKOPUCTOBYBAN KpPO-
NAdi aHTuTINa (imyHornobynid — 1IGG) go c-Fos (“Sigma-
Aldrich”, CLLIA). Cno4aTKy BNpoAoB:K 45 xB 34ilicHIOBann
iHKybauijto 3pisiB npu 37°C y 0,3% posunHi Triton X-100
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(“Sigma-Aldrich”, CLLIA) Ha 0.1 M ¢ocdaTHOoMy bydepi
(pH 7.2) 3 popaBaHHaAM 1,0% po34MHy Ko3A40i cMpoBaT-
KW. 3rogom Ha NocCAifoBHI CepilHi 3pi3n NnpoBoAnan Ha-
HECeHHs MepBUHHUX aHTUTIN Ao c-Fos (1:1000) Ta Bhpo-
0OBX 24 ropg, 34iACHIOBaNM iHKybaLito y BOMOTiA Kamepi
3a ymoB TemnepaTypu 4°C. Micna BiAMMBAHHA HAONLLKY
nepBuHHUX aHTUTIA y 0.1 M docdaTtHomy bydepi npo-
BOAMNM iHKy6aLi0 FicTOMOrYHUX 3pi3iB BNPoaoBK 60 xB
npu 37°C 3 BTOPUHHMMM aHTUTINAMM MPU PO3BEAEHHI
y cniBBigHoweHHi 1:200. B AKOCTi BTOPUHHMX QHTUTIN
BMKOPWCTOBYBA/IM KO3AYMI ramMMarnobyniH, AKWA € aH-
TUTINOM BiZHOCHO OOYNiHIB KPO/IMKA, KOH'tOroBaHui
3 ¢nyopecuginizoTtioyioHatom (FITC;, “Sigma-Aldrich”,
CLUA). NMicna 3piicHeHHs iHRy6auii rictonoriyHi 3pisn
nposoauan npommeaHHA dochatHUm bydpepom (0.1 M)
i nomiwanu B cymiw riyepuHy 1 pocdatHoro bydepa
(cniBBigHOWeEHHA 9:1) A4 NOAANbLWIONO AOCAIAKEHHA 33
[0MOMOTOH0 JIIOMIHECLEHTHOT MiKpOCKonii.

KoHTposb cneundidyHOCTi 3B’A3yBaHHA aHTUTIN 34iN-
CHIOBAIN AHANOTIYHUM LUAAXOM, HE NMPOBOAAYM eTan iH-
KybalLiii 3 nepBMHHMMM aHTUTINaMK [0 c-Fos.

laeHTudikauito 6inka c-Fos y gocnigKyBaHUX Hen-
pOHax nepeaHboro rinotanamyca i AOCAIAXKEHHA BMICTY
LbOro NpoTeiHy NPOBOAMAN i3 BUKOPUCTAHHAM KOMN't0-
TEPHOI cucTemu LMbpPOBOro aHanisy 306parkeHHs VIDAS-
386 (“Kontron Elektronik”, HimeuunHa) B ynbTpadioneto-
BOMY CMeKTpi. 3 MeTol ofeprKaHHA ¢ayopecLeHTHOro
300paKeHHA 3acTOCOBYBa/IM BUCOKOEMICIHWUIA inbTp
i3 gianasoHamu 36yasKkeHHs Ta emicii 370-390 HMm i 420-
450 HMm BiANOBIAHO, @ TAKOXK creLianizoBaHUi 06’ekTMB 3
LUMPOKOIO anepTypoto. 306parkeHHA yBOAWAM B KOMN't0-
TEPHY cUCTemMy aHanisy 3o6parkeHb VIDAS-386, BUMKO-
puctoBytoun 8-6itosy CCD-kamepy COHU-4922 (“COHU
Inc.”, CLLIA). BogHO4ac yHEMOXKNBAIOBAIM NPOAB eDeKTy
“BUropaHHA" npenaparty, Wo NoB’s3aHui i3 NOCTYNOBMM
pyHyBaHHAM monekyn FITC nig, gieto BnavBy TpuBanoro
ynbTpadionetoBoro BUNPOMiHIOBaHHA. Ticna yBeaeHHsA
imyHodyopecLeHTHOro 306pakeHHs Nposoauau ound-
POBYBAHHA 3 BUKOPUCTAHHAM LAEHCUTOMETPUYHOT LLIKAIN
3 256 rpagauisamu ciporo Konbopy. MpoBeaeHHA aHanisy
306parkeHHA BiAbOYyBanocA B aBTOMATUYHOMY PEXUMI 3
BMOKPUCTAHHAM NakeTa NpuknagHux nporpam VIDAS-2.5
(“Kontron Elektronik”, HimeuunHa). laeHTudikauito gins-
HOK MpenapaTiB, B AKMX iHTEHCUBHICTb dayopecueHLil
6yna BiporigHo BULWOK WoA0 GOHOBUX 3HAYEHb (XapaK-
TepHi T.3. HecneundiyHin dayopecueHLii) nposegeHo 3
BMKOPWUCTAHHAM BignoBigHOI nporpamu. 3aiicHioBanm
BUMIPIOBAHHA MNJIOLLI BKa3aHMX AiNAHOK Ta MOBHOI NiOLW,i
nepepisy Aaep HeMPOHiB NPULLNYHOYKOBOrO AApa rinoTa-
Nlamyca Wwypa, fKi MiCTUAM IMYHOMO3UTUBHUIA MaTepian
(S, Ta S, BignosiaHO, MKM?). MpoBOAMAM OBUMCAEHHA NO-
Ka3HWKIB, L0 XapaKTepm13ytoTb KOHLEHTPaLLito binka c-Fos
Ta 10ro BMICT B AApax iMyHOMO3UTUBHUX KAITUH, — K = |lg
(D/D,)| Ta C = K-S, (ymoBHi ognHuui — y.0.) BiAnosiaHo,
BPAXOBYOUM iIHTEHCUBHICTb p1yopecLeHL;i B iMyHOMo3K-
TUBHWX AiNIAHKAX Ta iHTEHCMBHICTb dayopecueHLii GoHy
(Di Ta DO). Tak, AK AaHi NOKa3HUKKU € BIAHOCHMMUN BEANYN-
HaMu, a He abCcoNOTHUMM, Y NOAANBLIOMY MW HA3UBATU-
MeMO iX AK iHAEKCU KOHLEHTpaLii Ta BmicTy 6inka c-Fos B
iMYHOMO3UTUBHWUX HEMPOHaX rinoTasamyca.

MpoBeaeHHA KapTyBaHHA TonorpadiuyHol NpuHanex-
HOCTi IMYHOMNO3UTUBHWUX HEVPOHIB O OKPEMMX CTPYKTYP
nepeaHbOro rinotasamyca 34iMCHIOBaNN i3 BUKOPUCTAH-
HAM CTEPEOTaKCMYHOIO aT/1acy MO3KY LLypa.

OnpautoBaHHA OTPUMAHUX HaMW [AaHUX eKcnepu-
MEHTaNbHUX [AOCANIAMKEHb 3A4iNCHI0BANM 3  BUKOPWUC-
TAHHAM NaKeTa MPUKAALHWUX | CTaTUCTUYHUX MNpPOrpam
VIDAS-2.5 (“Kontron Elektronik”, HimeuumHa) i EXCEL
(“Microsoft Corp.”, CLLUA). na oTpumaHHA BUBIPOK BCiX
NOKa3HMKIB HAMW PO3Pax0OBaHi 3HAYEHHA TAKMUX MOKA3HU-
KiB AK cepegHboapudmeTMyHe, cepefHbOKBaZpaTUYHE
BiAXWNEHHA Ta MOXMOKM cepenHboro. Y pisHMX rpynax
eKCnepuMeHTaNbHUX TBAPUH BUBIPKM iIMyHONO3UTUBHUX
HEeMpPOHIB NPULLIYHOYKOBOTO AAPA FiNOTanaMyca, B AKMUX
HaMK BUMIpAHO S, Ta S_ i po3paxoBaHo 3HaueHHs K- 1a C,
cknaganuca iz 120-153 oanHuub.

Kpim BuLLEHaBeAEHOrO, MM TaKOXK pPO3pPaxoByBa/iv
LWiNIbHICTb NI0KaNi3aLii c-FOS-iMyHONMO3UTUBHUX KNITUH Y
MeXKax [AOCANiAXKyBaHMX 3pi3iB NPULLIYHOYKOBOrO AA4pa
rinotTanamyca. 3 Li€el0 MeTor HaMu nonepeaHbO BU3Ha-
YEHO Ki/IbKICTb BKa3aHWX HEWpPOHIB y Kinbkox (4-7 ans
KO’KHOTO lllypa) BMMAAKOBO BigibpaHux nonax 3opy i
PO3paxoBaHO 3HAYEHHA CepeaHboi KiNbKOCTI nogibHmMx
KNiTMH Ha 1 Mmm?2 naouli nepepisy. [11a BCTaHOB/EHHA Bi-
porigHOCTi BifAMIHHOCTEN 3HAYeHb MiX KOHTPO/NBHUMM i
OOCNIAHUMM TpyNnammn TBapuUH BMKOPUCTOBYBaAAN KpuTe-
pii CTblogeHTa (t). 3HaueHHs, ansa Akux p<0,05 BBaxkanm
CTaTUCTUYHO BipOrigZHUMMU.

Pe3ynbTati gocnigeHHsA Ta ix 06roBopeHHs.

B ymoBax pexumy ocsitneHHA 12.00C:12.00T y megi-
aNbHUX APIOHOKANITUHHMX Ccyb’agpax NPULLIYHOUYKOBOTO
Aapa rinotasamyca LWypiB MW PeECTpyBasiv 3POCTaHHA
NoKa3HMKa iHTeHCUBHOCTI dayopecLeHLii maTepiany, Wwo
€ iMyHOpeaKkTUBHMM A0 c-Fos 0 02.00 rog, nopiBHAHO 3
14.00 rog. Tak, y AeHHWI Nepiof CroCTepeXKeHHA iHTeH-
CMBHIiCTb dyopecueHLii maTtepiany, iMyHOpeaKTUBHO-
ro ao c-Fos nepebysana Ha piBHi 26,34+1,510 mKm?, a
npu gocnigxeHHi o 02.00 rog ctaHosuna — 27,50+1,422
MKM?2. 3MiHM TPWBA/OCTI CBIT/IOBOrO PEXUMY CNpUYU-
HUAW 3MilEHHA iHTeHcMBHOCTI dayopecueHLii y megi-
aNbHUX APIBHOKANITUHHUX Ccyb’agpax NPULLAIYHOUYKOBOTO
A4pa rinotasamyca 3 HiYHOro Ha AeHHMI NPOMIXKOK.

Mpwn obumcneHHi iHOeKcy naow,i nepepisy meianb-
HUX AOPIOHOKANITUHHUX cyb’agep NPULLIYHOYKOBOTO
A4pa rinotasamyca Wwypis BUABAEHO, L0 B KOHTPO/LHIMN
rpyni TBApWH y AeHHWI nepiog ii 3HaYeHHA CTaHOBMAO
34,54+0,564 Mmkm?, a 0 02.00 rog, BiporifHO 3HWU}KYBaBCA
00 32,12+0,412 mKkm? B ymoBax cBiT/10BOi AenpwuBsaLii
HaMK BigMiYeHO BiporigHe 3HUXKEHHA NAoLWi y AeHHUN
nepiog, cnoctepexeHHa Ha 25,45%, a o 02.00 rog, uewn
NMOKa3HMK He 3a3HaBaB iCTOTHUX 3MiH NOPIBHAHO 3 TAKOO
B KOHTPOJI. Y TOMW e yac, cnig, BigMiTUTV 3MilLleHHs no-
KasHuKa b6inbwoi naowi cy6’saep 3 14.00 Ha 02.00 rop,
CnocTepexKeHHs.

B ymoBax pexumy ocsitheHHa 12.00C:12.00T Ta
24.00C:00T Hamu BiAMIYEHO MIXKIpynosi BigMIHHO-
CTi NPV aHani3i OTPMMAHWUX MOKA3HUKIB AK BAEHb, TaK i
BHOUYIi. [TOKa3HMKM HOPMOBaHUX MJIOL, AOCAIAXKYBAHUX
cyb’sgep rinotanamyca wypis iHTakTHOI rpynu o 14.00
rog, ctaHosunu 77,4%, a BHoui — 86,8% 04,0 NOKa3HUKA
NOBHOI NAOLi Nepepidy rinoTaslaMidyHUX CTPYKTYp, a BU-
ABNEHI 3MiHM — BiporigHi. CepeHE 3HAYEHHA NOKa3HMKa
0 14.00 rog, nepebysano y mexax 90,2%, a o 02.00 rog,
— 74,9% BigHoCHOI nosHoOiI naouwi. CeiThoBa AenpwuBsa-
Lia Npu3Boguna A0 3MilLeHHA MaKCMManbHUX 3HaYeHb
HOPMOBAHOI NOLWi. Y A0CNigKyBaHI NPOMIXKKM NMOKas-
HUKW MiXX cOb6OK He manu BiporigHWX BiaMiHHOCTER,
OAHaK 6ynn GiNbWMMK LLOAO MOKA3HMKIB LLYPIB iHTaK-
THOT rpynu B aHaoriYyHi Nnepiogn nobu.
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PucyHoK 1 — KonuBaHHA iHAeKcy BMicTy 6inka c-Fos y aocniaxysa-
HUX rinoTanamiyHnX CTPYKTYpax Liypa Npu CBITN0BIl AenpuBaLii.

Moaudikauis doTtonepiogy BigasepKanmauca i Ha
NOKa3HMKY KoHLUEeHTpauii 6inka c-Fos y pocnigxysa-
Hux cyb’agpax rinotanamyca uwypis. 3pocTaHHA iHAEK-
CYy BUABNANM Y [OEHHUN MNPOMINKOK EKCNepMMEHTY B
3pi3ax rinotanamyca uypis, AKi nepebysanu B ymoBax
CBiTNI0BOI AenpwuBaLii. Y uiit nigrpyni iHaeKkc ctaHoBMB
0,5431r0,01280i¢, npu ubomy 6yB BiporigHO BULLMM Ha
47,5% wopno Takoro y nigrpyni iHTakTHUX wypis. Mig yac
HIYHOrO eTany cnocTepesKeHHA HaMW BCTAHOBEHO NpPo-
TUNEXKHY KapTMHY, @ came iHAeKC ByB BiporifZHO HUXKYMM
Ha 61,0% BigHOCHOro Takoro y niarpyni TBapwH, 3abip
3paskKiB B AKOI 3aiicHioBann o 14.00 rog ta Ha 10,4%
040 TBAPUH, AKi NepebyBanv B yMOBax CBiT/I0BOroO pe-
*)umy 12.00C:12.00T (puc. 1).

Hamu BCTaHOBNEHO i 36iMblIEHHS TAKOTO MOKa3HW-
Ka, fK iHAEeKC cymapHoro BmicTy 6inka c-Fos, Wo cTa-
HoBuB 17,82+1,256 OW TaK, AK KOHCTAaTOBAHO iCTOTHE
3pPOCTaHHA KOHLUEeHTpauii 6inka c-Fos y aocniaskyBaHUx
cy6’sapax rinotanamyca wypis o 14.00 rog y TBapuH, WO
nepebyBann B ymoBax NoOCTiMHOI TempsasKu. Mpu HiuHo-
MYy eTari eKCNepumeHTy Yy LWypiB AaHoi cepii iHaeKc bys
BipoOriAHO 3HWMMKYBaBCA, OAHAK iCTOTHWUX BigMiHHOCTeM
LLIOAL0 TAKOTO B @HA/IOTNYHMI NPOMIXKOK CNOCTEpPEKEHHA
B rpyni iHTAaKTHWUX TBapPWUH HEe BUABNEHO.

bepyun [0 yBarm 3HauyeHHA iHTErpanbHOi LWifb-
HOCTi MmaTepiany, iMyHOpeakTMBHOro A0 c-FOs, KOH-
CTaTOBaHO HaMbiNblli MOKA3HMKW LWiNbHOCTI po3Tally-
BaHHA C-FOS-NO3UTMBHUX HENPOHIB Yy A0CAIAXKYBAHUX
cyb’agpax rinotanamyca LypiB, AKMX YyTPUMyBaaM 3a
pexumis ocsiTneHHA — 12.00C:12.00T ta 00C:24.00T
0 02.00 rog cnoctepexxeHHA. Cnig 3BepHyTM yBary Ha
BiACYTHICTb BipOrigHOT BiAMIHHOCTI MiX rpynamm y BCix
cbopmoBaHMX cepiax crnocTeperkeHHA. Lle, imoBipHO,
3YMOB/IEHO 3HAYHOI MOXMOKOK MOKA3HWKA Y AiNsAHKAX

PucyHoK 2 — lo6osi Bapiauii iHaeKcy cymapHoro Bmicty 6inka c-Fos
Yy MegianbHUX ApiGHOKNITUHHUX cy6’aapax NPULINYHOYKOBOrO AApa
rinotanamyca LypiB 3a yMOB CBiT10BOi AenpuBalii.

3pi3iB rinoTasnamiyHux cyd’saaep, Wwo 6ynm BMNaaKkoBo Bi-
AibpaHnX oNa fOCNIAKEHHS.

MpoaeMOHCTPOBaHI 3MiHW CTBOPIOOTL NiACTaBM 3pO-
OUTU NPUNYLLLEHHA, WO BarOMMM YUHHUKOM, AKUI 34ilC-
HUB CYTTEBWUIA BMNIMB HA NMOKA3HMK iHAEKCY iHTerpanbHoi
WwinbHoOCTi c-Fos y TKaHWHI gocnigxysBaHux cyb’agep rino-
Tanamyca TBapuH CNYryBaau 3MiHW NMOKa3HWMKa KOHLEH-
Tpauii 6inka c-Fos, a TaKoXK LLiNbHOCTI iHAEKCY BMICTY
6inka c-Fos y rinotanamiyHmnx cy6’sapax wypis. Takui
NMOKa3HUK, AK iHAEKC iHTerpanbHOi WinbHOCTI c-Fos y
KOXKHIl 3 ABOX A0CAiAXKYyBaHMX cepiit 0 02.00 rog, 6yB Bi-
porigHo meHWwwuMm, aHix o 14.00 rog, (puc. 2).

Tak, B ymMOBax CTaHZApPTHOrO CBIT/I0BOrO PEXUMY
(12.00C:12.00T) — Ha 26,3%, a B ymoBax CBiT10BOi Ae-
npusauy,ii (00C:24.00T) — Ha 62,9% BianosigHo.

BucHoBKM.

1. EKcnpecia NpogyKTy akTUBHOCTI reHa ,,HagpaHHbol
Bignosigi” c-fos — 6inka c-Fos y meaianbHuUx ApiGHOKANI-
TUHHMX Cy6’AAPaxX NPULLIYHOYKOBOTO AApPA rinoTasamyca
LLYpPiB XapaKTepU3yeTbCA LUMPKALHOK PUTMIYHICTHO.

2. B ymoBax cBiTnoBoi agepuBalii npoayKuia 6inka
c-Fos 3a3Ha€ iCTOTHUX 3MiH. 30Kpema, iHOEKC KOHLEH-
Tpauii BKa3aHOro npoteiHa y AEHHUM MPOMIXKOK eKc-
NepMMeHTy CTaHOBUB 0,54310,01280i¢i 6ys BiporigHo
BULLMM BiJ, KOHTPONIbHNUX MOKA3HUKIB.

MepcnekTMBM NOAANBLUNX AOCNIAMKEHD.

Y noganbluomy nAaHyeTbcs 3’acyBaTy  AMHami-
Ky eKcnpecii reHa c-fos y megjanbHUX ApPiGHOKNITUH-
HUX cyb’agpax NPULLIYHOYKOBOro fgpa rinoTanamyca
LypiB 33 TPUBAIOrO OCBIT/IEHHA (CBIT/IOBOrO CTpecy) ANs
TAMBLIOro Mi3HAaHHA MeXaHi3MiB 3asy4yeHHA MO3KOBMX
CTPYKTYpP Y perynaito HempoeHAOKPUHHUX NPOLLECIB.
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N

BMN/INB CBIT/IOBOI AENPUBALLII HA EKCMNPECIIO NEHA c-fos Y MPULLNTYHOYKOBUX AAPAX MNMOTANAMYCA
LLYPIB

depopsk l. B., Bynuk P. €., CmeTaHiok O. B., ArpaHos O. C.

Pe3stome. 3miHK TpmBanocTi ¢poTonepioay, AK OCHOBHOFO Yaco3azaBaya, € CTPECOBUM YMHHUKOM, LLO AECUH-
XPOHi3yE PUTMIYHICTD COMATUYHMX i BicuepanbHMx GYHKLIN Ta NOPYLIYE KOOPAMHALIIO i MOAYAALI MexaHi3miB
NPUCTOCYBAaHHA OpraHiamy A0 Aji PiSHOMaHITHUX YNHHUKIB. 3 METOI BMBYEHHA CTPECOBUX PEAKLiA aKTyaNlbHUM €
BMBYEHHSA PiBHA eKcnpecii reHa «HagpaHHbOI» BiANoBiAi c-fos y cybnonynauisax HeMPOHiB NPULLIYHOYKOBOIO A4pa
rinotanamyca. EKcnepMmeHTanbHi 4OCAiAKEHHA NPOBEAEHO Ha camuAx Binunx WwypiB, AKMX NOAINEHO Ha TpU rpynu
(y ROXKHi Mo aBi nigrpynu). TBapuH yTpumysanu 14 ai6: 1-i rpynu (LD) — 3@ yMOB CTaHAAPTHOTO PEXKMUMY OCBITIEHHSA
12.00C:12.00T; 2-i rpynu (DD) 3a ymoB nocTilHoi Tempasm 00C:24.00T (ceitnoBa aenpusais). JocniasKeHHA NpoBo-
annmn o 14.00 Ta 02.00 roga. 3 meToto igeHTUdIKaLii c-Fos y rictonoriyHmnx 3pisax nepeAHbOro rinoTanamyca TBapwH
BMKOPUCTOBYBA/IM MeToA, HenpAMOi imyHobyopecLeHLii. B ymoBax pexumy ocsitneHHA 12.00C:12.00T y megianb-
HUX APIBHOKNITUHHMX cyb’aapax NPULAYHOYKOBOrO AApa rinoTanamyca LLypiB 3apeeCcTPOBaHO 3pOCTaHHA MOKas-
HUKa iIHTEHCMBHOCTI dpaiyopecueHLii maTepiany, imyHopeakTnsHoro o c-Fos o 02.00 rog, nopisHaHo 3 14.00 roa. Y
OEHHWI Nepiof cnocTepeXKeHHA iIHTEHCUBHICTb GiyopecueHL;ii maTepiany, imyHopeakTUBHOro Ao c-Fos nepebysana
Ha piBHi 26,34+1,510 MKm?, @ BHOYI 3pocTana. 3miHa TPMBAsIOCTI CBITN0BOrO peskmMmy (CBiT/I0Ba AenpuBaLis) cnpu-
UMHWUNA 3MILLLEeHHA IHTEHCUBHOCTI QiyopecueHUji y medianbHUX APIBHOKNITUHHMUX cyb’sapax NPULLAYHOYKOBOTO
aapa rinotasamyca 3 HiYHOro Ha AEHHUIA NPOMIXKOK. BCTaHOBNEHO HaNBINbLLI NOKA3HWMKMU LWiNbHOCTI po3TallyBaHHA
C-FOS-NO3UTUBHUX HEMPOHIB Y JOCNIAXKYBaHMX Cyb’agpax rinoTanamyca LWypis, AKUX yTPUMYBaAIM 32 PEKMMIB OCBIT-
neHHAa — 12.00C:12.00T ta 00C:24.00T o 02.00 rog, cnocteperkeHHA. TakMm YMHOM, eKCnpecia NPOLYKTY aKTUBHOCTI
reHa «HagpaHHbOI BianoBigi» c-fos — 6inKa c-Fos — xapaKTepu3yeTbCa PUTMIUHICTIO Y MeaianbHUX APiIOHOKNITUHHMX
cyb’sapax NpULLIYHOYKOBOTO A4pa rinoTanamyca wwypis. NpoayKuis 6inka c-Fos 3a3Hae iCTOTHMX 3MiH 33 YMOB CBIT-
NIoBOI AenpuBauii. 30Kpema, iHAEeKC KOHUEeHTpaL,l BKa3aHOro npoTeiHa y AeHHUN NPOMIXKOK eKCNepMMEHTY CTaHOo-
BMB 0,543J_r0,01280i¢i 6yB BipOrigHO BMLIMM Bif, KOHTPOJ/IbHUX MOKa3HUKIB.

Knto4oBi cnoBa: npuwayHoOUYKOBe A4po, rinoTanamyc, reH c-fos, 6inok c-Fos, csitnoBa aenpusalis.

EFFECT OF LIGHT DEPRIVATION ON c-fos GENE EXPRESSION IN THE PARAVENTRICULAR NUCLEI OF THE
HYPOTHALAMUS IN RATS

Fedoriak I. V., Bulyk R. Ye., Smetaniuk O. V., Agranov O. S.

Abstract. Changes in photoperiod duration, as the main time-setting factor, represent a stressor that
desynchronizes the rhythmicity of somatic and visceral functions and disrupts the coordination and modulation
of mechanisms of the organism’s adaptation to the action of various factors. In order to study stress reactions, the
investigation of the expression level of the immediate-early response gene c-fos in neuronal subpopulations of the
paraventricular nucleus of the hypothalamus is of current relevance.

Experimental studies were performed on male albino rats, which were divided into three groups (each consisting
of two subgroups). The animals were maintained for 14 days: group 1 (LD) under conditions of a standard lighting
regime 12.00L:12.00D; group 2 (DD) under conditions of constant darkness 00L:24.00D (light deprivation). The
studies were carried out at 14:00 and 02:00.

To identify c-Fos in histological sections of the anterior hypothalamus of the animals, the method of indirect
immunofluorescence was used. Under the lighting regime 12.00L:12.00D, an increase in the fluorescence intensity
of material immunoreactive to c-Fos was recorded in the medial parvocellular subnuclei of the paraventricular
nucleus of the hypothalamus in rats at 02:00 compared with 14:00.

During the daytime observation period, the fluorescence intensity of the material immunoreactive to c-Fos was
26.34+1.510 um?, whereas at night it increased. A change in the duration of the lighting regime (light deprivation)
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caused a shift in fluorescence intensity in the medial parvocellular subnuclei of the paraventricular nucleus of the
hypothalamus from the nighttime to the daytime period.

The highest values of the density of c-Fos-positive neurons in the studied hypothalamic subnuclei were observed
in rats maintained under lighting regimes 12.00L:12.00D and 00L:24.00D at 02:00 of observation.

Thus, the expression of the product of the activity of the immediate-early response gene c-fos — the c-Fos
protein —is characterized by rhythmicity in the medial parvocellular subnuclei of the paraventricular nucleus of the
hypothalamus in rats. The production of the c-Fos protein undergoes significant changes under conditions of light
deprivation. In particular, the concentration index of this protein during the daytime period of the experiment was
0.54340.0128 a.u. and was significantly higher than the control values.

Key words: paraventricular nucleus, hypothalamus, c-fos gene, c-Fos protein, light deprivation.
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REACTIVE OXYGEN SPECIES IN EJACULATE AFFECT EMBRYO DEVELOPMENT IN VITRO

WHEN ASSISTED REPRODUCTIVE TECHNOLOGIES ARE USED
Centre of Human Reproduction “Clinic of Professor Feskov O.” (Kharkiv, Ukraine)
zhilkova@feskov.ua

Reactive oxygen species are a necessary condition for the maturation, existence and ability of spermatozoa to fer-
tilize the oocyte. The excess of reactive oxygen species in semen can initiate pathological changes in sperm, causing
oxidative damage to cell membranes, proteins and DNA. Currently, several scientific studies indicate that high levels
of reactive oxygen species in the ejaculate are one of the causes of low male reproductive function. On the other
hand, the measurement of reactive oxygen species is hampered by the lack of standardization, including the choice
of controls and sample selection. The published data about the effects of oxidative stress on standard fertility sperm
parameters (sperm motility, concentration and morphology) and on the integrity of sperm DNA in the ejaculate are
controversial.

The aim of the present work was to investigate the effect of reactive oxygen species in ejaculate on standard mi-
croscopic sperm parameters and on the early embryo development in vitro in couples with male factor of infertility.

The development of the embryos from 26 married couples with combined factors of infertility was analyzed.
Microscopic analysis of ejaculate was performed according to WHO recommendations from 2021. The level of reac-
tive oxygen species (ROS) in ejaculate was analyzed using Oxisperm kits (Halotech DNA, Spain). Donor oocytes were
fertilized by the method of intracytoplasmic sperm injection (ICSI). Embryos that reached the blastocyst stage were
evaluated by morphological characteristics according to the criteria of D. Gardner. Preimplantation genetic testing
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