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The response to perinatal hypoxia, developing in
stimulating generic activity, is the activation of microg-
lia, which induces the development of local inflamma-
tion of the brain and leads to the death of neurons.
The formation of the hippocampus supports import-
ant physiological and behavioral functions, including
spatial learning and memory, and is part of the brain,
which is especially vulnerable to changes in blood
glucose and oxygen. Thus, the study of the features
of the development of hippocampal formation in the
postnatal period after stimulating generic activity is
relevant.

The purpose of the study was to study the fea-
tures of Glial fibrillary acidic protein and NeuN ex-
pression in the hippocampal formation in posterity of
female rats after PgE2 injection for labor induction.

Materials and methods. Pregnant females of
the experimental group on the twenty-second day
of pregnancy were injected intravaginally with PGE2
in the form of a gel to stimulate the generic activity.
Birth occurred on the twenty-third day after concep-
tion. Birth in the intact group of rats occurred on the
23-24" day after conception. The large hemispheres
of the rat brain were fixed in a 10% neutral formal
solution, dehydrated in an ascending alcohol battery.
For immunohistochemical studies, paraffin sections
were used with 3 microns with a thickness of 3 mi-
crons. Glial fibrillary acidic protein Mouse Monoclonal
Antibody (Santa Cruz Biotechnology, Inc.) is used to
detect astrocytes (Santa Cruz Biotechnology, Inc.).
NeuN Mouse Monoclonal Antibody (Santa Cruz Bio-
technology, Inc.) was used to identify neurons on the
1st, 7t 144 45" days after birth in histological cuts of
hippocampus and gear, using a program for analyzing
and processing images Image J, studied the relative
area occupied by Glial fibrillary acidic protein + NeuN
+ cells. Data is processed by variation statistics. The
results are reliable at p <0.05.

All animal experiments were performed accord-
ing to international principles of the European Con-
vention for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes”
(Strasbourg, 18.03.86) and the Law of Ukraine No.
1759-VI (15.12.2009) On the Protection of Animals
from Cruelty.

Results and discussion. We identified that by the
changes in the hippocampus and the toothed gyrus
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of the rats after induction of labor, increased Glial
fibrillary acidic protein expression on the first day after
birth and reducing the NeuN expression on the 14"
and 45" day of life in experimental animals compared
to the control group were included.

Conclusion. The density of the distribution of Gli-
al fibrillary acidic protein + cells in the hippocampus
and the dentate gyrus of rats changes wavily through-
out the first month and a half of postnatal life. In the
offspring of rats, after stimulation of labor on the first
day of life, a reliable increase in the relative area oc-
cupied by Gilial fibrillary acidic protein + astrocytes is
determined compared to the control (49.3+2.6% and
36.845.9%, respectively). In the hippocampus and the
dentate gyrus of rats after stimulation of labor during
the first 45 days after birth, the gradual decrease in
the relative area occupied by NeuN + neurons is de-
termined, in contrast to the control animals, in which
this index practically does not change. On the 14" and
45" days, the index of the relative area occupied by
NeuN + neurons in experimental rats is reliably lower
than in control (p <0.05).

Keywords: labor stimulation, hippocampus, den-
tate gyrus, Glial fibrillary acidic protein, NeuN.

Connection of work with scientific programs,
plans, themes. This article is a fragment of scientif-
ic research work “Features of structures of rats after
the action of factors of different nature in the pre- and
postnatal period”, state registration No 0120U103118.

Introduction. Labor induction is one of the most
frequently performed obstetric procedures in the
world: the latest data for the percentage of induced
labor are up to 35.5% in Sri Lanka, 24.5% in the USA
and up to 33% in Europe [1]. Compared with placebo,
the use of vaginal and cervical prostaglandin E2 is as-
sociated with an increased risk of uterine hyperstim-
ulation with or without changes in fetal heart rate [2].

During stimulated labor, the fetus may experience
cerebral hypoxia-ischemia, which can cause severe
brain damage and subsequent long-term functional
impairment [3]. The response to perinatal hypoxia is
the activation of microglia, which induces the devel-
opment of local inflammation of the brain and leads to
the death of neurons [4]. Perinatal hypoxia caused by
ischemia can cause damage to the central gray mat-
ter, which is associated with an increase in mortality
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in the neonatal period (20-30%) and an increased risk
of speech and communication disorders, the develop-
ment of epilepsy and cerebral palsy in the future [5].
Ischemic conditions of the brain in the neonatal peri-
od can lead to cognitive deficits, which are similar to
some phenotypes observed in children with neurolog-
ical disorders [6]. W. Froehlich-Santino et al. (2014),
analyzing data from medical records, found that pre-
natal or perinatal hypoxia increases the risk of devel-
oping disorders of hyperactivity, attention deficit and
correlates with impaired behavior and communication
in childhood [7]. The formation of the hippocampus
supports important physiological and behavioral func-
tions, including spatial learning and memory, and is
the part of the brain that is particularly vulnerable to
changes in blood glucose and oxygen levels [8].

Glial fibrillary acidic protein (GFAP) is widely
used as a reliable biomarker for detecting and as-
sessing the severity of ischemic brain damage and
astrogliosis developing against this background [9].
NeuN staining reflects the degree of neuronal loss
in the brain after decreased oxygenation, which pro-
motes ischemic damage, irreversible secondary brain
damage that leads to apoptosis and decreased cellu-
larity [10].

Thus, it is important to study the immunohisto-
chemical features of the hippocampal formation in
posterity of female rats after PgE2 injection for labor
induction.

The purpose of the study is to study the fea-
tures of GFAP and NeuN expression in the hippocam-
pal formation in posterity of female rats after PgE2
injection for labor induction.

Materials and methods. The beginning of preg-
nancy was established using the method of vaginal
smears stained with methylene blue; the presence
of sperm in smears was the evidence of the 0 day
of pregnancy. Pregnant females of the experimental
group were injected PgE2 in the form of a gel intra-
vaginally to stimulate labor on the 22" day of preg-
nancy. The duration of the experimental rats preg-
nancy amounted to 23 days, in the intact group —
23-24 days after conceiving.

We were guided by the “European Convention
for Working with Experimental Animals”. Animals
were contained in standard conditions of vivarium ac-
cording to “European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other
Scientific Purposes” (Strasbourg, 18.03.86) and the
Law of Ukraine No. 1759-VI| (15.12.2009) On the Pro-
tection of Animals from Cruelty. Food and water were
made available ad libitum.

The cerebral hemispheres of rats were fixed in a
10% solution of neutral formalin and dehydrated in an
ascending battery of ethyl spirits. 3 ym thick paraffin
sections were used for immunohistochemical studies.

YKkpaiHCbKUM XXypHan MeauuuHu, 6ionorii Ta cnopty — 2021 — Tom 6, Ne 3 (31)

ExcnepuMeHTanbHa meauuuHa i mopdonorisa

Dewaxing, rehydration, and antigen unmasking were
performed by heating in citrate buffer pH 6.0 using
a PT module Thermo Fisher Scientific. Endogenous
peroxidase was blocked using a 3% hydrogen per-
oxide solution. After conditioning with Ultra V Block,
incubation with antibodies was produced following the
instructions of the antibody manufacturer. Visualiza-
tion was performed using the UltraVision Quanto HRP
+ DAB System, followed by additional staining with
Mayer’s hematoxylin, dehydration, clarification, and
contraction in a balm. GFAP (2E1) sc-33673 mouse
monoclonal antibody (Santa Cruz Biotechnology, Inc.)
was used to detect astrocytes, and NeuN (0.N.211)
sc-71667 mouse monoclonal antibody (Santa Cruz
Biotechnology, Inc.) was used to detect neurons. In
histological samples, we studied the relative area ex-
pressing GFAP, NeuN in the hippocampus and den-
tate gyrus of the animals brain in experimental and
control groups on the 1st, 71, 14 45" days after birth,
using the program for the analysis and processing of
images ImagedJ. Photos of histological samples were
conducted using CarlZeiss software (AxioVision 4.8).

Analysis of the obtained results was conduct-
ed by means of statistical methods with the use of
computer license program «Statistica for Windows
13» (StatSoft Inc., No. JPZ8041382130ARCN10-J).
The significance of the differences between the ex-
perimental groups was assessed using the Student’s
criterion t, considering the differences to be reliable
at p < 0.05, that is generally accepted for biological
and medical researches. The numerical data of the
obtained results are presented as Mim (arithmetic
mean = standard error of the mean).

Research results. It was revealed that GFAP +
cells in the hippocampus are evenly located in the
astrocytes CA1, CA2, CA3 fields of the hippocampus
and dentate gyrus. On the 1%t day of life in rats of the
experimental group, there is a significant increase in
immunopositivity to GFAP compared to the control
group: in percentage terms, the area marked with
specific antibodies was 49.3+2.6% in the experimen-
tal group (Fig. 1), 36.8£5.9% in the control group of
animals. At the same time, in the experimental group
of animals, astrocytes became noticeably larger with
an increase of the soma size and thickening of the
processes.

On the 7™ day of life, the area with the detected ex-
pression of glial acidic fibrillar protein was 31.7+5.9%
in experimental and 29.91£1.9% in control groups; on
the 14" — 32.3+2.5% in experimental, 30.8+4.1% in
control; on the 45" — 37.3+2.7%, 37.4+2.5% in the ex-
perimental and control groups, respectively.

NeuN showed staining of neurons in all layers of
CA1, CA2, CA3 fields of the hippocampus and dentate
gyrus. NeuN + hippocampal cells are characterized by
the arrangement of NeuN in and around the nucleus.

115



MeAaunyHi Hayku

Figure 1. CA2 field of the hippocampus of the experi-
mental group on the 15t day of life. GFAP, hematoxylin.
Magnification x1000

There is a tendency to decreasing in the area covered
by mature neurons in the experimental group com-
pared to the control group of animals: in the experi-
mental group, the percentage of the area marked with
NeuN was 42+2.1% on the 1% day of life, 39+1.4% on
7" day, 31.6£2.91% on the 14" day and 31.9+1.8%
on the 45" day after birth. The degree of expression
of the neuronal nuclear antigen NeuN in the control
group of animals as a percentage was 42.3+3.3%
on the 1%t day after birth, 39.1£1.6% — on the 7™ day,
40.4+3.5% — on the 14" day and 41.4+2.7% — on the
45" day of life (Table 1).

Table 1 — Characterization of the expression of GFAP,
NeuN in the rats’ hippocampus and dentate gyrus in the
postnatal period (Mtm, %)

Day GFAP, % NeuN, %
of life 1 2 1 2
1 36.8+5.9 | 49.3+2.6* | 42.3+3.3 | 42+2.1
7 299419 | 31.7#59 | 39.1+1.6 | 39+1.4
14 30.8+4.1 | 32.3+2.5 | 40.4+3.5 | 31.6+2.91*
45 37.4+2.5 | 37.3+2.7 | 41.4+2.7 | 31.9+1.8*

Notes: 1 — intact group of rats, 2 — experimental group of
rats

Discussion. Guang Yang et al. (2015) showed
that in the brain of the offspring of experimental ani-
mals that received PgE2 during pregnancy, structur-
al changes corresponding to ischemic-hypoxic brain
damage were revealed [11]. We have previously
identified changes in the structure of the cerebellar
cortex and ultrastructural changes in the hippocam-
pal formation in the posterity of rats after intravaginal
injection of PgE2, which may indicate hypoxia of the
brain tissue [12].

The mechanisms of damage are probably caused
by perinatal hypoxia of the fetal brain, due to hyper-
stimulation and changes in fetal heart rate [13]. Under
the conditions of these mechanisms, the structures of
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the brain that are sensitive to hypoxia are damaged
first of all. In the subgranular zone of the dentate gy-
rus of the adult hippocampus, one of two neurogenic
niches in the adult mammalian brain, new neurons
are constantly generated throughout adult life. Most
of neonatal cells in the hippocampus die during early
differentiation from intermediate progenitors to imma-
ture neurons [14].

The study by M. D. Wilson (2015) revealed a sig-
nificant damage in the structure of the hippocampus
after hypoxic brain injury in a newborn [15]. The re-
sults of studies by Javad Hami et al. (2015) showed
that changes in blood glucose and oxygen levels can
reduce the number of pyramidal cells in the hippocam-
pus of newborn rats, especially in the CA3 region [8].

In a separate model of hypoxia-ischemia, in-
cluding a period of oxygen-glucose deprivation and
subsequent reoxygenation, D. K. Grosenbaugh et al.
(2018) observed a significant increase of excitatory
neurotransmission in the pyramidal cells of the CA3
region of hippocampus, which the authors associate
with the development of seizures in the neonatal pe-
riod [16].

The changes in the hippocampus and dentate
gyrus of rat offspring after labor induction that we
identified include an increase of GFAP expression
on the first day after birth and a decrease of NeuN
expression on days 14 and 45 of life in experimental
animals compared to the control group.

The degree of GFAP expression reflects the
functional state of astrocytes, their growth and divi-
sion [17]. The increased expression of GFAP in astro-
cytes is proportional to the degree of reactivity. Mild to
moderate reactive astrogliosis is usually associated
with mild non-penetrating and non-contusional trau-
ma, with diffuse activation of innate immunity, or with
areas that are at some distance from focal CNS le-
sions [18].

The study by Jinxin Wang et al. showed that the
number of GFAP-positive cells increased in the brain
of rats in the group of experimental animals which
was held bilateral stenosis of the common carotid ar-
tery, and this phenomenon was even more expressed
in the group of experimental animals which was held
bilateral occlusion of the common carotid artery [19].

NeuN is an intracellular marker of neuronal cells
[20]. In a study by V. llievski et al. (2018), the integ-
rity of hippocampal and dentate gyrus neurons after
inflammation was determined using the NeuN anti-
body, which detects intact neurons. The difference
between the number of NeuN-positive cells between
the control and experimental groups was statistically
significant in the dentate gyrus and CA1 areas [21].
Several studies have revealed similar changes in the
decrease of NeuN expression in the hippocampus
and dentate gyrus against the background of chronic
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hypoxic conditions [22, 23]. Similar results were found 2. In the hippocampus and the dentate gyrus of
by a number of other researchers during analyzing rats after stimulation of labor throughout the first
the structure of the hippocampus after hypoxic-isch- 45| days after birth, the grad’\LjJaI Secrease in the
emic conditions in the neonatal period [24, 25]. re atlve. area occupied by NeuN + neurons 1S

Conclusion determined, in contrast to the control animals,

in which this index practically does not change.
1. The density of the distribution of GFAP + cells in On the 14" and 45" day of life, the index of the

the hippocampus and the dentate gyrus of rats
changes wavily throughout a month and a half of
postnatal life. In the offspring of rats, after stim-

relative area occupied by NeuN + neurons in
experimental rats is reliably lower than in control
(p <0.05).

ulation of labor on the first day of life, a reliable Prospects for further research. Ultrastructural
increase in the relative area occupied by GFAP +  peculiarities of hippocampus and dentate gyrus reac-
astrocytes is determined compared to the control tivity in rats’ offspring after labor stimulation of preg-
(49.3+2.6% and 36.8+5.9%, respectively). nant female rats will be studied later on.
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IMYHOTICTOXIMIYHA XAPAKTEPUCTUKA ILLEMIYHUX NMPOLECIB

B MNMNOKAMIMI TA 3YBYACTIW 3BUBUHI FONTOBHOIMO MO3KY NMOTOMCTBA LUYPIB

nicna cTumynauii nonoris

Mamatii I. FO., 'pueop’eea O. A., Japiu B. I.

Pe3tome. BrBYeHHst 0cOGNMBOCTEN PO3BMTKY rMnnokamnanesHoi hopmadii B nocTHaTansHomy nepiogi nic-
ng cTMMynsauil poaoBoT AisiNbHOCTI € akTyanbHUM.

Mema. Bueuntn ocobnusocTi ekcnipecii GFAP i NeuN B runnokamnanbHoOi doopmaLii MOTOMCTBA LLYpiB
nicns iHTpaBariHanbHoro BBeaeHHs PgE2 camkam ang ctumynsuil pogoBol AisinbHOCTI.

Mamepianu ma memodu. BariTHUM camkam eKkcrepuMeHTanbHOT rpynn Ha 221 AeHb BariTHOCTI Ans CTu-
Mynsuiil poaoBoI AisNbHOCTI BariHanbHO BBoaunu PgE2 y Burnagi rento. Benuki niBkyni ronoBHOro Mosky LLypiB
dikcyBanm B 10% po3umHi HeriTpansHoro chopmanity, 3HeBOAHIOBanNM y BUCXigHii 6atapei cnupTis. Onsa Bu-
ABNeHHs actpouuTie BukopuctoBysBann GFAP mouse monoclonal antibody (Santa Cruz Biotechnology, inc.).
[na BuaBneHHs HelpoHiB BukopucToByBanm NeuN mouse monoclonal antibody (Santa Cruz Biotechnology,
inc.). B rictonoriyHmx 3pizax BuBYanu BigHocHy nnouyy, 3anmaHy GFAP + i NeuN + knituHamu. [1aHi o6pobrieHi
MeTo4O0M BapiaLifHoi cTaTucTukun. PedynbTat goctoBipHi npu p <0,05.

YTpMaHHSA TBapyH Ta eKCNepMMEHTU NPOBOAMIMCS 3a MiXKHApPOAHUMUN NPUHLMNaMM €BPONEnNCbKOi KOH-
BEHLIji MPO 3axX1CT TBAPWH, LLLO BUKOPUCTOBYHOTHCA ANst EKCNIEPUMEHTaNbHMX Ta iHLWMX HaykoBuX Winewn (Ctpac-
Bypr, 18.03.86) Ta 3akoHy YkpaiHun Ne 1759-VI (15.12.2009) «[po 3axmcT TBapuH Bif >XOPCTOKOIO NOBOMKEH-
HS».

Pesynbmamu. WineHicTb po3noginy GFAP + kniTuH B rinokamni i 3y64acToi 3BUBMHM LLypiB XBUIENOAIOHO
3MIHIOETLCS MPOTArOM NepLUMX NIBTOPA MiCALIB NOCTHATANBHOIO XUTTH. Y NOTOMCTBA LUYpIiB Nicns cTumMynauii
pPOOOBOI AiANBbHOCTI Ha nepLuy o0y XUTTS BU3HAYaETbCA AOCTOBIPHE 30iNbLUEHHS BiAHOCHOI NIIOLLi 3anMaHoi
GFAP + acTpounTamm B NOpiBHSAHHI 3 KOHTponeM (49,3+2,6% i 36,8+5,9% BignosigHo). Y rinokamni i 3ybyacTtoi
3BUBMHM MOTOMCTBA LUYpPIB MiCns CTUMYIAUii poAOBOI AiANbHOCTI NpoTsroM nepwmnx 45-tu gibé nicna Hapo-
[PKEHHS BU3HAYaETbCA NOCTYNOBE 3MEHLUEHHS BIGHOCHOI nrowi, 3anmaHoi NeuN + HepoHamMmu Ha BiaMiHY Bif
KOHTPOSbHUX TBAPWH, Y SKMX Lie MOKa3HUK NPaKTUYHO HE 3MIHIOETBCS.

KnrouoBi cnoBa: ctumynsuia nonoris, rinokamn, 3ybyacta 3susmnHa, GFAP, NeuN.
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MMMYHOI'MCTOXMMUYECKAA XAPAKTEPUCTUKA ULLEMUWYECKUX NMPOLIECCOB

B TMNMNOKAMNME U 3YBYATOWU U3BUNUHE FONOBHOIMO MO3IrA MOTOMCTBA KPbIC

NOCHNE CTUMYnaumm poaoB

Mawmat WN. 1O., Npuzopbesa O. A., aputi B. U.

Pe3tome. V3yyeHne ocobeHHOCTEN pasBuTUS rmnnokaMmnansHon oopMauumn B NOCTHaTanLHOM nepuoae
nocne CTMMynsiLMN pO4OBOW AEeATENbHOCTM SABMAETCS aKTyanbHbIM.

Lenb. N3yuntb ocobeHHocTu akcnpeccun GFAP 1 NeuN B runnokamnansHon cdopmaumm notoMcTea
KpbIC MOCne nHTpaBarnHanbHOro BBeaeHna PgE2 camkam gna ctumynauum poaoBon 4eaTeNbHOCTU.

Mamepuarnbl u MemoObl. BepeMeHHbIM camKam KCrepuMeHTanbHOM rpynnbl Ha ABafUaTb BTOPON AEHb
GepemMeHHOCTU ANst CTUMYNAUMM POOOBON AEeATENbHOCTM UHTpaBarMHaneHo BeBoaunu PgE2 B Buae rens.
Bonbline nonywapusi ronoBHOro Mosra Kpbic dunkcmpoanu B 10% pactBope HemTparnbHOoro copmanuHa,
06e3BoXnBanu B Bocxoasduen 6atapee cnvpToB. [1ns BbISBNEHUS acTpoumnToB ucnonb3oBanm GFAP mouse
monoclonal antibody (Santa Cruz Biotechnology, inc.), ons BbissBNeHUss HelpoHoB ucnons3oBanum NeuN
mouse monoclonal antibody (Santa Cruz Biotechnology, inc.). B ructonoruyeckux cpesax runnokamna u 3y6-
4YaToW U3BUIMHbI KPbIC M3yYanu OTHOCUTESbHYIO NMrowanb, 3aHnmvaemyto GFAP+ 1 NeuN+ kneTkamu. [laHHble
obpaboTaHbl METOAOM BapuaLMOHHOW CTaTUCTUKN. Pe3ynbTaTel gocTtoBepHbl npu p <0,05.

CopaepxaHue XMBOTHbBIX U 3KCMEPUMEHTbI NPOBOAUNUCE COMNAacHO MeXAyHapoaHbIM npuHumunam Espo-
NenNCKON KOHBEHLMMN O 3aLLUTE XXUBOTHbIX, UCMOMb3yEeMbIX AF1S1 3KCMEPUMEHTANbHbIX U OPYTMX HAyYHbIX Lienen
(Ctpacbypr, 18.03.86) n 3akoHa YkpanHbl Ne 1759-VI (15.12.2009) «O 3awmTe XMBOTHbIX OT XKECTOKOro 00-
paLweHns».

Pesynbmamei. TnoTHocTb pacnpegeneHns GFAP* kneTok B runnokamne n 3y04yaTon M3BUITMHE KPbIC
BONMHOOBPa3HO M3MEHSETCS HA NPOTSKEHWMM NEPBbLIX MOMyTOpa MECALEB MNOCTHATANBHOM XU3HW. Y NOTOM-
CTBa KpbIC Nocne CTUMYyNSAuUMM podoBON OeATEeNbHOCTU Ha MepBble CYTKU XU3HW onpefenseTcs ocToBep-
HOe yBenMYyeHne OTHOCUTENbHOM Nnowaan 3aHumMaemon GFAP* acTpoumTamMm No CpaBHEHUIO C KOHTPOSEM
(49,31£2,6% 1 36,8+5,9 % cooTBeTCTBEHHO). B runnokamne n 3ybyaTtow M3BMNMHE NOTOMCTBA KpbIC Mocne
CTUMYNALUN POOOBON AEATENbHOCTU Ha NPOTSHXKEHUM NepBbiX 45-T CyTOK NOCne poXAeHUs onpeaenseTcs
nocteneHHoe yMeHbLleHne OTHOCUTENbHOW nnowaaun, 3aHumaemon NeuN* HeMpoHamMu B OTNIMYME OT KOHTP-
ObHbIX XXUBOTHBIX, Y KOTOPbIX 3TOT Noka3aTesb NPakTU4ECKN HE U3MEHSETCS.

KnioueBble croBa: cTuMynsaunsa poaos, runnokamn, dydyartas nasunuHa, GFAP, NeuN.
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