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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 
23-24th 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, 7th, 14th, 45th 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 

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 14th 
and 45th 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 Glial fibrillary acidic protein + astrocytes is 
determined compared to the control (49.3±2.6% and 
36.8±5.9%, 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 14th and 
45th 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 

114



Український журнал медицини, біології та спорту – 2021 – Том 6, № 3 (31)

Експериментальна медицина і морфологія

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 22nd 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 μm thick paraffin 
sections were used for immunohistochemical studies. 

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, 7th, 14th, 45th days after birth, 
using the program for the analysis and processing of 
images ImageJ. 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. JPZ804I382130ARCN10-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 р < 0.05, that is generally accepted for biological 
and medical researches. The numerical data of the 
obtained results are presented as M±m (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 1st 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 7th day of life, the area with the detected ex-
pression of glial acidic fibrillar protein was 31.7±5.9% 
in experimental and 29.9±1.9% in control groups; on 
the 14th – 32.3±2.5% in experimental, 30.8±4.1% in 
control; on the 45th – 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



Український журнал медицини, біології та спорту – 2021 – Том 6, № 3 (31)

Медичні науки

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 1st day of life, 39±1.4% on 
7th day, 31.6±2.91% on the 14th day and 31.9±1.8% 
on the 45th 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 1st day after birth, 39.1±1.6% – on the 7th day, 
40.4±3.5% – on the 14th day and 41.4±2.7% – on the 
45th 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 (M±m, %)

Day  
of life

GFAP, % NeuN, %
1 2 1 2

1 36.8±5.9 49.3±2.6* 42.3±3.3 42±2.1
7 29.9±1.9 31.7±5.9 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 

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. Ilievski 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 

Figure 1. CA2 field of the hippocampus of the experi-
mental group on the 1st day of life. GFAP, hematoxylin. 

Magnification ×1000
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hypoxic conditions [22, 23]. Similar results were found 
by a number of other researchers during analyzing 
the structure of the hippocampus after hypoxic-isch-
emic conditions in the neonatal period [24, 25].

Conclusion
1.	 The density of the distribution of GFAP + cells in 

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-
ulation of labor on the first day of life, a reliable 
increase in the relative area occupied by GFAP + 
astrocytes is determined compared to the control 
(49.3±2.6% and 36.8±5.9%, respectively).

2.	 In the hippocampus and the dentate gyrus of 
rats after stimulation of labor throughout the first 
45 days after birth, the gradual decrease in the 
relative area occupied by NeuN + neurons is 
determined, in contrast to the control animals, 
in which this index practically does not change. 
On the 14th and 45th day of life, the index of the 
relative area occupied by NeuN + neurons in  
experimental rats is reliably lower than in control 
(p <0.05).

Prospects for further research. Ultrastructural 
peculiarities of hippocampus and dentate gyrus reac-
tivity in rats’ offspring after labor stimulation of preg-
nant female rats will be studied later on.
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ІМУНОГІСТОХІМІЧНА ХАРАКТЕРИСТИКА ІШЕМІЧНИХ ПРОЦЕСІВ 
В ГІПОКАМПІ ТА ЗУБЧАСТІЙ ЗВИВИНІ ГОЛОВНОГО МОЗКУ ПОТОМСТВА ЩУРІВ 
ПІСЛЯ СТИМУЛЯЦІЇ ПОЛОГІВ
Мамай І. Ю., Григор’єва О. А., Дарій В. І.
Резюме. Вивчення особливостей розвитку гиппокампальної формації в постнатальному періоді піс-

ля стимуляції родової діяльності є актуальним.
Мета. Вивчити особливості експресії GFAP і NeuN в гиппокампальної формації потомства щурів 

після інтравагінального введення PgE2 самкам для стимуляції родової діяльності.
Матеріали та методи. Вагітним самкам експериментальної групи на 22й день вагітності для сти-

муляції родової діяльності вагінально вводили PgE2 у вигляді гелю. Великі півкулі головного мозку щурів 
фіксували в 10% розчині нейтрального формаліну, зневоднювали у висхідній батареї спиртів. Для ви-
явлення астроцитів використовували GFAP mouse monoclonal antibody (Santa Cruz Biotechnology, inc.). 
Для виявлення нейронів використовували NeuN mouse monoclonal antibody (Santa Cruz Biotechnology, 
inc.). В гістологічних зрізах вивчали відносну площу, займану GFAP + і NeuN + клітинами. Дані оброблені 
методом варіаційної статистики. Результати достовірні при р <0,05.

Утримання тварин та експерименти проводилися за міжнародними принципами Європейської кон-
венції про захист тварин, що використовуються для експериментальних та інших наукових цілей (Страс-
бург, 18.03.86) та Закону України № 1759-VI (15.12.2009) «Про захист тварин від жорстокого поводжен-
ня».

Результати. Щільність розподілу GFAP + клітин в гіпокампі і зубчастої звивини щурів хвилеподібно 
змінюється протягом перших півтора місяців постнатального життя. У потомства щурів після стимуляції 
родової діяльності на першу добу життя визначається достовірне збільшення відносної площі займаної 
GFAP + астроцитами в порівнянні з контролем (49,3±2,6% і 36,8±5,9% відповідно). У гіпокампі і зубчастої 
звивини потомства щурів після стимуляції родової діяльності протягом перших 45-ти діб після наро-
дження визначається поступове зменшення відносної площі, займаної NeuN + нейронами на відміну від 
контрольних тварин, у яких цей показник практично не змінюється.

Ключові слова: стимуляція пологів, гіпокамп, зубчаста звивина, GFAP, NeuN.
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УДК 611.81-091-008.9-092.18-055.62]-02:618.5-085.357:577.175.869]-092.9
ИММУНОГИСТОХИМИЧЕСКАЯ ХАРАКТЕРИСТИКА ИШЕМИЧЕСКИХ ПРОЦЕССОВ 
В ГИППОКАМПЕ И ЗУБЧАТОЙ ИЗВИЛИНЕ ГОЛОВНОГО МОЗГА ПОТОМСТВА КРЫС 
ПОСЛЕ СТИМУЛЯЦИИ РОДОВ
Мамай И. Ю., Григорьева О. А., Дарий В. И.
Резюме. Изучение особенностей развития гиппокампальной формации в постнатальном периоде 

после стимуляции родовой деятельности является актуальным.
Цель. Изучить особенности экспрессии GFAP и NeuN в гиппокампальной формации потомства 

крыс после интравагинального введения PgE2 самкам для стимуляции родовой деятельности.
Материалы и методы. Беременным самкам экспериментальной группы на двадцать второй день 

беременности для стимуляции родовой деятельности интравагинально вводили PgE2 в виде геля. 
Большие полушария головного мозга крыс фиксировали в 10% растворе нейтрального формалина, 
обезвоживали в восходящей батарее спиртов. Для выявления астроцитов использовали GFAP mouse 
monoclonal antibody (Santa Cruz Biotechnology, inc.), для выявления нейронов использовали NeuN 
mouse monoclonal antibody (Santa Cruz Biotechnology, inc.). В гистологических срезах гиппокампа и зуб-
чатой извилины крыс изучали относительную площадь, занимаемую GFAP+ и NeuN+ клетками. Данные 
обработаны методом вариационной статистики. Результаты достоверны при р <0,05.

Содержание животных и эксперименты проводились согласно международным принципам Евро-
пейской конвенции о защите животных, используемых для экспериментальных и других научных целей 
(Страсбург, 18.03.86) и Закона Украины № 1759-VI (15.12.2009) «О защите животных от жестокого об-
ращения».

Результаты. Плотность распределения GFAP+ клеток в гиппокампе и зубчатой извилине крыс 
волнообразно изменяется на протяжении первых полутора месяцев постнатальной жизни. У потом-
ства крыс после стимуляции родовой деятельности на первые сутки жизни определяется достовер-
ное увеличение относительной площади занимаемой GFAP+ астроцитами по сравнению с контролем 
(49,3±2,6% и 36,8±5,9 % соответственно). В гиппокампе и зубчатой извилине потомства крыс после 
стимуляции родовой деятельности на протяжении первых 45-ти суток после рождения определяется 
постепенное уменьшение относительной площади, занимаемой NeuN+ нейронами в отличие от контр-
ольных животных, у которых этот показатель практически не изменяется. 

Ключевые слова: стимуляция родов, гиппокамп, зубчатая извилина, GFAP, NeuN.
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