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Relevance. Induction of labor is a fairly widespread medical intervention that is
performed on every fourth or fifth women in the UK, Europe and the USA. Data from
the WHO Global Survey on Maternal and Perinatal Health, which included 373 clinics
in 24 countries and almost 300,000 births, shows that induction of labor occurs in 9.6%
of cases [1]. At the same time, this indicator tends to grow. In the United States,
between 1990 and 2006, the rate of induction of labor increased from 9.5% to 22.5%
[2]. In 2012, in the United States, already 23.3% of singleton births were induced [3].

Despite the large number of possible complications associated with labor
hyperstimulation, there are still no universal standards on criteria that should be used
to determine unsuccessful induction and methods for accurately determining the time
intervals for re-induction [4].

A meta-analysis by W Chen et al (2016), that included 96 studies (17,387 women),
showed that vaginal misoprostol is most effective for inducing labor within 24 hours,
but has the highest frequency of uterine hyperstimulation with changes in heart rate
[5]. In a study by Jane Thomas et al. (2014), which included 70 studies involving
11,487 women, it was found that vaginal prostaglandins can stimulate too strong
uterine contraction, which can cause the slowing down fetal heart rate [6]. In a study
by Yi-Ran Liu et al. (2018), based on data from five randomized trials (603 women),
dinoprostone injection was associated with a higher incidence of uterine
hyperstimulation (RR 0.17, 95% CI 0.06-0.54) and a decrease in the arterial blood pH
of the newborns umbilical cord <7.1 (RR 0.36, 95% CI 0.15-0.84) [7].

For the fetus, induction can lead to jatrogenic prematurity, physical injury and
hypoxia (due to increased contractile activity of the uterus). Respiratory disorders are
the most common complication caused by labor induction [8]. Children who have
undergone a hypoxic-ischemic state in the neonatal period show an increased risk of
speech and communication impairments due to the ongoing morphogenesis of certain
neuronal populations [9, 10]. In newborns, pyramidal cells of the hippocampus are still
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migrating to the corresponding layers CA1, CA2 and CA3, and are vulnerable to
hypoxic-ischemic conditions [11, 12]. Hippocampus damage leads to cognitive deficits
that may replicate some phenotypes of children with neurological disorders [13].

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

Aim. To determine the ultrastructural features of the hippocampal formation
development in laboratory rats in the first two weeks of life after intravaginal injection
of prostaglandin E2 for labor induction.

Methods. The changes in the ultrastructural of hippocampal formation in posterity
of white syngenic rats in the first two weeks of life have been studied. The beginning
of pregnancy 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 intravaginally to stimulate labor on the 22th day of pregnancy. The duration of
the experimental rats pregnancy amounted to 23 day, in the intact group - 23-24 day
after conceiving. We were guided by the "European Convention for Working with
Experimental Animals", as well as scientific and practical recommendations for
keeping laboratory animals and working with them [14]. Brain tissue from
experimental animals of the 1st, 7th and 14th days of life after grinding in a drop of
2.5% glutaraldehyde in 0.1 M phosphate buffer with pH 7.4 were fixed in a similar
solution for 2 hours at t + 4C. After washing the fixing solution in phosphate buffer,
the material was treated for two hours in 1% OsO4 solution. Subsequently, the pieces
were dehydrated in an ascending battery of ethyl spirits up to 100% acetone with
additional contrasting for two hours with 2.5% uranyl acetate on 70% ethyl spirit;
pouring into the block was carried out by gradually soaking the tissue with a compound
of acetone and Epon (2: 1, 1: 1, 1 : 2) and poured into pure Epon. Epon polymerization
was carried out in two stages at 36 ° C (12 h) and 56 ° C (24 h).

Ultrathin (50-60 nm) sections were obtained on a PowerTome RMC Boeckeler
ultratome. Ultrathin sections were contrasted with lead citrate according to the E.
Reynolds method for 30 minutes at room temperature. Ultrathin sections were studied
in a PEM-100 electron microscope with an accelerating voltage 60 kV.

Results. The earliest changes were revealed in the synaptic apparatus in posterity
of female rats after PgE2 injection for labor induction. On the first day of life, the
neuropil of the hippocampal formation in the experimental group is characterized by
edema of astrocytic processes, pre- and postsynaptic processes, damage to the
mitochondrial apparatus, and intercellular edema. Changes in the presynaptic terminals
in the group of experimental animals include edema of the presynaptic endings,
aggregation of synaptic vesicles in the center of the presynaptic processes with their
distancing from the presynaptic membrane, swelling and destruction of mitochondria,
the appearance of large vacuoles in the presynaptic processes, perforations at the
contact points of pre- and postsynaptic seals.

Changes in the synaptic apparatus were combined with changes in other structural
components of the nervous tissue. Ultrastructural changes in oligodendroglia were
observed at all periods in the experimental group: hypertrophied, fragmented nuclei of
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oligodendrocytes, stratification of the myelin sheath of the axons of the hippocampal
formation.

The severity of ultrastructural changes in the neuropil is in direct proportion to the
severity of microcirculation disorders in the structures of the hippocampal formation.
In the brain of animals of the control group, the lumen of the capillaries and blood
vessels is smooth with tight intracellular contacts between endothelial cells. On the
contrary, in the brain of experimental rats, characteristic microvilli on the endothelial
surface, disruption of contacts between entothelial cells and fragmentation of the
cytoplasm of endothelial cells with the formation of villi in the lumen of the capillary
were found.

The study revealed changes in the CA1 and CA2 neurons of the hippocampus,
dentate gyrus and entorhinal cortex.

The images showed that the ultrastructure of mitochondria in the control group had
a clear structure of mitochondrial cristae, but the mitochondria of neurons in the
hippocampal formation of experimental animals became swollen, vacuolated with
rupture and destruction of the cristae.

In most cases, mitochondria had an irregular shape, and mitochondria with
damaged internal structures and a reduced number of cristae were observed.

Conclusions.

1. In posterity of female rats after receiving PgE2 for labour induction
microcirculatory changes are observed in the form of a violation of contacts between
entothelial cells and fragmentation of the cytoplasm of endothelial cells with the
formation of villi in the lumen of capillaries in the first two weeks of life;

2. In the experimental group of animals at all periods, changes in the synaptic
apparatus are observed: edema of the presynaptic endings, synaptic vesicles
aggregation in the center of the presynaptic processes with its distance from the
presynaptic membrane, swelling and destruction of mitochondria, the appearance of
large vacuoles in presynaptic processes, perforations at the sites of contact of pre- and
postsynaptic seals.

3. Oligodendroglia changes in experimental rats presented by hypertrophy,
fragmentation of oligodendrocyte nuclei, stratification of the myelin sheath of axons
on the 1st, 7th and 14th days of life in the CA1, CA2 and dentate gyrus regions.

4. In experimental rats in the CAl, CA2 regions and the dentate gyrus,
ultrastructural changes in neurons were observed on the 1st, 7th, and 14th days of life:
edema and vacuolization of mitochondria with rupture and destruction of cristae,
massive granular vesicles and microtubules formation, Golgi apparatus hypertrophy.
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