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Embryology is one of the most relevant and popular areas in medicine. Without exaggeration, it is one of the
most important branches of medicine and biology. Thanks to embryology, we can better understand the development
processes of organisms, the causes of birth defects, and the possibilities of treating infertility. Inmunohistochemical
methods have significantly improved the understanding of the mechanisms that control the differentiation of neu-
ral stem cells into neurons and glial cells, as well as the processes of targeted migration. The aim of the study - to
characterize the expression of monoclonal antibodies during the development of marginal and thoracic nuclei. 134
preparations of human embryos and fetuses aged from 6-7 to 39-40 weeks of intrauterine development were used,
which developed in the womb without the influence of harmful factors, both internal and external environment.
The research was conducted with the mothers’ written consent and in compliance with all ethical and deontological
norms. To perform immunohistochemical methods, monoclonal antibodies from the company “DacoCytomation”
(Denmark): vimentin, synaptophysin, Ki-67, CDX2, S-100 were used. As a result of the study, it became clear that the
expression of monoclonal antibodies is completely dependent on the processes inherent in each of the periods of
intrauterine development. Before the end of the period of intrauterine development, the expression of Ki-67 is weak,
and vimentin and CDX-2 are completely absent. Instead, the expression of S-100 and synaptophysin in the studied

nuclei is alternately relatively strong.
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Connection of the publication with planned re-
search works.

It is part of the research work of the National Piro-
gov Memorial Medical University, Vinnytsya, which was
carried out as part of the research works of the Human
Anatomy Department: “Establishment of morphological
changes in the formations of the human central ner-
vous system during the prenatal period of ontogenesis
(macroscopic, histological, morphometric and immu-
nohistochemical research)”, state registration number
0118U001043.

Introduction.

The central nervous system controls and coordinates
the activity of all body systems, ensuring the integration
of sensory information and the corresponding motor re-
actions of the human body. This is the dominant struc-
ture that ensures the harmonious functioning of the
human body as a single, integrated system [1].

The study of histogenesis and organogenesis is a key
point in understanding the mechanisms of birth defects.
Therefore, it is important for students, lecturers, scien-
tists and for the practicing medical community in general
to understand the stages of embryogenesis and histo-
genesis, including the mechanisms of the occurrence of
intrauterine malformations of the structures of the cen-
tral nervous system [2].

The spinal cord is a significantly important compo-
nent of the nervous system that provides transmission
and processing of information, regulation of movements,
and integration of sensory and motor signals. It plays a
leading role in harmonious intrauterine development, is
necessary for the coordinated work of the entire organ-
ism and maintenance of motor activity [3].

It is out of question that the spinal cord provides the
processing of sensory information, its transport to the
brain and the integration of sensory signals to ensure
adequate reactions and coordination of movements. Its
role in the integration of sensory and motor information

is the basis for the normal functioning of the nervous
system and ensuring adaptive responses to changes in
the environment [4].

Immunohistochemistry is a powerful tool both in sci-
entific research and in clinical diagnostics. Its use allows
obtaining detailed information about the expression and
localization of proteins, which is key to understanding
the pathogenesis and mechanisms of disease develop-
ment [5].

Despite a number of studies and the relevance of the
problem of formation of the structures of the central
nervous system. Most of the publications are outdated,
and the data obtained should be updated [6].

Why does the study of neurogenesis not lose its
relevance? Because the immunohistochemical method
expands our possibilities in the research field. Thus, we
have the opportunity to work in a new informative direc-
tion. Changes in technologies and equipment, increasing
opportunities and reliable results of scientific research
contribute to a deeper understanding of the processes
of embryogenesis, which has a great impact on both fun-
damental science and practical medicine [7].

The aim of the study.

To characterize the expression of monoclonal anti-
bodies during the development of marginal and thoracic
nuclei.

Object and research methods.

For this study, 134 preparations of human embryos
and fetuses aged from 6-7 to 39-40 weeks of intrauter-
ine development were used, which developed in the
womb without the influence of harmful factors, both in-
ternal and external environment. When conducting the
research, we performed everything according to “Obser-
vance of ethical and legislative norms and requirements
in the performance of scientific morphological studies”,
in addition, it was confirmed by the Commission on Bio-
medical Ethics of the National Pirogov Memorial Med-
ical University, Vinnytsya, Ukraine, an expert opinion
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was issued (minutes of the meeting of the Committee
of Bioethics of the M.l. Pirogov VNMU No. 10 dated
December 6, 2018). According to the 2017 agreement
between National Pirogov Memorial Medical University,
Vinnytsya and VPAB (Vinnytsya Pathological-Anatomical
Bureau), agreed on all points of joint scientific and prac-
tical activities with the further formation of protocols of
pathological examination in accordance with the form
No. 013-2/0 approved by the order of the Ministry of
Health of Ukraine dated 14.08.2004 No. 417. The local
bioethics committee confirmed the legality of all per-
formed procedures in accordance with international
norms and conventions.

Immunohistochemical methods were based on the
use of monoclonal antibodies from DacoCytomation
(Denmark): vimentin, synaptophysin, Ki-67, CDX2, S-100.
Vimentin and CDX2 were used to study the morphology
of radial glia; synaptophysin —a marker of nerve fibers,
synaptic connections and myelination processes; S-100
is a marker of astrocytic glia. Ki-67 is a nuclear non-his-
tone protein expressed in proliferating cells and is an
important link in the chain of cell proliferation mecha-
nisms.

Research results and their discussion.

In the period of 6-7 weeks of intrauterine develop-
ment, proliferation processes are actively taking place
in the dorsal neuroepithelium, therefore, the results
of the study on the Ki-67 protein expression in dif-
ferent parts of the spinal cord at this gestational peri-
od are different. The greatest proliferative activity of
neural stem cells was observed in the dorsal part of the
neuroepithelium, within the future posterior horns of
the cervical segments. We also note that proliferation
in the mantle layer of the posterior horns occurs only
in gliocytes, while neuroblasts continue to differentiate
(fig. 1). A strong expression of CDX-2 was found as well.
After studying the expression of synaptophysin, it be-
came clear that it is weakly expressed in the area of the
dorsal neuroepithelium.

At 8-9 weeks, high proliferative activity remained,
due to which Ki-67 expression is relatively most pro-
nounced in the cervical segments. As for vimentin, its
most pronounced expression is observed precisely at
the border of the posterior horns and posterior cords.
As for the expression of CDX-2, the same trend as in the
gestation period of 6-7 weeks is maintained. The expres-
sion of S-100 is characteristic of the basal membrane of
the neuroepithelial layer of the posterior horns.

In the period of 11-12 weeks of gestation, Ki-67 ex-
pression is most pronounced in the cervical and thorac-
ic segments. As for vimentin and S-100, the expression
characteristics are the same as at 8-9 weeks of gestation.
It should be noted that synaptophysin showed a strong
expression in the thoracic nucleus, and moderate ex-
pression in the peripheral nucleus.

At 14-15 weeks, Ki-67 expression indicators, in com-
parison with the previous weeks of gestation, decrease
and are weak. However, the relative highest activity is
observed in the posterior horns of the cervical and lum-
bar segments and was 13%. As for the expression of vi-
mentin in this area of the posterior horns, it is moderate,
while the expression of the protein S-100 is strong, and
CDX-2 is absent

The expression of synaptophysin corresponds to the
gestation period of 11-12 weeks (fig. 2).

Figure 1 — Intensity of proliferation in dorsal neuroepithelium in
cervical segments (6-7 weeks of intrauterine development). Ki-67.
Maghnification: x100.

At 20-21 weeks of gestation, Ki-67 expression in gen-
eral decreases compared to previous periods of gesta-
tion and amounts to 11%. If we give a description of the
spinal cord, it is relatively most pronounced in the cer-
vical and lumbar segments. As for vimentin and CDX-2,
there is no expression in the region of the thoracic and
marginal nuclei at this stage of gestation. The trend with
S-100 expression remains the same as at 14-15 weeks of
gestation. Synaptophysin expression is characterized by
a decrease in the thoracic nucleus and an increase in the
peripheral nucleus (fig. 3).

At 29-30 weeks, Ki-67 expression is weak in the area
of the posterior horns of the spinal cord segments. The
expression of vimentin and CDX-2 in the thoracic and
marginal nuclei is absent, while the expression of the
S-100 protein is strong in the middle part of the posterior
horns of the spinal cord segments, but less pronounced
in the area of the marginal nucleus. As for the expres-
sion of synaptophysin, it will be relatively moderate in
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Figure 2 — Posterior horns of the spinal cord at the level
of the cervical thickening (17-18 week of gestation).
Synaptophysin. Magnification: x40.

ISSN 2077-4214. Bichuk npo6nem 6ionorii i meguuunn — 2024 — Bun. 2 (173)/ Bulletin of problems in biology and medicine — 2024 - Issue 2 (173)

401



MOP®ONOrIA / MORPHOLOGY

the area of the thoracic nucleus, and within the border it
will increase and reach maximum values at 39-40 weeks.

Conclusions.

The most active proliferation occurred at 5-6 weeks
of gestation, strong expression of Ki-67 was detected in
92% of cells. Later, a gradual decrease in Ki-67 expres-
sion was observed. As for the expression of vimentin and
CDX-2, the highest indicators were established at the
end of the embryonic period, from the 14th to the 15th
week onwards, the expression in the area of the thoracic
and marginal nucleus is completely absent. A relatively
strong expression of synaptophysin in the thoracic nu-
cleus was noted at 12-13 weeks, and at 39-40 weeks in
the peripheral. Instead, a strong expression of S-100 was
detected starting from the 14-15th week of gestation in
the marginal nucleus, and at 29-30 weeks in the thoracic
nucleus.

Prospects for further research.

Neuroembryology and neuroanatomy are clearly

o promising directions and the obtained results are imple-
Figure 3 — Expression of synaptophysin in the thoracic and marginal mented both in the educational process and will be no

nuclei (20-21 weeks of gestation). . . RS o
Synaptophysin. Magnification: x40. less interesting for familiarization by practicing doctors.
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XAPAKTEPUCTUKA EKCMNPECIT MOHOKNOHA/IbHUX AHTUTIN B MNEPIOA, ®OPMYBAHHA KPANOBOIO TA
reryaHoro agep

Mpuxoapko C. O., LLKonbHikoB B. C., AnekceeHko H. C., 3aneBcbKuii /1. /1., AaHunesuny B. M.

Pestome. Bcmyn. He 3BaXKatoum Ha HU3KY NPOBeAEeHUX AOCAIAKEHD, BUBYEHHS BHYTPILUHbOYTPOOHOrO PO3BUTKY
CMUHHOIO MO3KY He BTpa4ae CBOEI akTyaibHOCTI. Lle ogHa i3 CTPYKTYp LieHTpabHOT HEPBOBOI CMCTEMU, LLLO 3abe3rne-
Yye B3aEMO3B’A30K CTPYKTYP IOACHKOIO OPraHiaMy i3 ronoBHMM MO3KOM, a TaKOXK 3abe3nevye nepesayy ycix Buais
YYT/IMBOCTI Ta PYXOBUX iMMy/bCiB. Kpim TOro 3’aBMIaca MOXKAMBICTb MOPIBHATM HELLOAaBHO OTPMMAHI AaHi i3 AaHuU-
MW LEeCATUPIYHOT JaBHUHM Ta BUKOHATM Yy NMOA4ANbLIOMY IMMBOKUIA aHani3. BUBYEHHS embpioreHesy f03BONAE ifeH-
TUOIKYBATU NPUYMHU Ta MEXAHI3MW BUHUKHEHHS BPOAMKEHUX BaZ, CMIMHHOIO MO3KY, L0 € BaXKAMBUM 418 PO3POOKM
MeTOZ,iB IXHbOT AiarHOCTUKM, NiKyBaHHA Ta NPodinakTUUHUX 3axoais. OAHO3HAYHO, OTPUMAHI Pe3yNbTaTh CTaHyTb B
Harofi He MwWe B HAaBYaNbHUX 3aKnagax, ane i byayTb CTaHOBUTM HAYKOBY LLiHHICTb 1A NPAKTUKYOUYMX NiKapiB y
AiarHOCTMYHINM cdepi. IMyHOricToXimivyHi MeToau NociAaoTb BaXKAUBY PO/b, € BaXKIMBMMU 414 NPOrpecy B MeAnUMHiI
Ta b6iosiorii, OCKiNIbKM 4,03BONAOTL A0CAIAHUKAM TOYHO i cneumdiyHO BUBYATM 3MiHM B TKAHUHAX.

06’ekm i MmemoOu docnidxceHHsA. JocniaxeHo 134 npenapaTtin embpioHiB Ta NaoAiB At0AMHM BiKOM Big, 6-7 0
39-40 TUMKHIB BHYTPILUHbOYTPOBHOIO PO3BUTKY, BUKOPUCTOBYOUM IMYHOTICTOXIMIYHMIA MeTod. AN AOCNiAMKEeHHS
6yno o0bpaHO MOHOKNOHANbHUX aHTUTIN dipmu «DacoCytomation» (Denmark): BimeHTUH, cuHanTodisuH, Ki-67,
CDX2, S-100.

Pe3yabmamu. 5-6 TUXAEHDb recTauii XapaKTepU3yeTbCA aKTUBHUMM Npouecamu nponidepalii, came Tomy cno-
cTepiranacb cunbHa ekcnpecis Ki-67. Hagani, noctynoso npouecu nponidepadii 3racatoTb, WO NPSAMONPONopLii-
HO cnocTepiraetbea i Ha ekcnpecii Ki-67. Woao S-100, To B embpioHaibHWUI Nepiog eKkcrpecia cabKo BUpPaXKeHa i
NOYMHAE HAPOCTATU Ta BiA3HAYAETbCA, AK CUAbHA 3 14-15 TMKHA recTauii. Loao BimeHTMHY Ta CDX-2, TO AnA HUX
XapaKTepHa CU/ibHa eKcnpecis B KiHLi embpioHanbHOro nepioay.

BucHosKu. Ha oCcHOBI pe3ynbTaTiB iMYHOTICTOXiIMIYHMX METOAIB BUABAEHO, LLLO A0 3aKiHYEHHA nepioay BHyTpiLl-
HbOYTPOHHOro po3BUTKY eKkcnpecis Ki-67 € cnabkoto, a BimeHTUHY Ta CDX-2 B3arani BigcyTHA. HaTomicTb ekcnpecin
S-100 Ta cMHanTodi3nHY B AOCAIAKYBaAHMX A4paX NOYEProBo BiAHOCHO CU/IbHA.

Kntouosi cnoBa: LeHTpasbHa HEPBOBA CUCTEMA, CMIMHHUIA MO3OK, Cipa PeYoBMHA, BHYTPILLHbOYTPOOHUI pO3BU-
TOK, HEMPOH.
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CHARACTERISTICS OF THE EXPRESSION OF MONOCLONAL ANTIBODIES DURING THE PERIOD OF THE MARGINAL
AND THORACIC NUCLEI FORMATION

Prykhodko S. O., Shkolnikov V. S., Aleksyeyenko N. S., Zalevskiy L. L., Danylevych V. P.

Abstract. Introduction. Despite the number of conducted studies, the study of intrauterine development of the
spinal cord does not lose its relevance. It is one of the structures of the central nervous system, which ensures the
interconnection of the structures of the human body with the brain. Also, it provides the transmission of all types of
sensitivity and motor impulses. In addition, there was an opportunity to compare recently obtained data with data
from ten years ago and perform further in-depth analysis. The study of embryogenesis makes it possible to identify
the causes and mechanisms of birth defects of the spinal cord, which is important for the development of their
diagnosis, treatment and preventive measures methods. Immunohistochemical methods play the main role, and
are important for progress in medicine and biology, as they allow researchers to accurately and specifically study
changes in tissues.

Object and research methods. 134 preparations of human embryos and fetuses aged from 6-7 to 39-40 weeks of
intrauterine development were studied using the immunohistochemical method. Monoclonal antibodies from the
company “DacoCytomation” (Denmark) were chosen for the study: vimentin, synaptophysin, Ki-67, CDX2, S-100.

The results. The 5-6th week of gestation is characterized by active proliferation processes, which is why a strong
expression of Ki-67 was observed. In the future, the proliferation processes gradually fade away, which is directly
proportional to the expression of Ki-67. As for S-100, in the embryonic period the expression is weakly expressed
and begins to increase and is noted as strong from the 14-15th week of gestation. As for vimentin and CDX-2, they
are characterized by strong expression at the end of the embryonic period.

Conclusions. Based on the results of immunohistochemical methods, it was found that before the end of the
period of intrauterine development, the expression of Ki-67 is weak, and vimentin and CDX-2 are completely absent.
Instead, the expression of S-100 and synaptophysin in the studied nuclei is alternately relatively strong.

Key words: central nervous system, spinal cord, gray matter, intrauterine development, neuron.
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The article presents the anatomical variations of the blood vessels supplying the muscles that are clinically im-
portant for the safe performance of surgical procedures such as skin-muscle flap reconstruction. Because much of
the discussion revolves around the arterial anatomy of muscles, venous drainage is often overlooked. However, a
possible cause of flap loss may be impaired venous drainage. Purpose: to consider the anatomical variants of branch-
ing of the vessels of the subclavian artery and to investigate the peculiarities of the blood supply of the skin part of
the skin-muscle flap of the sternocleidomastoid muscle in the experiment. It was established that the anatomical
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