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Summary

One of the urgent tasks of modern medicine is the prevention of brain damage during the human fetal period and the creation
of conditions that ensure proper brain development.

Objective of the research. To find out the features of the early morphogenesis of the central nervous system in the embryonic
and early pre-fetal periods of human ontogenesis.

Methods. The study of the early stages of the formation of the brain and spinal cord was carried out on 14 embryos and
12 human fetuses with 4.5-20.0 mm parietal-caudal length (PCL) by the methods of microscopy, three-dimensional computer
reconstruction, morphometry, and statistical processing of digital data.

The investigations were performed keeping to the major regulations of the Resolution of the First National Congress on
Bioethics «General Ethic Principles of Experiments on Animals» (2001), ICH GCP (1996), the European Union Convention
on Human Rights and Biomedicine (04.04.1997), and the European Convention for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes (18.03.1986), the Declaration of Helsinki on Ethical Principles for Medical
Research Involving Human Subjects (1964-2008), EU Directives Ne 609 (24.11.1986), the Orders of the Ministry of Health of
Ukraine Ne 690 dated 23.09.2009, N 944 dated 14.12.2009, M2 616 dated 03.08.2012.

The work is carried out within the framework of the initiative research work of the Department of Histology, Cytology and
Embryology of Institution of the Bukovinian State Medical University «Structural and functional peculiarities of tissues and
organs in ontogenesis, regularities of variant, constitutional, sex-, age-related and comparative human morphology». State
registration number: 0121U110121. Terms of execution: 01.2021-12.2025.

Results. There is a close relationship between the development of the cerebral cavity, in particular, its ventricles, and the
morphogenesis of the corresponding parts of the brain. In the process of complications in the structure of the ventricles of the
brain, namely during the formation of the vascular plexus, disturbances can occur, which cause defects in the subsequent stages
of ontogenesis. On the basis of the above, this period (the 6th week of embryonic development) can be classified as critical.

Conclusion. In embryos of 6.0-8.0 mm PCL, the formation of primitive, without the formation of corresponding parts, lateral
ventricles and the third ventricle of approximately elliptical shape is determined. In embryos of 9.0-12.0 mm PCL, the contours
of the medulla oblongata are defined, which is a continuation of the spinal cord, the central channel of which forms the cavity
of the fourth ventricle in the shape of a diamond. At the end of the embryonic period (embryos 12.0-13.5 mm PCL), accelerated
development of the terminal and hindbrain is observed, which leads to a change in the configuration of the brain cavity, in
which the anterior and lower horns of the lateral ventricles can be distinguished. At 16.0-18.0 mm PCL of human fetuses, the
formation of the cerebral vascular plexus begins, which is represented by insignificant folds with barely noticeable protrusions

on the ependymal membrane of the brain cavity.
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Introduction

It is known that the quality of future life depends
on the correct formation of organs and systems. The
processes of the birth of a new life and the peculiarities
of the development of the embryo and fetus have always
attracted the attention of anatomists, since it is obvious
that in this prenatal period, which is hidden from the eyes,
very important processes of morphogenesis of tissues
and organs take place [1]. Difficulties in studying the
characteristics of embryo and fetogenesis — the intimate
aspects of the birth of a new life and the taboo of using the
human being as an «experimental» model have hindered
the acquisition of comprehensive information about the
prenatal ontogenesis of a person [2]. As a result, there
are a number of gaps in human embryology and fetal
anatomy that have been attempted to be filled by research
on laboratory animals [3-5].

Without a detailed study of the correct development of
the fetus, without knowledge of neurogenesis, conditions
and causes of intrauterine developmental disorders,

prevention and correction of birth defects is impossible
[6-8]. The study of the characteristics of the sources and
the chronological sequence of the formation of the central
nervous system, which regulates the development of the
child’s body in normal conditions, is especially valuable
and necessary for the understanding of all complex
physiological processes in the body. The life and health of
a person from the moment of his birth are connected with
the external, constantly changing environment and with
those physiological reactions of the internal environment,
which are considered normal during the correct prenatal
development of a person. The problem of the influence of
harmful factors on the development of the brain and spinal
cord cannot be solved without simultaneously studying the
principles and patterns of brain development [9]. One of the
urgent tasks of modern medicine is the prevention of brain
damage during the fetal period of a person and the creation
of conditions that ensure proper brain development [10,
11]. At the same time, the conscious management of the
process of brain development requires the study of the main
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stages of transformation of the external form and internal
structure of the brain. From the point of view of chemical
composition and structure, the brain is the most complex
organic formation [12, 13]. Each stage of prenatal human
neuroontogenesis is characterized by its own specific
structural and functional features of brain and spinal cord
development [14].

The purpose of the study. To find out the features
of the early morphogenesis of the central nervous system
in the embryonic and early pre-fetal periods of human
ontogenesis.

Material and methods

The study of the early stages of the formation of the
brain and spinal cord was carried out on 14 embryos and
12 human pre-fetuses of 4.5-20.0 mm parietal-coccigeal
length (PCL) by the methods of microscopy, three-
dimensional computer reconstruction, morphometry, and
statistical processing of digital data.

The investigations were performed keeping to the major
regulations of the Resolution of the First National Congress
on Bioethics «General Ethic Principles of Experiments
on Animals» (2001), ICH GCP (1996), the European
Union Convention on Human Rights and Biomedicine
(04.04.1997), and the European Convention for the
Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (18.03.1986), the Declaration

of Helsinki on Ethical Principles for Medical Research
Involving Human Subjects (1964-2008), EU Directives
Ne 609 (24.11.1986), the Orders of the Ministry of Health of
Ukraine Ne 690 dated 23.09.2009, Ne 944 dated 14.12.20009,
Ne 616 dated 03.08.2012.

The work is carried out within the framework
of the initiative research work of the Department of
Histology, Cytology and Embryology of Institution of
the Bukovinian State Medical University «Structural
and functional peculiarities of tissues and organs in
ontogenesis, regularities of variant, constitutional, sex-,
age-related and comparative human morphology». State
registration number: 0121U110121. Terms of execution:
01.2021-12.2025.

Research results and their discussion

In the 3rd week of intrauterine development, the
source of the nervous system takes place, which initially
has the appearance of a plate located on the dorsal side of
the embryo. As a result of the growth of the edges of the
neural plate, a groove is formed, then its edges close, and
the groove turns into a neural tube. Later, at the anterior
end of the neural tube, bulges with cavities appear one after
another — vesicles of the brain. It is known that in the later
stages of intrauterine development the anterior and posterior
cerebral vesicles divide into two each, and five cerebral
vesicles are formed. The spinal cord is formed from the part
of the neural tube located behind the fifth medulla. (Fig. 1).

Figure. 1. Sagittal section of a human embryo 4.5 mm PCL (hematoxylin and eosin).
Photo of the microspecimen. Magn. x80:

1 — intermediate brain; 2 — midbrain; 3 — hindbrain; 4 — spinal cord; 5 — terminal brain (neuroectoderm of the otic placode);
6 — heart; 7 — mandibular process of the first pharingeal arch; 8 — maxillary process of the first pharingeal arch; 9 — rudiment

of the spinal column.

It should be noted that in embryos of 4,5-5,0 mm CPL
the walls of the cavities of the brain vesicles consist of
two layers: the inner —ependymal layer and the outer—an
insignificant layer of connective tissue. Lateral ventricles,
as anatomical formations of the terminal brain, are not
detected at this stage of embryonic development. In
embryos of 6.0-7.0 mm CPL, telencephalic vesicles are
formed from the lateral projections of the anterior brain
vesicle, from which the hemispheres of the terminal brain
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will develop in the future (Fig. 2). The cavities of the
telencephalic vesicles are approximately crescent-shaped.
In the middle sections, they are widely connected both
with each other and with the dorsal part of the cavity of
the anterior vesicle of the brain, which later becomes the
third ventricle. Note that this stage of embryogenesis
begins with the gradual transformation of this extremely
simple structure into a complex system that is the lateral
ventricle.
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Figure 2. Three-dimensional computer reconstruction of the cranial half of the human embryo
4.5 mm PCL. Left lateral projection. Magn. x80.

1 — intermediate brain; 2 — terminal brain; 3 — middle brain; 4 — posterior brain; 5 — spinal cord; 6 — heart; 7 — otic placode;
8 — dorsal arta; 9 — posterior cardinal vein; 10 — the cavity of the foregut.

In embryos of 6.0-8.0 mm PCL, due to the formation
of the orbit, the terminal and intermediate medulla are
demarcated, the development of the third ventricle begins,
and the formation of interventricular openings connecting
the third and lateral ventricles is observed. As a result
of thickening of the lateral walls of the diencephalon,
the cavity of the third ventricle acquires a goblet shape.
This thickening is the beginning of the formation of the
thalamus. In embryos of 6.0-8.0 mm PCL, due to the
formation of the orbit, the terminal and intermediate
medulla are demarcated, the development of the third
ventricle begins, and the formation of interventricular
openings connecting the third and lateral ventricles is
observed. As a result of thickening of the lateral walls of
the diencephalon, the cavity of the third ventricle acquires

a goblet shape. This thickening is the beginning of the
formation of the thalamus.

In embryos of 9.0-10.0 mm PCL, the third ventricle
has an elliptical shape, its longitudinal size is 1.4+0.1 mm,
transverse —0.2+0.06 mm.

In embryos of 9.0-12.0 mm PCL the contours of the
medulla oblongata, which is a continuation of the spinal
cord, are determined (Fig. 3). At the same time, the central
canal of the spinal cord forms the cavity of the fourth
ventricle, which has the shape of a rhombus. The dorsal
wall of the hindbrain is thin and consists of a single layer of
ependymal cells. The lateral parts of the hindbrain thicken
and give rise to the cerebellar plate. The ventral parts of
the hindbrain grow to form the pons and middle cerebellar
peduncles.

Figure. 3. Sagittal section of embryo 10.0 mm PCL (hematoxylin and eosin).
Photo of the microspecimen. Magn.x80:

1 — medulla oblongata; 2 — rudiment of the spinal cord; 3 — cavity of the fourth ventricle; 4 — rudiment of the choroid,

5 — rudiment of the dura mater.
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In embryos with 11.0-13.0 mm PCL, the cavity of the third
ventricle narrows and gradually acquires a diamond shape.
The longitudinal size of the third ventricle is 1.84#0.4 mm and
the transverse size is 0.3+0.05 mm. Interventricular foramina
decrease in diameter. The length of the plate of the roof of
the diencephalon is 3.4+£0.5 mm, its width in the anterior
part is 0.5+0.1 mm and in the posterior part—0.2+0.01 mm,
the thickness of the plate reaches 6.0+1.5 mm. During this
period the vascular plexus of the third ventricle is formed.

There is a close relationship between the development
of the cerebral cavity, especially its ventricles, and the
morphogenesis of the corresponding parts of the brain. In
the process of complication of the structure of the ventricles
of the brain, namely, during the formation of the vascular
plexus, disturbances can occur, which cause the appearance
of defects in the subsequent stages of ontogenesis. On the
basis of the above, this period (the 6th week of embryonic
development) can be classified as critical.

At the end of the embryonic period, accelerated
development of the terminal and hindbrain is noted, which
leads to rapid differentiation of parts of the brain and their
cavities, and slowed growth of the midbrain. The formation
of the lateral ventricles occurs under the direct influence
of the development of the hemispheres themselves and the
differentiation of their internal structures.

In fetuses of 11.5-15.0 mm PCL, a protrusion appears
on the ventral wall of the lateral ventricle, represented by
the rudiment of the striatum. An important component of the
lateral ventricles is the vascular plexus, which appears as an
intussusception of the medial ventricular wall in the form of
a barely noticeable fold (Figs. 4, 5). In fetuses with a PCL of
18.0-20.0 mm, this fold is located dorsal to the level of the
interventricular septum and is attached to the medial wall of
the lateral ventricle along its entire length. At the periphery
of the plexus, single fold projections are observed, which are
the beginning of the further branched structure of the plexus.

Figure 4. Sagittal section of an embryo of 11.5 mm PCL (hematoxylin and eosin).
Photo of the microspecimen. Magn. x80:

1 —vascular plexus of the lateral ventricle; 2 — rudiment of the striatum; 3 — right lateral ventricle; 4 — the rudiment of the cerebral

plate of the hemispheres of the terminal brain.

In fetuses with a PCL of 16.0-18.0 mm, a vascular plexus
begins in the area of the dorsal wall of the fourth ventricle in
the form of a strip running along the upper wall and facing the
ventricular cavity. The length of the stripe reaches 1.8 mm, the
width is 40.0-42.0 um. The plexus is a series of closely spaced
tubercles with a height of 34.0-38.0 um. In the examined
fetuses the cerebellum is represented only by a thin plate, which
closes behind the cavity of the fourth ventricle in its rostral part.

In fetuses with a PCL of 17.0-19.0 mm, the forebrain
approaches the ventral surface of the rhomboid brain due
to the curvature of the brain tube. The third ventricle has
a rhomboid shape, its length is 3.0£0.5 mm and its width is
0.5£0.04 mm. In the central part of the diencephalic roof,
behind the choroid plexus, the source of the pineal gland
appears in the form of a small prominence in which a small
cavity is defined. In the course of development, the pineal
gland gradually shifts dorsally and only at the beginning of
the pre-fetal period becomes a component of the posterior
wall of the third ventricle.
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The smallest changes in this period of development
in comparison with other cerebral vesicles occur in the
midbrain. It should be noted that the cavity of the midbrain
gradually narrows due to the thickening of its ventral and
lateral walls, and in pre-fetuses 19.0-20.0 mm PCL turns
into the cerebral aqueduct connecting the cavity of the
third ventricle with the cavity of the fourth ventricle. The
cerebellum develops from the thickenings of the dorsolateral
edges of the rhomboid brain at the point where they converge
and enter the isthmus separating the rhomboid brain from
the midbrain. Between these thickenings is a thin roof plate
that forms the upper wall of the fourth ventricle.

Our research on the early formation of primitive lateral
and third ventricles correlates with modern understanding of
central nervous system development. Studies emphasize that
at this time the telencephalon forms and the lateral ventricles
appear as hollow spaces that are still largely undifferentiated
[15-17]. This primitive state is a foundational stage for later
complex brain structures.
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Figure. 5. Sagittal section of the pre-fetus 15.0 mm PCL (hematoxylin and eosin).
Photo of the microspecimen. Magn. x80:

1 — striated body; 2 — cerebral ventral plate of the terminal brain; 3 — cerebral lateral plate of the diencephalon; 4 — cerebral
ventral plate of the rhomboid brain; 5 — vascular membrane of the brain.

The development of the medulla oblongata and the
formation of the fourth ventricle, described as a rhomboid
shape, mirrors descriptions of how the neural tube expands
to form specific brain regions, such as the hindbrain [18]. At
this stage, the medulla begins to clearly differentiate from
the spinal cord, and the central canal forms the primitive
fourth ventricle [19-20].

The accelerated growth of the forebrain and hindbrain,
leading to structural changes in the ventricular cavities, is
well documented in neuroembryology. Research suggests
that the lateral ventricles begin to form horns (anterior
and inferior) as the forebrain expands, consistent with our
observation [21-23].

Our data on the initiation of choroid plexus formation
are consistent with studies showing that during this stage,
small folds and protrusions in the ependymal lining begin to
produce cerebrospinal fluid [24]. The early formation of the
choroid plexus is critical for regulating the fluid environment
of the brain [25-27].

Overall, our results are consistent with current research
showing a clear progression from primitive ventricular

References:

formation to the development of the choroid plexus, which
is critical for central nervous system structure and function.

Conclusions

1. In embryos of 6.0-8.0 mm PCL, the development
of primitive, without the formation of corresponding parts,
lateral ventricles, and the third ventricle of an approximate
elliptical shape is determined.

2. Inembryos of 9.0-12.0 mm PCL, the contours of the
medulla oblongata are determined, which is a continuation
of the spinal cord, the central channel of which forms the
cavity of the fourth ventricle in the shape of a diamond.

3. At the end of the embryonic period (embryos
12.0-13.5 mm PCL), accelerated development of the
terminal and hindbrain is observed, which leads to a change
in the configuration of the brain cavity, in which the anterior
and lower horns of the lateral ventricles can be distinguished.

4. In human pre-fetuses of 16.0-18.0 mm PCL, the
formation of the vascular plexus of the brain begins,
which is represented by minor folds with barely noticeable
protrusions on the ependymal membrane of the brain cavity.
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OCOBJUBOCTI PAHHBOI'O MOP®OT'EHE3Y HEHTPAJIBHOI HEPBOBOi CUCTEMH
T. B. Xmapa, O. B. Hueuxano, 1. 1. 3amopcokuii, T. B. Ilanvkis, T. C. Komwyk, O. B. Cmemaniox

BykoBHHCBHKHIi Nep:kaBHMII MeIUYHUIT YHiBepcuTeT
(M. YepHiBui, Ykpaina)

Pesrome.

OnHMM i3 aKTyalbHHX 3aBJIaHb CyYacHOI MEHUIIIHY € 3aM00iraHHs YIIKO/PKCHHSIM MO3KY IIiJl 9ac BHYTPIITHBOyTPOOHOTO Iepioy
JIIOZIVHH Ta CTBOPEHHS YMOB, 10 3a0€311euyIOTh IPAaBUIBHUI PO3BUTOK MO3KY.

Merta nocaigkenHsi. 3’aCyBaTi 0COOIMBOCTI paHHEOTO MOP(OTeHEe3y IEHTPAITLHOT HEPBOBOI CHCTEMH B 3apPOAKOBOMY Ta HA TIOYATKY
TIePE/IIIOIOBOTO TEPi0/IiB OHTOTEHE3Y JIFOANHH.

MaTepiaJI i MeToaM nocnimKenHs. JlocmikeHHs paHHIX eTariB (OpMyBaHHS TOJOBHOTO Ta CITMHHOTO MO3KY MPOBEJICHO Ha
14 3aponxax ta 12 nepemmionax momuau 4,5-20,0 MM tim’stHO-KyipukoBoi gosxkuan (TK]) MeTomaMu MiKpOCKOIIii, TPHBUMIPHOTO
KOMIT IOTEPHOTO PEKOHCTPYIOBaHHST, MOp(OMETPIi Ta CTaTHCTHYHOT 00pOOKH U(PPOBUX NaHUX. Jl0CITiIKEHHS POBOAMIIOCS BiIIOBITHO
JI0 OCHOBHUX TT0JI0’keHb Pesomomii [lepmroro HamionansHOro KOHTpecy 3 6ioeTHkn «3araiabHi eTHYHI IPUHIMITHN €KCIIEPUMEHTIB Ha
tBapuHax» (2001), ICH GCP (1996), KoupeHuii €Bporneiicbkoro Coro3y npo npasa qoauHu Ta 6iomeauuuny (1997), a takox I'enb-
CIHCBKOT JieKiapariii mpo eTH4Hi IPUHIUITK MEANYHNX JOCII/DKEHb i3 3amydeHHsM Jitoneii (1964-2008), upektus €C Ne 609 (1986),
Haxazie MO3 Ykpaiau Ne 690 Bix 23.09.2009, Ne 944 Bix 14.12.2009, Ne 616 Bin 03.08.2012. PoboTa BUKOHYETHCS B paMKax iHIIIaTHB-
HO{ HayKOBO-JIOCIITHOT poOOTH KadeIpH TiCTONOTIT, TUTONOTI] Ta eMOpioiorii ByKOBUHCEKOTO Iep»KaBHOTO MEIHMYHOTO YHIBEPCUTETY
«CTpyKTypHO-(yHKIIOHATEHI 0COONMBOCTI TKAHHH 1 OpTaHiB B OHTOTEHE31, 3aKOHOMIPHOCTI BapiaHTHOT, KOHCTUTYIIHHOI, CTaTeBO-BiKOBOT
Ta MOpiBHUILHOT Mopdomorii roauHm». [lepxaBHuii peectpaniitanii Homep: 0121U110121. Tepminu BukoHanHns: 01.2021-12.2025.

Pesynsrarn. CrioctepiraeThes TICHUH B3a€MO3B’ 30K MIXK PO3BHTKOM ITOPOKHUHH TOJIOBHOTO MO3KY, 30KpeMa HOro IIUTyHOUKIB, Ta
MopdoreHe30M BiIIOBITHIX YaCTUH MO3KY. B mpomeci yckmagHeHHs OyI0BH NITyHOUKIB TOJIOBHOTO MO3KY, @ CaMe B Iepio]] yTBOPCHHS
CYAWHHOTO CIUICTEHHSI, MOXKYTh BiJJOYBaTHCS TIOPYIICHHS, SIKi CIIPUYNHSAIOTH BHHUKHEHHS BaJl Ha MOAANBIINX eTarnax oHToreHesy. Ha
MMiJICTaBi BHIIIE 3a3HAYEHOTO 1€l repios (6-# THXIeHs eMOPIOHAIBHOTO PO3BUTKY) MOYKHA BIJIHECTH 0 KPUTHIHUX.
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Bucnoku. ¥ 3aposnxkis 6,0-8,0 mm TK]] Bu3HauaeThest popMyBaHHSI IPHUMITHBHHX, 0€3 yTBOPEHHS BIIMOBIIHUX YaCTHH, O19HHX
IITYHOUKIB Ta TPETHOTO IIUTYHOUKa HaOIMkeHO] ernincononionoi gpopmu. Y 3aponkis 9,0-12,0 mm TK/] BU3HauaroThCsl KOHTYPH J1OBra-
CTOTO MO3KY, IIIO € TIPOJIOBKEHHSIM CITHHHOTO MO3KY, [IEHTPaIbHUI KaHAI SIKOTO YTBOPIOE MOPOXKHUHY Y€TBEPTOTO IIUTYHOUKA y (hopmi
pomba. HarpuikiHii 3apozikoBoro repiony (3apoaku 12,0-13,5 mm TK]T) criocTepiraeThbest PHCKOPEHHI PO3BUTOK KiHI[EBOTO Ta 38 IHHOTO
MO3KY, III0 IPU3BOJMUTE JI0 3MIHH KOH(Irypamnii HOpO)KHIHH FOJIOBHOTO MO3KY, B SIKilf MO)KHA BUIUTUTH TIEPEIHIN Ta HIDKHIHN porn 6i9HIX
nuTyHOUKiB. Y mepemionis rroxuan 16,0-18,0 mm TK/] 3amouarkoByeThest GOpMyBaHHS CYMHHOTO CIUIETCHHS TOJIOBHOTO MO3KY, SIKE
MIpe/ICTaBIICHe He3HAYHIMHU CKJIAQJIKaMU 3 JIeb IIOMITHUMHU BUIIMHAMH Ha eIeHIMMHIH 000JI0HIII MO3KOBOT HOPOXKHUHU.

Ku1ro4oBi cj10Ba: nenrpansna HepsoBa crcTeMa; FONOBHUI MO30K; CIMHHUH MO30K; PO3BUTOK; 3apOJIOK; MIEPE/ITLITiL, TOIMHA.
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