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The issues of salivary gland embryogenesis and perinatal diagnosis are poorly understood and ambiguous. Clarifying the features of the laying,
development and formation of the topography of the salivary glands in the prenatal period of ontogenesis is important for a holistic understanding of
the structural and functional organization of the salivary apparatus and the oral cavity, the interaction of organs and structures of the oral cavity.

Aim — to study the basic morphological processes of embryogenesis of the major human salivary glands, including the formation of rudiments of
secretory and non-secretory acinar glands to assess the immune functions of the fetus and newborn.

Materials and methods. Material for the study of human salivary gland development in the prenatal period was obtained at the Ternopil Regional
Pathological Bureau. The collected samples were fixed in 10% neutral formalin solution. From paraffin and epoxy blocks, we received thin slices. From
epoxy blocks — cuts, painted with toluidine blue. On paraffin sections, general histological colorings were performed with hematoxylin-eosin, shik-
alcian blue, shik-Alzianium blue + Bergan, immunohistochemical studies with grades CX-34, VEGF, and electron-microscopic studies.

Results. In the first stage of embryogenesis, the primary oral fossa was covered by a cuticle of peripheral epithelium. The determination of its im-
munohistochemical characteristics showed that it contained two varieties of epithelial cells that synthesize keratogialin. The germ of the salivary gland
was formed as a result of the growth of the cuticular epithelium in the subjective mesenchyme. The immunohistochemical reaction to VEGF has shown
that epithelial rudiments of mesenchyme gave enhanced expression of the marker. There was a phenomenon of vegetation because of the germic
factor VEGF presence — the growth of the epithelium in subjective mesenchyme with the formation of primary excretory ducts. The third stage of
gland embryogenesis was characterized by the appearance of inserted sections, as well as cross-strapped ducts, which had cells with Bergman-
positive grains that formed the APUD system. The fourth stage was characterized by the formation of acinus rudiments, the epithelial cells of which
had a shik-positive cytoplasm and a rounded nucleus, indicating a high synthetic activity of the cells.

Conclusion. The morphological study of large salivary glands during embryogenesis showed the stereotypical stages of morphogenesis: formation
of a cuticle-peridermal epithelium in the primary oral fossa; its epithelial ingrowth into the underlying mesenchyme; formation of intercalated and stri-
ated ducts; formation of rudiments of secretive and non-secretive acinus glands.

The research was carried out in accordance with the principles of the Declaration of Helsinki. The study protocol was approved by the Local Bioethics
Commission of an institution. For each fetus, informed consent from the mother to participate in the study was obtained.

The authors declare no conflict of interest.

Keywords: perinatal immunology, embryogenesis, salivary glands.

Tonorpacis BeNMKUX CIMHHUX 3a/103 Y NpeHaTa/lbHOMY nepiofi OHToreHesy NIANHN
H.O. lreBkantok., H.l. Cugnspyk, O.I1. BeHrep, M.C. Mucyna

TepHONINbCbKMIA HaLIOHaNBHWUIA MeanyHIiA yHIBEpCUTET IMeHI 1.9, Top6ayeBCHKOro, YkpaiHa

[UTaHHA eMOpioreHesy CANHHUX 33103 Ta NePUHATaNbHO! AIarHOCTVKM € Mano BUBYEHUMM T8 HEOAHO3HAUYHMMM. 3'GCyBaHHA OCOOMBOCTEN
3aK1aaKN, PO3BUTKY | CTAHOBIEHHA TONOrPadil CANHHKX 387103 Y NPEHaTalbHOMY NePIol OHTOreHes3y Mac BaX/1MBe 3Ha4YeHHd A4 LIJTICHOro
DO3YMIHHA CTRYKTYPHO-(DYHKLIOHATbHO! Opranisauil CIMHOBUAIIBHOTO anapaty Ta POTOBOI MOPOXHWUHY, B3AEMO/IT OPraHiB Ta CTRYKTYD NMOPOXHVHN
porTa.

Merta — B1BYMTI OCHOBHI MOPMONOTIHUHI NpOLLeCH eMOpIOreHesy BeNMKUX C/IMHHWUX 387103 NIOANHN, POPMYBAHHSA 3a4aTKIB CEKPETHUX | HECEKPETHNX
AUMHYCHMX 3@N103 /15 OLIHKW IMYHHVX (DYHKLIA N10Aa | HOBOHAPOKEHOT ANTUHW.

Marepianu i metopgn. Matepian Ang AOCNIIKEHHA DO3BUTKY CVHHNX 38103 /HOANHN Y BHYTPILHBOYTPOOHOMY nepiodi Oy10 OTpYMaHo
B TepHoninbCbkoMy 061acHOMY NaTonoroaHaToMiuHoMy 61opo. BiaiGpaHri 3pa3kn tikcysanm 8 10% po3uviHi HeliTpanbHoro hopmaniHy. 3 napadiHoBMx
I enokcuaHnx 610KiB M OTPUMaIV TOHKI 3Pi3n. 3 enokcuaHmx 610KIB — BMPI3K, nodap6oBaHi ToNyiarHOBOIO CMHBLKOO. Ha napadiHoBmMx 3pisax
NPOBOAWV 3arajibHe TCTONorivHe PapOyBaHHA reMaTOKCUNIH-€03MHOM, WINK-aMbLUiaHOBUM CUHIM, LWWK-anbliaHOBMUM CUHIM + bepraHa,
IMyHOTICTOXIMIYHI AocniakeHHs knacy CX-34, VEGF Ta eneKTpoHHO-MIKDOCKOMIYHI AOCAIAXEHHS.

Pe3ynbratn. Ha nepliomy etani emopioreHesy nepBrnHHa POTOBa AMKa Oy/1a BKPUTa KYTUKYIO0 NepudepnyHoro enitenito. BnsHauesHs noro
IMYHOTICTOXIMIYHIX XapaKTepUCTVK NoKas3aso, Wo BiH MICTUTL ABa PISHOBKAW eniTenianbHuX KNITWH, SKi CMHTe3YI0Tb kepaToriaiH. 3a4aTok CIMHHOT
3a1031 YTBOPMBCH BHACIAOK NMPOPOCTAHHA KYTHUKYADHOIO enitTenito B Cy0'eKTUBHY Me3eHxiMy. IMyHOriCTOXiMIYHa peakuia Ha VEGF nokasana, Lo
enitenianobHi 3a4aTky Me3eHxXiMy 3abe3neuyBasiv NMoCUIeHY ekCnpecito Mmapkepa. [TpocTexyBaBcd (heHoMeH BereTaull BHaCNA0K HAABHOCTI
repmiHanbHoro aktopa VEGF — po3pocTtanHs enitenito cy6 eKTUBHOI Me3eHXIMM 3 YTBOPEHHAM NePBUHHUX BUBIAHWX NPOTOK. TpeTilt eTan
eMOpioreHesy 3a/103 XxapakTepn3yBaBCd NOABOIO BCTABHMX [AITAHOK, @ TaKOX nepenieTeHNX NPOTOK, AKI Manu KNiTuHW 3 beprmaH-no3nTnsH1Mm
3epHamu, LWo yreoptoBanu cucteMmy APUD. YetsepTa CTafid xapakTepr3yBanaca yTBOPEHHAM 3a4aTKiB auUnHyCiB, enitenianbHi KAITUHY AKX Mann
LUMK-NO3UTUBHY LMTOMNA3My Ta OKPYIe 94P0, WO CBIAYNTL MPO BUCOKY CUHTETUYHY aKTUBHICTL KNITWH.

BucHoBkKU. MOpMONorivHe AOCNIIKEHHA BENNKUX C/IMHHMX 38103 B eMOPIOreHesi Nokasaso CTepeOoTUnHi etann MopmoreHesy: YyTBOPEHHA
KYTNKYN1O-NEPUOEPMaNbHOro enitenito B NEPBUHHIA POTOBIN AMLI; MOro enitenianbHe BPOCTaHHS B Nianer/1y Mesenximy; GopMyBaHHSA BCTaBHMX
I nonepeYo-CMyracTux NPOTOKIB; POPMYBAHHSA 3a4aTKIB CEKPETHNX | HECEKPETHUX aUNHYCHIX 38103,

JlocnimKeHHs BUKOHaHI BIANOBIAHO A0 NPUHUMNIB [eNbCiHCbKOT deknapauil. [poToKoN AOCNIIKEHHA YXBaNeHO JI0KaIbHOK OI0ETUYHOIO KOMICIEIO
yCTaHOBN. [1Nng KOXHOrO naoAa Oyno OTpyMaHo IHPOPMOBaHY 3rofly Matepi Ha y4acTb Y AOCNIAXKEHHI.

ABTOPU 3a49BNSI0Tb MPO BIACYTHICTL KOHMAIKTY IHTEPECIB.

Knto4oBi cnoBa: neprHaransHa iMyHONOr |, eMOpioreHes, CANHHI 3871031,
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Introduction

uture health status and quality of human
life are determined by the state of the intra-

uterine development period of the fetus
and the course of the newborn period [10,15]. At the
same time, the immune system of children in Euro-
pean countries is formed today under the influence
of an adverse infectious situation caused by the ex-
tremely high risk of ante- and neonatal infections
[10,11,13]. The urgency of studying the issues of
perinatal immunology is indisputable, since funda-
mental research may be relevant in the study of im-
mune response formation in ontogenesis. Taking into
account the peculiarity of the child’s immune sys-
tem, which is in the stage of formation and develop-
ment, it determines the peculiarity of its response to
antigenic stimulation [4,9,12,14].

Numerous experimental and clinical studies have
shown that not only newborns, but also the fetus is able
to synthesize antibodies actively [3,4,10,11]. After
birth, as a result of catabolism, the level of class M im-
munoglobulins begins to decrease, as the reserve pos-
sibilities of immunological mechanisms in the first
months of a child’s life are low, and Class A, immuno-
globulins associated antibodies in the newborn’s blood,
are absent. This information is confirmed by reports of
the majority of researchers. The salivary glands par-
ticipating in the provision of local immunity are incom-
plete by the time of the child’s birth: their differentia-
tion usually ends up in 6 months to 2 years, but
morphogenesis continues to 16-20 years [3,5,8].

Currently, the question of salivary gland embryo-
genesis and perinatal diagnosis is poorly understood
and controversial. Elucidation of the topography
and formation of salivary glands in the intrauterine
period of ontogenesis is important for understanding
the structural and functional organization of the oral
cavity organs, the interaction of organs and struc-
tures of the oral cavity [1,2,3,7].

The aim of the research — to study the basic mor-
phological processes of embryogenesis of the major
human salivary glands, including the formation of
rudiments of secretory and non-secretory acinar
glands to assess the immune functions of the fetus
and newborn.

Materials and methods of the study

The material for the study of the development of
human salivary glands in the prenatal period was ob-
tained from the Ternopil Regional Pathological Bu-
reau, which came from the Ternopil Regional Clinical

OPUTTHAABHI AOCAIAKEHHSI

Perinatal Center «Mother and Child». Fetal age was
determined based on the results of the patient’s his-
tory, obstetric and gynecological status, and was con-
firmed by measuring the parietal-calcaneal and pari-
etal-coccygeal lengths. The study was conducted on
11 fetuses of both sexes, without external signs of ana-
tomical deviations or anomalies and without obvious
macroscopic deviations from the normal structure of
the skull (in accordance with the order of the Ministry
of Health of Ukraine dated 19.02.96 No. 31). The ma-
terials of the research were major salivary glands — pa-
rotid, submandibular and sublingual glands. The col-
lected samples were fixed in 10% neutral formalin
solution. From paraffin and epoxy blocks, we received
thin slices. From epoxy blocks — cuts, painted with
toluidine blue. On paraffin sections, general histologi-
cal colorings were performed with hematoxylin-eosin,
shik-alcian blue, SHIK-Alzianium blue + Bergan, im-
munohistochemical studies with grades CX-34,
VEGEF and electron-microscopic studies.

Bioethical expertise of scientific research on re-
search methods, compliance with international and
Ukrainian legal standards was carried out at a meet-
ing of the Bioethics Commission of Ivan Hor-
bachevsky Ternopil National Medical University,
01.11.2023 (protocol No. 75).

Results of the study and discussion

The results of our study show that, despite the dif-
ferent stages of development during embryogenesis,
there are stereotypical stages of formation of various
salivary glands. The morphological research of dif-
ferent stages of embryogenesis using histochemical
and immunohistochemical coloring methods indi-
cates that in the first stage of embryogenesis, the
primary oral fossa is covered by a cuticular peri-
pheral epithelium consisting of three types of cells —
basal, intermediate and corneous. Basal cells are lo-
cated on a fuzzy basal membrane and consist of small
basophilic cells that have an elongated core form
perpendicular to the basement membrane and
asmall rim of cytoplasm. In basal cells, figures of mi-
toses are constantly observed, which indicates their
high proliferative activity [6].

Intermediate cells with a weakly basophilic, and
sometimes vacuolized cytoplasm and eccentrically
placed round or oval nucleus, which is sometimes in the
state of mitosis, are placed above the basal cells. A third
type of cell is placed above the intermediate cells, rep-
resented by horny scales, which desquamate, forming
layered structures. The submucosal spine subcutane-
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Fig. 1. Cuticular epithelium with two types of cells.
Immunohistochemistry, immune response to cytokeratin CX-34.
Increase x100

_a .

ous to the cuticular epithelium, is represented by a my-
coid tissue in which cells with numerous appendages
are located among the homogeneous basic substance.
Obviously, due to the presence of mycoid tissue, the
formation of its derivatives occurs. Determination of
immunohistochemical features of the cuticle epitheli-
um by reaction to cytokeratin CX-34 showed that this
type of epithelium contains on the surface two types of
epithelial cells (Fig. 1). The first of them expresses cy-
tokeratin moderately or strongly, both directly in the
cytoplasm itself, and in their subtle appendages,
through which the contacts between individual cells
are carried out in syncytic type.

The second variety is represented by cells of larger
sizes containing a rounded nucleus with euchromatin
and light cytoplasm. Sometimes these cells are in
a state of mitosis. Consequently, the cuticular epithe-
lium contains cells that synthesize keratogialin. Ac-
cording to K.V. Holmberg, M.P. Hoftman [9], the cu-
ticular epithelium of the horny scales contains
a special type of keratin, rich in lipoproteins — imma-
ture keratin. Obviously, due to the presence of this
lipoprotein, the amniotic fluid does not penetrate into
deep epidermal and dermal layers. As a result of elec-
tronic-microscopic research, a certain ultrastructural
organization of intermediate cells has been estab-
lished. Thus, in their cytoplasm, along with well-ex-
pressed smooth endoplasmic reticulum, small grains
of glycogen are constantly found, which are high-
energy material that further provide the morphologi-
cal processes of salivary gland formation (Fig. 2).

The primordium of the salivary glands is formed
as a result of the growth of the cuticular epithelium
into the mesenchyme. In this case, the basal cells are
clearly identified as an epithelial bud, in the center
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Fig. 2. Small grains of glycogen in the cytoplasm of
intermediate cells. Immunohistochemical reaction to the VEGF
oncogene. Increase x100

of which light peridermal epithelial cells are present.
There are numerous polymorphic cells around the
germ of the salivary gland in the subgenus mesen-
chyma, which, obviously, are polypotent mesenchy-
mal cells, and from which various connective tissue
cellular elements can subsequently be formed.

A further process of differentiation of the salivary
gland germ is characterized by the formation of the
primordium of the primary excretory ducts. It is
characterized by further proliferation of basal cells
and the formation of an elongated form of strong
components of cells that deeply regenerate into the
subjective mesenchyma. The conducted histoche-
mical studies indicate that the primary excretory
ducts are covered by two-, three-row, pseudo-large-
row shic-positive epithelium with small, rounded
nuclei and a narrow rim of the cytoplasm. Homoge-
neous SHIK-positive secretory masses are constant-
ly observed in the lumen of the tubules. The germ
spaces are sometimes wrapped with proliferating
cells. Around the primary outflow ducts, a myxoid
tissue is placed, represented by a star or oval form of
cells around which the alcien-positive substance is
present, which contains a large amount of glycosami-
noglycans (Fig. 3). Around the epithelium of the
duct in the myxoid stroma are elongated or oval mio-
epithelial cells, which apparently arise from polypo-
tent stem cells by further differentiation.

In order to study the process of vegetation of the
cuticular epithelium in the subjective mesenchyma,
we conducted an immunohistochemical reaction to
VEGE It has been established that in the epithelial
subacute of mesenchyma, an enhanced expression of
this marker with the formation of new vascular ves-
sels is observed. In embryogenesis, the germline fac-
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tor VEGF stimulates the differentiation of endothe-
lial cells and the formation of the primary vascular
wall. Consequently, due to the presence of the germ
factor VEGF both in the mesenchymal and epithe-
lial cells, a phenomenon of vegetation occurs — the
growth of the epithelium in the subjective mesen-
chyma with the formation of primary excretory
ducts of the salivary glands.

The third stage in the embryogenesis of the sali-
vary glands is characterized by the appearance of the
insertion sections on the background of neoanogeo-
genesis, as well as the transverse strain ducts, which,
when stained with shik-alcian blue, are formed pre-
dominantly by the dichotomous section of the pri-
mary excretory ducts. The origin of the inserted duct
has a narrow lumen, which is surrounded by prolif-
erating epithelial cells that form a multi-row struc-
ture. The last is characterized by the presence of in-
terphase and mitotic cells. The first ones have an
oval nucleus and a SHIK-positive cytoplasm that
contacts a weakly expressed basal membrane and an
apical surface that reaches the narrow lumen of the
insertion duct (Fig. 4).

Mitotically divided cells do not have contact with
the basal membrane; their nucleus is in the prometa-
phase, sometimes the body phase. The migration of
mitotic cells from the basement membrane to the nar-
row lumen of the insertion duct is observed. Due to
the different placement of nuclei of the interphase and
mitotic cells that form a pseudo-binary epithelium,
common to all embryonic rudiments of organs [10].

In the formation of insert glands, their stroma is
represented by fluffy SHIK-positive structures,
among which homogeneous trabeculae are detected,
and sometimes small light enlightenment resembles
vascular enlargement (Fig. 5). In order to confirm
the position on the formation of new vessels — neo-
angiogeogenesis in the stroma of the embryonic rudi-
ments of the inserted glands, we carried out an im-
munohistochemical study on the marker VEGFE.

It is established that among the myxoid stroma of
the rudiments, newly formed lacunar vessels are
found, some of which have a small space, separated
by elongated cells of dark brown color. The cells that
form the kidney have pronounced VEGF-positive
expression (Fig. 6).

The transverse strain of the duct of the salivary
glands with a combined coloring of the SHIK-alcian
blue + under Bergman is characterized by the pre-
sence of a larger lumen, which extends over two
parts of the epithelium. The first section resembles
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Fig. 3. The germ of the primary excretory ducts of the salivary

glands: 1 - epithelial cells; 2 — basement membrane. Colouring
SHIK + by Bergman. Enlarg. x10, rpm x100
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Fig. 4. Pseudocordial epithelium of primary excretory ducts
among myxoid mesenchyma: 1 — duct epithelium; 2 —
homogeneous secret; 3 — alcian-positive mesenchyma.
Colouring by SHIK-alcian blue. Enlarg. x10, rpm x40
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Fig. 5. The rudiments of the inserted gland divisions: 1 —
homogeneous shik-positive cell clusters; 2 — myoepithelial
cells; 3 — shik-positive trabeculae. Colouring by SHIK + thionic
blue. Enlarg. x10, rpm x40
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Fig. 6. Expression of VEGF in the newly formed vessels of the
germ stroma of the excretory ducts. Immunohistochemical
reaction to the VEGF oncogene. Enlarg. x10, rpm x100

Fig. 7. Ultrastructure of the oncocyte (B-cells): 1 — microvilli; 2 —
neurosecretory granules; 3 — mitochondria. Electron
microscopy; x1000

Fig. 8. The structure of salivary acinus germ: 1— cambial cells;
2 — myoepithelial cells; 3 — basal membrane. Coloring by SHIK-
thionic blue. Enlarg. x200
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the structure of a multi-row epithelium with a multi-
level arrangement of nuclei — a pseudo-large artery
epithelium, characteristic of the insertion duct, and
the second is represented by cylindrical cells located
on the basement membrane. Cells found in the cyto-
plasm contain Bergman-positive grains, which some-
times connect with each other, forming light brown
masses around the nucleus.

Due to histochemical chromophilic properties of
grains, it can be argued that they are part of the neu-
rosecretory cells that make up the APUD system
(Amine Precursor Uptake and Decarboxylation)
and synthesize biogenic amines and polypeptide hor-
mones. Due to this, the cellular elements of the
APUD system are neurohumoral transducers that
cause the development of the organs’ germs in a cer-
tain sequence. This is confirmed by the data of elec-
tronic microscopy, which show that cylindrical cells
that line up the lumen of the strained ducts of the
salivary glands belong to the APUD system and con-
sist of oncocytes that are internationally classified as
B-cells (Fig. 7).

Typical ultrastructural features of oncocytes are
the presence of a significant number of mitochondria
that almost completely fill the cytoplasm, leaving
little space for other organelles and neurosecretory
granules. The last are first placed around the nucleus
near the Golgi apparatus, and then go out to the pe-
riphery of the cytoplasm in the form of polymorphs
with different osmiophilic densities of granules,
which provide an increase in important endocrine
factors of the salivary gland. Neurosecretory cells are
formed by the formation of organ rudiments by their
migration from the neural crest along the vessels in
the epithelium, which perform a certain homeostatic
function. The fourth stage of the embryogenesis of
the salivary glands is characterized by the formation
of the actinus rudiments, which, when stained with
SHIK-thionine blue, are represented by branched
different sizes and shaped by light tubules (Fig. 8).
Epithelial cells that line up the acinus rudiments are
predominantly cubic in shape with a SHIK-positive
cytoplasm and a rounded nucleus, which contains
clearly expressed nucleoli, indicating a high synthe-
tic activity of the cells [3]. Between epithelial cells
and the basal membrane are located myoepithelial
cells that have a spindle-shaped nucleus and pro-
cesses that are stained with thionine in blue.

The beginnings of acini of the salivary glands are
formed due to the concentric placement of epithelial
and myoepithelial cells. Unlike the mature acinus,
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there is no secretion in the rudiments, although their
cytoplasm has a homogeneous SHIK-positive color,
indicating the onset of synthetic processes in it. The
morphological research carried out by us during em-
bryogenesis showed that despite the different timing
of the laying of large salivary glands, they observed
stereotypical stages of morphogenesis: formation of
a cuticle-peridermal epithelium in the primary oral
fossa; the ingestion of it in an underlying mesen-
chyme by vegetation; formation of insert and trans-
verse strains; formation of rudiments of secretive and
non-secreting acinus glands.

Conclusion

A study of the laying, development and formation
peculiarities of major salivary glands topography in
the prenatal period of human ontogenesis has shown
that during embryogenesis, there are stereotypical
stages of formation; however, until the birth of the
child, salivary glands are incompletely formed. The
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acini rudiments of the salivary glands, the cytoplasm
of which, though it has a homogeneous SHIK-posi-
tive color, indicates the onset of synthetic processes
in it, but unlike the mature acinus, secretion is ab-
sent. Consequently, at the moment of birth, in the
neonatal and thoracic periods, there is a reduced ex-
cretory function of the salivary glands. The research
on immune response formation in ontogenesis, the
study of immune function features of salivary glands
of fetus and the newborn baby in norm and under the
influence of pathological factors has important prac-
tical value, based on the knowledge of immuno-
pathogenesis, which will promote optimization of
therapy, full rehabilitation and reduce the incidence
in early childhood.

Prospects for future research. Study of secretion
of major salivary glands in children with secondary
immunodeficiency.
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