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It was established that prenatal skeletal ontogeny in domestic pigs is presented in two forms: struc-
tural and functional bone marrow osteoblast (bone formation) and hematopoietic (blood-forming) develop-
ment and structural and functional transformation that is taking place in parallel, different speeds towards
vectors which are in particular histogram and cytoarchitectonic in different zonal centers of ossification of the
skeleton in the fetus. The main structural components of the bone marrow domestic pig fetal within cells of the
bone marrow centers of ossification of the bone shaft located in some models directly related to the dynamics
of quantitative tissue components.

In the fetuses of especially late in the fetal period of ontogenesis (from 3 months) against the back-
ground of almost complete disappearance of hematopoietic centers in the liver begin to form as an unfinished
structure segments with indistinct borders and lobules, although expressive (Relief) with outline radial hepa-
tocyte structure and separated from each other with a thick connective tissue.

The basic characteristics, structural and functional bone marrow of the domestic pig fetuses are:
localization in the spongy bone, leading to skeletal ossification centers, clearly marked morphological hetero-
geneity of the osteogenic distribution peripheral and central — hematopoietic form. Zonal structure of hema-
topoietic marrow gives the presence of islets and islet diffuse, with topographically distinct sections.
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OCOBJHUBOCTI MOP®OT'EHE3Y OPIT'AHIB YHIBEPCAJIbBHOI'O KPOBOTBOPEHHS
TA IMYHHOT' O 3AXUCTY V ILTIOJAIB CBUHI CBIMCBHKOI
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Bcemanosneno, wo 6 npenamanvrnomy nepiooi onmozene3y y ckeiemi CUHI C8IliCbKOi NpUCymui 06i
CMPYKMYPHO-OYHKYIOHATLHI hopMU KICIKOB020 MO3KY: OCMe0O1acmudna (KiCmKoymeopo8aibHa) ma 2emo-
noemuyHa (Kpo8omeopHa), po36UMOoK i CIpYKmMYpHO-YHKYIOHATbHA Mpanchopmayisn aKux npoxooums napa-
JIENIbHO, 3 PI3HOI0 WEUOKICIIO MA 8EKMOPAMU HANPAMKY, WO 8 CYKYNHOCTI NPOSIGIAEMbCS 0COONUBOCMAMU 1020
B0HALHOL 2ICMO- Ma YuMoapxXimeKmoHIKuy 6 PI3HUX 0CepeoKax OKOCMEHIHHs ckellema niooie. OCHOGHI cIpyKmypHI
KOMNOHEHMU KICIKOB020 MO3KY Y NI00I68 CBUHI CGILICLKOL 8 MENCAX KICIMKOBOMO3KOBUX BIHOK 0CEPeOKi6 OKOCIEHIHH S
KICMKOBUX OP2AHI8 PO3MAULOBYIOMbCSL Y NEGHIN 3AKOHOMIPHOCIE MA 6e310CePeOHbO 63AEMONO08 SI3AHI 3 KUTbKICHOIO
OUHAMIKOIO MKAHUHHUX KOMHOHEHMIB.

Y nnooie ceuni ceiticvroi, 0cobnueo HanpuKinyi NIIOHO20 nepiody OHMo2eHe3y (NOUUHAIOUU 3 3-MICIUHOO
BIKY), Ha M Matidice NOBHO20 3HUKHEHHS YEHMPIB 2eMONoe3y, 8 NeYiHyi NOYUHAIOMb QOpMYBAMUCS K YACIOYKU
He3a8epuleHol CMPYKIMypU 3 HeYimKUMU MENCaMU, MAK i YaCMOUKU, o MAiomb 8UPA3Hi (pervbepui) Konmypu paoi-
ANbHUX 6ANOK 2enamoyumia i 6i0oKpemaeHi 00HA 8i0 00HOT NOMOBUWEHON CHOTYYHOK MKAHUHOTO.

OcHOHUMU CMPYKMYPHO-QYHKYIOHATLHUMU XAPAKIMEPUCMUKAMU KICMKOB020 MO3K) 10016 CEUHI CBill-
CbKOI € TOKANI3ayis 6 2yo6uacmiti KICmKOGIl pet0sUHi OCHOBHUX 0CePeOKi8 OKOCMEHIHHS CKeLemd, YimKO UPANCEHA
Mopghonoziuna cemepocenticms 3 po3nodiioM Ha NEPUPDEPUUHY OCIEO2EHHY MA YEHMPATbHY — 2eMONOEUYHY
Gopmu, 30HATLHA CMPYKMYPA KPOBOMBOPHO20 KICMKOB020 MO3KY 3 HAAGHICMIO OCcmpisyesux ma oughy3Ho-
ocmpisyesux, monocpapiuHo i00KpemIeHUX OLISIHOK.

Kumouogi ciioa: [TIEUIHKA, KICTKOBUI MO3OK, ITJIOAM CBHUHI CBIMCBHKOI, OCE-
PEJAKN OKOCTEHIHHA
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Yemanoeneno, umo 6 npenamanbnom nepuooe onmoeene3a 6 ckeieme CeUHbY OOMAauiHell NPpUcymcmay-
0m 08e CMpPYKMYpHO-YHKYUOHATbHBLE YOPMBI KOCHIHO20 MO32a. ocmeobiacmuyeckas (Kocmeobpasyouds)
u 2emMonoemuueckas (Kpo8emeopHas), pasgumue u CMpyKmypHo-@QyHKYUOHANbHAS MPAHCHOPMAYUS KOMOPIX
nPOXoOUm NApAIIebHo, ¢ PA3HOU CKOPOCIbIO U GeKMOPAMU HANPABIEHUS, YN0 8 COBOKYNHOCMU NPOABIAEMCSL
0COOEHHOCMAMU €20 30HANLHOU 2UCTO- U YUIMOAPXUMEKMOHUKU 8 PA3HBIX 04aA2ax OKOCHEHeHUs cKellema nio-
006. OcHOBHblEe CIMPYKMYPHbIE KOMIOHEHMbL KOCHHO20 M032d Y NI0008 C8UHbU OOMAWHEN 8 NPedeax KOCMHO-
MO3208bIX SIUEEK 04A208 OKOCMEHEHUsl KOCIHbIX OP2AH08 PACNONA2AIOMCS 8 ONPeOeNeHHOU 3aKOHOMEPHOCMU
U HeNnOCPeOCMBEHHO 83AUMOCBA3AHbI C KONUUECTNBEHHOU OUHAMUKOU MKAHEBbIX KOMNOHEHMOB.

Y nnooos ceunvu domawmeti, 0cobeHHO 6 KOHYe NI0OH020 NePUOOd OHMOZeHe3d (HAUUHAA ¢ 3-MeCAYHOO0
803pacmay), Ha (pone NOYMU NOTHOLO UCHE3HOBEHUS YEHMPOE 2eMON0e3d, 8 NeYeHU HAYUHAIOM QOPMUPOBAMbCA
KAaK OONbKU He3a6EPULEHHOL CIPYKIMYPbL C HEYeMKUMU SPAHUYAMU, MAK U OOTbKU, UMeIoWue 8bIpA3UmenbHble
(penveghnble) KOHMYPBI PAOUATBHBIX OATIOK 2eNAMOYUMO8 U OMOeNeHHble Opye om Opy2a YIMOAUeHHOU Coeou-
HUMeNbHOU MKAHDBIO.

OcCHOBHBIMU CINPYKMYPHO-DYHKYUOHATLHBIMU XAPAKMEPUCMUKAMU KOCIMHO20 MO32a NI0008 CEUHbU
OoomauiHell A6IAIMCA. TOKATU3AYUS 8 2yOUamom KOCIHOM 8eujecnée OCHOBHBIX 04a208 OKOCHEHEHUs CKelle-
Ma, 4emKo bIPANCEHHASI MOPPDOTO2UHECKASL 2eMEPOLEHHOCb C pachpedeleHueM Ha nepugheputeckyro ocmeo-
2EHHYIO U YEHMPATLHYIO — 2eMONOIMUYECKYVIO YOPMbL, 30HANBHAS CMPYKIYPA KPOBEMBOPHO20 KOCIHO20 MO32d
C Hanu4duem 0CmpoBKO8bIX U OUPPY3HO-0CMPOosKosbIX, monocpaguuecku 060COONEHHBIX YUACMKOS.

KroueBbie ciroBa: [IEUEHD, KOCTHBINM MO3I, [J1I01bI CBUHBU I[OMAIJ.IHEf/T, OYA-
I'l1 OKOCTEHEHUM A

The structural-functional organization of stage that needs to be more reconsidered, espe-
the blood formation and immune protection by cially on the early stages of the antenatal life of
mammals can be described with different kinds the ontogenesis [1, 2, 5, 10].
of cells which show the degree of their function- Research purposes. To define the morpho-
al activity [1, 5, 6]. functional laws of the histogenesis and cytogenesis

The quantitative and qualitative changes of liver and bone marrow of an embryo of Sus
of the hemopoietic cell and immunocompetent scrofa domestica (a swine).
cell inside the liver and the centers of the calcifi-
cation of the bone-cutting organs of the skeleton Material and methods
by mammals during antenatal life of ontogenesis
are the clear reflection of the regularities of the The work was pursued on the basis of the
changes from hepato-myeloid blood formation laboratory of the histologic anatomy, pathmor-
to the myeloid one with further formation of two phology and immunocytochemistry of the Re-
main functions of the bone marrow — osteogenic search and Development Centre of biosafety and
and blood-making in the conditions of the phisi- ecological control of the resources of Dnipro-
ological limited biomechanical stress on the osteal petrovsk Agricultural State University. As the re-
system [4, 7, 9]. search object an embryo of the Ukrainian Large

The structural-functional difference of the White breed of domestic pig was considered.
bone-marrow on the different stages of its evolu- The material from liver, bones of the axial
tion, especially during the formation and increase skeleton (a mandibular bone, the 5™ thoracal back-
of the marrowy stage of the multi-function of the bone, the 5" costal bone, breast bone, 1t and 5"
hemogenesis together with weakening of the liver- caudal spines) of the skeleton of the extremities
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(humeral bone, femoral bone (astragalus), shin
bones and the bones of the foot) of embryos of
1.5-, 2-,2.5-, 3-, 3.5- and 4 months was used.

The paraffin sections were produced for
coloration with hematoxylin and bromeosin, azure
II-eosin and silver impregnation.

The total paraffin sections with their thick-
ness of 5-10 mkm were prepared with the help of
a sledge MS-2 and rotary MPS-2 microtomes. The
research of the histospecimens was conducted by
means of microscopes of biological stereometric
MBS-10, Olimpus CH 20 and CX 41. The rela-
tive area was defined of the material components
in the centre of ossification (cartilaginous tissue,
osseous tissue and bone marrow) cellular com-
ponents of the bone marrow with the help of the
microscope Olimpus CH 20 (ocular lens 10x, field
lens 40x/0.65) in the main and additional centers of
the ossification, using the method of ‘a precision
calculation’ with the help of a standard eyepiece
graticule by Avtandilov. The cellular composition
of the bone marrow (the medullary image) was
analyzed apart in the areas of the primary and sec-
ondary cancellous tissue of the main (diaphyseal)
and additional (epiphyseal, apophyseal) centres of
the ossification. The zone of the secondary cancel-
lous tissue on diaphyseal centres of the ossifica-
tion was additionally divided into proximal, distal
and middle fields.

Results and discussion

The histological studies show that the
liver in embryos of Sus scrofa domestica that are
1.5 months old is submitted by stroma and paren-
chyma (the myeloid tissue). At the beginning of
the fetal period of ontogenesis, the connective tis-
sue of stroma in the liver was sufficiently great and
it was 6.43+0.93 %. The connective tissue of stro-
ma in the liver increased by 5.0, 8.45 and 7.12 %
in the fetuses of 2, 3 months old and at the time of
birth, respectively, and it decreased by 5.44 and
9.20 % in the fetuses of 2.5 and 3.5 months old,
respectively. The relative area of the parenchyma
by 1.5 months old embryos is 36.97+0.93 %, it
decreases by 4.06 % in 2 months, it increases by
12.96 % in 2.5 months, it decreases by 4.99 %
and 0.62 % in accordance and it decreases by
3.21 % in 4 months’ embryos. The relative area

of the myeloid tissue in 1.5 months old embry-
0s 1s 52.32+0.93 %, it decreases by 2.58 % in 2
months, by 13.94 % in 2.5 months, in 3 months
old embryos it decreases by 6.63 %, in 3.5 months
by 9.68 % and maximally decreases by 9.10 %
in 4 months.

The bone marrow is defined in the centre
of the ossification of the skeleton at the beginning
only of the fetal period of ontogenesis. Herewith
the large majority of the quantity of the bone mar-
row is concentrated in the main centre of the os-
sification of the axial skeleton. So, a body height
and a development of the relative area of the bone
marrow in the main centre of the ossification in
the 1.5 months old embryos of Sus scrofa domestica
has got the close positive association with a devel-
opment of a relative area of the bone tissue and the
negative one with a cartilaginous tissue. While the
relative area of the bone marrow in the main cen-
tre of the ossification in 1.5 months old embryos
of Sus scrofa domestica, is approximately %2 from
the relative area of the bone marrow and the rela-
tive area of the cartilaginous tissue on the other
way is more than 4-5 times as relative area of the
bone marrow. During the fetal period of the onto-
genesis by Sus scrofa domestica the relative area
of the bone marrow increases against the decrease
of the relative area of cartilaginous tissue, so dur-
ing its first half (until 3 months) only because of
development of the main in the unexceptionally
all the bones of the axial skeleton and the skeleton
of the extremities, and during the other half — the
main and additional skeleton of the extremities.

It is found that the myeloid tissue of the
parenchyma of the liver of Sus scrofa domestica
by embryos in 1.5 months is shown mostly with
hepatocytes and hemopoietic cells.

At the beginning of the fetal period of the
ontogenesis, the relative area of hepatocytes in
a liver a quite low and makes up 18.19+1.23 %,
it increases until 4 months by about 41 %. The rela-
tive area of the hemopoietic cells by 1.5 months
embryos is 77.45+£3.91 %, and it decreases to the
moment of birth for 40 % (fig. 1).

The blood formation in the skeleton of
the 1.5 months embryos takes place in the main
centre of the ossification only, the additional cen-
ters of the ossification are not found out in the
researched cells. The bone marrow in the centre
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of the ossification of the skeleton until the birth
moment is shown with two structural-functional
forms — osteoblastic (ossiferous) and red (blood-
forming). It is characteristic that the bone marrow
in the mostly of the main centre of the ossification
of the skeleton of 1.5 months embryos is presented
with both of'its forms and in the main centre of the
ossification of the caudal spines and the ramus of
mandible with osteogenic only. In the area of the
primary and secondary spongy bone substance
of ramus of mandible, the ‘eyelets’ are formed
with trabecules that are made from fibrous tissue,
which are full of connective tissue (fig. 2).

The main cells of the osteoblastic bone
marrow of 1.5 months Sus scrofa domestica em-

Fig. 1. The histospecimen of the liver of 1.5 months
embryos of Sus scrofa domestica.
1 — hematopoietic cells; 2 — hepatocytes;
3 — megakaryocytes.
Coloured with hematoxylin and eosin. x400.

Fig. 2. The histospecimen of the ramus of mandible
of 1.5 months embryos of Sus scrofa domestica.
1 — a cellular fibrous tissue; 2 — osteal trabecules;
3 — a cartilaginous tissue.
Coloured with hematoxylin and eosin. x100.

bryos are the osteogenic ones; their relative area
hesitates in the different of 1.5 months embryos
from 80 % to 85 %. The relative area of the stromal
cells in the growing zone of the centers of the
ossification of 1.5 months embryos is not more
than 18-26 %. The extracellular structures of the
osteoblastic bone marrow are presented with col-
lagenous and reticular fiber. In a blood-forming
bone marrow of 1.5 months embryos of Sus scrofa
domestica the hemopoietic cells dominate from
15 to 55 %, which relative area increases in the
central zones of centers of the ossification. It is
characteristic that in the red bone marrow there
are the osteogenic cells among the blood-forming
ones, their relative area is much less than in the
osteoblastic bone marrow and is not more than
25 %. The quantity of the stromal cells in the dif-
ferent centers of the ossification of the skeleton
fluctuates from of 10-20 %.

The clearly marked zone structure of
a bone marrow is characterized for 1.5 months
embryos, which is kept in the mostly of the main
centre of the ossification of the osteal organs until
the birth time. During the other half of the fetal pe-
riod of ontogenesis, there is clearly a pronounced
transformation of red bone marrow from osteo-
blastic bone marrow due to intensive develop-
ment of the hematopoietic elements of the bone
marrow in areas of growth and their distribution
in primary and secondary centers of ossification.
Herewith there is an island structure of the bone
marrow in the growing zones, and there is a dif-
fusive island structure in the diaphyseal grow-
ing zones.

Conclusions

It is characteristic that the development
of the red bone marrow in the main centre of the
ossification of the skeleton of the embryos of Sus
scrofa domestica accompanied with increase of
a relative area in the zone of a secondary can-
cellous bone stock as a result of a decrease of
the relative area of osteogenic cells in the grow-
ing zones.

Any of the fat cells appear in the bone
marrow of the main centers of the ossification
of the axial skeleton and the skeleton of extremi-
ties during all the fetal period.
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It has been stated that there are two basic
structural end dynamic forms of bone brain and
blood-making system during prenatal develop-
ment. It has been obtained that from the moment
of a 4 months old piglets have significant dif-
ferences which consist in development area and
type of structures of bone marrow, as clusters
their separate particles.

It has been definite interrelation between
erytro-, granulo- and megacariocytopoesis —
secondary mean- and large-cage spongial bone
substance, and between developmental degrees of
hemopoietic bone marrow according to system of
microsurrounding with area of enchondral osteo-
histogenesis that was showed at indices of dif-
ferent clusters.

Perspectives for further research. Fu-
ture studies will be aimed at identifying the struc-
tural and functional features of the universal organ
of hematopoiesis and protective immunity in pig-
lets in the early postnatal period of ontogenesis.
Structural features will be installed in the bone
shaft with hematopoietic microenvironment he-
matopoietic components of structure presents two
main types — Islet diffused and liver — the re-
structuring of tissue and cell structures in the
active period of training of the function of de-
toxification.
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