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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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STRUCTURAL PECULIARITIES OF ARTICULAR CARTILAGE REACTIVE CHANGES IN
RATS WITH AN EXPERIMENTAL UNDIFFERENTIATED DYSPLASIA OF CONNECTIVE
TISSUE

Olena A. Hryhorieva'*, Yuri Y. Guminskiy?, Suren D. Varjapetian!, Vladislav V. Cherniy’, Pavel V. Bohdanov'.

Zaporizhzhia State Medical University (Zaporizhzhia, Ukraine), Department of Human Anatomy, Operative Surgery and Topographic Anatomy. Ukraine.

National Pirogov Memorial Medical University (Vinnitsa, Ukraine), Department of Human Anatomy, Ukraine.

Abstract.

Insspite of all clinical manifestation of undifferentiated dysplasia
of connective tissue (UDCT) including joint hypermobility
syndrome still there are no exact morphological characteristics
of structural articular cartilage changes on the background of
UDCT. The aim: to determine the structural peculiarities of
articular cartilage reactive changes in rats with an experimental
undifferentiated dysplasia of connective tissue. Study design:
animal experience. Methods. The object of the study was 162
knee joints of white laboratory rats, which were divided into 3
groups: - The 1st one — intact animals; the 2nd  group consisted
of experimental animals, each of which at the 18th day of fetal
development was injected by 0.05 ml of antigen in 0.9% NaCl,
the 3rd group consisted of control rats, injected by 0.05 ml of
0.9% NaCl at the 18th day of dated pregnancy. Morphological
structure of articular cartilage of knee joints was examined at
days 1st, 11th, 14th, 21st, 30th, 45th, 60th, 90th, 120th after
birth. Fixation of histological material was carried out in 10%
neutral formaldehyde. Histochemical, histological methods,
statistic methods were used in the work. Results. Experiencing
aggressive exposure from osteoblasts of the subchondral bone,
along with increasing mechanical stress, the articular cartilage
of rats with experimental UDCT, first compensatory turns
thicker, and then irreversibly thin down, which is a prerequisite
for the development of primary osteoarthrosis. Conclusions. In
rats with experimental UDCT the articular cartilage is isolated
on the 11th day during the formation of the subchondral bone, in
contrast to control rats in which articular cartilage differentiates
on the 14th day after birth. In rats with experimental UDCT,
the content of sulfated glycosaminoglycans in the matrix of the
articular cartilage decreases. There is an accelerated replacement
of the deep zone of the articular cartilage by the subchondral
bone and the thinning of the articular cartilage on the 90th day
after birth.

Key words. Undifferentiated connective tissue dysplasia,
cartilage, chondrocytes.

Introduction.

The uniqueness of connective tissue structure and functions
creates the conditions for the development of a variety of its
anomalies and diseases caused by gene defects having a certain
type of inheritance, or due to impairing mutagenic influences of
adverse environmental factors in the fetal period (unfavorable
environmental conditions, unbalanced nutrition, influence of
different antigens, hormonal imbalance, etc.) [1]. Currently,
under the term “connective tissue dysplasia” (CTD) it usually
understands the anomaly of its structure with a decrease in
the content of exact types of collagens or a violation of their
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ratio, decreasing the strength or quality of connective tissue
throughout organs and systems of the organism in general. This
results in a homeostasis disorder at tissue, organ and disorders of
visceral and locomotor systems [2]. The term ‘undifferentiated
connective tissue dysplasia’ (UCTD) is generally used to
describe clinical entities characterized by serological evidence
of autoimmunity and by the occurrence of clinical symptoms
often seen in association with systemic autoimmune diseases
(SADs), yet not fulfilling criteria for a specific SAD [3].

In contrast to syndrome forms of connective tissue dysplasia
undifferentiated connective tissue dysplasia is not so manifestly
and often be ignored [4]. However, the versatility of the
connective tissue defect in undifferentiated connective tissue
dysplasia involves a variety of visceral changes, and some
of them can have serious clinical consequences [5,6]. In the
literature there are various synonyms of the undifferentiated
connective tissue dysplasia: "mesenchymal dysplasia”,
"dysfunction of connective tissue", "weak connective tissue",
"connective tissue dysplasia syndrome", "unclassified forms of
connective tissue dysplasia" [7.].

It is shown that the main reason for the development of
undifferentiated connective tissue dysplasia is a violation of
the synthesis of fibrous structures and extracellular matrix
components of connective tissue, which precede changes on
the level of the genome, metabolic proteins, and enzymes, as
well as macro - and microelements [8-10]. These factors lead
to altered synthesis of collagen and elastin in the cells, to their
increased degradation, violation of the structure of elastin
and collagen fibers and restructuring of the connective tissue
[11]. The main feature of these dysplasias is a wide range of
clinical manifestations without a clear clinical picture. Joint
disorders (joint hypermobility syndrome) represent one of
the most common symptoms of undifferentiated dysplasia of
connective tissue [12]. A joint is an organ consisted of articular
capsule, articular cartilage, and subchondral bone, that is
why, in the case of any pathological condition, including joint
hypermobility syndrome, all its components are overwhelmed
with reactive changes. In spite of all clinical manifestation of
UDCT including joint hypermobility syndrome still there are
no exact morphological characteristics of structural articular
cartilage changes on the background of UDCT.

The Aim.

To determine the structural peculiarities of articular cartilage
reactive changes in rats with an experimental undifferentiated
dysplasia of connective tissue.

Methods.

As an experimental model of undifferentiated dysplasia of
connective tissue, it is selected a model of intrafetal antigen
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injection at the 18th day of dated pregnancy [13-16]. The object
of the study was 162 knee joints of white laboratory rats, which
were divided into 3 groups: - The 1st one — intact animals;
the 2nd  group consisted of experimental animals, each of
which at the 18th day of fetal development was injected by
0.05 ml of antigen in 0.9% NacCl; the 3rd group consisted of
control rats, injected by 0.05 ml of 0.9% NaCl at the 18th day
of dated pregnancy. Each group consists of 54 rats (6 rats per
each term of investigation). Rats were born full term without
developmental malformations and were absolutely healthy. All
animals with any symptoms of a disease were avoided to take at
experiment. Sex differences were not considered. The formation
of a control group of rats is due to the need to eliminate the
influence of surgical intervention in the prenatal period on the
obtained changes in the experimental group. As the antigen
it is selected a human normal immunoglobulin, which has
good antigenic properties and very little toxic, pyrogenic and
adjuvant effect. Immunoglobulin was administered to fetus in
the amount of 0.165 mg of protein in 0.05 ml of saline. Animals
were contained in standard conditions of vivarium according
to "European Convention for the protection of vertebrate
animals used for experimental and other scientific purposes"
(Strasbourg, 18.03.86 G.) and the Law of Ukraine Ne 1759-
VI (15.12.2009) On the Protection of Animals from Cruelty.
Food and water were made available ad libitum. Morphological
structure of articular cartilage of knee joints was examined at
days 1st, 11th, 14th, 21st, 30th, 45th, 60th, 90th, 120th after
birth. Fixation of histological material was carried out in 10%
neutral formaldehyde. Histochemical, histological methods,
statistic methods were used in the work. Serial histological
sections of 5 pm in thickness after dewaxing were stained
with hematoxylin and eosin, alcian blue. Lectin histochemical
reaction with Peanut agglutinin (PNA) (Lectin Test, Lviv) was
conducted as well (histological sections after dewaxing and
dehydration were treated subsequently with 1% methanolic H20
2 for 30 min to block endogenous peroxidase activity; control
reactions included omission of the incubation step with the
labeled marker to exclude any nonspecific staining by binding
of the kit reagents). All samples were embedded in the balm.
Photos of histological samples were conducted using Carl
Zeiss software (AxioVision 4.8), digital video camera AxioCam
ERc 5s connected to the microscope Axiolab (ZEISS), it allows
to view the image of a histological specimen in real time on
the monitor screen, select the required area for photographing,
obtain a digital image of a histological specimen, save it on the
hard disk of a personal computer for further analysis, by applying
masks morphometric analysis of chondrocytes was carried out.
This method allows to determine the area of cells, the area of
nuclei, calculate the nuclear-cytoplasmic ratio, nuclear-cellular
ratio. Using the Carl Zeiss software (AxioVision 4.8), the area
of chondrocytes was determined in all morpho functional zones
of the articular cartilage, the area occupied by the cytoplasm and
the nucleus, cells in mitosis were not taken into account. The
dynamics of the nuclear-cytoplasmatic ratio in indexes (nucleus
area / cytoplasm area) in chondrocytes of the superficial,
intermediate, and deep zones of articular cartilage was assessed
in 5 fields of view in 5 sections in one animal. The obtained
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digital images of histological structures are files in JPEG format
(without compression) with a color depth (24 bit).

Since the coordinates in the digital image are presented in
conventional units - pixels, and for morphological studies it
is necessary to operate with real values, a calibration file was
used to convert the pixel coordinate system into a real one.
This file was created using a millimeter object (GOST 207513-
552), photographed in two mutually perpendicular planes.
With the help of calibration files, the computer program gives
out the sizes of objects in real values (um). To obtain the
parameters of objects, the obtained digital image was processed
using Carl Zeiss software (AxioVision 4.8). The relative area
occupied by the extracellular matrix and cells was estimated in
the programme ImageJ with an overlay of masks. Percentage
values were obtained as the ratio of the number of pixels that
corresponded to the studied structures that are specifically
colored, to the total number of pixels in the digital image of the
sample.

Analysis of the obtained results was conducted by means
of statistical methods with the use of computer license
program «Statistica for Windows 13» (StatSoft Inc., Ne
JPZ8041382130ARCN10-J). The statistical significance of the
obtained differences of indicators in the comparison groups was
evaluated using the Mann-Whitney U test and considered to be
significant at p <0.05, that is generally accepted for biological
and medical researches. The numerical data of the obtained
results are presented as M + m (arithmetic mean + standard error
of the mean).

Ethical approval.

Supporting and withdrawal of animals from experiment was
carried out in accordance with the requirements of the European
Commission Directive (86/609/EEC), Law of Ukraine Ne 1759-
VI (15.12.2009) On the Protection of Animals from Cruelty.

Results.

The formation of articular cartilage in intact and control
newborn rats is not complete. In the distal epiphyseal cartilage
of the femur, it defines zones of embryonic epiphyseal cartilage:
perichondral, prochondral, metachondral and basal. There is
no clear boundary between the zones. In the areas of cartilage
facing the patella and tibia, the superficial layers acquire the
features of the superficial zone of juvenile articular cartilage
with the articular surface beginning to form, the tangential and
transitional layer of the superficial zone. In the perichondral
zone of the distal epiphyseal cartilage of the femur of intact
and control rats, the prevalence of the relative area occupied by
cells is determined (Table 1), the density of cell distribution is
higher than in the prochondral zone (Table 2). The cells of the
perichondral zone are round in shape with a moderate nuclear-
cytoplasmic ratio (Table 3). Among the cells of the perichondral
zone of both intact and control animals, binucleated cells are
determined (11.36%, 11.76% and 13.33%, respectively, in the
intact and control groups). The size of cells in the prochondral
zone is larger than in the perichondral zone, due to an increase in
the area occupied by both the cytoplasm and due to an increase
in the size of the nucleus (Table 4). The nuclei are predominantly
centrally located. Cells in which the nuclear-cytoplasmic ratio
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Table 1. Dynamics of relative area occupied by the intercellular substance and cells in the morpho-functional zones of the distal epiphyseal
cartilage of the femur of newborn rats in norm and experiment (M = m, %).

Morpho-functional zones

.
; = Perichondral Prochondral Metachondral
g E Extracellular Extracellular
(‘5 = cells . cells . cells Extracellular matrix
= matrix matrix
1 82,61+1,11 18,15+0,48 51,90+1,18 48,10+1,18 46,07+1,43 53,93+1,43
2 72,20+2,76* 27,80+2,76* 45,80+2,14%* 54,20+2,14* 59,20+1,04* 40,80+1,04*
3 82,24+1,04 17,60+1,04 54,17+1,07 45,83+1,07 46,30+1,47 53,70+1,47

Note: 1 - intact rats; 2 - rats with experimental UDCT; 3 - control animals; * - the result of the 2nd group is reliable in comparison with the 3rd group.

Table 2. Dynamics of the absolute number of cells (M + m) per conditional unit area (2500 um2) of the distal epiphyseal cartilage of the femur
of newborn rats in norm and experiment.

— o Morpho-functional zones
a2 =
(=
2 E E Perichondral Perichondral Perichondral
=
CREI
1 29,75+2,68 18,00+2,68 12,86+2,84
2 22,56+1,13* 13,00+1,31* 10,19+1,13
3 30,00+2,21 18,21+1,89 11,88+2,22

Note: 1 - intact rats; 2 - rats with experimental UDCT; 3 - control animals in relation to the 2nd group; * - the result of the 2nd group is reliable
in comparison with the 3rd group.

Table 3. Dynamics of cellular parameters of chondrocytes in the perichondral zone of the distal epiphyseal cartilage of the femur of newborn rats
in norm and experiment (M + m).

a = Index
2 E |Square of the cell, Square of nucleus, Nucleo-cell Square of cytoplasm, . .
o £ 2 2 . B Nucleo-cytoplasmic ratio
O3 & mcm mecm ratio mecm

1 20,57+0,56 6,67+0,16 0,33+0,008 13,90+0,57 0,51+0,017

2 29,52+0,77* 11,87+0,23* 0,41+0,010* 17,64+0,75* 0,76+0,042

3 20,24+0,50 6,58+0,147 0,33+0,007 13,66+0,34 0,51+0,018

Note: 1 - intact rats; 2 - rats with experimental UDCT; 3 - control animals in relation to the 2nd group; * - the result of the 2nd group is reliable in
comparison with the 3rd group.

Table 4. Dynamics of cellular parameters of prochondral chondrocytes zones of the distal epiphyseal cartilage of the femur of newborn rats in
norm and experiment (M +m).

o 2 Index
<
: -
S - E Squazre of the cell, Squazre of nucleus, Nuc.leo cell Squazre of cytoplasm, Nucleo-cytoplasmic ratio
O % & mcm mem ratio mem
1 26,73+0,51 9,54+0,24 0,36+0,011 17,19+£0,52 0,610,029
2 36,12+1,21* 10,83+0,42 0,31+0,011 25,29+0,93* 0,4840,027**
3 26,12+0,46 9,52+0,199 0,37+0,010 16,60+0,47 0,63+0,026

Note: 1 - intact rats; 2 - rats after intrafetal administration of immunoglobulin; 3 - control animals in relation to the 2nd group; * - the result of
the 2nd group is reliable in comparison with the 3rd group.

Table 5. Dynamics of cellular parameters of chondrocytes in the metachondral zone of the distal epiphyseal cartilage of the femur of newborn rats
in norm and experiment.

2 Index
? E Square of the Square of nucleus, Nucleo-cell Square of cytoplasm, Nucleo-cvtoplasmic rati
0% 5 cell,mcm? mem? ratio mem? ucieo-cytopiasmic ratio
1 39,78+1,38 14,51+0,74 0,36+0,006 25,27+0,64 0,56+0,015
2 49,03+1,36* 11,83+0,37* 0,25+0,011 37,21+0,66* 0,34+0,020
3 38,12+1,26 13,82+0,67 0,35+0,006 24,30+0,59 0,56+0,014

Note: 1 - intact rats; 2 - rats after intrafetal administration of immunoglobulin; 3 - control animals in relation to the 2nd group; * - the result of
the 2nd group is reliable in comparison with the 3rd group.
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is > 1 are identified (12.0% and 10.61%, respectively, in the
intact and control groups). In the metachondral zone, there is
a slight predominance of the area occupied by the intercellular
substance over the area occupied by cells (Table 1). The density
of distribution of cells is lower than in the peri- and prochondral
zones (Table 2). Among the cells of the metachondral zone,
binucleated cells are detected (9.52%, and 12.5% of all cells,
respectively, in the intact and control groups). The nuclear-
cytoplasmic ratio is moderate (Table 5).

In newborn rats with experimental UDCT the articular cavity
is partially formed, there are areas of incomplete resorption
between the articular cartilage and the meniscus, the articular
cartilage and capsule. The distal epiphyseal cartilage of the
femur, as in the control rats, is characterized as an embryonic one
with definition of the perichondral, prochondral, metachondral
and basal zones. In the perichondral zone, the prevalence
of the relative area occupied by cells is determined, but this
index is significantly lower than in control group (Table 1). In
the prochondral zone, as in the control group, there is a slight
displacement towards the intercellular substance (Table 1). The
density of distribution of cells in the perichondral and prochondral
zones is significantly lower than in the control group (Table 2).
Cells of the peri- and prochondral zones are round-shaped. The
sizes of cells in all morpho-functional zones are significantly
larger than in the control (Tables 3, 4, 5). In the perichondral

zone, the relative content of binucleated cells is significantly
lower than in the control one (2.86%). In contrast to the control,
it defines cells in which the nuclear-cytoplasmic ratio is > 1
(15.71%). In the prochondral zone, on the contrary, in contrast
to the control, binucleated cells are determined (12.00%). The
relative number of cells with nuclear-cytoplazmic index > 1 is
lower than in the control one (4%). In the surface layers of the
developing articular cartilage, single dividing cells are found,
and single lymphocytes are detected. In the metachondral
zone, a slight prevalence of the relative area occupied by cells
is determined (Table 1). The density of distribution of cells in
the metachondral zone does not significantly differ from the
control (Table 2). Cells with a low nuclear-cytoplasmic ratio
(93.94%) predominate. The cytoplasm of cells is vacuolated,
the nuclei are located eccentrically. Binuclear cells are detected
(9.09%). In newborn rats of all groups in the epiphyseal
cartilage of the femur and tibia, carbohydrate residues of p-D-
galactose in small quantities are determined in the contents of
the extracellular matrix. PNA+ receptors are detected in the
contents of intracytoplasmic inclusions of cells of the peri-, pro-
and metachondral zone, on the cytoplasmic membrane they are
practically undetectable.

The 11th day after birth is a key period in the formation of
articular cartilage in rats with experimental UDCT: articular
cartilage is localized between the surface facing the joint cavity

Table 6. Dynamics of relative area (M £ m,%) occupied by the intercellular substance and cells in the morpho-functional zones of the articular

cartilage of the rats femur in norm and experiment.

Morpho-functional zones

e =S % Té‘ superficial intermediate basal

SZE8E S E . . .

< =sR"EB OB 5 cels matrix cells matrix cells matrix
1 62,0+3,08 38,0+3,08 48,0+3,08 52,043,08 Is not developed

11-th 2 57,31£2,53 42,69+2,53 49,16+1,91 52,84+1,91 86,14+2.6 13,86+2.6
3 63,04+1,66 36,96+1,66 46,00+2,60 54,00+2,60 Is not developed
1 73,18+2,28 26,82+2,28 56,5242,75 43,48+2.75 82,50+2,93 17,50+£2,93

14-th 2 60,0+2,86* 40,00+2,86* 48,57+2,36* 51,4342,36* 88,18£1,71%* 11,82+1,71%*
3 72,38+2,37 27,62+2,37 56,82+2,86 43,33+2,96 80,00+2,37 20,00+2,37
1 52,0+3,24 48,0+3,24 45,45+3,99 54,54+3,99 79,0943,99 20,91+3,99

21-st 2 52,0+3,08 48,00+3,08 51,67+4,67 48,33+4,67 92,50+1,85 7,50+1,85
3 51,82+1,71 48,18+1,71 46,82+2,29 53,18+2,29 80,00+2,21 20,00+2,21
1 57,62+3,55 42,38+3,55 57,62+3,55 42,38+3,55 87,00+2,46 13,00+2,46

30-th 2 50,84+2,68 49,16+2,68 49,05+1,78* 50,95+1,78* 90,00+2,16 10,002,16
3 57,00+3,69 43,00+3,69 58,003,69 42,00+3,69 87,14+2,37 12,862,37
1 65,63+4,39 34,37+4,39 60,00+3,75 40,00+3,75 92,001,23 8,00+1,23

45-th 2 65,83+3,70 34,17+3,70 69,17+4,62 30,83+4,62 92,73+1,99 7,27£1,99
3 64,76+3,55 35,24+3,55 60,913,99 39,09+3,99 91,74+1,11 8,261,11
1 41,88+2,93 58,12+2,93 67,50+2,93 32,5+£2,93 83,85+3,46 16,15+3,46

60-th 2 60,00+1,08* 40,00+1,08* 56,962,75* 43,04+2,75* 83,85+1,53 16,151,53
3 40,95+2,37 59,05+2,37 68,572,37 31,43+2,37 81,43+2,37 18,572,37
1 44,29+1,78 55,71£1,78 4429237 55,71£2,37 69,05+2,37 30,952,37

90-th 2 65,00+3,08* 35,0043,08* 43,503,08 56,50+3,08 76,36+2,86* 23,642,86*
3 44,21+2,56 55,79+2,56 44,742,56 53,26+2,56 68,42+2,56 31,582,56
1 63,75+2,14 36,25+2,14 56,961,66 43,04+1,66 70,00+1,71 30,001,71

120-th 2 57,62+3,55 42,3843,55 44,292,37* 55,71£2,37* 58,18+2,29* 41,822,29*
3 63,81+2,37 36,19+2,37 56,671,78 43,33+1,78 69,00+1,85 31,001,85

Note: 1 - intact rats; 2 - rats with experimental UDCT; 3 - control animals in relation to the 2nd group, * - the result of the 2nd group is reliable

in comparison with the 3rd group.
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and the developing subchondral bone; the articular cartilage is
characterized as a juvenile one: the superficial, intermediate
and deep zones are clearly differentiated. In intact, control rats,
the superficial and intermediate zones of the articular cartilage
are clearly differentiated. In the superficial zone, a tangential
and transitional layer are distinguished. An accumulation
of chondrocytes with vacuolated cytoplasm is determined,
equidistant from the surface of the cartilage facing the articular
cavity. In rats with experimental UDCT, an increase in the
relative area occupied by blood vessels ingrown from the
transition zone of articular capsule is revealed (Tables 6-10).

Ingrown blood vessels are surrounded by a rim of PNA+
- matrix, while the extracellular matrix of other cartilage is
stained less intensely. Pre-treatment of sections with pepsin
reduces the intensity of the distribution of the benzidine label
in the extracellular matrix that borders the ingrown blood vessel
and indicates the presence of fibronectin. In the wall of the
ingrown vessels single PNA + - lymphocytes are determined.
In chondrocytes of the superficial zone of articular cartilage,
carbohydrate residues of B-D-galactose are determined mainly
in the contents of intracytoplasmic inclusions. In rats with
experimental UDCT, the relative number of chondrocytes with
PNA+ - intracytoplasmic inclusions is higher than in control
(Table 11). In the intermediate zone of articular cartilage,
PNA receptors are expressed both as part of intracytoplasmic
inclusions and on the cytoplasmic membrane of chondrocytes.
In the intermediate zone of articular cartilage, the expression
of PNA+ - receptors on the cytoplasmic membrane of
chondrocytes with vacuolated cytoplasm increases. Uneven
PNA + - deposits on the cytoplasmic membrane of non-
nuclear chondrocytes are determined. Chondrocytes in which
PNA+ compounds are localized both on the cytoplasmic
membrane and on intracytoplasmic structures (Table 12). On
the cytoplasmic membrane PNA+ - deposits are distributed
unevenly, mainly on the surface facing the matrix, but not to the
neighboring chondrocyte. PNA- - chondrocytes are found. Rats
with experimental UDCT have a significantly higher content of
chondrocytes, in which PNA+ receptors are expressed on the
cytoplasmic membrane and both on the cytoplasmic membrane
and as a part of intracytoplasmic inclusions. In the deep zone of
articular cartilage of rats with experimental UDCT, chondrocytes
are mostly non-nuclear, PNA+ receptors are localized mainly
on the cytoplasmic membrane.

On the 14th day after birth, in the distal epiphyseal cartilage
of the femur of intact, control rats, subchondral bone is formed,
articular and meta epiphyseal cartilage are differentiated.
In the process of morphogenesis of the articular cartilage,
chondrocytes of juvenile cartilage are eliminated during the
formation of subchondral bone. In the articular cartilage, three
morpho functional zones are clearly differentiated: superficial,
intermediate, deep. In rats wth experimental UDCT, the
articular cartilage is thicker than in the control, a decrease in
the content of low- and high-sulfated glycosaminoglycans in
the extracellular matrix is determined as compared to intact and
control animals (Tables 6, 7, 8, 9, 10, 13).

From the 14th to the 21st day after birth in all groups of
rats the extracellular matrix of the transition zone and around
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the ingrown vessels, the density of the distribution of PNA+
receptors are higher than in the interterritorial matrix of other
morpho functional zones of articular cartilage. Pre - treatment
of sections with pepsin leads to the elimination of PNA + -
structures on the luminal surface of the lining cells. In the
superficial zone, PNA+ - compounds are determined mainly
in the content of intracytoplasmic inclusions (Table 11),
chondrocytes with PNA+ - inclusions and PNA+ - cytoplasmic
membrane are less common. In rats with experimental UDCT,
a significantly higher number of chondrocytes with PNA+ -
intracytoplasmic inclusions is detected compared to the control.
Against this background, in this group of rats, the superficial
area is significantly thicker than in the control and intact rats,
the density of the distribution of chondrocytes on conventional
unit of area significantly smaller and the cell size is significantly
smaller.

Chondrocytes with different localization of PNA + compounds
are found in the intermediate zone (Table 12). There is a
predominance of chondrocytes, in which the carbohydrate

Table 7. Dynamics of the absolute number of cells (M + m) per
conditional unit area (2500 um2) of the articular cartilage of the rats
femur in norm and experiment.

g Morpho-functional zones
«<
» S
g 2%
g; g E £ Superficial zone Intermediate zone
<2 OF&
1 34,06 + 1,54 4,70 £0,22
11-th 2 33,88 +£2,04 4,24+0,21
3 3421+ 1,61 4,77 +0,23
1 34,03+ 1,15 4,76 £ 0,21
14-th 2 28,57 +1,00* 3,89+0,16*
3 33,88 + 1,20 4,71 +0,21
1 26,25+ 1,15 4,87+0,23
21-st 2 24,40 + 1,48 491+0,22
3 26,25 + 0,85 4,85+0,31
1 25,94+ 1,15 5,00 £ 0,26
30-th 7 33,44 £ 1,15 433+0,18
3 25,54+ 1,04 5,00 +0,31
1 28,13+ 1,15 4,20+0,15
45-th 2 30,88 + 1,74 4,25+0,18
3 28,75+ 0,97 4,20+ 0,09
1 35,00 + 1,36 4,44 +0,27
60-th 2 27,00 + 1,83* 2,87 +0,14*
3 34,86 + 1,20 4,42 +0,26
1 16,09 + 1,66 9,11 £1,01
90-th 2 22,97 +0,45* 5,12+0,10%
3 15,71+ 1,43 9,38+0,97
1 28,33 +1,33 15,42 +2,14
120-th 2 30,0+ 0,67 11,25+ 0,50
3 28,50 + 1,23 16,36 £ 1,71

Note: 1 - intact rats; 2 - rats with experimental UDCT; 3 - control
animals in relation to the 2nd group; * - the result of the 2nd group is
reliable in comparison with the 3rd group.
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Table 8. Dynamics of cellular parameters of chondrocytes in the superficial zone of articular cartilage of the femur of rats in norm and experiment.

% Index
Age g “—E‘ Square of the cell, Square of nucleus,  Nucleo-cell Square of cytoplasm, Nucleo-cytoplasmic
2=  mem? mcm? ratio mcm? ratio
O =
1 45,83£1,07 15,35+0,48 0,34+0,01 30,48+0,92 0,54+0,02
11 -th 2 40,68+1,01* 17,00+0,54* 0,43+0,01* 23,67+0,92* 0,79+0,03*
3 46,27+0,99 15,4240,48 0,34+0,01 30,85+0,92 0,53+0,02
1 50,46+1,62 17,49+0,56 0,35+0,01 32,96+1,44 0,57+0,03
14-th 2 45,92+0,92* 16,57+0,46 0,36+0,01 29,34+0,64* 0,60+0,02
3 51,11+1,62 17,62+0,56 0,35+0,01 33,49+1,44 0,56+0,03
1 41,00+1,24 14,66+0,66 0,36+0,01 26,34+0,97 0,58+0,02
21 -st 2 45,67+1,28* 16,10+0,50 0,36+0,01 29,57+1,03* 0,61+0,03
3 40,41+1,24 14,42+0,66 0,36+0,01 25,99+0,97 0,58+0,02
1 35,67+1,54 12,53+0,58 0,36+0,01 23,14+1,13 0,59+0,04
30 -th 2 45,43+1,08* 14,07+0,48 0,32+0,01 31,36+1,13* 0,49+0,02°*
3 36,00+1,03 12,72+0,39 0,36+0,01 23,28+1,13 0,59+0,02
1 36,65+1,87 8,82+0,60 0,24+0,01 27,82+1,61 0,34+0,03
45 -th 2 49,79+0,12* 11,51+0,46* 0,23£0,01 38,29+1,27* 0,30+0,01
3 36,66+0,75 9,08+0,24 0,25+0,01 27,59+0,65 0,35+0,01
1 43,68+2,86 11,47+0,72 0,27+0,01 32,21+2,53 0,40+0,03
60 -th 2 35,97+0,90* 12,05+0,42 0,34+0,01* 23,92+0,80* 0,54+0,02*
3 42,98+1,43 11,33+0,36 0,27+0,01 31,65+1,90 0,39+0,01
1 24,32+1,21 7,41+0,40 0,30+0,01 16,91+0,82 0,45+0,03
90 -th 2 38,86+1,56* 9,88+0,50* 0,26+0,01 28,98+1,57* 0,37+0,02
3 23,87+0,60 7,30+0,20 0,30+0,01 16,58+0,44 0,45+0,03
1 44,94+2,16 13,35+0,57 0,31+0,01 31,59+2,09 0,46+0,02
120 -th 2 23,09+0,83* 7,80+0,44* 0,34+0,01 15,2840,55* 0,52+0,02
3 46,32+1,62 13,70+0,43 0,31+0,01 32,62+ 1,57 0,46+0,02

Note: 1 - intact rats; 2 - rats with experimental UDCT; 3 - control animals in relation to the 2nd group; * - the result of the 2nd group is reliable in
comparison with the 3rd group.

Table 9. Dynamics of cellular parameters of chondrocytes in the intermediate zone of articular cartilage of the femur of rats in norm and experiment.

5 " Index
Age E" g f;]l;lare of the Square of nucleus, lj;ltciljo-cell Square of cytoplasm, |Nucleo-cytoplasmic
5 E mcl’nz mcm? mcm? ratio
1 78,66+2,61 13,83+0,45 0,18+0,01 64,83+2.51 0,23+0,01
11 -th 2 126,01+5,23%* 15,26+0,94 0,13+0,01 109,21+4,85* 0,15+0,01
3 78,72+3,29 13,95+0,45 0,18+0,01 64,78+2,28 0,23+0,01
1 104,13+3,78 13,30+0,44 0,14+0,01 90,19+3,68 0,17+0,01
14 -th 2 175,89+10,20%* 17,31+0,75* 0,10+0,01 162,61+6,70* 0,12+0,01
3 104,49+3,78 13,02+0,66 0,14+0,01 90,42+5,51 0,16+0,01
1 126,18+8,61 12,74+1,12 0,11£0,01 114,80+7,43 0,13£0,02
21 -st 2 122,81+5,00 12,59+0,18 0,12+0,01 109,57+2,46 0,13+0,01
3 122,88+8,61 13,17+1,12 0,12+0,01 114,10+7,43 0,14+0,02
1 57,04+£2.21 16,02+0,60 0,30+0,01 41,0242,21 0,46+0,03
30 -th 2 149,13+11,65* 11,88+0,97 0,09+0,01 146,20+14,65* 0,10+0,01
3 58,74+2 .21 15,93+0,60 0,29+0,01 42.21+2,81 0,42+0,03
1 86,74+4,93 12,18+0,56 0,13+0,01 80,15+4,31 0,16+0,01
45 -th 2 88,84+5,00 14,234+0,73 0,17+0,01 74,61+4,56 0,21+0,02
3 87,62+3,28 12,33+0,38 0,14+0,01 80,47+2,87 0,16+0,01
1 88,54+6,34 13,30+0,62 0,16+0,01 79,09+5,83 0,19+0,01
60 -th 2 80,24+4,66 13,11+£0,38 0,19+0,01 67,13+4,47 0,25+0,01
3 82,76+1,43 12,28+0,31 0,16+0,01 73,03+2,92 0,20+0,01
1 73,50+2,01 15,55+0,50 0,22+0,01 58,47+1,71 0,28+0,01
90-th 2 71,22+4,06 13,68+0,62 0,224+0,01 57,54+3,88 0,30+0,03
3 74,27+2,01 15,57+0,50 0,21+0,01 59,31+1,71 0,28+0,01
1 72,78+3,03 16,93+0,78 0,24+0,01 55,90+2.91 0,33+0,02
120 -th 2 58,84+1,98%* 12,12+0,41 0,21+0,01 46,72+1,16* 0,27+0,01
3 74,52+2,20 17,05+0,52 0,24:+0,01 57,47+2.91 0,33+0,02

Note: 1 - intact rats; 2 - rats with experimental UDCT; 3 - control animals in relation to the 2nd group; * - the result of the 2nd group is reliable
in comparison with the 3rd group.
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Table 10. Dynamics of cellular parameters of chondrocytes in the deep zone of articular cartilage of the rats femur in the early postnatal period
in norm and experiment.

s P Index
=9
@ 3 E Square of the cell, Square of nucleus, Nucleo-cell Square of cytoplasm, |Nucleo-cytoplasmic
21” G S  mem? mcem? ratio mcem? ratio

1 Zone is not developed
11-th 2 466,49+18,59 42,09+2,49 0,10+0,01 434,10+30,70 0,11

3 Zone is not developed

1 364,03+16,94 32,31+2,78 0,08+0,01 389,18+18,76 0,09+0,01
14-th 2 507,12+41,27* 39,61+2,80 0,09+0,01 402,69+18,25 0,11+0,01

3 358,99+16,97 36,94+5,05 0,08+0,01 392,82+18,76 0,09+0,01

1 348,64+18,20 95,00+8,85 0,24+0,01 267,66+3,91 0,39+0,04
21-st 2 357,95+19,74 33,57+1,69 0,09+0,01 372,72+24,47 0,09+0,04

3 340,33+14,56 95,01+8,85 0,24+0,01 335,20+14,56 0,40+0,04

1 399,53+20,79 33,24+0,95 0,07+0,01 392,66+22,41 0,08+0,01
30 -th 2 410,04+11,14 37,53+2,06 0,08+0,01 399,92+16,08 0,09+0,01

3 401,60+13,15 31,74+0,92 0,09+0,01 335,69+19,55 0,10+0,01

1 182,69+14,04 19,1942,53 0,10+0,01 173,01+12,41 0,11+0,01
45 -th 2 368,49+14,00* 28,80+1,93 0,08+0,01 339,69+13,07 0,09+0,01

3 181,53+6,30 18,1742,11 0,09+0,01 174,02+9,31 0,10+0,01

1 293,86+12,96 24,41+3,01 0,08+0,01 284,07+18,62 0,08+0,01
60 -th 2 266,09+8,02 17,52+0,83 0,07+0,01 243,57+8,06 0,06+0,01

3 287,33+13,64 23,41+1,84 0,08+0,01 270,15+12,57 0,09+0,01

1 163,686+6,06 25,36+5,91 0,148+0,019 149,00+11,23 0,19+0,039
90 -th 2 153,07+13,26 17,58+1,29 0,13+0,01 135,42+13,63 0,16+0,02

3 172,98+9,31 23,92+0,80 0,18+0,011 139,55+7,27 0,28+0,022

1 164,09+14,62 17,94+1,57 0,14+0,01 146,15+13,72 0,17+0,03
120 -th 2 71,194£5,52* 12,14+1,34* 0,18+0,01 59,05£5,78* 0,23+0,02

3 161,35+8,75 17,79+0,72 0,14+0,01 143,57+8,93 0,17+0,02

Note: 1 - intact rats; 2 - rats with experimental UDCT; 3 - control animals in relation to the 2nd group; * - the result of the 2nd group is reliable
in comparison with the 3rd group.

Table 11. Dynamics of the relative number of PNA + -chondrocytes of the superficial zone of articular cartilage (M+m, %).

Type of Age, day after birth
distribution of Group
PNA*-receptors in of rats 11 14 21 30 45 60 920 120
chondrocytes
1 2,50+0,54 - - - - 0,83+0,54 - -
PNA+ cytoplasmic ) i ) _ ) ) ) ) )
membrane
3 2,6140,55 - - - - 0,87+0,55 - -
1 95,00+1,07 192,73+1,14  96,82+0,57 91,36+1,14 97,50+0,53 194,17+1,07 94,78+1,10 93,70+0,98
PNA+ inclusions |2 98,70+0,55 98,64+0,57* 90,87+1,67* 84,83+1,07* 96,25+1,07 95,83+1,07 96,96+1,10 95,90+1,14
3 94,78+0,55 92,86+1,18 97,14+0,59 91,90+1,18 97,27+0,57 193,90+1,10  95,00+1,07 93,85+1,01
PNA+ membrane 1 2,50+0,54  16,36x1,14  3,18+0,57 8,64+1,14 2,50+0,53  4,1740,83  2,50+0,54 |2,59+0,49
and inclusions 2 1,30+0,55 1,37+0,57*  9,13+1,67* 12,25+0,54* |2,08+0,54 - 1,67+0,55 1,37+0,57
3 2,61+£0,55 16,19+0,59  2,86+0,59 8,57+0,59 2,73£0,57  4,34+0,55  2,61+0,55 2,31+0,51
PNA+ non nuclear 1 - 0,91+0,57 - - - 0,83+£0,54  |2,50+0,55 |3,71+0,98
2 - - - 2,79+0,54 1,67+£0,54  4,17+1,07 1,73+0,55 2,73+0,57
chondrocyte
3 - 0,95+0,59 - - - 0,87+0,55  2,61+0,54 |3,85+0,51

Note: 1 - intact rats; 2 - rats with experimental UDCT; 3 - control animals in relation to the 2nd group; * - the result of the 2nd group is reliable
in comparison with the 3rd group.
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Table 12. Dynamics of the relative number of PNA + -chondrocytes of the intermediate zone of articular cartilage (M+m, %).

Type of Age, day after birth

distribution  Group

Of PNA™ —jof 11 14 21 30 45 60 90 120

receptors in  animals

chondrocytes

PNA+ 1 11,60+1,56 8,46+2,02 4,07+0,98 18,18+1,14  12,00£1,04 10,91+1,14 11,67+1,07 12,31£1,01

cytoplasmic

membrane 2 20,00+1,23* 25,0043,03* 10,91+1,71*% 41,67+2,14* 12,14+0,55 12,61£0,55  11,74+0,55 10,00£0,62
3 12,17+1,11 8,40+1,04 4,2340,51 18,10£1,18  12,08+0,54  11,43+£0,59  12,17+1,11 12,40+0,52

PNA+ 1 3,60+0,52  7,60+0,51 45,19+4,41  1091+1,71  53,20+4,67 8,18+1,14 50,37+1,07 81,53+2,53

elusions 2 5,00£0,62% |2,50+3,03%  12,72+1,14* |- 69,57+2,76* 19,57+2,76% 52224111 71,60+0,62*
3 3,33+0,55 7,60+£0,52 45,38+2,02 10,95+£0,59  55,00+1,61 8,57+0,59 50,00+1,11 |82,40+2,07

PNA+ 1 54,404+2,60 [84,23+2,53  50,37+4,41 70,91+£2,29  32,00+4,67 80,91£1,71 36,00£1,61 3,85+1,01

membrane and 2 69,00+1,23% |72,50+3,03% 76,36+1,71* 55,92+2,14*% 16,5242,21% |63,48+3,32*% 34.82+1,65 17,40+1,23*

inclusions 3 55,00+£2,14 85,60+£2,08 50,00£2,02 71,43+1,18 |30,83+1,61 80,00+1,18 36,70+2,22 |4,00+£0,52

PNA+ non 1 30,4043,12  3,46+1,01 - - 2,84+1,04 - 1,96+0,54  2,31+0,52

nuclear 2 6,00£0,62% |- - 2,42+1,61 1,1740,55  435+0,55  |1,2240,55 |-

chondrocyte 3 30,0042,14 3,60+0,52 - - 2,9240,54 - 2,00£0,55  2,40+0,52

Note: 1 - intact rats, 2 - rats with experimental UDCT; 3 - control animals in relation to the 2nd group; * - the result of the 2nd group is reliable
in comparison with the 3rd group.

Table 13. Dynamics of thickness of articular cartilage of the rats femur in norm and experiment.

o 2 Morpho-functional zones
& g £  Common thickness of Superficial zone, pm Intermediate zone, pnm Deep zone, pm
< O S & articular cartilage, um P B B P B

1 393,40+9,35 36,30+0,55 215,33+8,88 110,74+5,71
14-th 2 619,41+11,41* 54,12+4,46* 396,56+11,71* 168,24+8,57*

3 397,1749,95 36,34+0,60 209,78+8,17 106,95+3,41

1 305,65£15,17 22,9+0,68 183,09+6,23 119,12+43,14
21-st 2 347,42+7,59* 45,44+0,82* 174,59+6,22 127,61+2,75

3 304,40£14,28 22,42+0,55 183,82+4,82 120,06+3,64

1 436,67+16,82 40,35+1,62 207,88+11,10 171,36+5,55
30-th 2 425,00+11,99 56,60+4,00%* 237,05+4,61 133,3342,66

3 455,40+19,21 40,98+1,65 208,88+13,50 171,95+5,91

1 275,37+13,48 25,43+0,55 115,25+5,91 134,75+6,22
45- th 2 278,93+9,09 49,20+2,46* 111,67+7,67 120,28+5,34

3 274,25+16,91 26,01+0,68 115,38+8,00 132,38+7,04

1 136,11+45,62 33,86+1,81 53,1343,30 65,00+3,61
60- th 2 137,45+9,23 24,49+1,00* 61,00+1,73* 51,20+2,34

3 139,55+7,27 34,40+2,05 52,00+4,05 66,99+4,67

1 128,50+1,85 11,10+0,40 52,00+0,80 61,80+1,56
90- th 2 110,32+4,67* 17,32+0,72* 60,05+4,29 29,7143,16*

3 128,95+1,92 11,15+0,45 51,60+1,04 60,65+1,66

1 60,12+1,87 10,96+0,72 32,04+£1,08 18,40+0,80
120-th 2 61,77+1,83 9,85+0,40 37,84+1,00* 20,90+1,66

3 59,61+1,99 10,95+0,82 32,15+1,23 17,56+1,04

Note: I - intact rats; 2 - rats with experimental UDCT 3 - control animals in relation to the 2nd group, * - the result of the 2nd group is reliable
in comparison with the 3rd group.
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Table 14. Dynamics of the relative number of PNA + -chondrocytes of the deep zone of articular cartilage (M=m, %).

Type of Age, day after birth
distribution of Group
PNA*-receptors of rats 14 21 30
in chondrocytes
PNA* 1 15,24+2.36 17,14+1,91 16,67+1,08
cytoplasmic 2 28,00+1,85* 10,43+1,11* 56,64+2,86*
membrane 3 15506123 1731153 15,65+1,10
1 } ; -
PNA" inclusions 2 - - -
3 } _ _

X 1 - 45,7143,83 56,67+2,68
PNA"membrane 29,50£1,85  26,96+221%  12,27+1,14*
and inclusions

3 - 46,54+1,53 57,83+1,65
PNA* non 1 81,9142,36  32,79+3.35 20,00£1,61
nuclear 2 38,50+2,46* 56,52+1,66* 27,27+2,29*
chondrocyte 3 82,00+1,23 32,54+1,53 19,50+1,65

45 60 90 120
1,60+0,52 26,2543 21 10,43£1,11 -
26,40+2,08*  10,00£1,61*  4,86£0,59* -

2,08+0,54 26,96+1,65 1227£1,53 -

0,8+0,52 . 6,63%0,55 47,1442,39
3,60£0,52% - 10,04£0,59  57,52+1,65*
0,830,54 . 6,68+0,51 47,78+1,96
52,4043,12  2,5+0,53 32274222 36,43+3,35
46,8042,08  73,00£2,14*  57.83+1,77*  26,96+1,65*
52,50£1,61  2,6140,55 31,2541,53  35,19£1,96
42,4042,60  67,92£321  48,71+3,33 16,43+2,39
16,40+1,56*  12,08+1,61*  2327+1,18*%  11,43+0,55%
42,50+1,61 66,96:1,65  46,80£1,53 16,30+0,98

Note: 1 - intact rats; 2 - rats with experimental UDCT; 3 - control animals in relation to the 2nd group; * - the result of the 2nd group is reliable

in comparison with the 3rd group.

residues of B-D-galactose are part of both intracytoplasmic
inclusions and receptors expressed on the cytoplasmic membrane
(Table 12). In rats with experimental UDCT, their content is
significantly lower than in controls, but it is determined a
significantly higher relative number of chondrocytes, in which
PNA + receptors are expressed on the cytoplasmic membrane
(Table 12). Chondrocytes with vacuolated cytoplasm and
nonnuclear chondrocytes with PNA + - cytoplasmic membrane
predominate in the deep zone of articular cartilage of all groups
of rats. PNA + - deposits are determined mainly on the surface
facing the matrix, and not to the neighboring chondrocyte.

On the 30th day after birth in the superficial area of articular
cartilage of all groups of rats compared to the 21st day after
birth a decrease in number of chondrocytes with PNA + -
inclusions is determined against the background of increased
detection of chondrocytes with PNA + - intracytoplasmic
inclusions and PNA + - cytoplasmic membrane (Table 11).
In rats with experimental UDCT, the content of chondrocytes
with PNA + - intracytoplasmic inclusions is significantly
lower than in controls, and the content of chondrocytes with
PNA + - inclusions and cytoplasmic membrane is significantly
higher (Table 11). Later on, by the end of the observation
period, differences in the ratio of different types of PNA+ -
chondrocytes in all groups of animals are almost eliminated. In
the deep zone of articular cartilage of intact and control rats,
chondrocytes in which carbohydrate residues of -D-galactose
are determined both as part of intracytoplasmic inclusions and
as part of cytoplasmic membrane receptors predominate (Table
14). In rats with experimental UDCT, chondrocytes with a
PNA+ cytoplasmic membrane predominate. Chondrocytes with
PNA+ - intracytoplasmic inclusions in all groups of rats are
practically not defined.

Until the fourth month after birth, deep zone chondrocytes
are mainly represented by cells characterized by the presence
of vacuolated cytoplasm and the predominant absence of a
nucleus, with a low nuclear-cytoplasmic ratio (<0.5). On the
120th day, chondrocytes of the deep zone are oval, the cell axis
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is perpendicular to the articular surface, the nucleus is located
somewhat eccentrically, 1-3 nucleoli are determined in the
nucleus (Tables 6,7,8,9,10,13). From the 45th up to the 120th
day after birth in the intermediate and deep zone of articular
cartilage a wave-like change in the ratio of chondrocytes with
different localization of PNA+ - compounds is determined, it
largely coincides with changes in vacuolation cytoplasm of
chondrocytes. On the 120th day after birth on the border of the
deep zone of articular cartilage and subchondral bone is found a
PNA+ - tide-mark, represented by short = 5-7 um vertical PNA
+ - fibers located perpendicular to the articular surface of the
bone. Chondrocytes are found directly in the substance of the
tide-mark.

The composition and distribution of glycosaminoglycans of
the articular cartilage of the distal epiphysis of the femur in
rats in the early postnatal period is characterized by zoning
and dynamically changes during the first four months of life,
which is associated with the ongoing process of chondrogenesis
after birth, an increase in the level of motor activity and load
on the articular surface. The distribution and composition of
glycosaminoglycans of the articular cartilage reflect the degree
of its differentiation and the functional activity of chondrocytes
in the process of chondrogenesis.

Discussion.

Thus, in newborn animals of all groups, the process of knee
joint formation is not complete. The distal epiphyseal cartilage
of the femur is characterized as embryonic. In intact, control
rats on the 14th day after birth, and in rats with experimental
UDCT on the 11th day of life, a secondary focus of ossification
- the subchondral bone is formed, it divides the distal epiphyseal
cartilage of the femur into articular and meta epiphyseal cartilage.
From the moment of formation of the subchondral bone to the
fourth month of life, the articular cartilage of all groups of
animals is characterized as juvenile, in which three zones are
distinguishable: superficial, intermediate, and deep, represented
by chondrocytes with vacuolated cytoplasm and pycnotic
nucleus. Isogenic groups of chondrocytes are round in shape
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and are located mainly radially in relation to the subchondral
bone. On the 120th day, after birth, the articular cartilage of all
groups of animals is characterized as definitive. The columnar
structure of the intermediate zone is well discernible in it. In the
deep zone, the tide-mark, the zone of uncalcified and calcified
cartilage, are well differentiated. Cartilage, being avascular
tissue of considerable size during development, is particularly
sensitive even to moderate disturbances of the vascularization
process and, consequently, to disorders of nutrition and
oxygenation [17]. Therefore, various effects on the fetus,
leading to impaired vascularization can cause the development
of joint dysplasia.

Earlier it was established that in newborn rats after intranatal
antigen administration in a transition zone of articular
cartilage the greatest content of lymphocytes in general, and
PNA+ lymphocytes in particular were defined [13,16]. PNA+
lymphocytes correspond to the presence of a population of y/5-T
lymphocytes performing immunoregulatory function among
PNA+ lymphocytes [18,19]. The functional activity of PNA+
- lymphocytes causes changes in the functioning, imbalance in
the formation of cells of the microenvironment, the synthesis of
intercellular substance, fibers of the extracellular matrix, which
leads to a violation of the morpho functional state of the organs
as a whole [13]. The peak content of PNA+ lymphocytes in the
transition zone of the synovial membrane of intact, control and
rats after intranatal antigen injection occurs on the 7th day of
life. Increased content of PNA+ lymphocytes in the synovial
membrane alter the activity of endothelial cells, increasing
the synthesis of VEGF, which plays a key role in the process
of enchondral ossification [17,20]. It leads to earlier vascular
invasion and premature formation of subchondral bone and
articular cartilage, the chondrocytes of which are functionally
immature, the content of sulfated glycosaminoglycans is lower
than the control, these changes properties of articular cartilage.
The low content of sulfated glycosaminoglycans in its turn also
facilitates the ingrowth of blood vessels from the intermediate
zone [21]. According to Moisge N. (1998) under the influence
of various factors on the body during fetal development, the
expression of carbohydrate residues varies in the composition
of various fetal tissues [22]. According to data Y Sassano
et al (1992) the presence or absence of the PNA-binding
glycoconjugates may be involved in characterizing the nature of
the cartilages [23]. Peanut agglutinin (PNA), a lectin with high
affinity for galactose-galactosamine disaccharide residues was
used for detection of B-galactoside-containing oligosaccharides
[24] in the contents of intra- and extracellular substances of
cells including galectin — 3, which is found intracellularly in
nucleus and cytoplasm or secreted outside the cell and widely
spread among different types of cells and tissues including
chondrocytes, osteoblasts and osteoclasts, as well as in the
endothelial cells from various tissues and organs [25,26]. It
participates in different physiological and pathophysiological
processes including development, apoptosis, immune reactions
etc., [26].

The formation of a secondary focus of ossification is facilitated
by anincreased in the volume of cell mass, while the level of tissue
hypoxia increases [17,27,28]. The cytoplasm of chondrocytes
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is vacuolated, chondrocytes undergo apoptosis, and molecules
of galectin-3, detected by peanut lectin, are expressed on their
cytoplasmic membrane. A clear zonation of the distribution
of galectin-3 in the chondrocytes of the articular cartilage
was observed. In cells of the peri-, pro- and metachondral
zone of embryonic epiphyseal cartilage, in the superficial
zone of juvenile and mature articular cartilage galectin-3 is a
part of intracytoplasmic inclusions of chondrocytes and is not
expressed on the cytoplasmic membrane (indicating activity of
intracytocytic processes). The relative number of chondrocytes
with PNA+ intracytoplasmic inclusions in the superficial zone
for four months after birth is quite stable. In addition, the
highest relative content of ki-67+ cells in the perichondral zone
of the formed articular cartilage are determined in newborn rats
with experimental UDCT [29] which is associated with more
accelerated rates of differentiation and formation of articular
cartilage in rats with experimental UDCT, changing the
functional activity of cells in the transition zone.

Conclusions.

Thus, a distinctive feature of the morphogenesis of articular
cartilage in rats with experimental UDCT is its isolation on
the 11th day during the formation of a secondary focus of
ossification - the subchondral bone, in contrast to control rats
in which articular cartilage differentiates on the 14th day after
birth. This process is accompanied by a pronounced thinning of
the articular cartilage during the third week after birth, which
is associated with a faster rate of destruction of functionally
immature articular cartilage by the subchondral bone with
an increase in load due to increased motor activity. In rats
with experimental UDCT, the morpho functional activity of
chondrocytes of all morpho functional zones of the articular
cartilage changes during the first four months of life, which
is manifested by a change in the cytological parameters of
chondrocytes, a change in the cell-matrix ratio and the density
of distribution of chondrocytes, a decrease in the synthesis of
sulfated glycosaminoglycans their transport into the extracellular
matrix. In rats with experimental UDCT, the content of sulfated
glycosaminoglycans in the matrix of the articular cartilage
decreases. As a result, there is an accelerated replacement of the
deep zone of the articular cartilage by the subchondral bone and,
accordingly, the thinning of the articular cartilage on the 90th
day after birth. That is, all revealed changes of articular cartilage
on the background of experimental dysplasia of connective
tissue form the predispositions for earlier development of joint
diseases including osteoarthrosis especially in conditions of
inadequate physical load on joints.
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CTPYKTYPHBIE OCOBEHHOCTH
PEAKTHUBHBIX WU3MEHEHUI CYCTABHOI'O
XPSAIIA VYV KPbIC C DSKCHEPUMEHTAJBHOM
HEJIU®®EPEHIIMUPOBAHHOM JIACILIABUMENA
COEJIMHUTEJBbHOM TKAHU

I'puropsesa Enena A, I'ymunckuii FOpnii 10, Bap:xanersin
Cypen /I, Yepnslii Baagucnas B, bornanos Ilasea B.

AOcTtpakTt. HecMmoTps Ha Bce KIMHUYECKHE MPOSBICHUS
Heu(pPepeHIMPOBAHHONW TUCIUIA3UU COEAWHHUTENHFHON TKaHU
(HACT), Bkirouyast CHHAPOM THUIEPMOOWIBHOCTH CYCTaBOB,
JO CHUX TIIOp OTCYTCTBYIOT TOYHBIE MOP(OIOTHUECKHE
XapaKTepUCTUKH  CTPYKTYPHBIX U3MEHEHMH CyCTaBHOTO
xpsima Ha Qore HJCT. Ilems: ompenenuTh CTPYKTypHBIC
O0COOCHHOCTH PEaKTHBHBIX WM3MEHEHHI CyCTaBHOTO XpsIla
y kpbic ¢ skcriepumenTaiabHod HIACT. Mertoasl. O0bekToM
HCCIIEIOBAaHMST CIY)XWIH 162 KOJNEHHBIX CycTaBa OeJbIX
11a00paTOPHBIX KPbIC, KOTOPBIE OBUIN pa3iesieHbl Ha 3 TPYIIIbL: -
1-4 - ”HTAaKTHBIE ’KUBOTHBIE; 2-10 IPYIILY COCTABIIIN )KUBOTHEIE,
Ka)JIOMY U3 KOTOPBIX Ha 1 8-if IeHb BHYTPHYTPOOHOTO Pa3BUTHS
Beomwu o 0,05 mu anturena B 0,9% NaCl; 3-10 rpynmy
COCTaBHJIM KOHTPOJIBHBIE KPBICHL, KOTOPEIM BBOAMIN 1o 0,05
i 0,9% NaCl Ha 18-i1 1eHb ycTaHOBIICHHOW OEpeMEHHOCTH.
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Mopdonorudeckyro CTpyKTypy CYCTaBHOTO Xpsilia KOJEHHBIX
CycTaBOB uccienoBanu Ha 1-e, 11-e, 14-e, 21-¢e, 30-e, 45-¢, 60-
e, 90-e, 120-e cytku xu3Hu. DUKCALUIO THCTOJIOTHYECKOTO
Marepuana nposoauia B 10% HelTpaabHOM (opManbierHe.
B pabote ncrnonp30BaiM rTHCTOXMMUYECKHE, THCTOIOTHUECKHE
METO/IbI, CTaTUCTUYECKUE MEeTOJbl. [lodyueHHbIe pe3ybTaThl.
CycraBHoil xpsiii  Kpbic c 3kcnepumeHtanbHo HICT
CHaJyajJa KOMIIEHCATOPHO YTOJIIIAETCs, a 3aTeM HeoOpaTuMo
HCTOHYAETCS, YTO SBJSIETCS  MPEANOCBHUIKOM  pa3BUTHUS
MEePBUYHOTO  OCTeoapTpo3a. BriBoabl.  OTauuuTensHOU
0COOEHHOCTBIO MOp(OreHe3a CyCTaBHOTO Xpslla y KpBIC C
skcniepumenTanbHot HJICT sBnsiercst ero BblfelieHHWE Ha
11-e cyTkum mpu (GOPMHUpPOBAHMM CYOXOHAPAJIBHOW KOCTH,
B OTJIMYHE OT KOHTPOJIBHBIX KpPBIC, Y KOTOPBIX CyCTaBHOH
xpsmn guddepenmupyercs Ha 14-¢ CyTKM KU3HH. Y KpPBIC
¢ okcrnepumentansHot HJICT cHmkaeTcs colepikaHue
CyITb(aTUPOBAHHBIX  TJIUKO3AMHUHOTJIMKAHOB B  MAaTPUKCE
cycTtaBHOro xpsma. I[IpoucxomuT yCKOpeHHOe 3aMelleHue
TITyOOKOM 30HBI CyCTaBHOTO XpAIla CyOXOHIPAIEHON KOCTBIO U
HCTOHYEHUE CYyCTaBHOI'0 Xpsma Ha 90-i1 AeHb mocie poXKIeHHUS.
KiarueBbie caoBa: HenuddepeHIIMpOBaHHAS —TUCILIA3USL
COEJIMHUTENILHON TKaHU, XPSAIL, XOHAPOILIUTHI.
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