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Aim. To analyze the formation and reactivity of the intermediate part (marginal tranzitional zone) of joint capsule using lectinhistochemistry.

Methods and results. Hip joint of laboratory rats was as an object for present investigation. Method of intrafoetal antigen injection has been
taken as a pattern in order to study the reactivity of above-mentioned zone. Fragments of hip joints were fixed in picroformol, decalcinated and
dehydrated. We used a standard set of lectins, conjugated with horseradish peroxidase for lectinhistochemistry. In the intermediate part, we
distinguished regio superficialis and regio profunda. The intensity of expression for lectin receptors in regio superficialis was always higher than
in the parietal part of the joint capsule. The intermediate part is distinguishable from the surrounding tissues as early as on the 1* day, meanwhile
regio superficialis and regio profunda are discernible from each other only on the 7" day. The intermediate part formation is associated with a
decrease in the expression of lectin receptors in regio superficialis and an increase in the content of galactose-, mannose- and glycoconjugates
in regio profunda occurring from the 14" day. Changes are more pronounced in regio profunda in comparison with regio superficialis and
consist in their premature development, which is accompanied by early expression of a large number of galactoseconjugates in regio profunda
on the 7" day, with a subsequent decrease in galactose — and mannose saturation in it and appearance of significant L-fucose residues amount.

Conclusions. Antigenic effect leads to tension in immuno-biological relationship between articular cartilage and joint capsule and following
reactive processes affecting lectin receptors glycosylation of intermediate part. Premature glycosylation of regio profunda is aimed on the early
formation of the intermediate part of joint capsule having the lectin-mediated barrier, preventing excessive invasion of the joint capsule into
the articular cartilage.
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3acTocyBaHH# JIEKTUHOBOI ricToXiMii 1,11 BUBUeHHS (popMYyBaHHSA Ta PeaKTUBHOCTI MepexiHoOl YacTUHHU
KaICyJH cyrjiodoa

A. B. ®eoomuenko, M. A. Bonowun
MeTta po6oTH — 32 JOIIOMOTOIO JIEKTHHOBOT TiCTOX1Mii BUBYUTH (OPMYBAaHHS Ta PEAKTUBHICTH NMEPEXiTHOT YACTUHH KaIlCylU CyIo0a.

Marepiaan Ta MeToau. O6’€KTOM JOCIIKEHHS CTaB KyJIbLIOBHH Cyri100 JlabopaTopHuX IypiB. J[jisi BUBYEHHS PEaKTHBHOCTI MepexiTHol
YaCTHHHM KaICyJIH Cyrl100a BUKOPHCTOBYBAIM METOANKY BHYTPILIHBOILTIIHOTO BBE/ICHHSI aHTUTeHA IIfypaM Ha 18 100y aHTeHaTaIbHOTO Mepiozy.
®parMeHTH KyNIbIIOBUX CYII00iB (hikcyBamu B piguHi ByeHa, nexanbIuHyBany, JerigpaTyBaiiy Ta 3aJHBaIi B cymint napadin:Bick:kaydyk. [ms
JOCJIIJDKEHHS PO3IOALTY PEeNTOPIB 10 JEKTHHIB BUKOPHCTOBYBAJIN CTAaHIAPTHI HAOOPH JIEKTHHIB, 1110 KOH IOTOBaHI 3 HEPOKCHIA3010 XPOHY.

Pe3yabraTu. Y nepexiiHiil yacTHHI Karcyiu cyrinoda BUALTIIH regio superficialis 1 regio profunda. BctaHOBUIIN, IO IHTEHCUBHICTH €KCIIPECii
peuenTopiB 10 JIEKTUHIB Y regio superficialis Oyna 3aBX Iy BHIIOI0, aHK y MTapi€TaIbHOI YaCTHHH KaTlcynu cyriooa. [lepexiqHy yacTHHY KarCyinn
MOYKHA BiJJPI3HUTH BiJ NPWIETINX TKAaHWH cyrno0a Bke B mepiry 100y, a regio superficialis i regio profunda nudepeHnito0Tbes MiX cOO0I0
nuiie Ha 7 100y. Y po6oTi BCTaHOBIIIH, 110 ()OPMYBAHHSI IIEPEXIAHOI YACTHHH TIOB’s13aHE 31 3MEHILICHHSIM €KCIIPECii PeLenTOpiB 10 A0CIiIKY-
BaHUX JIEKTHHIB Y regio superficialis 1 301bIICHHSIM BMICTY TaakT0o30-, MAHO30- Ta [IIFOKO30KOH IOTaTiB y regio profunda, mo Big0yBa€eThest
3 14 no6u. PeakTuBHi 3MiHM B MepeXiiHii YacTHHI Karcyau cyrioda micist Aii aHTUTeHIiB O1IbLI BUpaXkeHi B regio superficialis, HIX y regio
profunda ¥ nonAraroTh y ii epeayacHOMY CTaHOBJICHHI, 1110 CYTPOBOKY€EThCS PAHHBOKO EKCIIPECI€0 BEIUKOI KITBKOCTI MaJIaKTO30KOH FOraTiB
y regio profunda ua 7 100y, 3 TaJIBIINM 3HHKEHHSIM Yy Hilf rajJakT030- Ta MAHO30KOH FOTATiB 1 MOSIBOK YUMAJIOr0 BMICTY 3aiuiiKiB L-dyko3m.

BucHOBKH. AHTUTCHHHH BIUIMB IPH3BOJUTH 10 HAIPYKEHOCTI IMyHOO10JIOTIYHUX B3a€MOBITHOCHH MiX CYIIIOOOBUM XPSIIIIEM 1 KaICyIIO0
cyr100a Ta KOMIIEHCATOPHO-IIPUCTOCYBATBHUX 3MiH DTIKO3WIALIT CTPYKTYp mnepexigHoi dactuHu. [lepenyacHa MiKo3WISLis regio profunda
CIPSIMOBaHa Ha PAHHE CTAHOBIICHHS [IEPEX1IHOT YACTUHU 3 METOI0 YOPMYBaHHS HECTIEUU(IYHOr0 aHATOMO-(i310I0TYHOTO JIEKTHH-0II0CEpeI-
KOBaHOTO 0ap’epa 3a/71s1 3an00iraHHs HaaMIipHIiH 1HBa31i Karncynu cyrioda B CyrlIoOOBUI XPsII.

Knrwouosi cnoea: xancyna cyenoba, nepexiona uacmuna Kancyau cyenooa, 1eKmutu.
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le/lMeHEHl/le JIEKTUHOBOI I'MCTOXMMUM JJI5 n3yvyeHus (l)Ole/lpOBaHHﬂ N PEAKTHBHOCTH nepexozmm?l 30HBI
KaIICyJbl CycTaBa

A. B. ®eoomuenxo, H. A. Borowun
Iesib paGoThI — C TOMOIIBIO JIEKTHHOBON TMCTOXMMHHU H3y4YHTh (DOPMUPOBAHUE M PEAKTUBHOCTH MIEPEXOIHON 30HbI KAICyJIbl CYCTaBa.

Marepuanasl 1 MeToAbl. OOBEKTOM HCCIIEAOBAHMA CTajJ Ta300eIpPEHHBIH CcycTaB JabOpaTOPHBIX KpbIC. [l M3ydeHHS peaKTHBHOCTH
MIEPEXOJHOM 30HBI KallCyJbl CYCTaBa MCIOJNB30BAIN METOJMKY BHYTPHMIUIOJHOTO BBEACHUS aHTHUICHA KpbICaM Ha 18 CyTKM aHTeHaTalbHOTO
nepuoza. OparMeHThl Ta300eAPEHHBIX CyCTaBOB (DMKCHPOBAIM B JKUAKOCTH bysHa, JAeKaIbLMHUPOBAIH, AECTUIPATHPOBAIN U 3QJIMBAIN B
cMech napaduH:BOCK:KaydyK. Jljis HcClieoBaHUs paclpe/iesieHHs] PELeNTOPOB K JIEKTHHAM HCIIOJIb30BaJIN CTaHAAPTHbIE HA0OPHI JICKTHHOB,
KOHBIOTHPOBAHHBIX C MEPOKCHIA301 XpeHa.

PesyabTarsl. B nepexonHoil 30He KallCyibl CycTaBa BHIICISUIN regio superficialis v regio profunda. YCTaHOBIEHO, YTO HHTCHCHBHOCTH
9KCIIPECCHH PENIENITOPOB K JIEKTHHAM B regio superficialis Obla BceT/ia BEIIIe, Y€M B TAPHETATBHOM YacTH KallCyiIbl cycTasa. [lepexoqHas 30Ha
KarCyIIbl OTIIMYMMA OT NIPUIIETAIONINX TKaHeH cycTaBa yxke Ha 1 cyTkH, a regio superficialis n regio profunda nuddepeHnnpyoTcs Mexmy co-
0011 Topko Ha 7 cyTKH. B pabote ycTaHOBIEHO, 9TO OPMHUPOBAHIE TIEPEXOTHOI 30HBI COMPSKEHO C YMEHBIICHHEM SKCIPECCHU PEIIETITOPOB
K HCCIIeyeMbIM JIEKTUHAM B regio superficialis N yBenn4eHneM COIep KaHMs TalaKT030-, MAHHO30- M TIIIOKO30KOHBIOTATOB B regio profinda,
YTO MMeET MecTO ¢ 14 cyTok. PeakTuBHBIE H3MEHEHNS B IEPEXOJHOM 30HE KaICYNIbl CycTaBa IOCIe BO3AEHCTBHS aHTUTEHOB 00JI€e BEIPAKEHBI
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B regio superficialis, 4eM B regio profinda v 3aKIIF09aloTCs B €€ MPEXkKIeBPEMEHHOM CTAaHOBJICHHH, YTO COIIPOBOXKIACTCS PAaHHEH SKCIIpeccHeit
GOJBIIOTO KOJIMIECTBA TATAKTO30KOHBIOTaTOB B regio profunda Ha 7 CyTKH C TIOCIEAYIONMM CHIJKEHHEM B HElf TalakTo30- H MAHHO30KOHBIO-

IaTOB M NOSBJICHUEM 3HAYUTEIILHOTO COAEPIKaHUs OCTATKOB L-yKo3bl.

BbIBObI. AHTHT€HHOE BIIUSIHUE MIPUBOIHUT K HAPSDKEHHOCTH MMMYHO-OHOIOTHYECKUX B3aUMOOTHOIIICHU I MEK/Ty CYCTaBHBIM XPSIIIIOM U
KarICyJI0#i CycTaBa i KOMIICHCATOPHO-IIPHCIIOCOOHTEIHHBIM H3MEHEHHSIM IINKO3HIISLIN CTPYKTYP IIEPEX0AHOM 30HbL. [Ipexk1eBpeMeHHas [ITHKO-
3wyt regio profunda, HanpaBlieHHAs HA paHHEe CTAaHOBJICHHUE TIEPEXOIHO 30HBI KaICyJIbl CycTaBa ¢ [eNbio GOPMHUPOBAHMS HeCHIeH(DHIECKOTO
aHATOMO-(PU3UOIOTHYECKOTO JIEKTHH-0MTOCPEI0BAHHOTO Gaphepa, MPeI0TBPAIaeT Ype3MepHYI0 HHBA3HIO KAICyJIbl CyCTaBa B CyCTABHOMN XPSIIIL.

Knrouesvie cnosa: kancyna cycmasa, nepexoOnas 30Ha Kancyiol Cycmagd, 1eKmuHbl.
3anopoxcckuit meouyunckuil scypuan. — 2016. — Ne5 (98). — C. 78-83

t present time the problem of joint morphology research

has received considerable attention due to its great im-
portance in general morbidity. It is well-known that the initial
signs of joints damage during its inflammation take place at the
contact area of the joint capsule and articular cartilage. This
area has a key role in maintaining morphological and functional
integrity of the joint. A lot of scientists studied this zone using
different terminology, namely “niepexoiHast 30Ha CHHOBHAILHON
MeMmOpanbr”, “marginal transitional zone”, “marginal synovi-
um”, “synovium-cartilage junction”, etc [1,5,7,10,11].

We proposed to distinguish the visceral part (pars visceralis
capsulae articularis), parietal part (pars parietalis capsulae
articularis) and pars intermedia capsulae articularis (interme-
diate part, generally known term — “marginal transitional zone”).
In pars intermedia two different zones are discerned: fibrous
layer which entwines in the articular cartilage — regio profunda
and the area of the fibrous layer, which contacts directly with the
last one — regio superficialis [2,4,9]. Complex immunobiological
relationship between the joint capsule and articular cartilage are
provided by a number of mechanisms of non-specific immune
resistance, in particular carbohydrate-protein factor. Lectinhis-
tochemistry are widely used to study the dynamics of carbohy-
drate residues distribution in organs and tissues. These methods
provide an opportunity to assess the formation of non-specific
innate protective barrier of the marginal transitional zone of the
joint capsule which is aimed to maintain normal physiological
interaction between the joint capsule and the articular cartilage
and prevent the excessive invasion of the joint capsule into the
articular cartilage.

Aim

To study the formation and reactivity of the marginal transi-
tional zone (intermediate part, further in text) of the joint capsule
by means of lectinhistochemistry.

Materials and methods

We used hip joints of white laboratory rats. Three groups
of animals were studied. The first group — intact animals. We
injected 0.05 ml of immunoglobulin human normal the second
experimental group — antigen-affected rats in order to study
reactivity of the marginal transitional zone of the joint capsule.
The third group were rats of control group (injected with 0.05 ml
of physiological saline). Injections of antigens and physiological
saline were given for foetus on the 18" day of their antenatal
life per uterus subcutaneously in the interscapular region (the
method of Mykola A. Voloshyn (1981) [3,6,9]. Rats were born
on the 22" — 23" day after conception. Animals were put to
death under aether anaesthesia by means of decapitation on
the 1%, 7™, 14% 30% 60™ and 90" days of postnatal life in the
afternoon from 13.00 to 14.00 (8 rats in each group, 144 rats

were used in total). We guided by “European Convention for
the Protection of Vertebrate Animals used for Experimental and
Other Scientific Purposes” Strasbourg, 18.111.1986. Fragments
of the hip joints were fixed in picroformol, decalcinated in 20 %
formic acid solution and dehydrated in alcohols and chloroforms.
Pieces were immersed in a paraffin-wax-rubber mix (20:1:1
ratio). Histological specimens 3—5 microns thick were made
by microtome. Peanut (PNA-HPR), vicia sativa (VSA-HPR),
soybean (SBA-HPR), wheat germ (WGA-HPR), perca fluvi-
atilis (PFA-HPR) agglutinins were used. Control histological
sections were incubated in 1 % periodic acid solution for 30
minutes. Lectins binding sites visualization was carried out by
diaminobenzidin-hydrogen-peroxide system. Obtained results
were processed using semiquantitative analysis (from 0 to +++)
by means of ¥10, x40 and %100 lens magnification. Distribution
of lectin receptors was studied in regio profunda and regio
superficialis of the intermediate part of the joint capsule and
compared to obtained data of fibrous layer of the parietal part
of joint capsule.

Results were processed using semiquantitative analysis (from
0 to +++) by means of 10, x40 and y100 lens magnification
with video system “Axiolab” (Carl Zeiss, Germany). Statistical
analysis was done by Pearson criterion. Compared data were
considered as statistically valid at the difference in 0/+. Obtained
data of intact rats and control rats did not differ significantly
throughout the whole observation period.

Results of the study and discussion

In newborns intact animals in the parietal part of the joint
capsule there were low expression for the peanut (PNA), soy-
bean (SBA) agglutinins: light levels for vicia sativa (VSA) and
perca fluviatilis (PFA) lectins. Intensity of benzidine label in
regio superficialis for studied lectins was less in comparison
with parietal part of joint capsule and it is remarkable, that this
phenomenon can be observed up to the 90" day (see Table I).
GlcNAc residues were not found in regio superficialis till the
14" day, but they could be seen in minimal volume in the parietal
part. So, regio superficialis is distinguishable from adjoining
area of joint capsule because of unequal lectins distribution.
Minimal expression of glycoconjugates in regio profunda is
also determined; it makes this area different from the adjacent
articular cartilage. The clear border between regio superficialis
and regio profunda was not defined due to absence of significant
difference in lectins distribution in these parts.

On the 7" day in intact rats in regio superficialis we revealed
appearance of PNA receptors expression with maximum on
the 14" day, which allows us to distinguish this zone from
regio profunda. Expression of VSA lectin receptors started to
decrease and remained in the least quantity up to the 90" day.
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One must note that fucose residues were not defined in regio
superficialis from the 7 day till the end of observation. Mean-
while, they could be found in minimal volume in the parietal
part (see Table I).

On the 14™ day in intact groups there was focus of intense
expression of receptors for peanut and soybean lectins in regio
profunda. From the 30" day strong expression of vicia sativa
and wheat germ lectin receptors could be clearly seen in the
same zone. These above-mentioned phenomena enable us to
discern distinctly regio profunda from regio superficialis and
neighboring articular cartilage as well.

From the 30" and up to the 90" day of observation, expres-
sion of receptors for studied lectins in parietal part of the joint
capsule was light and in regio superficialis was minimal. Along
with that, there was pronounced intensity of benzidine labeling
for all investigated lectins except perca fluviatilis (PFA) lectin.

Antenatal antigen influence in newborns leads to increased
B-D-galactose residues level and reducing of a-D-manose
residues number in regio superficialis and regio profunda as
well. The distinct border between regio superficialis and regio
profunda by analogy with intact newborns was not defined.
Subsequently, antigenic influence did not affect the dynamics
of the lectins receptors distribution in regio superficialis. In

antigen-injected rats strong expression of receptors for peanut
(PNA) and soybean (SBA) agglutinin in regio profunda can be
observed as early as on the 7" day in comparison with intact rats.
In addition, we observed a significant decrease in quantity both
residues p-D-galactose (from the 14 to the 30" day) (Fig. 1)
and a-D-mannose (from the 30" up to the 45" day) in regio
profunda and found the appearance of significant quantity of
fucoseconjugates (from 30" to 45" day) (Fig. 2).

Thus, in the contact area of the joint capsule with articular
cartilage there is zone, which is different from the adjacent part
of the articular cartilage and the parietal part of the joint capsule
as well. This difference derived from the distinction in lectin re-
ceptors distribution in it. Such changes in carbohydrate residues
saturation are aimed for organization of, so-called, non-specific
anatomical and physiological wall to regulate complex immuno-
biological interactions of joint capsule and articular cartilage, be-
ing as bar for immune cells. Regio superficialis formation passes
against the background of decreasing lectin receptors expression
in it. Meanwhile, regio profunda formation is accompanied by
pronounced expression for all studied lectins but perca fluviatilis
(PFA) lectin (see Table 1). It should be noted, that during the
formation of regio profunda, there first occurred galactosylation
of its matrix. From the 14" day one can observe the formation

Table 1
Comparative lectinhistochemical description of formation of certain parts of the joint capsule
Parietal part of the joint capsule Intermediate part of the joint capsule (marginal transitional zone)
Parameters .
(fibrous layer) regio superficialis regio profunda
day lectins norm antigen influence norm antigen influence norm antigen influence
PNA from O/+ to + from +to ++ 0 + 0 +
SBA from O/+ to + from + to ++ 0/+ 0/+ from 0/+ to O 0
1 VSA from + to ++ 0/+ + 0/+ 0/+ 0
WGA 0/+ 0/+ 0 0 0 0
PFA + + 0/+ 0/+
PNA from + to +/++ ++ 0 +++
SBA + ++ 0/+ 0/+ from 0/+ to 0 +++
7 VSA + + 0/+ 0/+ 0 0
WGA 0/+ 0/+ 0 0 0
PFA 0/+ 0/+ 0 0 0 0
PNA from ++ to + from ++ to + ++ ++ +++ 0
SBA from ++to + from ++ to + 0/+ 0/+ +++ +++
14t VSA + + 0/+ 0/+ 0 0
WGA 0/+ 0/+ 0 0 0 0
PFA 0/+ 0/+ 0 0 0 0
PNA from + to 0/+ from + to 0/+ 0/+ 0/+ +++ 0
SBA + + o/+ o/+ +++ +++
301 VSA + + 0/+ 0/+ +++ 0
WGA + + o/+ o/+ +++ +++
PFA 0/+ 0/+ 0 0 0 0
PNA from + to 0/+ from + to 0/+ 0/+ 0/+ +++ +++
SBA + + 0/+ 0/+ +++ 4+
60" and 90™" VSA + + 0/+ 0/+ +++ +++
WGA + + o/+ o/+ +++ +++
PFA 0/+ 0/+ 0 0 0 0

Notes: 0 — absence of binding; 0/+ minimal lectin binding; + light lectin binding; ++ moderate lectin binding; +++ intensive lectin binding.
Abbreviations: PNA — peanut agglutinin, VSA — vicia sativa agglutinin, SBA — soybean agglutinin, WGA — wheat germ agglutinin, PFA — perca

fluviatilis agglutinin.
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Fig. 1. Fragment of intermediate part of hip joint capsule (showed by arrows) in acetabulum: a) intact rat; b) immunoglobulin-injected rat.
14" day. Histochemical reaction with peanut agglutinin (PNA—HRP), 40 lens magnification. Absence of peanut agglutinin expression in the

intermediate part of the joint capsule after antigen exposure.
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Fig. 2. Fragment of intermediate part of hip joint capsule (showed by arrows): a) intact rat; b) immunoglobulin-injected rat. 30" day.
Histochemical reaction with percafluviatilis agglutinin (PFA—HRP), ¥40 lens magnification. Appearance of residues 6-L-fucose excessive

amounts in the intermediate part after antigen exposure..

of double lectin-mediated barrier, consisting in reducing the
lectin receptors expression in the one zone and appearance of
strong lectin receptors expression in the other zone. It can be
common biological feature of organs which are not recognized
by immune cells in norm. Such phenomenon has been described
in placenta [6]. Considering the obtained data, it is advisable to
distinguish two zones in pars intermedia capsulae articularis,
namely regio superficialis and regio profunda.

Antigen influence leads to a significant increase in the
number of immune cells in the organs, in particular in joint
capsule, which affects the rate and terms of organs formation
[3]. Increased number of lymphoid cells in the joint capsule is
the immunological risk due to possible breaching the barrier
between the cartilage and the capsule and further penetration
of joint capsule into the articular cartilage with subsequent
development of immune inflammation in it.

Ne5 (98) 2016 SAMOPOXXCKUA MEAULIMHCKUN >KYPHAI ISSN 2306-4145



OpueuHarnbHble uccrnedosaHus / Original research |

This leads to the development of compensatory and adaptive
reactive processes concerning quantitative and qualitative
changes in glycosylation of components of marginal transi-
tional zone. These phenomena are strongly pronounced in
regio profunda, in contrast to regio superficialis, that probably
indicates regio profunda as most vulnerable structure. So, the
premature appearance in regio profunda increased amounts of
B-D-galactose residues can be considered as early formation of
joint capsule intermediate part.

On the other hand, there are a number of matrix components
in the joint capsule which serve as non-specific resistance
factors because of having good adsorbing properties to stop
activated lymphocytes, macrophages, etc., for example, fi-
bronectin. Glycosylation apparently plays crucial role to provide
biological function of matrix. Fibronectin has in its structure
all above-mentioned carbohydrate residues, except for a-L-fu-
cose. We can presume that the lack of saturation of fibronectin
molecules with residues of galactose and mannose, occurring
on the 30" day is substituted by residues of fucose, but it is
necessary to notify that fucose-saturated fibronectin is a product
of fetal or neoplastic tissues [8]. Residues of B-D-galactose and
a-D-manose are part of a number of biopolymers, its deficiency
can lead to negative effect on physical and chemical properties
of intercellular substance. These data allow us to substantiate
high frequency of joint pathology appearance in children with
antenatal antigenic exposure.

Conclusions

1. Thus, pars intermedia capsulae articularis (joint capsule
marginal transitional zone) is a structure that is morphologi-
cally different from the surrounding tissue and includes “regio
superficialis” and “regio profunda”. Glycosylation of struc-
tures of the marginal transitional zone provides the formation
of lectin-mediated barrier between the joint capsule and the
articular cartilage that ensures the integrity of the joint as a
whole. Formation of pars intermedia is accompanied by the
decrease in expression of receptors to all investigated lectins in
regio superficialis and the appearance of significant galactose-,
mannose- and glucoseconjugates quantity in regio profunda.

2. Antenatal antigens influence leads to tension in immunobio-
logical relationship between joint capsule and articular cartilage
resulting in premature galactosylation of components of regio
profunda, subsequently being accompanied by a decrease in the
number of residues of galactose and mannose and appearance
of excessive amounts of residues a-L-fucose.

Aspects of further investigations. In the future some regu-
larities of lectin receptors distribution in other components of
joint will be also studied.
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and conclusions.
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