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Abstract 

H 0 r k yD.: The Ultrastructure of the Porcine Synovial Membrane in the Early Postnatal 
Development. Acta vet. Brno, 59, 1990: 111-119. 

The synovial membranes of 4 pigs of both sexes were studied at 2 days after birth. 
The tissue samples were collected from the hip articular capsule and studied by light 
and electron microscopy. 

The synovial membrane of this postnatal period showed 2 to 3 layers of cells 
separated by synovial matrix. The ultrastructural picture allowed distinction into 
A and B cells. Their identification was based on the respective proportions of 
typical cellular organelles, i. e., granular and agranular endoplasmic reticulum, 
Golgi complex and secretory granules. Occasionally cells were seen which had all 
signs of A cells but in addition their cytoplasm contained bodies 0.1 to 1.3 um 
large which were reminiscent of the secretory granules of B cells. This was suggestive 
()f an occurrence of intermediate forms of synoviaIocytes. The cytoplasm of B cells 
contained intracytoplasmic filaments. 

The ground fibrillar substance of synovial matrix had individual coHagen fibrils 
()n the surface. Some fibrils were projecting into the articular cavity. Among syno
vialocytes were seen bundles of typical coHagen fibrils running in various directions. 
The penetration of collagen fibrils through the cell membrane of B cells and, near 
their projections, frequent depositions of fine aperiodic filaments were detected. 
The synovial membrane was not separated by any basal membrane from the sub
synovial tissue of fibrous type. Under the synovialocyte layer there were numerous 
continuous capillaries. 

Synovial membrane, synovialocytes, matrix synovialis, subsynovial tissue 

The structure and the function of healthy synovial membrane have been the subjects of numerous 
studies over a long period with the first data appearing nearly 250 years ago (Hunter 1743; Bi
chat 1800; Brodie 1834; Key 1925; Walcott 1927; Stone 1947). Later the microscopic struc
ture of synovial membrane became a topic of interest of many investigators and has been studied 
under physiological, pathological and experimental conditions in lower mammalian species and 
in man (a review by Jaffe 1972; Horky 1981; Ghadially 1982). 

The submicroscopic techniques opened new insights into the composition of this functionally 
important tissue and resulted in a considerable number of studies using various mammals (Langer 
1I1ld Huth 1960; Barland et a!. 1962; Wyllie et al. 1964; Davies and Palfrey- 1966; Boz
dech and Horn 1970; Wassilev 1972, 1974, 1975; Krey and Cohen 1973; Howlet 1974; 
Watanabe et a!. 1974; Cutlip and CheviIle 1973; Horky et al. 1975; Fell et aI. 1976; Linck 
and Porte 1978; Horky 1981, 1984; Ghadially 1982; Okada et a!. 1981 and others). 

The results of investigations of all the authors showed that virtuaHy alI studied species had the 
synovial membrane consisting of two types of synovial cells: a) A or M, macrophage-like, cells 
whose structure is similar to histiocytes. Their phagocytic abilities have been demonstrated by 
Ball et a!. (1964), Cochrane et a!. (1965), Fell et aI. (1976) and Horky et aI. (1974). b) CelIs 
which in most mammals are characterized by a welI-developed granular endoplasmic reticulum. 
a large Golgi complex and the presence of secretory granules. These celIs are caHed B or F (fibro-
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blast-like) cells or S (secretory) cells. Barland et aI. (1962) and then other authors have described
B cells in various mammalian species (Wyllie et al. 1964; Krey and Cohen 1973; Johansson 
and Rejn6 1976; Okada et al. 1981; Horky 1981; Graabaek 1984). 

With our first investigation into the porcine synovial membrane we found with surprise that this
tissue has so far received very lide attention in the pig. Data on the submicroscopic structure have 
been available only on adult animals but not on prenatal or perinatal pigs. Therefore we paid 
special attention to the latter periods of development with an objective to gain an insight into the 
ultrastructure of porcine synovial membrane in relation to ontogeny. This study is concerned 
with the porcine synovial membrane in the period immediately after birth and gives a detailed 
description of the structures involved, i. e., synovialocytes and their differentiation, the pattern. 
of fibrillar and amorphous substances of the synovial matrix, subsynovial tissues and the overall 
appearance of the synovial membrane. 

Materials and Methods 

Samples of porcine synovial membranes were collected from 4 animals of both sexes at 2 days
after birth. For light and electron microscopy, the tissue was taken in all instances from the hip 
articular capsule of the animals. Specimens of synovial membrane including part of subsynovial 
tissue were carefully dissected into strips (1 by 1 by 2-3 mm) in a drop of fixation solution. The 
strips were immediately fixed in glutaraldehyde (300 mmol/1) in 0.1 M phosphate buffer (pH 
7.4) first for 60, then for 180 min. This was followed by three rinses in fresh 0.1 M phosphate 
buffer at pH 7.4 and by two fixations in 40 mmol/l OsO, in phosphate buffer (pH 7.4) for 15 and 
45 min, respectively. The specimens were dehydrated in a graded acetone series completed with. 
two 30-min baths of absolute acetone. Immersion was performed in the standard method and the 
tissue was embedded in Durcupan ACM. Polymerization took place in an oven at 60°C for three 
days. Ultrathin sections were cut with an Ultracut Reichert ultramicrotome, stained with lead. 
citrate according to Reynolds or with 1 % uranyl acetate followed by lead citrate. The sections 
were examined and photographed with a Tesla BS 500 electron microscope. Semithin sections 
for light microscopic observations were made from the same Durcupan embedded block and 
stained with 1 % methylene blue and 1 % Azure II. 

Results 

Submicroscopic structure of synovial membrane cells 

The structure of synovial membrane in the early postnatal period in the pig 
largely resembled that of connective tissue. The main components were cells 
embedded in intercellular matter consisting of amorphous and fibrillar substances. 
The cells were already specialized in function and distinguished as synovialocytes. 
Generally, they were found in three layers (Fig. 1) near the synovial membrane 
surface. Under the synovialocytes, pericytes and numerous capillaries of conti
nuous type were observed (Fig. 1). The intercellular matter at the membrane 
surface had a structure different from that seen in the deep areas of the synovial 
membrane. Also the cells showed such variation in the submicroscopic compo
sition of their cytoplasm that it was possible to distinguish two cell types. An 
Figures are placed at the end of the volume. 

Ultrastructure of A cells. Type A cells were most frequently found in the second 
synovialocyte layer (Figs 1, 2). Their shape resembled a spindle or an irregular
prism (Figs 1, 2). The size was about 12 pm by 5 pm. 

Nucleus 
This organelle was rather large corresponding in shape to the cell shape. The

nuclear envelope sent wide shallow invaginations against the karyoplasm. The pe
rinuclear space was greatly dilated in several areas (Fig. 2). No connection of the 
outer membrane of the nuclear envelope with the granular endoplasmic reticulum 
was observed. Chromatin was arranged into a continuous layer, varying in width 
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along its course, attached to the inner membrane of the nuclear envelope; it was 
also seen as few small karyosomes on sections through the nucleus (Fig.2). The 
nucleolus was a rare finding. 

Cytoplasm 
The granular endoplasmic reticulum was observed in the A-cell cyto

plasm only as occasional short cisternae (Figs 1, 2) located mainly at the cell 
periphery. 

The agranular endoplasmic reticulum consisted of numerous vesicles, 
and larger vacuoles placed both at the cytoplasm periphery and near the nucleus 
(Figs 1,2). Some of these bodies attained a size of 0.5 to l,um. There were so many 
of them that the agranular endoplasmic reticulum gave the cytoplasm a sponge-like 
appearance (Figs 1, 2). 

The Golgi complex was an inconspicuous structure difficult to discern 
among the vesicles of the agranular endoplasmic reticulum. 

Mitochondria were few in number. Frequently, their cristae were seen to
form a dense pattern of septa. Shapes of mitochondria were round or mildly oval 
(Figs 1, 2). 

Ribosomes were not seen free in the cytoplasm of A cells. Only occasionally 
they formed polyribosomes aggregated in rossette or groups of four. 

Lysosomes were a regular finding in the cytoplasm of A cells of this period 
(Figs 1, 1). Their shapes were oval or resembled elongated rods (Figs 1,2) and 
their sizes ranged from 0.1 to 1.3,um. They were most frequently found in aggre
gates but some lysosomes were also scattered at the periphery of cytoplasm or 
among structures of the agranular endoplasmic reticulum (Figs 1, 2). They were 
filled with either medium-osmiophilic or dark homogeneous matter. The lysosomes. 
were reminiscent of secretory granules of B cells of the synovial membrane (see 
below.) 

Cell membrane. The cytoplasm of A cells was found to send large protrusions. 
into the surrounding matrix synovialis. The cell membrane produced numerous. 
folds which on sections presented the cytoplasm, particularly at its periphery, as 
having the sponge-like appearance mentioned above. These big formations. 
(Figs 1,2) were considered a part of the agranular endoplasmic reticulum. Typical 
pinocytotic vesicles occurred rarely. 

Lipid droplets or glycogen were not present in the cytoplasm of A cells. 

Ultrastructure of B cells. Type B cells were either irregularly distributed among 
A cells or arranged at the surface of the synovial membrane (Fig. 1). They were 
spindle-shaped or oval and their size was identical to that of A cells. 

Nucleus 
It had an irregular shape. In some areas the nuclear envelope formed deep and 

broad invaginations which, in some instances, made the nucleus look as if consisting 
of lobes (Fig. 3) The perinuclear space was narrow. The inner membrane of 
nuclear envelope was lined with a continuous layer of chromatin interrupted 
only at the sites of nuclear pores. The remaining chromatin was diffusely distri
buted, as seen in the section through the nucleus (Fig. 3). Perichromatin granules. 
were detected only occasionally and the nucleolus was a rare finding. 

Cytoplasm 
The granular endoplasmic reticulum occurred as flat cisternae with 
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many ribosomes (Fig. 1). Some of the cisternae were dilated and filled with fine 
mesh-like medium-osmiophilic material (Fig. 1). 

The agranular endoplasmic reticulum presented as smooth vesicles, 
().1 to 0.2 f-tm in size, and occasional vacuoles up to 0.5 f-tm (Fig. 3). Among these 
~mooth endoplasmic reticulum vesicles were infrequently present, they are also 
termed coated-vesicles (Fig. 3). 

The Golgi complex showed dilated cisternae with homogeneous content. 
It gave rise to vesicles ranging in size from 0.5 to 1.5 f-tm and varying in the density 
of their finely granulated content. These vesicles then functioned as secretory 
granules, typical structures of B-cell cytoplasm. They were usually found aggrega
ted in one region (Fig. 3) or present in the long protrusions ofB cells (Fig. 1). 

Mitochondria were in greater numbers than in the A-cell cytoplasm and also 
·showed a greater variety in shapes, from oval to rod-lide forms with long cristae 
(Fig. 3). In some mitochondria the matrix was clear. 

Ribosomes had the same pattern as in the A-cell cytoplasm. Lipid droplets, 
glycogen or cilia were not observed in the cytoplasm of B cells. 

Cell membrane. The cytoplasm of B cells occasionally produced short but 
broad projections (Fig. 1). Apart from these, the surface was smooth with a few 
pinocytotic vesicles which, however, were still more frequent than in A cells. 
B-cell projections contained large amounts of granular cytoplasmic reticulum, 
occasional mitochondria and secretory granules but also, in some instances, ly
·sosomes and intracytoplasmic filaments (Fig. 4). On rare occasions the penetra
tion of procollagen fibrils through the cell membrane was detected (Fig. 4). 

Submicroscopic structure of synovial matrix 
In this period of development the synovial matrix had more ground amorphous 

substance than the fibrillar one (Fig. 1). The amorphous substance consisted mostly 
-of the protein-hyaluronic acid complex and sulphonated mucopolysaccharides. 
Both components presented in the electron micrographs as finely granulated me
dium-osmiophilic material filling the spaces between collagen fibrils. It has been 
~uggested that both the protein-hyaluronic acid complex and the mucopolysaccha
rides pass into the synovial fluid. 

The ground fibrillar substance was composed of two fibrillar structures. The 
-one type presented as typical collagen fibrils, 100 or more nm wide and up to se
veral l.tm long. They branched only ocassionally and their periodicity was charac
teristic of collagen fibrils, i. e. about 64 nm. The other type appeared as aperiodic 
fibrils about 50 nm wide and 0.1 to 0.5 pm long. This fibrillar type has been seen 
in the synovial matrix in varying proportions in relation to the mammalian spe
cies, the stage of ontogenic development and the state of the joint. In the period 
under study the ground amorphous substances included typical collagen fibrils 
which showed different patterns of arrangement near the surface and in the deeper 
parts of the synovial membrane. The collagen fibrils at the surface (Fig. 1) were 
isolated and their orientation was irregular. Some were even seen to protrude 
partly into the articular cavity. In deeper parts among synovialocytes the collagen 
fibrils formed bunches which could be observed in cross, longitudinal and oblique 
sections (Figs 1,3,4). The well-known fact that the both components of the inter
.cellular matter are produced by synovialocytes was demonstrated, on the one hand, 
by the close relationship of collagen fibrils to the cell membrane of A and B cells 
(Figs 2, 3) and then particularly by the penetration of collagen fibril precursors 
through the B cell membrane, as clearly presented in our micrographs (Fig. 4). 
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In addition, the cytoplasmic projections of synovialocytes were surrounded with 
bunches of fine fibrillar material (Fig. 4) which, in our view, could be nonpolyme
rized procollagen filaments. 

Submicroscopic structure of subsynovial tissue 
The structure of subsynovial tissue differed from site to site in the same joint 

relation to the respective proportions of cells and the ground amorphous and 
fibrillar substance. In the past, these criteria provided the basis for classification 
into fibrous, fibrous-adipose and adipose subsynovial tissues. According to the 
latest observations only two types are distinguished, namely, fibrous and adipose 
tissues (Ghadially 1983). In view of the fact that in most mammalian species 
the synovial membrane does not show a basal membrane separating the cells of 
synovial membrane from the structures lying below (Barland et a1. 1962; 
Bozdech and Horn 1970; Horky 1981, 1984) it was very difficult to detect the 
boundary between the synovial membrane proper and the subsynovial tissue be
cause the deep layers of the membrane continued into the underlying tissue. The 
boundary could be considered the region where under A or B cells of the synovial 
membrane the typical fibrocytes, or even macrophages, followed a course parallel 
to the surface (as in Fig. 3). In the normal synovial membrane of some mammals 
even mastocytes were found in this position and in the postnatal pig under study 
the parallel course was followed by numerous capillaries. 

The ground fibrillar substance was seen as thick bundles of collagen fibrils 
with a typical periodicity. The bundles ran in various directions so that they could 
be observed in longitudinal, tangential and cross sections. Aperiodic fibres in the 
subsynovial tissue were not demonstrated. 

The amount of ground amorphous substance among the bundles of collagen 
fibres varied. Electron micrographs usually showed an uneven mesh of medium
-electron density. The total amount was dependent on the number of collagen 
fibrils and their aggregation into bundles. 

According to the characteristics revealed by these observations, the subsynovial 
tissue of the postnatal pig was classified as fibrous tissue. 

Discussion 

Our results showed that the synovial membrane in the early postnatal period 
of the pig was very similar to that of the adult period of various mammals as has 
been reported, for instance, by Langer and Huth (1960), Barland et a1. (1962), 
Ghadially and Roy (1966), Bozdech and Horn (1970), Cutlip and Cheville 
(1973), Fell et a1. (1976), Krey et a1. (1976), Linck and Porte (1978), Okada 
et a1. (1981), Horky (1981, 1984). Differences in structure have been found in 
the rat where Roy and Ghadially (1967) and Wassilev (1972, 1973, 1975) in 
particular, all have described the synovial membrane with a conspicuous accumu
lation of cells accompanied by a concomitant reduction in synovial matrix. 

The synovial membrane in the pig has been studied by Fell et all. (1976) who 
examined its structure, including its phagocytic ability, by light and electron micro
scopy both in vivo and in vitro. No data, however, have been reported on the 
structure of synovial membrane in either prenatal or perinatal porcine periods. 
The findings of this study can be to a certain extent compared only with our ob
servations of this structure in cattle in the prenatal and early postnatal periods 
(Horky 1984) and in the pig in the prenatal period (Horky 1989). 
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A characteristic feature of the porcine synovial membrane in the prenatal period 
is a mixed population of incompletely differentiated cells which cannot be distin
guished into typical A and B cells (Horky 1989). In the postnatal period reported 
here the differentiation of cells progressed to such a degree that types of synovia
locytes could be discerned, even if in some cases the differentiation was not fully 
completed. The differentiation was made possible by the ultrastructural appea
rance of the cytoplasm which had the right proportions of organelles typical of 
differentiated cells. A slightly more difficult was to evaluate the presence of secre
tory granules. These granules have already been reported (Wyllie et al. 1964; 
Ghadially and Roy 1969; Linck and Porte 1978; Graabaek 1984) in various 
animal species in adulthood and in prenatal periods (Horky 1981, 1984). These 
secretory bodies have been given various names and also opinions on their origin,. 
composition and function have been diverse. The work of Linck and Porte 
(1978) and particularly Okada et al. (1981) and Graabaek (1984) has provided 
evidence that the development of secretory granules is significantly associated 
with the granular endoplasmic reticulum and the Golgi complex, i. e. the cellular 
organelles whose specific role in the synthesis and extrusion of secretion has been 
demonstrated in other cell types (Ghadially 1983). Okada et al. (1981) and 
Graabaek (1984) reported that the secretory granules of B cells did not contain 
acid phosphatase (in contrast to the lysosomes of A cells) but possessed muco
polysaccharides and glycoproteins bound to a protein carrier, which could be 
demosqated by protein digestion. Nevertheless, a clear proof of the release of 
secretory granules content into the synovial fluid has not been provided. For this 
reason the involvement of secretory granules in joint lubrication and friction re
duction still remains a m~re assumption in spite of the views of some authors 
(such as Graabaek 1984). In the tissues under study, bodies with characteristics 
of the B cells of the secretory granules of adult synovial membrane were observed 
also in cells which had all other signs of A cells. These results concerning the 
early postnatal development of synovial membrane in pigs together with the pre
vious work of Linck and Porte (1978), Okada et a1. (1981), Fell et al. (1976) 
and our earlier studies (Horkyet al. 1975; Horky 1981, 1984, 1989) give a strong 
support to the view that mutual transformation of A and B cells is possible and is 
related to the mammalian species and the age and physiological condition of the 
joint (Cutlip and Cheville 1973; Horky 1984). The possibility oftheA-B cell 
transformation has also been considered by the authors mentioned above; Linck 
and Porte (1978) and Fell et al. (1976) write that this phenomenon suggests 
functional flexibility of the synovial membrane without a loss of the cell function. 
A reliable distinction between the granules in A and B cells can be achieved only 
by protein digestion allowing discrimination between lysosomes and secretory 
granules. This method was not included in our experiments and therefore we will 
not discuss the nature of the formations observed in synovialocytes. 

In contrast to the cells of the foetal synovial membrane, synovialocytes of the 
postnatal period showed the presence of intracytoplasmic filaments. These were 
observed predominantly in the B-cell protrusions. As reported in our earlier work 
on the foetal porcine synovial membrane (Horky 1989), no basal membrane is 
formed between the synovial membrane and the subsynovial tissue. In the bovine 
synovial membrane of the prenatal period (H or ky 1984) and in the pig at the same 
stage of development as well as after birth we demonstrated the passsage of 
collagen fibres through the cell membrane always in B cells. This implies that 
their designation as S, secretory, cells (Graabaek 1984) based on their ability 
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to produce secretory granules and amorphous and fibrillar substances of the 
intercellular matrix is fully justified. 

The surface arrangement of the synovial membrane and the fibrous subsynovial 
tissue was not found to differ from the adult animals of the other mammalian 
species. 

Ultrastruktura synovUUni membrany prasete v Casnem posmatalnim 
obdobi 

Byla studovana synoviaIni membrana 4 jedinc1i obojiho pohlavi stan 2 dny po 
narozeni. Vzorky ttane byly odebirany ve vsech pfipadech z pouzdra kyeelniho 
kloubu a pro ueely svetelne a elektronove mikroskopicke histologie byly zpracovany 
obvykljm zpusobem. 

SynoviaIni membrana v tomto obdobi vjvoje je tvofena 2-3 vrstvami bunek, 
mezi kterjmi je synoviaIni matrix. BuDky lze na zaIdade jejich ultrastruktury 
rozlisit na A a B typy. J ejich identifikace je umoznena kvantitativnimi rozdily 
v zastoupeni typickych buneenych organel, tj. granularniho a agranul8rniho endo
plasmatickeho retikula, Golgiho komplexu a sekreCnich granul. Pozorovali jsme 
i booky, ktere mely vSechny znaky A bunek, ale v cytoplasme obsahovaly navic 
teliska velikosti 0,1-1,3 pm vzhledem identicka se sekreCnimi granuly B bunek. 
To svedCi 0 vfskytu pfechodnych forem synovialocytii. V cytoplasme B bunek 
se vyskytuji intracytoplasmaticka filamenta. 

Vlaknita slozka synovialni matrix je tvofena na povrchu jednotlivfmi kolagenni
mi fibrilami, ktere jsou zcasti demaskovany a prominuji do kloubni dutiny. Mezi 
synovialocyty probihaji svazky typickych kolagennich fibril MnYmi smery. Za:
chytili jsme prUnik kolagennich fibril buneenou membranou B bunek a v blizkosti 
jejich vfbeiku jsou Casto ulozeny svazky jemnych aperiodickjch filament. Synovial
ni membrana neni oddelena basaIni membranou od subsynovialni ttane fibrosniho 
typu. Pod vrstvou synovialocytii probihaji cetne kapilary souvisleho typu. 

VnbTpaCTpYKTYpa CHHOBanbHOM MeM6paHbi CBHHeM B paHHHM 
nOCTHaTanbHblM nepHOA 

npOBOA .. 1n11 113Y4eHI1e CI1HOBl1anbHOH MeM6paHbi 4 oc06eH 060ero nona 

B B03pacTe 2 CYTOK nocne onopoca. OT60p 06pa3L10B TKaHI1 BO Bcex cny· 
4aSl npOBOAl1nl1 113 CyMKI1 Ta306eApeHHoro CYCTaBa H AnSI LleneH cBeToBoH 

H 3neKTpoHHO'MHKpOCKOnI14eCKOH rl1CTOnOrHI1 HX 06pa6aTbiBanH 06bl4HbiM 

cnoc060M. 

CI1HOBHanbHaSi MeM6paHa B AaHHblH nepl10A pa3BHTI1S1 COCTOHT H3 2 - 3 
cnoeB KneTOK, Me>KAY KOTOPblMH HaXOAI1TCSI CHHOBI1S1nbHbIH POCTbOBblH 

cnoH. KneTKH Ha OCHOBe I1X ynbTpacTpYKTYPbl MO>KHO pa3AenHTb Ha THnbl 

A H B. II1x HAeHTHcpl1KaLll111 cnoc06cTByeT KonH4eCTBeHHaSi pa3HHL\a npl1' 

CYTCTBI1S1 THnH4HbiX KneT04HbiX opraHenn, T. e. rpaHynSipHoH 11 arpaHynSlp' 

HOH 3HAonna3MaTI14eCKOH CeTKl1, KOMnneKca rOnbA>K11 11 CeKpeTopHblX rpa· 

Hyn. HaMH Ha6nlOAanl1Cb TaK>Ke KneTKI1 co BCeMI1 npl13HaKaMI1 J,<neTOK A, 
OAHaKO C A06aB04HbiM cOAep>KaHl1eM B LlI1TOnna3Me TeneLl pa3MepoM 0,1 
- 1,3 MKM, Ha BHA HAeHTI14HbiX C ceKpeTOpHblMI1 rpaHynaMI1 KneTOK B. 

3TO cBI1AeTenbcTByeT 0 Hanl141111 nepexoAHblX CPOPM CI1HOBl1anOLlI1TOB. 

B LlI1TOnna3Me KneTOK B BCTpe4alOTcSI I1HTpaLll1TOnna3MaTI14eCKI1e HI1TKI1. 
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BOnOKHI1CTaSi COCTaBnSllOll.IaSi CI1HOBl1anbHb/X POCTKOBb/X CnOeB Ha no

BepXHOCTI1 COCTOI1T 113 OT,qenbHb/X KonnareHOBb/X <p116pl1nn, OTlfaCTI1 06Ha

PY)J(eHHb/X 11 Bb/XO,qSlll.lI1X B CYCTaBHYIO nOnOCTb. Me)J(,qy CI1HOBI1an0411TaMI1 

npOXO,qSlT B pa3Hb/X HanpaBneHI1S1X nYlfKI1 XapaKTepHb/X KOnareHOBb/X 

<p116pl1nn. HaMI1 6b/nO YCTaHOBneHO npOHI1KHOBeHl1e KOnnareHOBb/X <p116-

pl1nn KneTOlfHOH MeM6paHOH KneTOK B 11 pacnonO)J(eHl1e B6nl1311 I1X Bb/CTY

nOB nYlfKOB TOHKI1X anepHo,ql1lfeCKHX HI1TOK. CI1HOBl1anbHaSi MeM6paHa He 

OT,qeneHa 6a3aJlbHOH MeM6paHOH OT cy6cHHOBI1anbHOH <pH6p03Horo Tl1na 

TKaHH. no,q cnoeM CHHOBHan0411TOB npoxo,qSlT MHOrOlfl1CneHHhle Kanl1nn. 

pbl cnnOWHoro THna. 
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Plate VIII. 

Horky D.: The Ultrastructure of ... pp. 111-119. 

Fig. 1 Porcine synovial membrane with a part of subsynovial tissue. A cells (AC), B cells (BC), 
capillaries (bs), a pericyte (P), granular endoplasmic reticulum (E), agranular endoplastic reti
culum (a), dark bodies (db), secretory granules (s), mitochondria (M), collagen fibres (cf), 
ground amorphous substance (ga), articular cavity (JC). Magnification: x6,400. 



Plate IX. 

Fig. 2. Type a synovialocyte. Nucleus (N), karyosomes (k), perinuclear space (- ~-;.), mitochon
dria (M), ~ranular endoplasmic reticulum (E), agranular endoplasmic reticulum (a), dark 
bodies (db), collagen fibres (cf),ground amorphous substance (ga) , aperiodic fibrils (af). 
Magnification: xI7,000. 



Plate X. 

Fig. 3. Type B syn~vialocyte with a nucleus (NB) and karyosomes (k). ~t~chondria (M), secre
tory collagen fibrils (k), ground amorphous substance (ga). A connective tissue cell (CC) granu
les (s), Golgi complex (G), agranular endoplasmic reticulum (a), coated vesicles (cv), bounded 
by the basal membrane (bm). Magnification: x17,OOO. 



Plate XI. 

Fig. 4. A broad projection of the B-cell cytoplasm with numerous cisternae of the granular endo
plasmic reticulum (E). Intracytoplasmic filaments (if), lysosomes (L), procollagen fibrils pene
trating through the cell membrane (pf), collagen fibrils showing periodicity (k), bundles of ape
riodic fibrils (ab). Magnification: x21.000. 




