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Abstract
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The articular cartilage of 11 foetuses of the domestic cat, both males and females,
was studied at 30, 40 and 48 days after fertilization. The tissue samples were collected
from the femoral heads and processed by standard methods for observation by light
and transmission electron microscopy.

In the period studied, the cartilage surface was covered with the chondrosynovial
membrane. Bundles of aperiodic filaments were seen under as well as on the cartilage
surface, being a part of the membrane structure. Collagen fibrils, found in low
numbers, were running in various directions in the ground amorphous substance.

Chondrocytes in the surface layer were situated in two parallel rows. They had
oval or spindle-like shapes, contained large nuclei and few organelles in the cyto-
plasm. Glycogen and lipid droplets occurred rarely. Occasional chondrocytes with
atypical cilia were seen in the surface and deep layers. Of interest was a finding
of erythrocytes in the intercellular matrix of the deep layer.

Ultrastructure, articular cartilage, domestic cat, prenatal development

The submicroscopic structure of adult articular cartilage has been know since 1959 (Zelander)
and light and electron microscopic studies have provided a great deal of detailed information in
various mammalian species, such as rabbit (Davies et al. 1962; Barnett et al. 1963), mouse
(Silberger et al. 1976), rat (Mark etal. 1989), dog (Lust et al. 1972; Wiltberger and Lust
1975; Fife 1989), cattle (Franzén 1981; Horky 1983, 1987; Jeffery et al. 1991; Neame
et al. 1989; Kiefer et al. 1989), pig (Nakano et al. 1979; Bhatnagar et al. 1981; Horky
1989, 1991c) and man (Ghadially 1983; Horky 1980, 1991a,b; Bozdéch et al. 1990).

The properties of cartilage have also been studied in relation to the surface configuration and
in respect to its ability to resist enormous loads. Much attention has been paid to the cajacity
of cartilage to reduce the friction of articular surfaces, which depends on the high lubricating
action of synovial fluid and the smoothness of the articular surfaces themselves. The resistance
of cartilage to pressure is based on the structure'and distribution of the intercellular matrix in-
volving two components (Weiss et al. 1968; Bloebaum and Wilson 1980, Horky 1980;
Clark 1990). Chondrocytes play only a minor role in the mechanics of articular movement but
are largely involved in the synthesis of intercellular matrix which is responsible for the mechanical
operations of cartilage, and for facilitating the gliding and lubricating of adjoining surfaces (Ma-
roudas 1973; Cappuis et al. 1983; Palmoski and Bradt 1984; Swann 1985; Broom
1986; Hills 1989, 1990 and others).

The studies mentioned above were generally concerned with adult individuals, only occasionally
has the ultrastructure of articular cartilage been investigated before birth as, for instance, by
Horky (1989, 1991a, b, ¢) in the prenatal pig and human embryo. Since in the domestic cat,
no data on the submicroscopic structure of articular cartilage in the prenatal period have ever
been reported, it was decided to undertake this study and supply them.



116

Materials and Methods

Samples of feline articular cartilage for examination by light and transmission electron micro-
scopy were collected from 3 foetuses at 30 days, 4 at 40 days and 4 at 48 days after fertilization.
For transmission electron microscopy, strips of the tissue (1 X 1 X 2 mm) were immediately fixed in
300 mmol/l or 400 mmol/l glutaraldehyde in phosphate buffer pH 7.4 for 240 min. Then they
were washed in 3 baths of 0.01 M phosphate buffer pH 7.4, 30 min. each, and fixed in 40 mmol/l
solution of OsO, in phosphate buffer pH 7.4 for 60 min. Dehydration, immersion and embedding
in Durcupan ACM were carried out by standard methods. Ultrathin sections were cut in a Rei-

chert Ultracut ultramicrotome and stained with lead citrate alone or uranyl acetate followed by

lead citrate. The specimens were studied and photographed in a Tesla BS 500 electron microscope.
The blocks with embedded material were also used for cutting semithin sections which, after
staining with methylene blue and Azure II, were viewed in a light microscope.

Results

The submicroscopic structure of articular cartilage, over the whole series of
observations, did not show substantial differences associated with foetal age. The
characteristics of this specialized tissue, as described in the following study, will
therefore be reported as relating to.the whole period (30 to 48 days after ferti-
lization), unless otherwise stated.

Ultrastructure of the surface layer

Chondrocytes of this layer were elongated, spindle-shaped cells, 8—10x

3—5 um in size, lying in a single or in two parallel rows (Plate I., Fig. 1).
They usually included an oval nucleus, 5—7x2—3 um large. The shape of the
nucleus matched that of the cell with great precision.

Nuclear chromatin was arranged into an almost confluent layer of karyosomes
adjancent to the nuclear envelope, with a few others irregularly distributed over
a section through the nucleus (Plates I., II., Figs 1, 2). A nucleolus of reticular type
surrounded with perinuclear chromatin was a frequent finding.

The cytoplasm presented as a narrow band around the nucleus. It contamed
short cisternae of the granular endoplasmic-reticulum rich in ribosomes, a small
Golgi apparatus, occasional mitochondria of normal appearance and numerous
vesicular structures, probably derived from pinocytotic vesicles (Plate II., Fig. 2).

At 48 days after fertilization, the surface layer chondrocytes showed atypical
cilia (Fig. 2). They also contained lipid droplets (Fig. 1) but no glycogen.

The intercellular matrix consisted of an abundant ground amorphous substance
with fine collagen fibres running in various direction. Only the superficial fibres
were arranged parallel to the cartilage surface (Fig. 1). Together with aperiodic
fibrils (Plates II., III., Figs 2, 3) they gave rise to a thick boundary layer (Figs
1, 2). At the boundary with the articular cavity, aperiodic fibrils occurred in
bundles, several um long, which, in some pictures, were seen with a thin coating
of the ground amorphous substance (Plate III., Fig. 4).

Ultrastructure of the middle layer

The middle layer chondrocytes were oval to elongated cells, 10—12 um on the
long axis. The nucleus had a dense appearance and chromatin aggregated into
a number of karyosomes. A nucleolus of reticular type was a regular finding
(Plate IV., Fig. 5).

Compared to the surface layer chondrocytes, the cytoplasm in these cells was
found in greater amounts. The granular endoplasmic reticulum was well deve-
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loped with numerous flat cisternae and vesicles rich in ribosomes (Fig. 5). All
these structures were filled with medium-osmiophilic material. The Golgi appa-
ratus, with its normal appearance, was usually found near the nucleus. Amongst
the endoplasmic reticulum cisternae there were numerous round mitochondria
showing abundant cristae (Fig. 5). Lysosomes and transport vacuoles were
observed only occasionally (Fig. 5).

The cytoplasm sent out several short projections into the pericellular matrix
which, by day 40, had been developed (Fig.5). The intercellular matrix at that
period was characterized by short collagen fibrils and abundant ground amorphous
substance.

Ultrastructure of the deep layer

The deep layer chondrocytes were relatively small cells, about 6 x4 um in
size, oval to round in shape, usually placed in columns. They occurred either in
pairs or singly in lacunae of pericellular matrix (Plate VI., Fig. 7). The nucleus,
E’ich n; chromatin, was up to 3—4 um in size. Nucleoli were a rare finding
Fig. 7).

The cytoplasm was found in distinctly lower amounts than in the middle layer
chondrocytes. The granular endoplasmic reticulum was characterized by in-
frequent flat cisternae filled with medium-osmiophilic material (Fig. 7). Mito-
chondria were few in number and the Golgi apparatus consisted only of a few
flat smooth cisternae (Fig. 7). The cytoplasm of some chondrocytes showed the
presence of pinocytotic vesicles and transport vacuoles. Occasional empty re-
gions were obviously left where glycogen had been washed out (Fig. 7).

The cytoplasm was observed to send out occasional projections into the sur-
rounding pericellular matrix. Some projections were running through lacunae
reaching, with their ends, the intercellular matrix. Cilia, which were an excep-
t\ilonzla:l ﬁnd)ing, were first noticed in these cells at 48 days after fertilization (Plate

., Fig. 6). '

An interesting finding was the presence of erythrocytes in the intercellular
matrix of this layer at day 40. Near them, sections through cytoplasmic projections
of articular cells and through bundles of collagen fibrils could be seen. The
erythrocytes were without signs of any damage (Fig. 7).

Discussion

The present observations have showed that articular cartilage undergoes more
or less the same changes in feline foetuses as in other mammalian species (Horky
1980, 1983, 1986, 1987, 1989, 1991a, b, c).

The most important structure for the future function of cartilage in the synovial
joint is the surface layer. The middle and deep layers are responsible for the
synthesis of the intercellular matrix, and for resistance to pressure and the di-
stribution of this pressure on the subchondral bone.

The architecture of the surface layer significantly affects the gliding properties
of cartilage and, by reducing friction in the joint, ensures smooth movement.
The most important part of the surface layer is its boundary coating, called the
chondrosynovial membrane. This has been described by Wolf (1946, 1969,
1975), and McConaill (1951), who observed the membrane by light micro-
scopy and termed it the “lamina splendens”. Based on these observations, the
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authors believed it to be a layer of hyaluronic acid. Later, with the use of electron
microscopy, it has been demonstrated that the membrane consists of fine aperio-
dic fibrils, or bundles of such fibrils, and a ground amorphous substance. The
thickness of the membrane varies even in one and the same joint of one individual.
Generally, it depends on the kind of joint, the site of sample collection and the
individual’s age. In this respect the present results are in agreement with those
published by Weiss et al. (1968) and Meachim and Stockwell (1973) for
human cartilage. To the greatest extent, however, the thickness of the membrane
depends on the individual’s age. From earlier results (Horky 1991a, b), the
thickness of this boundary layer in newborn animals is about 0.5 um. In the
prenatal feline cartilage studied here, the boundary layer did not exceed the
thickness stated above. Its composition of aperiodic fibrils, or bundles of such
fibrils, lying under as well as on the cartilage surface was in agreement with the
previous findings by transmission and scanning electron microscopy (Horky
%980,)1983, 1986, 1987, 1991a, b, c) and with the latest data reported by Giles
1992).

The chondrocytes in the middle and deep layers were arranged in the normal
way. The intercellular matrix had a uniform appearance and, similar to other
described mammalian species before birth, consisted of short collagen fibrils
running in various directions and of an abundant ground amorphous substance
(Bozdéch et al. 1990; Clark 1990; Hills 1990). Formation of the pericellular
matrix in these layers was observed only in some chondrocytes.

As for cilia, these were, in agreement with the literature, a very rare finding
although, as reported by Wilsman and Fletcher (1978), Ghadially (1983)
and Vidimov and Vasilev (1985), they may be more frequent in the developing
organism. Cilia have been described in the chondrocytes of mice, rabbits, cattle
and man (Scherft and Daems 1967; Stockwell and Meachim 1979; Horky
1983). These cilia, however, have usually had an atypical appearance including
an altered structure of the basal body and a pattern of 9 4+ 0 pairs of microtu-
bules (Wilsman 1978).

Ultrastruktura kloubni chrupavky kocky v prenatalnim obdobi

Byla studovéana artikuldrni chrupavka 11 fetd ko¢ky obojiho pohlavi stafi 30,
40 a 48 dni po oplozeni. Pro ucely svételné, transmisni a rastrovaci elektronové
mikroskopie byla odebirdna chrupavka z kycelniho kloubu a zpracovidna obvyk-
lym zptisobem.

Na povrchu chrupavky je ve sledovaném obdobi jiz vytvofena chondrosyno-
vidlni membréana. Svazecky aperiodickych filament jsou uloZeny jednak pod po-
vrchem, jednak na povrchu chrupavky a podileji se na stavbé membrany. Kola-
genni fibrily se vyskytuji v malém poétu a probihaji v hojné zikladni hmot¢
riznymi sméry.

Chondrocyty jsou v povrchové vrstvé uloZeny zpravidla ve dvou faddch nad
sebou. Maji ovalny aZz vietenovité protahly tvar. Obsahuji velké jadro, v cyto-
plasmé jsou uloZeny maélo poletné organely. Glykogen a tukové kapénky jsme
nalezli vzicné. Nékteré chondrocyty obsahovaly atypické cilie, které jsme pozo-
rovali ojedinéle v bufikich povrchové a hluboké vrstvy. Neobvyklym nélezem
v mezibuné¢né hmot& hluboké vrstvy kloubni chrupavky byly erytrocyty.
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YnbTpacTpyKTypa CYCTABHOrO Xpsiia KOWKW B NPeApOAOBOi NEepHoA

WU3yuanu apTukynsipHbid xpswi 11 nnojoe Kowku o6oux MONOB B BO3-
pacte 30, 40 n 48 cytok nocne onnoAoTBOpeHus. [na CBETOBOW, TpaH-
CMUCCHUOHHOI W PacTpoBOW 3NEKTPOHHOW MWUKPOCKOMMUM MNONyuyanu xpsuy
TaszobeapeHHOro cyctaBa M ob6pabaTbiBanyu e€ro oO6bluHbIM crnocoGom.

Ha nosepxHOCTM xpdilia B UCCNeAyembiidi Mepuos cos3paHa XOHAPOCHHO-
BManbHas MemOpaHa. [lyuku anepuoguueckux HUTEN pacnonoXeHbl noAa
MOBEPXHOCTbIO, @ TakXe Ha NMOBEPXHOCTHU Xpsllla U yuaCTBYIOT B CTPOEHUU
mem6paHbl. Kneitpaowue cubpunnbl BCTpevaloTcsi B He6ONbWIOM  KOMU-
uecTBE U B MHOIOYWUCNEHHOW OCHOBHOM Macce MNpPOXOASAT B PasHOM Ha-
npasneHuu.

XoHApoUWUTbI B MOBEPXHOCTHOM CNoe pacfonoXeHbl, Kak npasuno,
8 BEpPTUKanbHO pa3MelieHHbIX ABYX psagax. OHWM OTAMUAOTCA OBanbHOM,
naxe BepeTeHooOpa3Ho nNpojonropaTtoi copmoi W copepxar Gonblioe
aapo. B uuronnasme pacnonoxeHbl HEMHOrOYWCNEHHble opraHennbi. nu-
KOT€H W XWpOBble Kanenbku BCTpeuyanucb peaxo. HekoTtopbie XOHAPOLM-
Tbl COAEpXanu aTWMnuHble PEeCcHWUKW, HabnlojaeMbie HaMU B OTAENbHbIX
cnyuasix B KNetkax MOBEPXHOCTHOro W rny6okoro cnoes. Heo6biuHOW Ha-
X0AKOW B MEXKNEeTOUHOW Macce rnyboKoro cnos CyCTaBHOrO Xpsuja CTanu
3PUTPOLIUTBI.
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Plate I.

ik

ae, R s i

Fig. 1.: Surface and middle layers of feline articular cartilage at 48 days after
o fertilization. Nucleus (N), nucleolus (n), lipid droplets (1), boundary layer (bl).
Intercellular matrix (im). x 4,100.



Plate II.

Fig. 2: A chondrocyte of the surface layer of feline articular cartilage at 48 days after
fertilization. Nucleus (N), nucleolus (n), karyosomes (k), mitochondria (M),
granular endoplasmic reticulum (E), atypical cilium (C). Intercellular matrix
(im), joint cavity (JC). x 16,000.




Plate III.

Fig. 3: Boundary layer (bl) of feline articular cartilage at 40 days after fertilization.
Bundles of aperiodic filaments (a), collagen fibrils (c), ground amorphous
substance (gs), joint cavity (JC). x 20,000.
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Fig. 4: Boundary layer (bl) of feline articular cartilage at 48 days after fertilization.
Bundles of aperiodic filaments (a) under and on the surface at the boundary (f)
with the joint cavity (JC). Collagen fibrils (c), ground amorphous substance



Plate IV.
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Fig. 5: Chondrocytes of the middle layer of feline articular cartilage at 40 days after ®

fertilization. Nucleus (N), nucleolus (n), numerous karyosomes (k).
Mitochondria (M), numerous cisternae of the granular endoplasmic reticulum
(E) with medium-osmiophilic material. Lysosome (L), transport vacuole (T),
Golgi apparatus (G). Pericellular matrix (pm), intercellular matrix (im).
% 16.000.



Plate V.

o (N), nucleolus (m), mitochondria (M), cisternae of the granular endoplasmic
reticulum (E) with medium-osmiophilic material. Atypical cilia (C). x 12,000.
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Fig. 7. Erythrocytes (R) in the intercellular matrix of the deep layer of feline articular
cartilage at 40 days after fertilization. Bundles of collagen fibrils (c), cell o
projections (cp), ground amorphous substance (gs). x 12,000.






