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Abstract

Cerny H.: Ultrastructure and Morphology of the Resorptive Margin of Bovine
Osteoclasts. Acta vet. Brno, 52, 1983: 3—13.

Ultrastucture of the resorptive margin of the osteoclast was studied from the
osteoid zone of endochondral ossification of the growth cartilage in the metaphyseal
rim of the tuber coxae using 4 bovine fetuses aged 246 to 271 days. The material
was routinely processed for electron microscopy.

The multinucleated osteoclast forms a specialized and polar structure, a resorptive
margin, at sites of its contact with the mineralized ground substance of the cartilage.
This resorptive margin is analogous with the ruffled border of the osteoclasts.
In the electron-microscopic field typical structures present in the resorptive margin
include: shallow invaginations of the plasmalemma and the modified cytoplasm
containing electron-dense strongly osmiophilic material and no other organelles.
In cytoplasm of the resorptive margin only minute vesicles limited by a unit mem-
brane are found which contain finely granular material of various densities.

The resorptive margin has been generally described as a concave structure. In our
material, however, morphologically variable shapes of the resorptive margin were
observed in the two-dimensional profiles, e.g. open-ring or circular, completely
closed structures situated intracellularly. Morphology of the resorptive margin is
determined to a certain degree by the phagocytic activity in this functionally very
active area. Among the organelles present in the osteoclast, only those presumed
to be involved in the intracellular transport of the resorbed substances into the
extracellular space and into the blood capillaries were investigated.

Cattle, endochondral ossification, osteoclast, resorptive margin, cartilage resorption.

In the course of endochondral ossification of the growth cartilage the cartilaginous model is
gradually replaced by newly formed bone tissue. Only a small portion of the ground substance of
the cartilage model serves as a scaffolding for the forming bone tissue. The mineralized tissue
is destroyed by activity of mononucleated (Horn and Dvofdk 1977, 1980) and multinucleated
cells (Hancox 1972; Holtrop et al. 1979; Kallio et al. 1972; Knese 1972; Lucht 1972; Mal-
kani et al. 1973). The cartilage model is thus resorbed by the direct action of clastic cellular ele-
ments present in the resorptive margin of the cell which in turn are in direct contact with the
mineralized tissue.

Multinucleated cells are but one part of a complex mechanism of resorption of the mineralized
cartilaginous ground substance. At the contact site they form a specialized structure, the so-called
resorptive margin. It has been described in detail for guinea pig osteoclasts by Malkani et al.
(1973). Structural details of this modified cytoplasm, this ,,ruffled border** have been reported
in detail by Schenketal. (1967) and Scott (1967). Formation of the ruffled border by cytoplasmic
invaginations enlarges substantially the resorptive surface, plasmalemma (Scott and Pease
1956). The ““ruffled border”, including the specialized cytoplasm, is the centre of enhanced cellular
activity and many substances are taken up from the extracellular space into cytoplasmic, phago-
cytic vesicles of the osteoclast (Kallio et al. 1972;: Lucht 1972).



The structure of the osteoclast and its cytoplasmic contact with the mineralized matrix, and its
function in the mechanism of mineralized tissue resorption has been described by Knese (1972).

Materials and Methods

Material for this electron microscopic study was collected from the growth cartilage of the tuber
coxae of four bovine fetuses aged 246 to 271 days. The samples from the osteoid zone of endo-
chondral ossification were fixed in 4 9, glutaraldehyde in 0.1 M phosphate buffer at pH 7.4 for 4 h.
The samples were then decalcified in 0.1 M EDTA with 49, glutaraldehyde at pH 7.4 for 14— 16 h.
Rinsed samples were postfixed in 1 % OsO, and embedded in Durcupan ACM.

Sections were cut with a Tesla BS 490 ultramicrotome. Semithin sections (250 —300 nm) were
stained with 1 9% methylene blue for 1 min. and 1 %, Azur II solution for 1 min., both at 37 °C.

Ultrathin sections were counterstained with uranyl acetate and lead citrate according to Rey-
nolds and viewed and photographed with a Tesla BS 613 electron microscope.

Semithin sections were viewed and photographed with an UNIVAR Reichert optical microscope.

Results

Ultrastructure of the cytoplasm in contact with the matrix of osteoclasts and mi-
neralized ground substance of the cartilage was investigated in longitudinal sections
of the metaphyseal margin of the growth cartilage using samples of the tuber
coxae from bovine fetuses.

A morphologically variable resorptive margin forms at the resorptive pole of

Fig. 1. Osteoid zone of endochondral ossification (semithin section). Oc — osteoclast, bv — blood
capillary, gs — mineralized ground substance of the cartilage, Rz — resorptive margin of the
osteoclast. X 650.



5

the cell. This zone is concave or an incomplete ring in profile and it encroaches
upon the ground matrix. Thus, the shape of the adjacent ground matrix determines
to a significant degree the morphology of this structure. With complete envelop-
ment of a larger fragment by an osteoclast, a closed, ring-like resorptive margin
forms around the mineralized tissue (see Fig. 5). Significantly, a single cell may
form more than one resorptive surfaces as indicated in Fig. 4.

At the site of bone and mineralized cartilage contact, minute and shallow in-
vaginations penetrating into the ground matrix are formed by the plasmalemma
of the osteoclast. By these invaginations the actual surface of the plasmalemma

Fig. 2. Osteoclast interposed between the mineralized ground substance of the cartilage and blood
capillary (semithin section): Oc — osteoclast, Rz — its resorptive zone, bv — blood capillary,
11 — lamina limitans, gs — mineralized ground substance of the cartilage. x 650.

exposed to the bone is enlarged considerably. Between these invaginations, phago-
cytosis of small fragments of the cartilaginous ground substance may be observed.
At such contact sites a close relationship exists between the cell and the cartilage
while in other parts of the same resorptive margin the space between the cyto-
plasmic membrane and mineralized ground substance of the cartilage may be
found. We designated this space as the intermediate space. It appears without
structure or filled with fine granular, slightly osmiophilic material. At sites of
seemingly newly formed, narrow spaces the surface of mineralized cartilage pre-
sent a fine dense lamina as if it were covered by lamina limitans.

The cytoplasm of the resorptive margin contains a dense, strongly osmiophilic
material with no apparent organelles. This dense cytoplasm. is arranged into






Fig. 4. Phagocytosis of the cartilage with formation of resorptive margins: Rz — modified cytoplasm
of the resorptive zone, gs — mineralized ground substance of the cartilage, db — dense bodies,
N — nucleus. x 21 400.

trabeculae running in parallel to one another and oriented radially to the plasma-
lemma or it also is observed as a dense, net-like structure. In this modified cyto-
plasm minute vesicles and/or larger ones may be observed. They are limited by
a smooth membrane and they contain material of various electron densities.

The cytoplasm adjacent to this margin contains numerous mitochondria
arranged in an irregular pattern. Some of them have few inner membrane projec-
tions; others contain tubular or vesicular structures in centre, especially near the
basal portion of the cell.

The most frequently observed cytoplasmic organelles are the small vesicles
coated by smooth membranes. Their number is larger in the resorptive portion
of the osteoclast where they populate a large field. However, they are also rather
abundant in the basal portion of the cell. Minute vesicles may join to form larger
ones occupying a major portion of the cytoplasm (Fig. 6). These organelles are
especially conspicuous when fixed with glutaraldehyde (Scott 1967; Schenk
et al. 1967). Similar to small vesicles also the vaculoes contain material of various

Fig. 3. Resorptive margin of the osteoclast: rb — ruffled border, Rz — mecdified cytoplasm, Is —
intermediate space, db — dense bodies, gs — mineralized ground substance of the cartilage,
sv — small vesicles, G — Golgi complex, Vc — vacuole, m — mitochondria, N — nucleus.



Fig. 5. Intracellularly formed circular resorptive margin: N — nucleus, Vc — vacuole, m— mito-
chondria, Rz — modified cytoplasm of the resorptive zone, rb — ruffled border, Is — intermediate
space, 11 — lamina limitans, gs — mineralized ground substance of the cartilage. x 21 400.

electron density. They contain primarily a fine granular, slightly osmiophilic
material, but in some larger vacuoles, on the contrary, large, quite dense granules
are visible. Some vacuoles demonstrate no structure resolvable by these proce-
dures.

The basal portion of the cell is in close contact with endothelial cells of blood
capillaries. Here it appears that intracellularly transported substances are being
extruded into the extracellular space, i.e. between the osteoclast and the endo-
thelial cell. Between the plasmalemma of the basal portion of the osteoclast and
the basal margin of the endothelial cell numerous small vesicles appear.

Discussion

Destruction of the mineralized tissue by multinucleated cells, osteoclasts, has
been described as osteoclastic resorption. Mostly the huge multinucleated cell
is called osteoclast with no consideration of the type of mineralized tissue destroyed
by this cell. Only Schenk et al. (1967) and Savostin and Asling (1975) des-
cribed the huge multinucleated cell as chondroclast.

In our opinion, from the functional point of view there is only one cell type



with the main function being degradation of the mineralized matrix. Therefore
we call them osteoclasts for the sake of simplicity. However, osteoclasts/chondro-
clasts destroying the cartilage are described as being simple more than osteo-
clasts degrading the bone tissue (Lucht 1972).

These multinucleated cells appeared at sites of seemingly intensive resorption.
Their appearance was limited to the osteoid zone, only rarely they were detected
in close contact with the cartilage in the erosion line. This situation was mostly
found in terminal parts of the trabeculae. By osteoclastic activity an intensive
resorption of the cartilage ground substance occurred resulting in gradual shorten-
ing of the trabeculae of the osteoid zone in the direction of the erosion line.

The osteoclast is characteristically found between the mineralized matrix and
the blood capillary. With the resorptive surface or pole of the cell adjacent to the
cartilage and the basal portion in contact with the endothelium, such position of
the cell would facilitate the transport of substances by the cell more directly to the
blood capillary.

At the site of cell contact with the mineralized matrix the osteoclast forms
a morphologically specialized structure designated the ruffled border. Formation
of the resorptive margin is believed to be a prerequisite for resorption according
to several authors (Knese 1972; Kallio et al. 1979; Holtrop et al. 1979).

To the contrary, our results would suggest that the cytoplasmic contact of
an osteoclast with mineralized matrix of the cartilage does not form this charac-
teristic ruffled border, but a resorptive surface constisting of small and rather
inconspicuous invaginations and densely stained cytoplasm. Despite this fact
(the cytoplasmic invaginations penetrate into the ground substance) destruction
of the ground matrix does occur. Between the invaginations fragments of carti-
lage are visible. These it would seem are phagocytized, destroyed, and transported
to the basal portion of the cell as has been described for other species.

The osteoclast which brings about resorption of the mineralized cartilage is
not morphologically identical with that cell of similar function but found resorb-
ing bone tissue. In the latter cell the cellular contact is made through a ruffled
border characterized by numerous long cytoplasmic projections. The functional
activity of the cell related to active resorption determines the morphology of this
ruffled border. At sites with less functional involvement of the osteoclast another
type of cytoplasmic contact is formed with short, broad projections. In this case,
the dense cytoplasmic modification is apposed to the cytoplasmic membrane
(Malkani et al. 1973). This type of ruffled border is called the ‘“‘clear zone” by
Cameron (1963), Malkani etal. (1973) and Holtrop et al. (1979), ““ectoplasmic
layer” by Scott (1967), and “‘transitional zone” by Lucht (1972).

In our material, the cytoplasmic contact of the multinucleated cells with the
mineralized matrix in the osteoid zone was formed exclusively by this type of
ruffled border designated by us as a resorptive margin. It seems that the type of
mineralized tissue and the degree of its mineralization is a decisive factor condi-
tioning the formation of a specialized cellular structure, i.e. the ruffled border
characteristic of the osteoclast or a resorptive margin characterized by short
evaginations and dense cytoplasm.

The ground matrix of cartilage is less mineralized than the bone tissue. There-
fore, its osteoclastic resorption might not be occurring in conjunction with
a functionally more demanding resorptive activity.

In spite of a different arrangement of the ruffled border we still regard this
structure as a functional and rather exclusive one providing the cell-to-matrix:
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contact of the osteoclast in the osteoid zone. In addition to the generally described
concave shape of the structure, we observed a variety of shapes including open
or closed ring-like or circular zones with intracellular positions.

A single osteoclast may form more than one plasmalemmal contact with the
mineralized matrix as demonstrated by Lucht (1972) and by our data.

The component of organelles of a bovine osteoclast does not differ from that
of other species. So far we confirm the conclusions by Lucht (1972) who found
no substantial species differences in the structure of osteoclasts. Again, however,
it seems that the structure of the multinucleated cell resorbing the cartilage is
simpler than that of a bone-destroying osteoclast.

This pertains especially to the specific dense granules in the cytoplasm, described
by Scott (1967) as dense granules, and by Lucht (1972) as cytoplasmic bodies.
In our study they were observed as vesicular structures limited by a non-coated
membrane with contents of various electron densities.

In our view, the cytoplasmic vesicles may originate in two ways. They form as
membrane derivatives of the modified ruffled border through endocytosis of
matrix, transporting the resorbed material. In the course of this transport they
destroy the material, forming larger vesicles. The largest vesicles are found chiefly
in the basal portion of the cell. Lucht (1972) demonstrated that vacuoles origi-
nating from the cell membrane yield a positive acid phosphatase reaction. In our
opinion, the intravacuolar material is degraded in the course of transport. Vesicles
with dense contents we regard as lysosomal structures present not only in close
vicinity of the Golgi complex but also in the peripheral cytoplasm. Descriptive
nomenclature of these structures varies considerably: ‘‘vesicles with dense con-
tents” (Schenk et al. 1967), “specific granules” (Scott 1967), “dense bodies”
(Lucht 1972), “lysosomes’ (Lucht 1972) are equally numerous in the osteo-
clast of the osteoid zone as in other more typical osteoclasts engaged in resorption
of bone tissue. The finding of numerous cytoplasmic vesicles is indicative of an
intensive resorptive activity of the multinucleated cell although it does not de-
monstrate a typical ruffled border.

According to the degree of development of the ruffled border Knese (1972)
differentiated two basic phases of resorption: the synthetic and the resorptive
phase. The synthetic phase is characterized by a moderately developed ruffled
border whereas, in the resorptive phase itself, a conspicuous ruffled border is
formed along with large numbers of secretory vesicles in the cytoplasm of, in
this case, a mononucleated cell.

In our material, the above-mentioned phases could not be distinguished.
Furthermore, in the so-called resorptive phase, characterized by large numbers
of minute vesicles and vacuoles in the cytoplasm of the osteoclast, no detectable
changes of the ruffled border per se were observed.

Mitochondria with few inner membrane projections or few vesicular or tubular
profiles were observed in our material. We are inclined, however, to interpret
these as artifacts resulting from the processing.

Our material suggests that there is a considerable variability in the arrangement
of the resorptive margin. Destruction of the mineralized ground substance of

Fig. 6. Basal portion of an osteoclast with endothelial cell: m — mitochondria, sv— small vesicles,
Vc — vacuola, en — endothelial cell, e — erythrocyte, newly formed sac indicated by arrow. x 26 700.
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the cartilage in the osteoid zone of ossification by the multinucleated cell is a com-
plex process with both the extracellular breakdown of matrix and its phago-
cytosis involved.

Ultrastruktura a morfologie resorp<ni zény bovinniho osteoklastu

Ultrastrukturu resorp¢ni zény bovinniho osteoklastu jsme studovali v osteoidni
z6né endochondralni osifikace ristové chrupavky kycCelniho hrbolu. Material
byl ziskan od 4 fett skotu 246—271 dni fetalniho vé€ku z metafysirniho okraje
zminéné chrupavky a zpracovan obvyklym zptisobem pro elektronovou mikro-
skopii.

Multinuklearni bunika — osteoklast vytvaii v kontaktu s mineralizovanou
zékladni hmotou chrupavky specializovanou strukturu — resorp¢ni zénu. Resorpc¢-
ni zéna je analogicka struktura s kartdCovym lemem osteoklastu. Typickymi struk-
turami resorpCni zény v obraze elektronového mikroskopu jsou mélké invaginace
cytoplasmatické membrany a modifikovand bunécna cytoplasma, kterd je tvoiena
densnim materidlem s vyraznou osmiofilii a neobsahuje bunécné organely. V cyto-
plasmé resorpCni zény zachycujeme jen drobné vesikuly ohraniCené hladkou
membranou, jejichz obsahem je jemné granulovany materidl rzné density.

Obecné je uvadéno, Ze resorpcni zéna je konkavni, miskovitého tvaru. Pozoro-
vali jsme, Ze Cinnosti osteoklastu se vytvari morfologicky rozmanitd resorpcni zéna
ve tvaru neuzavieného prstence, nebo jako kruhovitd, zcela uzaviena resorpcni
zbna situovana intraceluldrné. Morfologie resorpéni zény je podminéna do jisté
miry fagocytarni Cinnosti, kterou jsme v této funkéné exponované oblasti pozo-
rovali. Z bunélnych organel osteoklastu jsme sledovali jen ty, které maji vyznam
pro intracelularni transport resorbovanych substanci do extracelularniho prostoru
a do krevni kapilary.

YabrpacTpykTypa u Mopdoiorus pe3opOLMOHHOM 30HBI OCTEOKJIACTa
KPYIHOTO POraToro CKoTa

HaMu npoBonuiuch u3ydeHHA yIbTPACTPYKTYPHI PE30POLIMOHHOIN 3OHBL OCTEO-
KJacTa KPYIHOTO POTaTOrO CKOTA B OCTEOMIHOI 30HE SHXOHIPAJIbHOM OCCHPMKa-
IIMM POCTOBOrO xpsma Gyrpa TasobempeHHOro cycTaBa. Matepuas 6BLI IIOSydeH
y 4 miomoB ckota B sM6puoHaibHOM Bo3pacre 246—271 cyrok us meradusap-
HBEIX KpaeB yIIOMSHYTOTO XpsIla.

MHorosmepHsle KIETKH — OCTEOKJIACT — 06pasyioT B CONPUKOCHOBEHUM C MH-
HEpaJN30BaHHON OCHOBHOM MacCCOM XpAmla CHEeIHMaIM3UPOBAaHHYIO CTPYKTYPY,
UTPAIyi0 Ba)KHYIO POJb B pe3opOliiu MUHEPaIU30BaHHON TKaHU. XapaKTepHBI-
MU CTPyKTypaMH 30HBI pe3opbuuu B H300paKeHHH SJIEKTPOHHOTO MMKPOCKOIA
SIBJISAIOTCS KucTeoOpasHOe OKalMJeHWe M MOZUQPUIIMPOBAHHASA KJIETOWYHAA IIUTO-
IMasMa, IPUMBIKAOLAs K KUCTeO6pasHOMy okaiimiueHuio. OHa COCTOMT U3 ILIOT-
HOTO MaTepuaja C BBHIPA3UTEJbHOM OCMHOPUIHNEN U HE CONEPXUT KJIETOUHBIX
opraHesI. B muromiasMe 30HBI pe3opOIIMM yCTaHABJIMBAEM JIKLIL TLIOTHBIE TEJb-
112, TOABJAIOIIMECS TaKXe B OCHOBHOM MacCe XpAlla, M MEJIKHe, OTpaHUYEHHBbIE
TnapKoi meM6paHoy myssippbKu. OHHU LOZEpKaT MEJKH, TPaHyJIHMPOBAHHBIM MaTe-
pYaja pasHOM IJIOTHOCTH.

O61en3BecTHO, YTO 30HA PE30POIIUM OCTEOKJACTa B COINPHUKOCHOBEHHM C MHUHE-
paJIM30BAHHOM TKAHBIO fABJSAETCA BOTHYTOMU, B GoJbpLIMHCTBE ciaydaeB B dopMme ua-
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1€YKY MJIU TOZKOBEL. HaMu 6BLIO yCTaHOBJIEHO, YTO COBMECTHO ¢ QarolUTapHOM
ZIEATENBHOCTHIO OCTeOKJIacTa obpasyerca BOKpYr 6osiee KpyHHBIX ParOllMTapHBIX
$parMeHTOB OCHOBHOM MacChl MUHEPAJIM30BAHHOTO Xpslla pe3opbiuoHHAas 30HA
B GopMe HENOJHOTO KOJblIa HMJIM BHYTPHUKJIETOUYHO IOJHOCTBIO OKpY)KaeT Parolu-
tapHbll Pparment. Popma ParonuTapHON UacTUIEL OfyciaBauBaer PoOpMy pe-
30pbunonHON 30HBI. Menkue, daronuTapHEle GparMeHTEI He OBIBAIOT OKPY>KEHBL
pesopbuuonHoi 30HOH. M3 KIETOYHBIX OpTaHEN OCTEOKJIACTA KCCJIENOBAJIUCDH
JIALIB T€, KOTOPBIE MIPAIOT POJIb BO BHYTPHKJIETOYHOM II€peMeIllleHHu pesopbupo-
BAaHHBIX CyOCTaHIMI BO BHEKJIETOYHOE IIPOCTPAHCTBO U B KPOBEHOCHyIO Ka-
MUJLIAADY.
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