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Abstract

Ter ny H.:Phagocytic Activity of the Multinuclear Cell in Endochondral
0ssification in Cattle. Acta vet. Brno, 55, 1986: 139-144.

Morphology of the multinuclear cell was studied in the osteoid zone of the tuber
coxae in 7 bovine fetuses (aged 246 to 283 d), and in 6 calves (aged 62 to 65 d) by
means of transmission electron microscopy (TEM). The experimeatal material was
routinely processed for electron microscopy.

The multinuclear cell originates by fusion of several mononuclear cells of the
pericapillary space and it is encountered predominantly in terminal trabeculae, in
the ground mineralized matrix of the cartilage and the wall of blood capillary.

The multinuclear osteoclast forms a specialized and morphologically determined
structure - the ruffled border at the contact sites with the ground matrix. In the
course of morphogenesis of the ruffled border, formation of the so-called resorptive
zone may be seen, consisting of shallow invaginations of cytoplasmic membrane and
dense cytoplasm with no cell organelles.

At the sites of ruffled border formation, remarkable endocytosis was found along
with phagocytosis of various particles of the ground matrix into the cytoplasm of the
multinuclear cell.

The multinuclear osteoclast operates as a macrophage capable to phagocytize the
ground matrix. It phagocytizes larger particles of the ground matrix than the
mononuclear cell does. These particles then become contents of heterophagosomes,
disintegrate under the agtion of cellular enzymes and turn into a moderately
osmiophilic material. Some vacoules contain fibrillar material and pseudomyelin
structures.

In the cytoplasm, phagocytized fragments fuse with lysosomes and undergo gradual
disintegration. The dense material in the form of a continuous resorptive zone assume
the character of lysosome material.

Activity of the multinuclear cell results in destruction of the ossificating
cartilage through two mechanisms - chondroclasia and phagocytosis.

Cattle, ontogenesis, degradation of the cartilage, phagocytosis.

Morphology of the destructive phase of endochondral ossification shows a remarkable degradation
of the cartilage and its resorption from the pericapillary space.

In areas with intensive resorption mononuclear cells fuse to form giant multinuclear cells with
a potent chondroclastic effect.

Despite the fact that the multinuclear cell has received considerable attention in literature,
its capability to phagocytize particles of the ground matrix apart from resorption is less known.

The details of the relationship of the multinuclear cell and mineralized tissue has only been
revealed by electron misroscopy proving helpful in interpretation of the morphology of the cyto~
plasmic contact.

Ruffled border of the multinuclear cell enlarging the active cellular surface at the contact
sites has been repeatedly described (Scott and Pease 1956; Sc henk et al. 1967;
Scottl967; Kallio etal. 1972; Lucht 1972; Knese 1972 Got h1lin and
Ericsson 1976 Holtrop etal. 1974 Holtrop and King '977; Holtrop
et al. 1979) along with its remarkable endocytic activity indicating a cellular «..a endowed with
metabolic potential (Knese 1972; Mal kani 1973; Dot ty and Schofield 1972;
Schofield etal. 1974; Cerny 1983).

According to Schofield et al. (1974) and Ho 1l t r o p et al. (1974), the ruffled
border is a dynamic structure directly dependent on the cellular activity of the osteoclast.

Schofield et al. (1974) maintain that resorption may also occur with no ruffled border
formed. In such case, accumulattion of lysosome material in the cortical cytoplasm occurs with
formation of dense cytoplasm of the resorptive zone capable to disintegrate the mineral matrix
(Malkani etal. 1973; Terny 1983).
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Literature data describing the relation between the multinuclear cell and the cartilage in
the course of ossification are not particulary abundant. The cytoplasmic contact of the multi-
nuclear cell with the ground substance of the cartilage and its morphology in guinea-pigs has
been described by Ma l k ani et al. (1973), inrats by Savostin-Asling and
Asling (1975). Bovine chondroclast has been studied by Knese (1972) and Cerny
(1982; 1983).

Only recent publications draw attention to the remarkable phagocytic activity of the
multinuclear cell: We z eman et al. (1979) observed intensive endocytosis of mineralized
tissue in the incipient stages of development of the ruffled border in osteoclasts in tissue
culture activated with PTH.

Also Barsten and St anka (1981) demonstrated phagocytic activity of the
osteoclasts. The multinuclear cells are extremely active phagocytizing mononuclear cells which,
being in various phases of structural disintegration, become contents of the osteoclast’s
phagosomes. The authors observed phagocytoais in the area of ruffled border and outside it.

Our previous results indicate (€ e r n § 1983) that phagocytosis is a functionally extremely
Efficient mechanism of destruction of the cartilaginous model in the course of ossification. -

Materials and Methods

Morphology of  the multinuclear cell was investigated in the osteoid zone on metaphyseal rim of
the growth cartilage from the tuber coxae in seven bovine fetuses (aged 246 to 283 d) and in six
calves (aged 62 to 65 d).

For electron microscopic study the samples were fixed in 400 mmol. l'l glutaraldehyde in
10 mmol.1"! phosphate buffer, pH 7.4, for 4 h, decalcified in 100 mmol.1~! EDTA with 400 mmol.1-!
glutaraldehyde for 12-14 h. The samples were then washed in four rinses of 100 mmol. 1-1 phosphate
buffer, pH 7.4, and postfixed with 40 mmol.1-1 0s04 in 100 mmol.1-! phosphate buffer, pH 7.4, for
1 h. After dehydration in graded acetone series the samples were embedded in Durcupan ACM and
polymerized at 60°C for 3 d. :

Semithin and ultrathin sections were cut on an ultramicrotome Tesla BS 490 and Ultracut
Reichert.

Ultrathin sections were double stained on supporting greeds using a combined method (uranyl
acetate and lead citrate) after Reynolds and viewed and photographed with Tesla BS 613 and BS 500
electron microscopes.

Electron micrographs were made using ORWO - EU 2 plates 6.5 x 9 cm.

Results

The multinuclear cell is conspicuous not only for its size but also for its interposition between
the ground substance of the cartilage and the wall of blood capillary (fig. 1, 2).

The direct contact of the cell with mineralized matrix is established through its resorptive pole;
the basal pole adjoins to the wall of blood capillary.

Multinuclear cells are situated at the terminal parts of trabeculae. Due to their action trabeculae
become shorter towards the erosion line. After fusion of mononuclear cells of the pericapillary space
and after further incorporation of their nuclei into the multinuclear. cell gradual development of the
ruffled border may be observed (Fig. 1, 2, 3).

During the resorptive phase of the cell, along with morphogenesis of the ruffled border, also
considerable phagocytic activity of the multinuclear cell was observed in our material with occurrence
of phagosomes containing mineralized ground substance of the cartilage in various phases of
disintegration. Phagocytosis of a variety of spaces of ground matrix fragments occurred predomi-
nantly in the area where the ruffled border was forming (Fig. 4, 5, 6, 7, 8).

The cytoplasmic membrane formed small, shallow invaginations at the contact sites with the
cartilage enclosing the ground matrix (Fig. 4, 5, 6, 7). Compared with the definitive ruffled
border, these structures were much less developed but the invaginations of cytoplasmic membrane
enlarged considerably the surface of cellular contact. Between the cell membranes forming the
invaginations small fragments of the mineralized ground substance of the certilage occurred in the
course of ruffled border development (Fig. 4, 5, 6, 7).

The cytoplasmic membrane of the forming ruffled border was not always closely attached to the
matrix; at some sites a narrow intermediary space was formed between the two structures. This
space was usually electronlucent or it contained moderately osmiophilic materia' - frequently also
fine fibrillar structures (Fig. 8). Further, frequently encountered were small fragments of matrix
(Fig. 6, 7), secretory vesicles (Fig. 8, 10), and numerous dense bodies (Fig. 4, 6, 7) that in
some cases moved from the extracellular space into the ground matrix (Fig. 4, 6).

Cytoplasm of the resorptive zone consisted of dense material with rarked osmiophilia and no
cellular erganelles. The dense cytoplasm formed dark, in parallel coursing stripes perpendicular
to_ the cytoplasmnc membrane of the ruffled border. The dense material may be irregularly
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scattered or arranged to form mesh-like structures.

In the modified cytoplasm with density resembling lysosomes only minor vesicles or phagocytwed
material of the ground substance of the cartilage coated by a smooth membrane may be seen.
Heterophagic structures contained material of variable electron densities (Fig. 6, 7); some vacudes
contained also pseudomyelin structures (Fig. 8, 9).

Besides the well-known chondroclastic effect of the multinuclear cell in ossification we also
observed a remarkable phagocytic activity of this cell during destruction of the cartilaginous model.
The multinuclear cell formed conical cytoplasmic projections with broad bases surrounding the
cartilage fragments. Phagocytosis of the ground substance fragments into the original intercellular
space may also be seen with fusion of mononuclear cells into a multinuclear one. Endocytosis
connected with phagocytosis of the ground substance of the cartilage was encountered in the
resorptive zone, i.e. during morphogenesis of the ruffled border (Fig. 4 to 8) but also outside
this zone (Fig. 3, 10, 12). Phagocytized matrix, becoming the contents of heterophagosomes, was
degraded in the course of intracellular transport.

As shown in Fig. 9, 11 and 12, phagosomes also occurred in the perinuclear area of the cell,
in close vicinity of the nucleus as a consequence of transport of the degraded material by the cell
to the blood capillary. The contents of some heterophagic vacuoles condensed and assumed the form
of dense granules (Fig. 10, 11), others contained fibrillar material including pseudomyelin structures
(Fig. 8, 9.)

In the cytoplasm, dense demarcations resemblmg lysosome material were formed around larger

fragments (Fig. 6, 12). \

Discussion

Formation of the multinuclear cell, its functional development and occurrence of a specialized
structure - the ruffled border - is primarily regulated by PTH (Miller 1978; Holtrop
et al. 1979), or by in opposite direction acting calcitonin (K a1llio et al. 1972; Lucht
-1973). A number of recent studies presents further factors participating in regulation of the"
osteoclast function, e.g. osteoclast activating factor (OAF) isolated from leukocytes of peripheral
blood (T r u m m e 1 et al. 1975) or antiinvasive factor (AIF) isolated from the cartilage and
strongly inhibiting the osteoclastic activity (W e z e m a n et al. 1979).

Electron micrographs show the changes in numbers of cell organelles and in overall endowment
of the cell with organelles directly involved in regulation. This fact was pointed out by K nese
(1972) who distinguished the synthetic from the resorptive phase, the last characterized by a-
considerable activity with formation of the ruffled border or resorptive zones of various shapes.

A common feature of the contact site of the multinuclear cell and mineralized matrix of the cartilage
is abundance of lysosomal structures. The dense cytoplasm of the resorptive zones resembles
lysosomal contents by its density. The cartilage is usually attacked before morphologically specialized
structures appear at the resorptive margin of the cell or around phagocytized fragments of the
cartilage.

These findings indicate that the enzymes synthesized by the cell are excreted as secretory
vesicles and outside the cell participate in degradation of the substrate.

In the initial stages of ruffled border development shallow invaginations of cell membrane and
remarkable phagocytosis of the ground substance into the dense cytoplasm may be seen.

We also observed particles larger than reported (Sc ho field etal. 1974; Wezeman
et al. 1979) to undergo phagocytosis. At the site of cellular contact chondroclasia of the ground
matrix of the cartilage along with phagocytosis takes place. This finding, too, is connected with the
lysosomal activity of the cell. :

Schofield etal. (1974) confirmed the known fact that at resorption sites increased
activ‘ity‘of acid phosphatase occurs. This may be demonstrated histochemically. Accumulation of the
reaction product delineates the resorption and renders the morphological picture more exact.

~ Formation of the ruffled border is closely connected with intracytoplasmic presence of some
organelles, mainly minute vesicles, vacuoles and lysosomes. Our opinion is that the vesicles coated
by a smooth membrane are on one hand derivatives of the ruffled border and their formation is due
to endocytosis or, on the other hand, through their origin they belong to the 3i complex or to
the endoplasmic reticulum. Vesicles with electron-dense contents are in our view lysosome-like
structures accumulated predominantly in the area of the Golgi complex, in cortical cytoplasm or near
phagosomes.

Our findings have shown that the multinuclear cell of the osteoid zone of ossification manifests
itself apart from cartilage resorption also at the resorption pole through remarkable phagocytosis.

In degradation of the cartilaginous model several mechanism are acting simultaneously (€ e r-
n § 1983). An extremely efficacious way of degradation is phagocytosis enabling destruction of
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considerable amounts of the ground substance of the cartilage. As demonstrated earlier, in this
process both mononuclear cells of a macrophage type and multinuclear cells are actively involved.

! Comparison of our results with those of other authors shows that a multinuclear bovine
osteoclast destroying the cartilage during ossification does not differ in structure from those of
other species hitherto investigated. This cell attacks the mineralized matrix of the cartilage and
destroys it in two ways. Firstly, by resorption from the pericapillary zone after chondroclasia,
and secondly by phagocyting relatively large particles of the cartilage as a macrophage. The
ground matrix of the cartilage constitutes the contents of numerous heterophagosomes and is
gradually degraded during the intracellular transport towards the blood capillary.

Fagocytérni aktivita multinukledrnf buiky v enchondrélni osifikaci u skotu

V osteoidni zon& enchondriln{ osifikace metafysirniho okraje riistové chrupavky ky&elnfho hr-
bolu (tuber coxae) jsme v obraze TEM sledovali u sedmi fetd skotu 246 - 283 dni a u Zesti telat ve
staFf 62 - 65 dni morfologii multinukledrni bunky. Materiil byl zpracovan obvyklou metodou pro
elektronovou mikroskopii.

Multinukledrni bunka vznik4 fuzf jednojadernych buné&k perikapilirniho prostoru a histotopogra-
ficky ji nachdzime pfedevZim v terminilnich oblastech smé&rovych tramcl, mezi zikladni mineralizo-
vanou matrix chrupavky a sténou krevni kapilary.

V kontaktu se zdkladni matrix chrupavky vytvo#i vicejaderny osteoklast funk&né& specializova-
nou a morfologicky determinovanou strukturu - kartifovy lem (ruffled border). B&hem morfogenese
kartalového lemu pozorujeme vytvofeni tzv. resorpinf zony sestivajicf z m&lkych invaginaci cytoplas-
matické membrany a densni cytopl y bez bun&&nych organel.

V mist& tvoficiho se kartiZového lemu jsme pozorovali vyraznou endocytosu spojenou s fagocy-
tovanim rozmanitych &4stic zédkladni matrix do cytoplasmy vicejaderné bunky.

Vicejadreny osteoklast funguje jako makrofig schopny fagocytovat zikladnf matrix.

Ve srovnini s jednojadernymi makrofigy fagocytuje osteoklast rozm&rné&jsi &astice zakladnf
matrix, které se stivaji obsahem heterofagosomi. Obsah fagosomi je vlivem buné&Zného pusobeni po-
stupné& degradovin a ménf se ve stfedn& osmiofilni material, n&které vakuoly obsahuji fibrilarni ma-
terial a psudomyelinové figury.

Fagocytované fragmenty fazujf intracytoplasmaticky s lysosomy a jsou postupn& degradovéany.
Rovné&: densni materidl v podob& souvislé resorpini zony bez organel ma charakter lysosomového
materidlu.

Vysledkem ptlisobeni vicejaderné bunky na chrupavku v osifikaci je jeji destrukce, ktera se
uskuteénuje dvéma moZinymi zplsoby - chondroklasif a fagocytosou. R

darounTapHas aKTHBHOCTb MHOrOsSilepHOR KJNEeTKH B 3HXOHOADANbHOR OCCHOHKALHH Yy KPYMHOro

poraToro ckora .

B oCTeOMOHOA 30HEe 3HXOHAPANBHOIO OKOCTEHEeHH MeTadH3apHOro Kpas POCTOBOro Kpas
6enpeHHoro 6yrpa (tuber coxae) B H3o6paxeHHH T3M HAMH MPOBOOHAHUL HCCNENOBAHHA MHOro-
SI0ePHOR KNEeTKH CeMH NNOAOB KPYMHOro poraroro cxora B BospacTe 246 - 283 cyTox u
mecTH Tenar B Bo3spacre 62 - 65 cyToK. MarepHan 6mil O6pa6OTaH OOLYHBM ONA 3NE€KTPOH-
HOR MHMKXPOCKOIMHH METOHOM.

MHorosnepHas KjieTXa BO3HHKaeT CAHAHHEM ONHOSNEPHHX KAETOK MEepPHKANHANIPHOro
MPOCTPAHCTBA H CHCTOTONOrpadpHUECKH ee BCTpevyaeM npexne BCEero B TEPMHHaNbHBIX O6NACThb-
SIX OTPOCTKOB MeXOy OCHOBHbIM MHHEPAJIH30BAHHEIM POCTKOBBIM CJIOEM Xpsima H CTEHKOR
KPOBEHOCHOrO Kanuanapa.

B KOHTaKTe C OCHOBHbIM POCTKOBHM CJlO€M Xpsima O6pasyeT MHOrOAINEepHHA OCTeoKnacT
OYHKUHOHANBHO CrMeUHAaNH3HPOBAHHYI0 H MOPGONOrHUECKH onpenefeHHylw CTPYKTYpy - mMeTou-
Hult 6opawp (ruffled border) . Brnpouecce MopdoreHesuca maHHOrO Gopawpa HabnwgaeTcs
BO3HHKHOBEHHHE TAaK Has3kBaeMOR De3OPO6UHOHHOR 30HM, COCTOSIMER H3 MENKHX HHBArHHaAUHMA
UHTONNA3SMATHYECKOA MeMO6paHbl H NMAOTHOR UHTOMNAsMb 6€3 KJIEeTOWYHBX OpraHenn.

B MecTe o6pasymomerocs 60pRiopa HaMH Ha6noOancs SPKO BHpaxeHHbHA IHAOLUKHTOS,CBA3aH-
HHR C PAroUHTHPOBAHHEM Pa3HBIX YacTedA OCHOBHOrO POCTOKOBOrO CJOS B UHTOMNAA3My MHOro-
ANEpPHOR KNETKH.

MHOrosinepHsif ocreoxnact mefCTByeT B KauecTBe Makpodara, CMNoCO6HOro $arounTHpo-
BATh OCHOBHOA POCTKOBOR CinoOR.

llo CpaBHeHHM C OONHOSMEPHHIMH MaKpodaraMH OCTeOKNacT $AroUHMTHPYET YACTHUL OCHOB-
HOr'O POCTKOBOIr'O CNOs pasMepoM no6onbme, KOTOpPhle BXOAAT B CONEepXaHHe rerepodaroCoOMOB.
Conepxanue $aroCoMoB MOA KNETOYUHHM BOSHAEACTBHEM MOCTENEeHHO NCrpPamHpOBAHO H MeHAeTCs
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B cpenHe OCMMO$HUABbHHA MATepHan, HEKOTODPHE BAKYONH colepxaT (U6pHANSpHWA maTepman
H MCEeBOOMMENANHOBMNE OOpPASOBAHNA.

@arouUNTHPOBAHHE $PATMEHTH CAHBANTCA MHTPALHTOMAASMATHYECKN C NHCOSOMAMN N
nocTenesHo pasnaranrTcs. [NOTHHA MaTepuan B $opMe CNAOEHOR PESOPOUNONHOR 3OHM Ges
Oprasenn npMoépeTaeT TAKNE XADAKTED AM3OCOMHOr'O MaTepHana.

PesynbTaToM BOSHEACTBHA MHOTOANEPHOR KNETKM HA XPAR B OCCHOMKALUNN NOANETCN
ee NeCTpYXUNA, NPOTEXANMAA NBYMA BOSMOXHMMM CNOCOGAMM - XOHApPOXnasweR M darounro-
som.
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Legends

Fig. 1
Multinuclear cells (Oc) are situated in the terminal part of trabeculae of the mineralized
ground matrix (G) of the cartilage, apposed to their surface. In the cytoplasm, numerous
vacuoles are encountered (V). Bovine fetus, 271 d, semithin section, X 350.

Fig. 2
Multinuclear cell (Oc) interposed between the ground matrix of the cartilage (G) and blood
capillary wall (C), At the contact site the dense zone is visible (). Bovine fetus, 271 d,
semithin section, X 600.

Fig. 3
Multinuclear cell (Oc) with two nuclei (N) attacking the ground mineralized substance of the
cartilage (G). Cytoplasmic membrane forms numerous projections (cp). In the cytoplasm,
a sizeable fragment of the ground matrix () 1is present, further vacuoles (V) with contents
and pseudomyelin structures (PS). Bovine fetus, 283 d, X 4000.

Fig. 4
Cytoplasmic membrane (cm) and dense cytoplasm (dc) form shallow invaginations at sites of
contact with the ground matrix). These invaginations are surrounding the cartilage. In the
ground matrix(G) small vesicles are contained (v). The cytoplasm contains mitochondria (m)
and vacuoles (V). Bovine fetus, 283 d, X 21 000.

Fig. 5
Incipient phagocytosis of fragments of the ground matrix of cartilage (G) into the dense
cytoplasm (dc) of the multinuclear cell. Bovine fetus, 283 d, x 21 000. .

Fig. 6
At the site of cytoplasmic contact the cytoplasmic membrane (cm) forms numerous invaginations.
Simultaneously, phagocytosis of the ground matrix (G) into the dense cytoplasm (dc) of the
resorptive zone may be seen. A dense demarcation is forming intracytoplasmatically around the
phagocytised particles &-). Numerous vacuoles (V) and dense bodies (db) that are encountered
also outside the cell among fragments of the ground matrix of the cartilage (Z). Calf, 65 d,
x 21 000.

Fig. 7
Dense resorptive zone (dc) with phagocytized ground matrix of the cartilage. Bovine fetus,
246 d, x 11 800.

Fig. 8
At the site of forming ruffled border remarkable phagocytic activity may be seen. Phagocytized
ground matrix of the cartilage (G) becomes the contents of heterophagosomes containing fibrillar
material (&) and pseudomyelin structures (Ps). Bovine fetus, 283 d, x 20 000.

Fig. 9
Phagosomes (G) reaching into the perinuclear area. N - nucleus, m- mitochondria, Gc - Golgi
complex, r - free ribosomes, V - vacuoles, GER - granular endoplasmic reticulum. Bovine fetus,
283 d, x 12 000. ’

Fig. 10
Sizeable fragment ( ) is delineated by dense cytoplasm (dc) with numerous secretory vesicles
(v). Smaller vacuoles (V) contain dense. ) or fibrillar () material. Bovine fetus, 283 d,
x 15 000. !

Fig. 11
Ground substance (Gs) is attacked by a cell without close contact. Degraded matrix forms the
contents of vacuoles (V) present in the perinuclear area of the cell. In the dense cytoplasm
‘(dc) deeper invaginations of cell membrane are visible. Bovine fetus, 271 d, x 15 000.

Fig. 12
Around a phagocytized fragment of the ground substance of the cartilage (Gs) dense cytoplasmic
demarcation (dc) is formed in the perinuclear area. N - nucleus, m - mitochondria. Bovine
fetus, 246 d, x 21 000.





