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Summary. The development of an in vivo system for 
investigating osteoclast differentiation is important 
because molecular events occurring in vivo can be 
observed during the differentiation of the authentic 
osteoclasts. In adjuvant arthritic rats, an experimental 
model of human rheumatoid arthritis, extensive bone 
resorption is observed in the distal diaphysis of the tibia. 
In the area of extensive bone resorption, it is always 
accompanied with clusters of numerous multinucleated 
giant cells (MGCs) as well as bone-resorbing osteo- 
clasts. Here we characterized the morphological 
properties of these MGCs with the use of enzyme- 
histochemical and immunohistochemical techniques. 
Extensive destruction but also a marked formation of 
the inner and outer bone surfaces were the predominant 
features in the tibiae of such arthritic rats 4 weeks after 
the adjuvant injection. Numerous MGCs were 
frequently clustered in the bone marrow spaces located 
apart from the bone matrices. Although the MGCs 
lacked ruffled borders, these cells were rich in 
mitochondria and vacuoles. These multinucleated cells 
revealed a positive reaction for tartrate-resistant acid 
phosphatase but a negative reaction for non-specific 
esterase staining. Most of these MGCs expressed the 
Kat l-antigen, an immunological marker specifically 
expressed on the cell surface of rat osteoclasts. In a 
dentin resorption experiment using a cluster of MGCs 
excised from the bone marrow tissues of the tibial distal 
diaphyses of rats with adjuvant arthritis,  many 
resorption lacunae were formed on dentin slices after a 
3-day culture. These results suggest that the majority of 
the MGCs are osteoclasts but not macrophage 
polykaryons. 
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Introduction 

Osteoclasts are hematopoietic in origin (Udagawa et 
al., 1990; Suda et al., 1992) and in vitro cell culture 
systems for forming osteoclast-like multinucleated cells 
have been established in several animal species. In vitro 
studies have demonstrated the involvement of various 
cytokines in the regulation of osteoclastogenesis. In 
contrast to the ease of handling provided by the in vitro 
culture system for osteoclast differentiation, it is highly 
complex and difficult to examine osteoclastogenesis in 
vivo. A reproducible in vivo model of osteoclasto- 
genesis has been developed using ovariectomized 
rodents (Jilka et al., 1992),  which provides an 
appropriate system for studying post-menopausal 
osteoporosis. However, tracing osteoclast formation is 
extremely challenging even when an extensive 
morphological search is performed, because the increase 
in the number of osteoclasts occurs in the whole 
skeleton. This aspect makes it impossible to distinguish 
newly formed osteoclasts from pre-existing osteoclasts 
by the estrogen deficiency. 

Adjuvant arthritic rats are  known to develop 
polyarthritis induced after a single intradermal injection 
with complete Freund's adjuvant and thereafter 
demonstrate redness and swelling in the ankle joint, and 
the formation and destruction of bones in the hind paws 
occur then (Pearson and Wood, 1963; Akamatsu et al., 
1966; Zahiri et al., 1969; Mori et al., 1970; Mohr et al., 
1974). Since these clinical symptoms are similar to 
those seen in human rheumatoid arthritis (Pearson and 
Wood, 1959), adjuvant arthritic rats have been 
frequently used as an experimental model of rheumatoid 
arthritis (Ackerman et al., 1979; Taurog et al., 1985; 
Binderup, 1986; Del Pozo et al., 1990; Russell et al., 
1993; Conway et al., 1995). 

One of the features of adjuvant arthritis is the 
extensive destruction of the bones. It has been reported 
that such bone destruction is performed by the 
multinucleated giant cells (MGCs), osteoclasts, in the 
bone marrow cavity of the tibial diaphysis in adjuvant 


















