










and at and underneath the cartilage erosion front &gs. 
2A, 2C). It was not found in more mature hypertrophic 
chondrocytes (Fig. 2C) and was much less abundant in 
rats eating ordinary or hardened pellets (Fig. 2D). No 
silver grains (above background) were seen over RNase- 
treated control sections (not shown). Sections hybridized 
with lambda-phage cDNA reacted negatively (not 
shoun). 

T l ~ e  VI collagen r-1 chain mRNA signal (Fig. 3) was 
strongest in the perichondrium- pcriost cum and in bone 
trabeculae, but a positive reaction was found also in 
cartilage cells. The f ibd in  cDNA probe (Fig. 4) 
hybridized with perichondral-periosteal and cartilage 
cells and cells on or between bone trabeculae. No 
daerences were obsenvd between rats of different ages 
or eating food of different consistencies in these 
preliminary type \'I collagen or f ibrib in situ 
rxperimen ts. 

Imunohistochrmir@ 
There was no type X collagen antibody staining in 

hypertrophic chondroq-tes (Fig. 5),  although strong 
staining was seen in osteoblasts along the infitrating 
vessels at the erosion front (arrows) and also in periosteal 
cells (not shown). These rrsults support those of the in 
situ experiments. 

T?pc VI collagen antibody staining waq strongrst in 
the perichondrium-periostrum (Fig. 61. although it 
surrounded all cartilage cells. and remnants of the stain 
were seen in and under the erosion zone. There 
appeared to be more type \7 collagen staining in the 
cartilage of thc condyle of pellet-eating rats (not shown! 
than in the condyle of soft food-eating rat$. 

Fibrillin antibody staining (Fig. 7) was found 
consistently in trahrcular bone. Thr  cells of the 
perichondriuni--pcriosteum and thr differentiating 
chondroblasts in a soft food-rating rat seemed to stain 
only weakly for fibrillin (not shown), whereas in a pellct- 
eating rat (not shown) and in a rat eating hardened 
pellets (Fig. 7) the staining sremed stronger. 

Discussion 
In our earlier study in Ggro\*ing rabbits (26) a thickening 
of the perichondrium and the chondroblast layer was 
shown in the part of the mandibular condyle which wm 
subjected to functional forces after displacement of the 
condyle in relation to the glenoid fossa. A corresponding 
modification of type I1 collagcn synthesis was found. '4 
similar response was shown here in growing rats when 
mandibular condyles were subjected to greater mastica- 
tion forces through hardcr food. The effect could he 
shown between die ages of 23 and 33 days (ages in the 
soft-food group); the experiment was continued in pellet 
and hard food-eating rats for up to 50 days. 

This study pro\ides new data on a molecule crucial to 

cartilage maturation. qpe  X c*ollagcn. and two fibrous 
components of the matrix. t?pc \*I collagen and 
fibrillin. in mandibular condylar cartilage. 

Type X collagen has been suggested to be a 
developmentall> regulated molecule s>nthesized in 
growth-plate cartilage by hpertrophic chondroqws 
(33), and it \;as thought to be hypertrophic chondro- 
cy-te-specific. LuYalle et al. (34) observed q p e  X 
collagen as capsulc-like structures around h>pcrtrophic 
chondrocyes in stcrnal cartilage. Silbermann & \m dcr 
Mark (35) reported type X collagen in the neonatal 
mouse condyle in hlpertrophic chondroqtes of the 
mineralizing zone. \Veak antibody reaction against ~ p c  
X collagen in bone has. howcver. also been reported 
(36). Nagamoto et al. (37) obsen-ed both endochondral 
and intramembranous ossification with cpe X collagen 
synthesis non-hypertrophic chondroq-tes in the 
osteoid, after grafting pcriostrum in a model for earl), 
fracture repair. T)pe X collagcn has bccn found in 
ju\wde but not adult epiphyseal articular cartilage (381, 
human osteoarthritic articular cartilage (27. 39), adult 
canine articular cartilage (40), and articular cartilage- 
derived chondrocl-te cultures (41). Stcphcns et al. (42) 
reported type S collagen qnthcsis even by cclls derived 
from articular surface. \Ye have now localized typr ?i 
collagen sjnthtsis in the mandibular rttndylr of the rat 
by perichondral periosteal cells and differentiating 
chctndrohlasts and also by cells of' the priniary spongiosa 
but not by mature hypertrophic chondrorytes. The cells 
in the perichondrium- periosteum cannot he identified 
as chondroblasts or osteoblasts on the basis of 
morphologic criteria. \2heiher some of the positive 
cells in the primary spongiosa are chondroq-tcs trapprd 
within the trabeculae cannot he resolvrd. but the fact 
remains that no positive stain is seen in the h!pt*rtrophic 
cartilagc zonv. 

\2'hen one considcrs chondroid bone t5!, i t  wenis 
plausible that there is a spectrum of chondmhlastic os- 
teoblastic cells, and further research is needed to 
investigate the regulation of their synthetic acti\iF. 
Articular function and especially increased mastication 
forccs, perhaps together with increasing age. seemed to 
inhibit ~ p e  N rollagen expression in rat condyle. 
hlrchanical loading of cartilage has bren \hewn t o  raise 
cation concentration in thr cxtraccllulnr matrix with a 
concomitant fill in intraccllular pH (+3). How this 
sects the s>nthetic actixiv of cartilage ct.11~ is 
unknown, but it may be assumed changes occur in the 
synthesis of matrix molccules. 

A soft diet, requiring smaller forces in mastication. 
seems to enable a longer period of endochondral 
ossification in the mandibular condyle (2.5, 44). Type 

ms to be associated with this procc*ss, 
sincr its rxpression continues in t he primary spongiosa 
and in periostcal cells firr a longer period in animals 
eating .soft food than in thosc eating hard food. In both 
the mandibular condyle and the growth plate type ?i 
collagen semis to he transiently expressed, but the 








