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Fig.1. The intercellular matrix of a normal
articular cartilage, showing collagen fibrils
embedded in abundant ruthenium red-positive
particles and filaments. Ruthenium red stain. X
30,000.
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of metachromasia is evident in the entire thickness except in the
calcified zone. Toluidine blue stain. X90.
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Fig.3. Tritiated thymidine autoradiograph obtained 4 days

papain injection, showing intense thymidine uptake in the spindle
cells of the transition zone. H. E. stain. X370.

Fig.4. A picture at the 2nd week after papain injection, showing

extension of the connective tissue from the transition zone and
regenerating hyaline cartilage in the underlying area. Note the
cellularity and irregular arrangement of the chondrocytes. Epon
embedded 1 ym thick section. Toluidine blue stain. X90.
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Fig.5. Autoradiograph of the articular cartilage
at the 4th week after papain injection, showing
thymidine uptake in the chondrocyte in cluster.
H. E. stain. X370.

=

5 RREBUWE L Eo 5553, HMBEEREIRA s
T, & RTETIE/NEE LIBRERORE N L0
L <, HIEEE % 18 2 7R BTN 5 (K 10),
ZOEERIE & FEUEE/NMER L T ORE
b0, TWVEBRFERE L FELDE, B,
2o 3B T, BIRIEAE VIS L, WX R s
T 5, /ML HEE/NEEOERVES NS, MEF
B RF (EE20~30nm) £74 35X~ (HE
5~15nm) #* 5% %2 RR BHEWEO & & 2 Mgt
KBl s (M 11), SERERcRBRERETI TR S
WTEDETHINZOEFNITHATH S, R0
BRI 3119 nm THEEOKRHEIT W WE R R T,
Bz RRIEEORFET7 4 AV I okb 70T
TV A HET .

3). 4~8i8

hREB I EERE D 5 2 B 48, Lx BIE OB
OEMBED SN S (K 12). - OMBER 2T 2
HEMRE ZhZnOMEES 2B L2 B0 IH
EL T2 2 BEBREL THS, NEOMIRE—BI
BoMEBHABRT/NBEOFHEENZ L L, HE/MMake
NG TN VEBEBL TS, KEOHIIZIZ &S
Fe5E U io|E/NEE - T VRS, Slates Y
V— AEMERUZY a—F B o s, Mg
HoBRBEERFE7 47 A Mo b RREED
EEEE UBREESNKAs s, MiagEs
23T FEREERIC 1, WO BERRE (B 15~30
nm) OFELREENRBLCEHEs NS (K13). Xil
SR U 72 SR W BRI EE L T S
2 (K 14). HHEOHEREIZ 75~1,000 nm (7 300 nm)

Fig.6. Reparative and hypertrophic hyaline cartilage seen 4 weeks
after papain injection. Columnar arrangement of cartilage cells is
constituted. H. E. stain.X90.
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Fig.8. Fibroblast-like cells proliferating from the transition zone on the articular cartilage at the

1 st week after papain injection. X4,500.
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Fig.9. Moderately differentiated chondrocytes found 3 weeks after
papain injection, characterized by development of Golgi apparatus
and fine cytoplasmic processes. X6,400.

e

Fig. 10. Regenerated cartilage cells seen 3 weeks after papain injection. The Golgi apparatus is well
developed and extracellular cartilage matrix is formed. X5,500.
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Fig.11. Intercellular matrix of regenerated hya-
line cartilage at the 3rd week after papain
injection. Deposits of ruthenium red-positive
particles and filaments are evident. Ruthenium
red stain. X 30,000,

Fig.12. Chondrocytes in cluster at the 4 th week after papém 1n]eét1£)n. Chohélrocyteé have a well
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developed rough endoplasmic reticulum and Golgi apparatus. X 2,500.
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Fig.13. Interterritorial matrix of degenerated Fig. 14. Unusually thick collagen fibers found 6
articular cartilage at the 4th week after papain weeks after papain injection. They are spindle-
injection, showing accumulation of fine collagen shaped and have a distinct 70 nm periodicity. x
fibrils. X6,300. 10,800.

Fig.15. Regenerated articular cértilage at the 4 th week after papain injection. Superficial flattend
cells and subjacent differentiated chondrocytes. X 4,800.
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Abstract

The repair of the articular cartilage following papain injection into the articular space of the
knee joints of guinea-pigs was studied by light and electron microscopy, as well as by autoradi-
ography using tritiated thymidine, at various intervals during the period from 1 day to 8 weeks
after injection. Papain injection rapidly produced complete degradation of cartilage proteo-
glycans except for those in the calcified layer, as evidenced by disappearance of metachromasia
and loss of ruthenium red-positive particles. Although the majority of chondrocytes were also
destroyed, there were observed scattered foci of survival chondrocytes. These chondrocytes
showed mitotic cell division with resultaﬁt formation of cell clusters surrounded by a common
territorial matrix. Such a chondrocytic regeneration, however, occurred in confined areas and
hence did not seem to play a major role in the repajr of cartilage tissue. On the other hand,
fibroblast-like cells proliferated from the ““transition zone” of the joint onto the surface of the
damaged cartilage. Growing toward deeper portion, they differentiated into chondrocytes with
the formation of abundant intercellular matrix to produce hyaline cartilage. From these findings
it was concluded that chondrocytes possess only a little capacity for regeneration and that multi-
potent mesenchymal cells grown from the ‘“transition zone” are largely involved in the repair of

the articular cartilage.



