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PAPAIN-INDUCED CHANGES IN THE KNEE JOINTS 
OF ADULT RABBITS 
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Rapidly progressing joint disease can be produced in  the rabbit by intra- 
articular injection of concentrated papain. With the use of radioactive 
thymidine it is possible to demonstrate that the cartilage cells recover 
their ability to divide by mitosis a t  the same time as  degenerative 
changes appear i n  the cartilage. Clusters of chondrocytes arise by 
mitosis of chondrocytes and not by a floating together of cartilage 
cells. 
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Experimental osteoarthritis can be in- 
duced in various ways. In  recent years 
degenerative joint changes have been 
produced by excision of part of the joints 
(Hall 1969, Thompson & Basset 19701, 
local traumatization of the joint cartilage 
(Bennet et al. 1932, Carlson 1957, 
Meachim 1963, Campbell 1969 and Lem- 
perg et al. 1971),  compression (Crelin & 
Southwick 1960, 1964, Ginsberg et al. 
1969, Thompson & Bassett 1970) or im- 
mobilization of the joints (Evans et al. 
1960, Hall 1963, 1964) or by dislocation 
of the patella (Bennet & Bauer 1937) .  By 
rendering a joint unstable (Marshall & 
Olsson 1971, Telhag & Lindberg 1972),  it 
is possible to produce joint changes re- 
sembling ihose seen in human osteo- 
arthritis (according to Collins 1949) 
with flaking, fibrillation and erosion of 
the articular cartilage. 
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Proteolytic enzymes release chondro- 
itin sulphate from the protein-polysac- 
charide complex in the matrix. Papain is 
a proteolytic enzyme, and when given 
intravenously or intra-articularly in rab- 
bits, it causes joint changes similar to 
those seen in human osteoarthritis (Mur- 
ray 1964, Bentley 1971, Farkas et al. 
1974).  

It has been shown that when degenera- 
tive changes develop in the joint cartilage 
in man and in the’rabbit, the condrocytes 
recover their ability to synthetize DNA, 
i.e., to divide (Hulth et al. 1972, Telhag 
1972).  It  has hitherto not been possible 
to demonstrate with certainty the pres- 
ence of mitotic figures in normal joint 
cartilage in adult human beings or  ani- 
mals (Mankin 1963, 1964, 1968, Hulth et 
al. 1972, Telhag 1972, 1973) .  

The purpose of this investigation was 
to find out whether chondrocytes recover 
their ability to divide after intra-artic- 
ular injection of papain, and to elucidate 
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the histological development of papain- 
induced joint changes. 

MATERIAL AND METHODS 

The material consisted of 16 full-grown (grey 
Silver) rabbits with roentgenographically closed 
epiphyseal lines. They were caged under normal 
conditions and fed on normal diet. The animals 
weighed 2.010-2.960 g (mean 2.468). They were 
divided into two groups. The first group (12 
animals) received 0.2 ml concentrated, sterile 
papain in the right knee joint, and the left 
served as a control. They were killed two a t  a 
time, 2, 3, 5 days and 1, 2 and 4 weeks after the 
injection of papain. The second group (4 ani- 
mals) received 0.2 ml of a 20 per cent solution 
of concentrated, sterile papain in the right knee 
joint, and the left served as a control. They were 
also killed two a t  a time, 2 and 4 weeks after 
the injection of papain. Four hours before 
sacrifice, 40 &Ci 3H-thymidine was injected in- 
tra-articularly into both knee joints of the 
animals studied for 1, 2 and 4 weeks. The 
animals studied for 2, 3 and 5 days received two 
doses of 3H-thymidine, each consisting of 40 gCi, 
intra-articularly into both knee joints, 24 and 
18 hours, respectively, before sacrifice. 

The animals were killed with an overdose of 
Nembutal i.v. (Abbott). None of the joints 
showed any signs of infection. Both knee joints 
were dissected and fixed in 10 per cent formalin 
solution. The patella, tibia and femur were dis- 
sected free and treated separately. The tibia and 
the femur were divided into two halves in the 
frontal plane with a circular saw. The pieces 
were decalcified in  50 per cent formic acid and 
20 per cent sodium citrate. They were embedded 
in paraffin and cut into sections 5-7 

The sections were stained with haematoxylin- 
eosin, safranin-0 and according to van Gieson. 
Autoradiograms of routine histological sections 
were prepared from both knees according to the 
dipping method with Ilford K2 liquid emulsion. 
The autoradiograms were exposed for 3 weeks, 
after which they were developed in Gevaert 
X-ray developer G 230 and fixed in  Gevaert 
X-ray fixer G350. The sections were stained 
through the emulsion with Mayer’s haematoxy- 
lin. As a rule, three autoradiograms from the 
tibia, femur and patella of both knee joints 
from each animal were examined. 

thick. 

RESULTS 

The animals showed no signs of a gener- 
alized toxic reaction to the injection of 

papain. In fact, the animals did not seem 
to spare the treated knee, and all of them 
survived the experimental period. 

Histological examination 
None of the left control knees showed 

any evidence of degeneration. In  one of 
the animals, receiving concentrated pa- 
pain, a little osteoblastic activity was seen 
at the margin. The sections stained with 
Safranin-0 showed normal staining 
properties of the matrix except for three 
animals given concentrated papain and 
killed 2 weeks (1  rabbit) and 4 weeks 
(2  rabbits) later. In these animals the 
matrix had lost the staining properties 
seen in all the other animals. 

Findings 2 days after injection of con- 
centrated papain. A t  the margins there 
was slight proliferation of cells in and 
near the perichondrium and periosteum, 
but there were no signs of osteoblastic 
activity or new bone formation. The ar- 
ticular cartilage showed signs of degrada- 
tion in both the animals. In one knee 
joint almost all the cartilage was nec- 
rotic. The degradation was reflected in 
death of cells, mostly in the columnar 
and transitional layers, whereas the 
superficial layer was normal. Thus, the 
cell nuclei stained weakly or not at all, 
and it was often difficult to distinguish 
the cell membrane from the surrounding 
matrix. No clusters were seen. In one 
animal there was flaking and fibrillation 
of the surface. 

Findings 3 days after injection of con- 
cenirated papain. At the margins and in 
the tissue adjacent to the cruciate liga- 
ments, there was proliferation of cells 
and the beginnings of osteoblastic activ- 
ity in both animals. The degradation of 
the articular cartilage seemed to be more 
pronounced than at 2 days after the 
papain injection, with flaking of the 
superficial layer and fibrillation, The 
death of the chondrocytes could be seen 
down to the tidemark. No clusters were 
seen. 
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Figure 1. One week af ter  
injection o f  concentrated 
papain. The articular cartilage 
is almost to ta l ly  necrotic. 
Single clusters, f laking and 
f ibriIlation. 
Magnification X 7.2. 

Findings 5 days after injection o f  con- 
centrated papain. The proliferation of 
cells at  the margins and adjacent to the 
cruciate ligaments, and the osteoblastic 
activity, were still more pronounced. 
This was also true of the changes in the 
cartilage. Flaking of the superficial layer 
and fibrillation could be seen. Deeper 
down in the cartilage total necrosis was 
seen and only a few chondrocytes. Clus- 
ters were not seen. 

Findings 1 week after injection of con- 
centrated papain. At the margins and to 
some extent in the tissues adjacent to the 
attachments of the cruciate ligaments, 
there was proliferation of cells in and 
near the perichondrium and periosteum. 
Furthermore, most of the specimens 
showed ingrowth of capillaries with 
osteoblastic activity, sometimes with 
signs of new bone formation. The artic- 
ular cartilage almost always exhibited 
signs of degradation in both knee joints 
from each animal; in one knee joint al- 
most the entire cartilage was necrotic. 
Degradation was reflected in the death of 
cells, mostly in the non-calcified layers 
of cartilage, and particularly so in the 
columnar layer. Thus, the cell nuclei 
stained only weakly or not at  all, and 
it was often difficult to distinguish the 
cell membrane from the surrounding 

matrix. In one of the two knees there 
were clusters of chondrocytes as well as 
flaking of the outer layer of the cartilage 
and fibrillation, sometimes down to the 
calcification line (Figure 1 ) . 

Findings 2 weeks after injection o f  
concentrated papain. A t  the margins and 
at the attachments of the cruciate liga- 
ments, granulation tissue had formed 
with abundant fibrous cells and vessels, 
and the osteoblastic activity with new 
bone formation was much more striking 
than that seen 1 week after the injection. 
In some of the specimens osteophytes 
had begun to form at the margins. The 
degradative changes had continued to 
progress. The articular cartilage showed 
severe changes, often with total necrosis 
of the cartilage and only a few chondro- 
cytes. Clusters were seen only in occa- 
sional sections, as were flaking and 
fibrillation. 

Findings 2 weeks after injection of  20 
per cent papain. At the margins and at  
attachments of the cruciate ligaments, 
granulation tissue had formed and abun- 
dant osteoblastic activity was seen with 
new bone formation, and in some slides 
osteophytes had begun to form. The de- 
gradative changes of the cartilage were 
not as pronounced as when concentrated 
papain was injected. The changes were 
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Figure 2. T w o  weeks a f t e r  
injection of 20 per  cent papain. 
The articular cartilage o f  the 
transitional and columnar 
layers is almost to ta l ly  necrotic. 
Single clusters. 
Magnification X 2.8. 

mostly limited to the transitional and 
columnar layers (Figure 2)  , whereas 
they were not so pronounced in the 
superficial layer. On the other hand, 
flaking and fibrillation were seen, as 
were clusters. 

Findings 4 weeks after injection of  
concentrated papain. Histologically, the 
formation of osteophytes at the margins 
as well as the subchondral osteoblastic 
activity were more prominent. Some spe- 
cimens also showed new bone formation 
subchondrally, although no definite evid- 
ence of sclerosis was seen. The cartilage 
was often completely necrotic, far down 
in the columnar layer, in some areas 
down to the calcification line, and oc- 
casionally the calcified cartilage was 
changed. Flaking, fibrillation and clus- 
ters were rare. Living chondrocytes were 
sparse. 

Findings 4 weeks after injection of 20 
per cent papain. The proliferation of 
cells at the margins and at  the attach- 
ments of the cruciate ligaments was still 
more pronounced than 2 weeks after the 
injection, as was also the osteoblastic 
activity. Subchondrally, new bone forma- 
tion was seen, and at the margins forma- 
tion of osteophytes had begun. The de- 
gradative changes of the cartilage were 
less than after the injection of concen- 
trated papain. The articular cartilage 
was not totally necrotic but in some 

places necrosis of the chondrocytes was 
seen. Big clusters as well as flaking and 
fibrillation were observed. 

A utoradiographic evaluation 
Specimens from 8 of the 16 control 

knees (left) showed fairly sparse thymi- 
dine labelled chondrocytes. All 8 belong- 
ing to group 1 (right knee joint injected 
with concentrated papain). In none of 
the control knees belonging to group 2 
(20 per cent papain injected into the 
right knee joint) were any thymidine- 
labelled chondrocytes found. 

In group 1 (concentrated papain) 
sparse labelled chondrocytes were found 
in the articular cartilage in two knees 
but there was only inconclusive evidence 
of this in the other four knees, when the 
animals were killed 2, 3 and 5 days after 
the injection. Seven days after the in- 
jection, one of the knee joints contained 
abundant labelled chondrocytes but the 
other contained fairly sparse labelled 
cells. 

Fourteen days after the injection of 
concentrated and 20 per cent papain, 
rather abundant labelled chondrocytes 
were found, especially in the latter group 
where the cell necrosis was not so pro- 
nounced. In the group injected with con- 
centrated papain and killed 4 weeks 
later, only sparse labelled chondrocytes 
were found. 
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The labelled chondrocytes were usual- 
ly situated in the superficial and transi- 
tional layers but also in the columnar 
layer. Clusters with labelled chondro- 
cytes were also seen. 

DI SCUSSJ ON 

The availability of an experimental 
model is valuable in the investigation of 
the pathophysiology of osteoarthritis and 
the evaluation of therapeutic methods. 

I t  has been shown (Bentley 1971, Far- 
kas et al. 1974) that degenerative and 
reparative changes resembling those in 
human osteoarthritis can be produced by 
intra-articular injection of papain. In the 
present investigation, the injection of 
concentrated papain caused rapidly pro- 
gressing necrosis of the joint cartilage 
within 2 days, and after 4 weeks the non- 
calcified cartilage, and sometimes also 
the calcified layer, were so severely dam- 
aged that only occasional apparently 
viable chondrocytes were demonstrable. 
After the injection of 20 per cent papain, 
the changes in the articular cartilage 
were not so pronounced as when concen- 
trated papain was injected, the changes 
being more of a degenerative nature. 
Like Bentley, we also found that chon- 
drocytes in the deeper columnar layer 
were more affected than those in the 
superficial and transitional layers. 

One week after the injection, the spe- 
cimens showed abundant clusters of 
chondrocytes. With increasing time after 
the papain injection, the number as well 
as the clusters of chondrocytes decreased, 
being less pronounced after injection of 
20 per cent papain. Especially at 4 weeks 
after injection of 20 per cent papain, big 
clusters were seen. Collins & McElligot 
(1960) found some evidence of prolifera- 
tion of chondrocytes and clusters in 
osteoarthritis. Bentley (1971) described 
such clusters within 24 hours of an in- 
jection of papain into hip joints in the 
rabbit, but we could not find any clusters 

until 1 week after the injection. Bentley 
assumed that clusters were due to an 
aggregation of chondrocytes, secondary 
to loss of matrix. He felt that this could 
explain the development of clusters in 
osteoarthritis. Farkas et al. (1974), on 
the other hand, found chondrocyte clus- 
ters with mitotic figures in the haem- 
atoxylin-eosin sections. 

When degenerative changes of the ar- 
ticular cartilage are produced experi- 
mentally (Telhag & Lindberg 1972), 
mitosis of the chondrocytes is not seen 
until 5 days after the operation. There- 
fore, animals killed before 1 week were 
given 2 injections of titriated thymidine. 

It has been shown that clusters can 
take up radioactive thymidine in de- 
generative joint disease both in the rab- 
bit and in man (Hulth et al. 1972, Telhag 
1972). This was confirmed in the present 
investigation, in which it was shown that 
when degenerative changes of the car- 
tilage occur the chondrocytes recover 
their ability to divide and, when situated 
in clusters, possess the ability to take up 
radioactive thymidine. This suggests that 
clusters arise from division, and not by 
“a floating together” of cartilage cells. 
Thus, any type of damage of the joint 
cartilage stimulates the S-phase of the 
mitotic cycle of the chondrocytes. 

Mitosis of chondrocytes in the normal 
adult joint cartilage has hitherto not been 
demonstrated with certainty in animals or 
in man (Mankin.1963, 1964, 1968, Hulth 
et al. 1972, Telhag 1972, 1973). When 
concentrated papain was given in the 
right knee, we found some labelled car- 
tilage cells in the control knees, which 
might possibly have been due to a minute 
portion of the papain having been trans- 
ported there. This perhaps also explains 
the negative safranin-0 staining in three 
of the control knees injected with con- 
centrated papain. A technical fault can, 
however, not be excluded. 

Bentley (1971) demonstrated forma- 
tion of osteophytes resembling those seen 

10‘ 
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in human osteoarthritis after injection 
of papain. Such formation was verified 
in the present investigation. Four weeks 
after the injection of papain, the spe- 
cimens exhibited incipient formation of 
osteophytes of the same appearance as 
those seen in human osteoarthritis ac- 
cording to Collins (1949), and in experi- 
mental osteoarthritis in the rabbit (Tel- 
hag & Lindberg 1972). 

Many methods have been used for in- 
ducing osteoarthritic lesions in the joints. 
With papain, it is possible to produce 
advanced joint changes. In the present 
investigation, rapidly progressing chan- 
ges in the articular cartilage were pro- 
duced by the injection of concentrated 
papain. The changes produced in the ar- 
ticular cartilage seem to be of necrotic 
rather than of a degenerative nature. 
Papain, in lower concentrations, pro- 
duces lesions more similar to those seen 
in human osteoarthritis thus also provid- 
ing a possibility to study the earlier 
changes of degeneration and repair. Con- 
sequently, the method would appear to 
be useful for studying the metabolism of 
the joint cartilage in the early stages of 
joint disease. 
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