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The effect of corticosteroid on autologous minced cartilage transplanted into facsimile
synovial cavities has been studied. The soluble form of hydrocortisone, as the sodium succinate,
reduced proteoglycan loss from cartilage in a dose-dependent manner. In contrast, insoluble
hydrocortisone acetate, if given directly into the cartilage-containing cavity, enhanced proteoglycan loss. Injection of the same dose of drug into the inflamed lining tissue reversed this effect. These
findings suggest that intra-articular steroid injection may enhance cartilage damage if insoluble
preparations are used, but that this may be overcome by injecting into the inflamed lining tissue
rather than into the cavity itself.

SUMMARY

Corticosteroids have a potent anti-inflammatory injection often comes from the systemic effect on
effect on chronic rheumatoid synovitis. Their effects other joints. This raises the question whether the
on cartilage, however, remain uncertain and a cause relatively painful technique of joint injection has
for concern. Certain evidence points to a possible much advantage over intermittent intramuscular
beneficial effect. Hydrocortisone has been shown injection, a method which some rheumatologists
to inhibit proteoglycan breakdown in carti- have been using with considerable success over many
lage/synovium cocultures in vitro."2 The production years.
of mediators of cartilage breakdown, such as cataboWe have recently demonstrated that autologous
lin and proteolytic enzymes, can be inhibited by hyd- cartilage implants in facsimile synovial cavities crerocortisone.34 On the other hand Chandler and ated by air injection7 offer a useful method of studyWright5 showed that, although intra-articular injec- ing cartilage degradation in vivo.8 In the present
tion of hydrocortisone leads to clinical improvement study we have used this model to compare the effects
of synovitis, radiological deterioration (indicating of various doses of corticosteroid preparations given
cartilage loss) still occurs. Mankin and Conger6 pro- either into the cavity or into the adjacent lining tissue.
duced further evidence for a deleterious effect of
hydrocortisone on cartilage metabolism when Materials and methods
injected into normal rabbit knees.
It is clear that the use of injected corticosteroids in Animals. Outbred SAS/4 male mice weighing
chronic synovitis represents a compromise between approximately 35 g were used throughout. The aniknown benefits and possible hazards. The present mals were kept in a temperature controlled environstudy was prompted by two clinical observations, ment and fed with food and water ad libitum. Not less
which suggested that more detailed study of the site than 6 mice were used for each experimental obserand dose of injection in an experimental model would vation.
be useful. Firstly, it was noted that injection of steroid
Air pouch. The air pouch as described by Edwards
into synovial tissue rather than the synovial cavity et al.7 was used as the site of cartilage implantation.
itself was often as effective in abolishing symptoms Mice were injected with 5 ml of air into the suband swelling, at least in the hand joints. Secondly, it cutaneous tissue in the back. Subsequently 2- 5 ml of
was felt that much of the value of intra-articular air was injected into the same cavity every three days
to keep the cavity open. Cartilage was implanted into
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the pouch six days after the initial induction.
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Irritant. Carrageenan, Viscarin 402 (lot 272500),
kindly provided by Marine Colloids, Springfield,
USA. This was dissolved in sterile physiological
saline at a concentration of 1 % for injection. The
solution was stirred continually at 37°C to maintain
homogeneity. 1 ml of carrageenan solution containing 100 units/ml penicillin and 100 ,g/ml streptomycin was injected into the air pouch 24 hours before
implantation of cartilage.
Cartilage. Autologous xiphisternum was used as a
source of cartilage. To obtain this mice were anaesthetised with ether and the area around the xiphisternum was shaved and swabbed with 70% alcohol. A
small piece of abdominal wall overlying the xiphisternum was reflected and light pressure was exerted
until the cartilage was revealed. The tissue was
removed by cutting at the point where the sternal
bone is connected to the cartilage. The area of the
abdominal wall was then sutured and the overlying
skin closed with Michel clips. The cartilage was prepared for implantation by carefully removing the
adipose tissue and bone attached to it and then
weighed. The cartilage was cut into pieces approximately 0 15 cm in diameter in a Petri dish containing
medium 199 and penicillin and streptomycin in the
same concentrations as above. The fragments of cartilage were then placed in Millipore half chambers. A
small incision was made in the preformed air pouch
and the chamber inserted. The overlying skin was
sutured. Seven days after implantation the cartilage
pieces were removed for proteoglycan analysis.
Millipore half chambers. A sterilised Millipore filter (pore size 5 ,tm) was attached to a Millipore ring
(13 mm diameter) with Millipore MF cement. This
allowed easy recovery of the cartilage pieces.
Hydrocortisone. Hydrocortisone sodium succinate
and hydrocortisone acetate were diluted to appropriate concentrations with medium 199. These drugs
were injected either directly into the air pouch or into
the air pouch lining tissue at the same time as cartilage implantation. Hydrocortisone was prepared in a
volume of 1 ml for direct pouch injection or 0 1 ml for
was

on
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Table 1 The effect of hydrocortisone salts on proteoglycan
loss from hyaline cartilage fragments transplanted to
inflamed air pouches. Change in proteoglycan is expressed as
a percentage of normal xiphisternal cartilage
Route

Dose
(mg)

Mean proteoglycan
change %

Hydrocortisone
sodium succinate
(soluble)

Cavity
Cavity
Lining
Lining

5
1
5
1

+11-6+1-6*
14 1- 7-5* *
- 5+5 9 9* *
1771-2**

Hydrocortisone
acetate (insoluble)

Cavity
Cavity

5
1
5
1

- 48- 9 4- 6*
20- 0- 11- 0 (NS)
10- 0t 3 0* *
12 0+ 3 0**

Treatment

Control

p<

- 288-±50

Lining
Lining
**pp< 02. ***p<0 001. NS =not significant, p>J05.

the loss of proteoglycan from cartilage pieces from
untreated animals was compared with that from animals treated with soluble hydrocortisone sodium succinate. Values indicate the percentage change from
normal xiphisternal cartilage proteoglycan levels.
Minced autologous cartilage transplanted into normal animals lost 28 8% of its proteoglycan. In comparison, cartilage transplanted into hydrocortisone
sodium succinate-treated animals showed a
decreased loss in proteoglycan. Results are given for
drug given either into the cavity or into the lining
tissue. Proteoglycan loss was reduced in a dosedependent manner when this form of hydrocortisone
was given by either route. Maximum protection was
found with 5 mg of hydrocortisone sodium succinate
injected directly into the cavity. At this dose no proteoglycan loss was seen. There may even have been
an increase in proteoglycan, although the positive
figure is not statistically significantly different from
no change.
Table 1 also shows the results from experiments
where hydrocortisone acetate was used. This agent
was found to enhance the loss of proteoglycan from
lining tissue injection.
Proteoglycan assay. The amount of proteoglycan in cartilage pieces significantly when administered
autologous cartilage was determined by the method directly into the pouch at a dose of 5 mg. As the
of Farndale et al.9 The cartilage was digested at 65°C concentration of drug was lowered, no enhanced loss
for one hour with papain (type III sigma) and then of proteoglycan could be detected. When injected
reacted with 1,9,dimethylmethylene blue for spec- into the lining tissue, hydrocortisone acetate reduced
trophotometry. The amount of proteoglycan loss was proteoglycan loss at both 5 mg and 1 mg doses.
calculated by subtracting the mean values of transplants from those of control, and expressed as per- Discussion
centages.

Results
Table 1 shows the results for experiments in which

The air pouch has been used for cartilage implantation because it demonstrates many characteristic features of synovium. We have previously shown that
the injection of air into the dorsal tissues of rodents
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induces a lining structure coated in macrophages advantage in allowing the study of the effects of
('synovial type A cells') and pinocytic fibroblastic steroids on established degradation. Previous in-vitro
cells ('synovial type B cells') after six days.7 We have work showed that steroids inhibited synovial proalso shown that this tissue is highly reactive to teoglycanase levels but did not show a noticeable
inflammatory stimuli in a similar way to synovial effect on proteoglycan breakdown.4 The present
tissue, possibly owing to its vascular pattern and its results suggest that proteoglycan breakdown is
organised lining structure acting as a mechanical bar- reduced in vivo.
In conclusion, the present results show that the
rier to dispersion of irritants and inflammatory
mediators.'0 Injection of carrageenan into the cavity injection of an insoluble corticosteroid preparation
induces an inflammatory reaction, producing an directly into a cartilage-containing cavity can have an
environment similar to that of inflamed synovium. adverse effect on cartilage breakdown. This can,
Using this system we have been examining the however, be prevented by injection of the drug into
breakdown of cartilage.' The present study extends the nearby inflamed lining tissue. The effects on carthis to study the effects of drugs on experimentally tilage are dose-dependent, and further study may
help establish a rational optimum dose range.
induced cartilage breakdown in vivo.
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