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Treatment of a bacterial arthritis is a challenging task for a clinician as inadequate therapy can cause cartilage destruction and can
result in severe osteoarthritis of the affected joint. The development of cartilage destruction in septic arthritis is not known in details.
The aim of this study was to follow this process by calorimetric method.

We induced experimental septic arthritis in knee joints of seven New Zealand rabbits by single inocculation of Staphylococ-
cus aureus OKI 112001 culture (1.5 mL 8-10%+5% c.f.u.). The first rabbit died on the 11" day. At that time all the other subjects
were made overslept and samples were isolated from the cartilage of the femurs for calorimetric measurement. The DSC scans
clearly demonstrated the development of infective structural destruction in cartilage from the first to the tenth day of incubation. In
case of healthy control the melting temperatures (7},,) were: 49.7, 55 and 63.4°C and the total calorimetric enthalpy change (AH) was
0.55J g™'. After the first day the enthalpy decreased (0.375 J g), the first two transition temperature shifted towards higher temper-
ature: 57 and 63.15°C. Up to the fourth day the effect of infection culminated with 7}, of 49.3, 55.9, 59.4, 62.8°C and further de-
crease of the AH. At the fifth day the effect of infection is culminated in two separable thermal denaturation events (with 55 and
63.3°C Tp,s) with high jump in AH indicating the dramatic change of the structure of rabbit cartilage, so this time elapsed seems to
be critical from the point of view of practical clinical relevance too. Between the 7" and 11" days practically we had same melting

temperatures (50 and 63°C) with low (~0.24 J g™') enthalpy.
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Introduction

Physicians specialised in orthopaedic surgery or
rheumatology still find any kind of bacterial arthritis
difficult to treat. It is still a clinical problem and needs
thorough grounding, as inadequate treatment can
cause cartilage destruction and can result in severe
osteoarthritis of the affected joint [1]. In adults the
knee is the most commonly affected joint. The goals
of treatment are elimination of joint infection, decom-
pression and restoration of function. Publications re-
garding the good effect of arthroscopic debridement
show some direction of these procedure, but do not
focus on the cartilage destruction and the time elapsed
since the infection started [2, 3]. During the treatment
of experimentally infected joints by Staphylococci
some authors have applied antibiotics alone or in
combination with non-steroid anti-inflammatory
drugs, as well. These experiments showed that antibi-
otics applied at any phase could not stop the cartilage
destruction, but decrease it [4, 5].

During the infection of the joint, the proteolytic en-
zyme mechanisms of the localising leukocytes resulted
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in a fibrous cover on the surface, which prevented the
nutrients from diffusing into the cartilage. Conse-
quently, destruction of the cartilage developed soon [6].
The degeneration of human knee-joint cartilage in
osteoarthritis is well-known, we were able to investigate
degenerative changes with the help of calorimetry and
could determine the calorimetric standards of human
hyaline cartilage [7, 8]. In our earlier experiments — be-
sides of describing calorimetric standards of healthy car-
tilage of the rabbit knee [9] — we investigated the ther-
modynamic features of the cartilage in experimentally
induced osteoarthritis. Differential scanning calorimet-
ric (DSC) scans clearly demonstrated a characteristic
endothermic reaction in the range between 50—60°C.
This could be observed in every sample, the small size
of samples did not affect the result of the examination.
The graphs were identical in several aspects with those
observed earlier with human examinations [8].

In the recent study we made experiments to
prove the cartilage destruction caused by septic ar-
thritis. Staphylococcus aureus that is responsible for
human septic arthritis in 80 per cent of the cases has
been injected into rabbit knee-joints. We assumed
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that arthritis would arise soon and it would be fol-
lowed by structural alteration in hyaline cartilage.
That was to be proved by calorimetry.

Experimental
Materials and methods

Seven New Zeland rabbits (mean mass 3 kg) were
kept under indifferent conditions for 2 weeks and
were inoculated intraarticularly by Staphylococcus
aureus OKI 112001 strain. This standard strain was
originally isolated from septic arthritic wound [10]
and cultivated on blood agar plate. Its identity was
controlled by biochemical testings [11]. For the inoc-
ulation experiment the test strain was cultivated in
Mueller Hinton broth (Oxoid Ltd. UK) [12] overnight
at 37°C and washed in physiological saline solution
three times. At last the colony forming unit (c.f.u.) of
the test strain was checked by tube dilution method
[13]: 8-10%+5% c.f.u. 1.5 mL of this bacterial suspen-
sion was injected into the knee joint of back legs of
rabbits. The injection was carried out day by day. We
inoculated only the left back legs of the animals. One
rabbit was left for healthy control. The duration of
this experiment was 12 days from the first to the last
injection. The animals were kept in normal circum-
stances, they could eat and drink as often they
wanted. No parenteral intake of food, liquid or medi-
cine was carried out. After the injection, the subjects
were observed closely, the swelling of the joint as a
clear sign of synovitis was registered.

The first rabbit spontaneously died on the 117 day.
After killing the first subject all the other subjects were
made overslept and samples were isolated from the car-
tilage of the femurs for calorimetric measurements by
surgical intervention. The samples contained no bone or
synovial membrane, only the cartilage from the macro-
scopically well seen border of the bone and cartilage
was removed. At least 4 samples were taken from each
joint, the size of the samples was about 2x2 mm. The
joints showed macroscopic signs of inflammation. We
cultivated the fluid of joints on blood agar plates and we
could repeatedly isolate the original inoculating S.
aureus OKI 112001 strain from each knee joint. The
samples were fixed in phosphate buffer and the thermal
analysis started at once.

lth

DSC measurements

The progress of infection was checked by Setaram
Micro DSC-II calorimeter. Uniform pieces of rabbit
cartilages underwent a heating—cooling cycle in the
0-100°C temperature range with 0.3 K min™' scan-
ning rate. Conventional Hastelloy batch vessels were
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used during the denaturation experiments with an av-
erage 850 pL sample volume. The sample and
reference vessels were equilibrated with a precision
of 0.1 mg. It was not necessary to correct for heat ca-
pacity between the sample and reference vessels. The
calorimetric enthalpy was calculated by the Setaram
two points fitting integrating software.

Results and discussion

In the period of observation after inoculation not only
the behaviour of rabbits have changed but also the
swelling of the knee-joint developed soon, within 23
(16.5-28) h in average. The first subject died due to sep-
sis spontaneously 270 h after injection of Staphylococ-
cus aureus, which was determined to be the end of the
experimental period. Samples were taken without delay
in order to avoid post mortem alterations. The tendency
of the progression of experimental arthritis in the func-
tion of time monitored by the thermal consequences can
be seen in Fig. 1. The finer details of infected cases can
be read from Table 1 too. In the DSC scan of healthy
control we can separate at least three melted domains
with 49.7; 55 and 63.4°C melting temperatures (7;,,) and
an 0.55 J g' total calorimetric enthalpy change (AH).
The main transition has a wide Ty, (transition tempera-
ture interval at the half of melting temperature), which is
the sign of a weak cooperativity of those structural ele-
ments, which are melt in this range. In infected cases af-
ter the injection at the first day the macroscopically ob-
served swelling of the knee joint appeared as a
significant decrease of the calorimetric enthalpy
(0.375 J g, the third transition temperature remained
unchanged (63.15°C) but the second shifted towards to
the higher temperatures (57°C) indicating the structural
changes in these subunits caused by the infection
(Table 1). At the third day the two low meltings were
unified in one wider endotherm with a T, about 50°C
and decreased AH. At the fifth day the effect of infection
is culminated in two separable thermal denaturation
events (55 and 63.3°C Ty,s) with high jump in AH indi-
cating the dramatic change of the structure of rabbit car-

Table 1 The melting temperatures and calorimetric enthalpy
changes of healthy and infected rabbit cartilages

Stage of animal T./°C AH/T g!
1* day 570 63.15 03754
4™ day 493 559 5940  0.3420
5™ day 550 63.30  0.5510
6" day ~ After 53.5 6445 02110

inoculation
7™ day 502 63.15  0.2400
9" day 50.0 63.70  0.2360
11" day 50.0 63.70 02410
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Fig. 1 Thermal denaturation curves of experimentally evoked
arthritic rabbit cartilages

tilage. On the seventh day two meltings with the lowest
enthalpy change remained and there was no significant
change in T,,s and AH at the 9™ and 11™ days. It could
mean that the fifth day seems to be critical in our experi-
ments during the development of fatal septic arthritis
(very probably from this point becomes irreversible the
structural change) and the remaining six days are the last
stage during the development of experimental arthritis.

We could prove in our experiment that during bac-
terial infection the destruction of hyaline cartilage de-
velops soon, in the first day. This destruction can be
measured by calorimetric examinations that can be suc-
cessfully applied for biological problems [14, 15]. From
the experiment we did not get information weather this
destruction is reversible or not, it was not our aim. To
further explore the tissue degradation caused by infec-
tion more experiments including histological examina-
tions are necessary. Furthermore additional examina-
tions are necessary to determine the timespan after
which the intraarticular septic process gets irreversible
and because of this not treatable by either drugs or surgi-
cal interventions e.g. lavage [16].

We would like to call the attention of surgeons
dealing with septic joint processes to our experi-
ments. We believe that our findings underline the im-
portance of early treatment of infected joints, which
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might prevent the irreversible damage of the hyaline
cartilage that can later cause osteoarthritis.
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