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Abstract 
Objective

To test the activity of elastase, collagenase and glutathione reductase in the synovial fluid (SF) of patients with rheumatoid
arthritis (RA) and in patients with osteoarthritis (OA); to correlate the elastase and collagenase activity with the glu-

tathione reductase activity, which is important for the inactivation of oxygen free radicals.

Methods
24 patients affected by osteoarthrosis and 24 patients affected by rheumatoid arthritis took part in the study. We measured

elastase activity towards the substrate metoxysuccinyl-alanyl-alanyl-prolyl-valyl-p-nitroanilide (MeOSuc-ala-ala-pro-
val-p-NA) which is highly specific for elastase, and insensitive to the other serine proteases, such as cathepsin G; 

collagenase activity was measured using [14C]-acetylated collagen as the substrate. Glutathione reductase activity was 
measured following the oxidation of nicotinamide adenine dinucleotide phosphate reduced (NADPH) in the presence 

of oxidized glutathione (GSSG). 

Results
The concentrations of elastase, collagenase and glutathione reductase were statistically higher in patients with RA than in

patients with OA. Moreover, in the SF of patients with RA we found positive correlation between enzyme activity levels.

Conclusion
These results confirm a high activity of collagenase and elastase in the SF of patients with RA, which is about 30 times
higher than that found in the SF of patients with OA. These data underline the synergic action of these enzymes in the

pathogenesis of joint damage. RA patients also exhibit higher levels of glutathione reductase, which is important for the
detoxification pathway of oxygen free radicals. However, compared with findings for collagenase and elastase, the increase

in glutathione reductase is only three times higher than level found in the SF of OA patients. The limited increase in 
glutathione reductase activity during the inflammatory process might lead to an insufficient protective effect at the joint

level in rheumatoid arthritis.
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Introduction
The destruction of joint cartilage that
t a kes place during the infl a m m at o ry
process is mainly caused by the action
of proteases such as elastase and colla-
ge n a s e, wh i ch are potent enzymes
s e c reted by infl a m m at o ry cells. In
determination of joint damage, the syn-
e rgic action of the re a c t ive ox y ge n
species (ROS) produced during activa-
tion of the neutrophil is also important.
Elastase is a proteolytic enzyme which
is deposited inside neutrophils; it is
released in certain conditions, such as
inflammation,and its action determines
the degradation of collagen and elastin,
which, together with glycosaminogly-
cans (GAGs), are the components of
the extracellular matrix of joint carti-
lage; in normal conditions, it is inac-
tive, because it is bound to inhibitors
such as the alpha-1 proteinase inhibitor,
or alpha-2 macroglobulin. The enzyme
collagenase was the first member of the
metalloproteinases (MMPs) family that
was specifically identified. This family
also includes stro m e lysin and ge l at i-
nase, which are secreted in a proen-
zyme form which, once activated, can
re m ove connective tissue and joint
damage (1). 
Collagenase cleaves the triple helix of
collagen at a specific point, but it may
attack all the tissue matrix components.
All active MMPs collagenases are
inhibited by tissue inhibitors of metal-
l o p roteinases (TIMPs) and alpha-2-
macroglobulin, which act as a control
mechanism of these potent enzymes.
In cases of osteoarthrosis, where the
inflammatory phenomena are less in-
tense, the elastase and collagenase pro-
duced in limited quantities by chondro-
cytes are secreted and neutralised by
the production of inhibitors , and as-
sume a lesser significance in the patho-
genesis of joint damage. In cases of
arthritis, on the contrary, elastases and
collagenases are not only produced by
chondrocytes, but are also released in
large quantities by inflammatory cells,
such as polymorphonucleates and syn-
oviocytes (2); they are thus extremely
important in determining joint damage.
Together with elastases and collagenas-
es, an important role in joint destruc-
tion is played by ROS. The production

of oxygen free radicals takes place by
means of the activation of the neu-
t rophil membranes by va rious sub-
s t a n c e s , s u ch as immune complexe s ,
crystals, cytokines C5a, Fc fragments
of immunoglobulins, etc., all of which
are substances present during the in-
fl a m m at o ry process. High levels of
products of free radical reactions have
been rep o rted in the blood sera and
synovial fluids of patients with rheu-
matoid arthritis (3). Collagen can be al-
tered directly or indirectly by oxygen
ra d i c a l s : hy d roxyl radicals have a
direct effect, cleaving collagen, in the
presence of oxygen into small peptides;
furthermore, free radicals can begin the
cleavage of collagen, making it more
s e n s i t ive to pro t e o lytic enzymes (4).
Even more important may be the indi-
rect effects of radicals, via the activa-
tion of latente collagenase and neutral-
ization of protease inhibitor activity (5,
6). Neutrophils release and activate the
latente enzymes, gelatinase and colla-
genase; the ability of neutrophils to
a c t ivate these enzymes depends on
myeloperoxidase, HOCl and H2O2.
The inactivation of ox y gen ra d i c a l s
takes place by the glutathione system,
reduced and oxidised by glutat h i o n e
reductase, an important enzyme for the
regeneration of oxidised glutathione to
its reduced fo rm. The H2O2 t h at is
fo rmed can be metabolised to H2O, w i t h
the concomitant oxidation of reduced
g l u t athione (GSH). This reaction is
considered to be a detoxification path-
way under most conditions (7).
Various papers have reported high lev-
els of MMPs in the synovial fluid of
a rt h ritis pat i e n t s , c o rre l ating them
directly with joint damage, considering
also the levels of TIMPs and the pro-
duction of free ra d i c a l s , wh i ch are
found to be high (8).
The aim of this study was to evaluate
the activity of collagenase, elastase and
for the first time the activity of glu-
tathione reductase in the SF of patients
with osteoart h rosis or rheumat o i d
arthritis, and to study the correlation
existing between these enzymes.

Patients and methods
Materials
Elastase, neutrophil elastase substrate,
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M e O S u c - a l a - a l a - p ro - va l - p - NA , g l u t a-
thione re d u c t a s e, NA D P H , c o l l age n
type III from calf skin, c o l l age n a s e
type IV from Clostridium histolyticum
480 U/mg for the standard curve, tryp-
sin from bovine pancreas 10,000 BAEE
U/mg and trypsin inhibitor type II soy-
bean, were from Sigma-Aldrich. [14C]-
acetylated collagen (400,000 dpm) was
obtained from [1 4C]acetic anhy d ri d e
(specific activity 10 mCi/mmol) from
NEN (Boston, M A , USA). All other
re agents we re obtained from norm a l
commercial sources.

Subjects
24 patients affected by osteoarthrosis
(10 male and 14 female), aged 47-72
ye a rs , and 24 patients affected by
r h e u m atoid art h ritis (9 male and 15
female) aged 27-63 years took part in
the study. OA was established on the
basis of the ACR Clinical Classifica-
tion Cri t e ria for osteoart h ritis of the
knee. All OA patients hadn’t a history
of acute or chronic inflammatory dis-
ease, and none of them had any inflam-
matory condition during the last month.
RA subjects had a minimum duration
of disease of 12 months. Nine of the 24
p atients we re sero n egat ive. All RA
patients were in Steinbrocker function-
al class II and III and with active dis-
ease that was defined by the presence
of active art h ritis (with presence of
swelling and/or limitation of movement
or tenderness) at least in one joint at the
clinical examination, and elevated C-
reactive protein (CRP) level and ery-
throcyte sedimentation rate (ESR). RA
diagnosis was clinically established as
d e finite or clinical on the basis of
A m e rican Rheumatism A s s o c i at i o n
(ARA) criteria (9).
All patients included in the study were
treated with non-steroidal anti-inflam-
matory drugs and with low doses of
steroids. Written consent was obtained
from all the subjects, after a full expla-
nation of the procedure. All the proce-
d u res fo l l owed we re in accord a n c e
with the standards of the responsible
local committee.

Synovial fluid studies
S y n ovial fluids (SF) we re aspirat e d
from knee joints of patients with OA

and RA, drug-free at the time of sam-
pling. Immediately after aspiration, the
SFs were centrifuged at 1700 g for 15
minutes at 4°C. The supernatants were
collected and all the samples were kept
at -20°C until the moment of use. Syn-
ovial fluids we re prev i o u s ly tre at e d
with hyaluronidase.

Assays
a) Elastase. SFs were assayed for elas-
tase activity by spectro p h o t o m e t ri c
assay using MeOSuc-Ala-Ala-Pro-Val-
p-NA as the substrate, which is highly
specific, but does not assay the other
serine proteases (such as catepsin G)
(10). The basis for this assay is the
release of 4-nitroanilide by the esterase
action of elastase, which is followed by
m e a s u rement of the increase in
absorbance at 410 nm. In brief, the sub-
strate was used at a final concentration
of 4 mM in 100 mM Hepes buffer (pH
7.5) containing 500 mM NaCl and 2%
DMSO. A volume of 50 µl SF samples
was added to enzyme substrate in 2 ml
reaction volume, mixed thoroughly and
measured. Incubation was at 37°C and
elastase activity was quoted as UE/l
(one unit releases 1 µM p-NA/minute
at 37°C).
b) Collagenase. Synovial fluids were
activated with trypsin and then treated
with trypsin inhibitor. The collagenase
assay was performed using [14C]acety-
lated collagen as the substrate (11).
The [1 4C ] a c e t y l ated collagen solution
(60 µg) was added to the lower side of
each well in such a way that only half
the surface was cove re d. The plat e s ,
left at the 45° angle, were incubated at
37°C for 1 hour as described by Jhon-
son-Wint, to polymerize the collagen to
a fibrillar gel, and were then carefully
immersed in distilled water (2 liters for
4 plates) at room temperature and left
for 1 hour to re m ove the phosphat e
buffer from the gels (12). Water was
shaken gently out of the wells so as to
retain all of the collagen, and the plates
were left standing on end in air at room
temperature (22°C) overnight to allow
the gels to dry to collagen films.
In order to assay enzyme-containing
SF for collagenase activity, 50 µl of
straight SF were added per well, and
the assay plate was incubated at 37°C

for 0.5 to 3 hours. The entire super-
natant containing radioactive collagen
degradation products was then collect-
ed with a micropipet from the non-col-
lagen coated side of each well, so as
not to disturb the undegraded film, and
was counted in a scintillation spectro-
meter. Each assay contained a buffer
control in which wells were incubated
with the bu ffe r, and also a try p s i n
(0.01%) contro l , to measure the amount
of denatured collagen in the substrate.
E x p e rimental values for enzyme SF
were obtained by substracting the buf-
fer control counts per minute fro m
m e a s u red counts per minu t e. To t a l
counts per minute per well were deter-
mined by complete digestion of four
wells with an excess of crude bacterial
collagenase (4 mg/ml in buffer).
c) Glutathione reductase (GR). GR cat-
a ly zed the reaction fo l l owing way :
GSSG (oxidised glutathione) +
NADPH + H+ 2GSH (reduced glu-
tathione) + NADP+

In this way, we quantified, following
the reaction, the oxidised GSSG in SFs
at 340 nm by measurement of variation
in absorbance, which is a function of
the ox i d ation of NADPH (13). Th e
reaction mixture contained 50 mM
Tris-HCl bu ffer (pH 7.6), 0.1 mM
E D TA , 0.14 mM NA D P H , 1 mM
GSSG. The enzyme source was 50 µl
SF in 2 ml reaction volume. Incubation
was at 37°C, and the specific enzyme
a c t ivity was ex p ressed as UE/l (one
unit releases 1 µM of GSSG/minute at
37°C).

Statistical analysis
S t atistical analysis was perfo rm e d
using mu l t i - group va riance analy s i s
( A N OVA) according to Sch e ffe ’s
“ p o s t - h o c ” p ro c e d u re. Significant p
results were assigned to values lower
than 0.05. Correlation was evaluated by
Spearman correlation test.

Results
The individual values for the activity of
e l a s t a s e, c o l l agenase and glutat h i o n e
reductase, and their means in the SF of
patients with RA and patients with OA
are shown in Figure 1 and Table I. A
very low activity of the enzymes mea-
sured was found in the patients with
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OA; in particular, it was only just possi-
ble to measure the values for elastase in
OA patients. The differences between
the mean enzyme activity in the SF of
patients with RA and patients with OA
were significant. The mean values for
all these enzyme assays were signifi-
cantly higher in SF from RA than from
OA patients. In part i c u l a r, the mean
elastase activity was higher in patients

with RA (2.37 UE/l) than in patients
with OA (0.07 UE/l), statistical analy-
sis revealed a significant diffe re n c e
between RA and OA (p < 0.05). The
mean glutathione reductase activ i t y
was higher in patients with RA (45.88
UE/l) than in patients with OA (17.17
UE/l); statistical analysis showed a sig-
nificant difference between RA and OA
(p < 0.05). The mean collagenase activ-

ity was higher in patients with RA (912
UE/l) than in patients with OA (30
UE/l), statistical analysis again showed
a significant diffe rence between RA
and OA (p < 0.05).
In the SF of patients with RA, we
found a corre l ation between enzyme
activities, a significant correlation was
found between the synovial activity of
glutathione reductase and elastase from

Fig. 1. Distribution of the individual values for elastase, collagenase and
g l u t athione reductase in SF of patients with osteoart h rosis (OA) and
patients with rheumatoid arthritis (RA). The means (horizontal line) are
depicted as well.

Fig. 2. Direct relationship between glutathione reductase (U.E./l) and
elastase (U.E./l), between collagenase (U.E./l) and elastase (U.E./l) and
between collagenase (U.E./l) and glutathione reductase (U.E./l) activity in
SF from RA (n = 24).



patients (r = 0.673, p < 0.05), between
a c t ivity of collagenase and elastase
from patients (r = 0.436, p < 0.05), and
between collagenase and gluthathione
reductase (r = 0.870, p < 0.05) (Fig. 2). 
We didn’t find any correlation between
s e rum levels of CRP or SER and
enzyme activity.

Discussion
Elastases and collagenases are involved
in the normal turnover of the connec-
t ive tissue mat ri x , wh i ch takes place
during growth and development; they
are also involved during inflammation
in joint destruction. It is not easy to
measure the levels of these enzymes in
synovial fluid, but our dosing system
has proved to be highly sensitive for
collagenase, and extremely specific for
elastase, as a selective substrate is used
for this enzyme which is not attacked
by other serine proteases.
Glutathione is a tripeptide present in
animal cells, where it performs a buffer
action on sulfydryl gro u p s , with the

aim of maintaining the protein cysteine
residues in the reduced state, while it is
oxidised. Reduced glutathione plays an
i m p o rtant role in detox i fi c ation fro m
H2O2 and organic peroxides, which are
substances produced in large quantities
during the inflammatory process. High
l evels of glutathione reductase have
been found in ery t h ro cytes from pa-
tients with rheumatoid arthritis (14).
We evaluated the activity of collage-
nases and elastases and glutat h i o n e
reductase in the SF of patients with

osteoarthrosis or rheumathoid arthritis,
and found that in subjects with RA, the
levels of the three enzymes studied are
significantly higher compared with OA
patients. Furthermore, in OA, the elas-
tase levels are much lower, almost at
the limits of detection. Even if we
found a significant increase in the lev-
els of all three enzymes in RA, it may
be noted that while elastase and colla-
genase increase by about 30 times, glu-
t athione reductase unex p e c t e d ly in-
c reases only three times, c o m p a red with
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Fig. 3. Oxidoreduction reactions.

Table I. Mean value (± SEM) of elastase, collagenase and glutathione reductase activity in
synovial fluids.

Disorder Elastase activity Collagenase activity Glutathione reductase 
(UE/l) (UE/l) activity (UE/l)

Osteoarthritis 0.070 ± 0.028 30 ± 10 17.17 ± 1.16
n = 24 n = 24 n = 24

Rheumatoid arthritis 2.37± 0.40** 912 ± 157** 45.88 ± 5.03*
n = 24 n = 24 n = 24

S t at i s t i c a l ly diffe rent from OA values (*p < 0.05; **p < 0.001). Multi-group va riance analy s i s
(ANOVA) according to Scheffe’s “post-hoc” procedure.
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the values found in OA. This increase
in glutathione reductase pro b ably is
inadequate to neutralise an excessive
p roduction of RO S, d e t e rmining an
i n c rease in the oxidised fo rm glu-
t athione (GSSG). Thus the ox i d i s e d
g l u t athione might react with the
reduced form of the alpha-1 protease
i n h i b i t o r, fo rming oxidised alpha-1
p rotease and reduced glutat h i o n e
(GSH). The reduced fo rm of glu-
t athione should compensate for the
damage caused by peroxides, by means
of an oxidoreduction reaction, with the
formation of H2O and GSSG (Fig. 3).
On the other hand, the oxidised alpha-1
proteinase inhibitor has f ewer possibil-
ities of forming a complex with elas-
t a s e, thus favo u ring the pro t e o ly t i c
action and an increase in joint damage
(6).
Furthermore, for patients with RA, a
positive correlation was found between
the levels of elastase/glutathione reduc-
t a s e, e l a s t a s e / c o l l age n a s e, and glu-
t athione re d u c t a s e / c o l l age n a s e, t h i s
might indicate a synergic action of the
three enzymes, though the activity of
glutathione reductase would appear to
be insufficient to compensate for the
proteolytic mechanism of ROS-induc-
ed protease. Furthermore, the increased
production of GSSG might lead to the

i n a c t ivation of the elastase inhibitor,
reducing the mechanism of feedback
on this enzyme. This is an inflammato-
ry process in which proteases are in-
volved in a cascade mechanism of acti-
vat i o n , wh i ch leads to joint damage
that is difficult to control. It is desir-
able, on the basis of these data, to inter-
rupt this activation at various levels, for
example by neutralising the superoxide
anions by means of selective mecha-
nisms such as the potentiation of glu-
tathione reductase, which appears to be
a key enzyme in the mechanism of con-
trol over the inflammatory process at
the synovial level.
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