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Binding of haptoglobin, inter-a-trypsin inhibitor,
and a, proteinase inhibitor to synovial fluid
hyaluronate and the influence of these proteins on

its degradation by oxygen derived free radicals
NONGPORN HUTADILOK,1 PETER GHOSH,' AND PETER M BROOKS2

From the 'Raymond Purves Research Laboratories, (The University of Sydney), and the 2Department of
Rheumatology, The Royal North Shore Hospital, St Leonards, NSW, Australia

SUMMARY Synovial fluid from 201 normal and pathological knee joints was subjected to gel
filtration by Sepharose CL-2B chromatography to separate hyaluronic acid (HA) from unbound
proteins, which were retarded on this column. HA from all normal fluids was excluded from the
gel and contained 1% or less bound protein. Synovial fluids taken from joints of patients with
rheumatoid arthritis (RA) contained considerably more protein bound to HA. In 46% of RA
samples the level of protein was >4%, whereas only one fluid examined from osteoarthritic joints
contained this amount. The proteins bound to HA from RA joints were identified by sodium
dodecyl sulphate/polyacrylamide gel electrophoresis (SDS-PAGE) and immunodiffusion tech-
niques as the acute phase proteins a, proteinase inhibitor, inter-a-trypsin inhibitor, and
haptoglobin. The average relative percentages of these proteins bound to HA were 17.6%,
32-6%, and 29.2% respectively. These HA-protein complexes could be generated in vitro by
mixing normal (low protein) HA with any one of the three acute phase proteins. The HA-protein
complexes formed in vitro with inter-a-trypsin inhibitor or haptoglobin, and those isolated from
RA synovial fluids, were more resistant to degradation by oxygen derived free radicals (ODFR)
than HA from normal fluids. From these findings we conclude that certain acute phase proteins
diffusing into synovial fluid during inflammatory episodes may play an important part in
protecting HA from depolymerisation by activated phagocytes.

Key words: acute phase proteins, rheumatoid arthritis.

Hyaluronic acid (HA) is the major macromolecular
component of synovial fluid (SF) and accounts
almost entirely for its viscoelastic properties. These
remarkable properties are dependent on the HA
concentration and on its molecular weight.' 2 Pre-
vious studies have shown that both the concen-
tration and molecular size of HA in the SF of
inflamed joints are lower than those of normal
SF.3 4 It has been suggested that this arises from
depolymerisation of HA, the most likely mechanism
being via free radicals, particularly those derived
from oxygen (ODFR). These high energy species
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are generated in significant quantities by activated
polymorphonuclear leucocytes (PMNL) and macro-
phages that accumulate within the joints during
inflammatory episodes.5 6
The HA derived from the SF of rheumatoid joints

has also been reported to bind more proteins than
HA in SF of normal joints.7 The identity and
function of these HA bound proteins, however,
have not been established.

In the present study we show that the three acute
phase proteins, haptoglobin, inter-a-trypsin inhibi-
tor, and a, proteinase inhibitor, are bound to HA of
SF from RA joints. Furthermore, two of these
proteins, haptoglobin and inter-a-trypsin inhibitor,
when complexed with HA afforded some protection
in vitro against the degradative effects of ODFR on
this polysaccharide.
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378 Hutadilok, Ghosh, Brooks

Materials and methods

Sepharose CL-2B, Blue Sepharose CL-6B, Sephadex
G-100, and human a, proteinase inhibitor antisera
were supplied by Pharmacia (South Seas) Pty Ltd,
Sydney, Australia. Hyaluronidase (from Strepto-
myces hyalurolyticus (EC 4.2.99.1.)), human inter-
a-trypsin inhibitor antisera, and Aquacide II were

purchased from Calbiochem-Behring (Australia)
Pty Ltd, Kingsgrove, NSW, Australia. Human
haptoglobin antisera were obtained from Silenus
Labs, Pty Ltd, Dandenong, Vic, Australia. Human
haptoglobin, a1 proteinase inhibitor, trypsin type
XIII: TPCK treated from bovine pancreas, N-a-
carbobenzoxy-L-arginine-p-nitroanilide HCl, and
phorbol 12-myristate 13-acetate (PMA) were

obtained from Sigma Chemical Co, St Louis, MO,
USA. Before use the a1 proteinase inhibitor was
further purified on Blue Sepharose CL-6B and
Sephadex G-100 columns. Inter-a-trypsin inhibitor
was isolated and purified from human serum

according to the method of Salier et al.8 All other
chemicals used were of analytical grade.

SOURCES OF HYALURONIC ACID (HA)

All the HA preparations used in this investigation
were isolated from pathological human synovial
fluids that had been aspirated aseptically from the
joints of patients attending arthritis clinics at this
hospital or the North Shore Medical Centre, St
Leonards, NSW. Normal SF were derived from
cadaveric joints and collected with six hours of death
at the time of necropsy at the Royal North Shore
Hospital. The cadaveric SF were only used if the
pathology and clinical history showed no evidence of
joint diseases. The pathological fluids were classi-
fied by one of us (PMB) as gouty, RA, or

osteoarthritic using standard clinical/laboratory
criteria. The particulate material and cellular
content of all fluids were removed by centrifugation
at 1500 g for 15 minutes. The supernatants were
collected and maintained at 4°C until used. In most
instances, however, they were applied to the
Sepharose CL-2B column within an hour of aspira-
tion from the joints.

SEPARATION OF HA FROM NON-BOUND

SYNOVIAL PROTEINS

The synovial fluids were chromatographed indi-
vidually on a precalibrated Sepaharose CL-2B
column (2x90 cm) maintained at 4°C. The eluting
buffer was 10 mM phosphate, 0*15 M NaCl pH 7-2,
and 2-5 ml fractions were collected at a flow rate of
10 ml/h. The elution of HA was detected as
hexuronate by the m-hydroxydiphenyl method of
Blumenkrantz and Asboe-Hansen.9 Protein was

determined with bovine serum albumin as standard
by Lowry's method modified by Petersonl or by
measuring the absorbance at 280 nm. The hex-
uronate positive fractions were pooled, concen-
trated by Aquacide II, and the retentate was
reanalysed for hexuronate and protein. The protein
bound to HA was calculated on a weight basis by the
formula:

protein in HA fraction (pg/ml)x 100
% complexed protein-

protein in HA fraction (gg/mr)+HA (1tg/ml)

CHARACTERISATION OF PROTEINS BOUND
TO HA
The pooled concentrated HA fractions eluting from
the void volume of the Sepharose CL-2B column
were subjected to Streptomyces hyaluronidase
digestion (25 turbity reducing units/mg HA) for
three hours at 37°C as described previously'1 to
remove HA. The identity of the HA bound proteins
was established by SDS-PAGE of digests using the
method of Weber and Osborn.12 Confirmation of
the identity of proteins associated with HA was
made in agarose gels against several commercially
available antisera by Ouchterlony's method.13 The
amount of individual proteins associated with HA
was assessed by radial immunodiffusion as described
previously. 14

GENERATION OF ODFR
Various methods were used to generate ODFR
capable of degrading HA. These included ferrous
ion autoxidation and PMA stimulation of poly-
morphonuclear leucocytes.

Ferrous ion autoxidation
A 1 0 ml reaction mixture was used consisting of (a)
HA 0.5 mg/ml, (b) ferrous sulphate 30 gmol/l, (c)
edetic acid 30 ,umol/I (i.e., in a 1:1 ratio with ferrous
ion). Under these conditions, and in the presence of
atmospheric oxygen, autoxidation of ferrous ions
generates hydroxyl radical, the species reported to
be effective in depolymerisation of HA. 5 16 The
reaction was allowed to proceed for 15 minutes. The
solution was then immediately fractionated on a
Sepharose CL-2B column as described above, and
the fractions were monitored for hexuronate by the
Blumenkrantz and Asboe-Hansen method.9

PMA stimulated polymorphonuclear leucocytes
PMNL from the blood of healthy volunteers were
separated by centrifugation over Ficoll-Hypaque as
described by Henson et al.17 The cells were then
washed three times in phosphate buffered saline. A
trypan blue exclusion viability count was made
immediately before each experiment, and only cell
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Interaction of hyaluronic acid with synovial proteins 379

preparations showing greater than 90% exclusion
were used.
To a 1.0 ml reaction mixture consisting of PMA

(250 Rg/i), HA (0-5 mg/ml), edetic acid (60 Rmol/1),
and FeCl3 (10 RmolI1) was added 0 5-2x 106 PMNL.
The reaction mixture was incubated at 37°C for one
hour and then the cells sedimented by centrifugation
for 10 minutes at 1500 g. The supematant was then
applied directly to a Sepharose CL-2B column,
which was eluted and monitored as described above.

IN VITRO BINDING OF PROTEINS TO HA FROM
NORMAL SYNOVIAL FLUIDS
Protein free HA (0.5 mg/ml), isolated as the void
volume (Vo) fraction from normal SF obtained at
the time of necropsy by Sepharose CL-2B chroma-
tography, was incubated for 16 hours at 4°C with an
excess amount of each of the three acute phase
proteins identified as binding to HA in the RA SF.
At the end of the incubation periods the mixtures
were immediately applied to a Sepharose CL-2B
column and fractionated as described above. All the
fractions were monitored for hexuronate, protein,
and trypsin inhibitory activity in the case of al
proteinase inhibitor and inter-a-trypsin inhibitor.
Trypsin inhibitory activity was determined in the
following manner with 10 gl of each fraction:
aliquots were incubated with 100 ng trypsin and
1 mM N-a-carbobenzoxy-L-arginine-p-nitroanilide
HCI in 0*15 M NaCl for 16 hours at 37°C and the
absorbance read at 405 nm.18

Results

FRACTIONATION OF SYNOVIAL FLUIDS BY

SEPHAROSE CL-2B CHROMATOGRAPHY

Fractionation of all cell free SF samples by Sephar-
ose CL-2B chromatography separated the high
molecular weight HA from most of the proteins
(Fig. 1A). In all fluids examined the HA eluted at
the Vo of the column, the exclusion limits of this gel
not permitting resolution of HA of molecular size
>1 x 106 daltons. With the highly sensitive Peterson
modification of the Lowry assayl it was possible to
show the presence of small amounts of protein in
the Vo fractions of all SF examined. Fluids from
joints of patients with RA, however, generally
contained much larger amounts of protein, which
eluted in the Vo fraction with HA (Fig. 1B). Table 1
shows the percentage of protein in Vo fractions from
SF from various sources. It was found that 24% of
RA fluids contained >7% protein and 46% >4%
protein. In contrast, none of the other pathological
fluids had HA bound protein levels exceeding
3-4%. As the largest synovial fluid protein, a2
macroglobulin (mol. wt 780 000 daltons), was well

contained in the Sepharose CL-2B column we
assumed that those proteins eluting at Vo could only
be bound to HA.

IDENTIFICATION OF PROTEINS BOUND
TO HA
The HA of concentrated (Aquacide II) pooled Vo
fractions from the Sepharose CL-2B chromato-
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Fig. Sepharose CL-2B chromtatograrms of(A) normal

and (B) RA synovialfluids eluted (10 mllh) with 10mM

phosphate, 0-J5 M NaCipH 7-2 at 4"C. Fractions (2.5 ml)
were monitoredfor hexuronic acid9 at 520 nm ( ~)and
for protein'0 at 750 nm (- -) as described in 'Materials
and methods'. Note, for the RA synovialfluids, the protein
(hatched) firmly associated with the hexuronic acid
containingfractions that eluted in the void volume (Vo)
ofthe column.

Table 1 Protein content of Vo fractions from
Sepharose CL-2B chromatography of synovial fluids
aspirated from pathological and normal joints

Joint Protein content (as percentage of HA)

0-1 1-2 2-3 3-4 4-7 >7

Normal 15 0 0 0 0 0
Osteoarthritic 24 2 2 1 0 0
Gouty 9 1 0 0 0 0
Rheumatoid 59 6 7 8 32 35
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380 Hutadilok, Ghosh, Brooks

graphy of RA SF was completely removed by
digestion with proteinase free Streptomyces
hyaluronidase. These digests, when subjected to
SDS-PAGE using the method of Weber and
Osborn,12 showed four major bands corresponding
in mobility to a, proteinase inhibitor, inter-a-trypsin
inhibitor, and haptoglobin (Fig. 2). The identity of

94000-

67000-

43000-

30000-

20100-

14400-.
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these proteins was confirmed using commercially
available monospecific antisera, particularly to
those proteins known to be increased in the inflamed
joint. With the Ouchterlony technique only antisera

:
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Fig. 2 Sodium dodecyl sulphatelpolyacrylamide gel
electrophoresis, run according to the method ofWeber and
Osborn'2 and stained with Coomassie Blue R, ofthe Vo
fractionfrom Sepharose CL-2B chromatography ofRA
synoviql fluids. Lane 1: molecular weight markers are
phosphorylase b (mol. wt 94 000), albumin (mol. wt
67 000), ovalbumin (mol. wt43 000), carbonic anhydrase
(mol. wt 30 000), soybean trypsin inhibitor (mol. wt
20 000), and a-lactalbumin (mol. wt 14 400); lane 2: a,
proteinase inhibitor (mol. wt 45 000); lane 3: inter-a-trypsin
inhibitor (mol. wt 135 000); lane 4: haptoglobin (mol. wt
85 000) contains two large a polypeptide chains (mol. wt
35 000) and two small a chains (mol. wt 7500); lane 5:
hyaluronidase digested hyaluronate proteins.

Fig. 3 Agarose double diffusion ofmonospecific antisera
against Streptomyces hyaluronidase digestedHA proteins
from Sepharose CL-2B column Vo fractions of
chromatographed RA synovialfluid. The digested
HA-protein complex was placed in the centre well and serial
dilutions (I to 64) ofspecific (A) antihaptoglobin, (B) anti-
inter-a-trypsin inhibitor, and (C) anti-a1 proteinase
inhibitor were in wells I to 6.
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Interaction of hyaluronic acid with synovial proteins 381

raised against the acute phase proteins, a, protein-
ase inhibitor, inter-a-trypsin inhibitor, and hapto-
globin, produced precipitin lines with the HA bound
proteins from RA SF (Fig. 3). Antisera to other
acute phase proteins, such as C reactive protein,
caeruloplasmin, a2 macroglobulin, etc, were found
to be inactive against the HA bound proteins using
this immunological assay.

Relative amounts of the individual acute phase
proteins associated with HA, in the total Vo
fractions of RA fluids, were calculated from the
diameters of the precipitin rings produced against
various concentrations of each standard protein
antigen in the radial immunodiffusion assay (Fig. 4).
The mean (SD) values for haptoglobin, a, anti-
trypsin, and inter-a-trypsin inhibitor were found to
be 29.2 (12.7), 17-6 (11-2), and 32-6 (11-3)%
respectively. These results are expressed as per-
centages of the total protein in the Vo fractions.

IN VITRO COMPLEX FORMATION BETWEEN
ACUTE PHASE PROTEINS AND HA ISOLATED
FROM NORMAL JOINT SF
In these experiments HA in the Vo fractions from
chromatography of normal SF was incubated separ-
ately with each of the three acute phase proteins
identified as binding to HA in the RA synovial
fluids. The presence of bound proteins in the Vo
fractions was determined by UV absorption at 280
nm and by the trypsin inhibitory assay for a,
proteinase inhibitor and inter-a-trypsin inhibitor.'8
Binding of these three acute phase proteins to
protein 'free' HA was demonstrable both by the
appearance of protein positive material eluting at
Vo and by the inhibitory activity against trypsin
(Fig. 5). It was noted, however, that the trypsin
inhibitory activity of a, proteinase inhibitor when
bound to HA was significantly less than when
unbound using protein as a marker of inhibitor
concentration (Fig. 5). The levels of the three acute
phase proteins associated with HA when prepared
by this in vitro procedure were comparable with
those determined for HA of fluids derived from RA
joints.

EFFECTS OF ODFR ON HA-PROTEIN
COMPLEXES
Exposure of high molecular weight HA with low
protein content (<1%) to an ODFR flux generated
by the Fe++ autoxidation system'5 16 or PMA
stimulated PMNL'9 caused depolymerisation of
HA, as shown by the inclusion of hexuronate
positive material on the Sepharose CL-2B gel.
Identical experiments conducted with equivalent
amounts of HA derived from RA fluids in which the

Vo fraction protein content was >7% of total were
less degraded (Fig. 6).

In an attempt to identify which of the three acute
phase proteins bound to HA in RA fluids was the
most effective in protecting HA against ODFR
degradation the respective in vitro prepared HA-
protein complexes were exposed to an Fe++ aut-
oxidation free radical flux. The results of these
experiments are shown in Fig. 7, where it is evident
that under the vigorous conditions used a, proteinase
inhibitor was ineffective at preventing degradation
of HA, whereas haptoglobin and inter-a-trypsin
inhibitor showed some protection.

A

B

C

*.1 2&s3i 4.

C

o 0 0 0
1 2 3 4

Fig. 4 Immunoprecipitation rings of (A) a, proteinase
inhibitor, (B) inter-a-trypsin inhibitor, and (C) haptoglobin
from four digested HA-protein complex samples (1,2,3,4)
with specific antibodies on agarose plates obtained after 48
hours diffusion and stained with Coomassie Blue R. The
diameters ofthe standards for a, proteinase inhibitor
(0 62-0.04 mglml), inter-a-trypsin inhibitor (0.85-0-05
mglml), and haptoglobin (0-44-0.03 mglml) were compared
with the diameters ofthe diffusion rings for thefour
unknowns (1-4).
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Fig. 5 The in vitro binding
between normalHA and acute
phase proteins. (A) HA alone;
(B) HA with haptoglobin;
(C) HA with a1 proteinase
inhibitor; (D) HA with inter-a-
trypsin inhibitor. The incubated
(4'C) mixtures ofHA and the
proteins were fractionated
on Sepharose CL-2B column
eluting with the same buffer as in
Fig. 1. Fractions (0-6 ml) were
monitoredfor hexuronic acid9 at
520 nm ( ), protein at 280 nm
(-0-0-), and trypsin inhibition'8
at 405 nm (- -) as described.
The bound protein was eluted with
HA at the void volume,
while the unbound material was
eluted at the bed volume.
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Fig. 6 Sepharose CL-2B chromatograms ofsynovial
fluidHA from normal and RA joints after exposure to
(A) 30 piMferrous/edetic acid at 25°Cfor 15 minutes,
(B) PMA activated PMNL at37Cfor one hour. The
fractions (2-2 ml) were monitoredfor hexuronic acid at
520 nm9for normal (-- -) and RA ( ) HA. Protein
was determined at 750 nm for normal (-o-o-) and
RA (-0-0-) HA as described in 'Materials and
methods'.'°

Of the 201 HA preparations examined in the present
study, those derived from joints of individuals with
acute or chronic RA consistently showed the highest
levels of bound protein. Furthermore, SDS-PAGE
and immunodiffusion techniques clearly showed
that the major proteins associated with HA from the
inflamed joints were haptoglobin, inter-a-trypsin
inhibitor, and a, proteinase inhibitor. Like other
acute phase proteins, these proteins arise as a
physiological response to tissue injury or infection.
All are markedly increased in serum and synovial
fluid of patients with RA20 21 but are less abundant
in the early phases than C reactive protein or serum
amyloid A protein.22 The serum level of C reactive
protein attained in RA is similar to that in rheumatic
fever, where the protein concentration is high early
in the acute phase of an infection but decreases
before the inflammation subsides.23 C reactive
protein can combine with the capsular polysac-
charides of streptococcal cell walls, causing capsular
swelling, thereby facilitating phagocytosis. We
were surprised, therefore, to find that this protein
did not form a strong complex with HA, which is
structurally related to the bacterial membrane
polysaccharides. The formation of stable complexes
of HA with the acute phase proteins, a, proteinase
inhibitor, inter-a-trypsin inhibitor, and haptoglobin,
appears, therefore, to be unique, probably arising
from stereospecific charge-charge and hydrophilic
interactions. In connection with this it is worth
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Fig. 7 Sepharose CL-2B
chromatograms ofHA-protein
complexes prepared in vitro
with (A) HA alone,
(B) HA with haptoglobin,
(C) HA with a, proteinase
inhibitor, (D) HA with
inter-a-trypsin inhibitor and then
exposed to 50 FiMferrousledetic
acid at 25°Cfor 15 minutes.
Fractions were monitored
for hexuronic acid9 ( ),

protein at 280 nm (--0-),

and trypsin inhibition'8
(- -) as previously described.

noting that once bound to HA, inter-a1-trypsin
inhibitor conserved its antiproteinase activity but
that of a1 proteinase inhibitor was substantially
reduced, at least as determined by the assay con-
ditions used here (Figs 5 and 7). Thus it is tempting
to speculate that the conformation of a1 proteinase
was altered on interaction with HA. Alternatively,
binding to HA may have masked the active site of
the inhibitor.
Although it was possible to form complexes in

vitro with non-degraded HA isolated from normal
SF and the three acute phase proteins described
above, we have not excluded the possibility that
such complexes might be formed in vivo with HA
modified structurally by its interaction with free
radicals. Despite this uncertainty it appears that
complex formation in vivo arises as a consequence
of the high levels of the acute phase proteins present
in SFs of RA joints, the concentration of these
proteins being low in normal SFs.20 21 The identity
of the smaller amounts of protein associated with
osteoarthritic and gouty fluids was not established in
the present study, but it is likely that they include
one or all of the acute phase proteins found
associated with HA in RA fluids. These proteins
may have entered the osteoarthritic joint during
previous inflammatory episodes.

Sandson, Hamerman, and Schwick showed more
than 20 years ago that HA could form complexes
with inter-a-trypsin inhibitor.25 It was noted by this

group that free inter-a-trypsin inhibitor was unde-
tectable in normal SF but was bound to HA in SF
from inflamed joints.26 Brackertz, Hagmann, and
Kueppers used immunoelectrophoresis to demon-
strate the binding of a1 proteinase inhibitor and a
larger complex, possibly of this inhibitor and a
proteinase, to HA of inflammatory SF.21 Our
finding that HA also binds to haptoglobin appears
therefore to be novel.
A consistent feature of the chromatographic

profiles of HA from the inflamed SF investigated in
our study was the exclusion of most of the material
from the Sepharose CL-2B column (see Fig. 1B).
This indicated that most HA in SF of inflamed joints
had a molecular weight greater than 1 x 106 daltons.
A recent report by Dahl et al, who used high
porosity gels, showed that the molecular weight of
HA declines, on average, from 7-0x106 in normal
SF to about 4-8x 106 in SF from patients with RA.4
This study also indicated that at least 30% of the HA
present in the RA SF was of high molecular weight.
This group suggested that although depolymerisation
of HA occurs within the inflamed joint, the dilution
of SF by the plasma dialysate was largely responsible
for the frequently observed decline in viscosity. This
conclusion may have to be modified in the light of
present studies as the high molecular weight proteins
that bind to HA in inflamed joints could also alter
the hydrodynamic size and rheological properties of
the HA preparations examined by gel permeation
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384 Hutadilok, Ghosh, Brooks

chromatography. As the high porosity gels employed
by Dahl et al4 are, as yet, unavailable commercially,
our gel filtration experiments were limited to the
exclusion properties provided by the Sepharose
CL-2B agarose gels. As discussed above, these gels
are incapable of resolving HA molecular species
with apparent Mr in excess of 10x 106.

It has been suggested that depolymerisation of
HA could result from attack by oxy radicals
produced by phagocytic cells or by enzymatic
processes.5 27 Although hyaluronidase, j-glucuro-
nidase, and ,3-N-acetylglucosaminidase of lysosomal
origin have been shown to be present in synovial
fluid of RA joints,28 they are only capable of
degrading HA in an acidic environment. This
requirement probably excludes their effectiveness
outside the cell. The more likely mechanism,
therefore, is via ODFR, which have been shown by
several groups to cause rapid depolymerisation of

HA in vitro.

Studies with ionising radiation have indicated that
the hydroxyl free radicals can attack hyaluronate at
either the glycosidic bond or at the C5 hydrogen of
the pyranose ring.32 If such susceptible groups on

the polysaccharide chain were screened by bound
protein, then degradation by ODFR might be
abrogated, or at least modified. Our results indicate
that haptoglobin and inter-a-trypsin inhibitor could
qualify for such a role as HA complexes formed in
vitro with these proteins (Fig. 7) were less degraded
by an ODFR flux (produced by Fe++ autoxidation)
than protein free HA. On the other hand, a,
proteinase inhibitor was not effective in this regard,
which was a surprising result in view of the known
affinity of the methionyl sulphur present in this
protein for activated oxygen.33 As the trypsin
inhibitory activity of a, proteinase inhibitor when
bound to HA was substantially reduced, however, it
is likely that the conformation of this protein was

quite different from that present in the unbound
form, and the methionyl sulphur may be unavailable
for oxidation. It is also possible that the small
amount (relative to the other proteins) of a,
proteinase inhibitor bound to HA was insufficient to
'neutralise' the intensity of the level of free radical
flux used in our experiments.
When combined with haemoglobin, haptoglobin

has been shown to possess peroxidase activity.34 If
such complexes were formed in SF they could
contribute to the protection of HA from hydrogen
peroxide, which is known to be generated by
activated PMNL from hydroxyl free radicals.6 This
latter mechanism of protection has been suggested
for synovial proteins which were not bound to HA.
Motohashi and Mori studied the degradation of HA
by ascorbic acid using high performance gel permea-

tion chromatography.35 Ascorbate was oxidised to
hydrogen peroxide by molecular oxygen in the
presence of trace amounts of metal ions such as
Cu++ or Fe". With physiological concentrations of
ascorbate, HA was degraded in vitro to less than a
third of its original hydrodynamic size. Caeruloplas-
min and apotransferrin inhibited this degradation,
but holotransferrin and albumin were less effective.
It was concluded that the mechanism of inhibition of
HA depolymerisation of caeruloplasmin was prob-
ably due to its ferroxidase activity, i.e., its ability to
oxidase Fe++ to Fe"'. When the availability of
Fe++ was reduced the oxidation of ascorbate to
ascorbate radical was suppressed. Apotransferrin
can also bind Fe'++ and could likewise influence
the role of Fe++ in the oxidation processes.
From the present studies we concluded that

certain acute phase proteins diffusing into the joints
as a consequence of synovial inflammation may, in
addition to some resident proteins, serve a useful
role in protecting HA from degradation by ODFR
and hydrogen peroxide. Furthermore, as these
electron rich species are also known to degrade
basement membranes and components of the cartil-
age matrix36 37 and suppress macromolecular
biosynthesis by cartilage and synovial cells,3"I
their attenuation by acute phase proteins could
represent an important mechanism for the pres-
ervation of tissue integrity during inflammatory cell
invasion.

We gratefully acknowledge support for this project, in the form of a
postgraduate scholarship to Nongporn Hutadilok from Smith,
Kline, and French Laboratories (Australia) Limited, Sydney,
Australia. Some synovial fluids used for this study were kindly
provided by Drs K Robinson, J Webb, and L March. Our thanks
also to Dr James Smith for assistance with protein analysis of some
of the synovial fluids and Ms Lynne Campbell for typing and Dr M
Smith for valuable criticism of this manuscript.

References

1 Balazs E A, Watson D, Duff I F, Roseman S. Hyaluronic acid
in synovial fluid. I. Molecular parameters of hyaluronic acid in
normal and arthritic human fluids. Arthritis Rheum 1967; 10:
357-75.

2 Balazs E A. The physical properties of synovial fluid and the
special role of hyaluronic acid. In: Helfet A, ed. Disorders of
the knee. Philadelphia: Lippincott, 1974: 61-74.

3 Sepala P 0. Synovial fluid in rheumatoid arthritis. Scand J
Clin Lab Invest 1964; 16 (suppl): 79.

4 Dahl L B, Dahl I M S, Engstrom-Laurent A, Granath K.
Concentration and molecular weight of sodium hyaluronate in
synovial fluid from patients with rheumatoid arthritis and other
arthropathies. Ann Rheum Dis 1985; 44: 817-22.

5 Greenwald R A, Moak S A. Degradation of hyaluronic acid by
polymorphonuclear leukocytes. Inflammation 1986; .10: 15-30.

6 Greenwald R A, Moy W W. Effect of oxygen derived free
radicals on hyaluronic acid. Arthritis Rheum 1980; 23: 455-63.

7 Hamerman D, Sandson J. Unusual properties of hyaluronate-
protein isolated from pathological synovial fluids. J Clin Invest
1963; 42: 1882-9.

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.47.5.377 on 1 M
ay 1988. D

ow
nloaded from

 

http://ard.bmj.com/


Interaction of hyaluronic acid with synovial proteins 385

8 Salier J P, Martin J P, Lambin P, McPhee H, Hochstrasser K.
Purification of the human serum inter-a-trypsin inhibitor by
zinc chelate and hydrophobic interaction chromatographies.
Anal Biochem 1980; 109: 273-83.

9 Blumenkrantz N, Asboe-Hansen G. New method for quantita-
tive determination of uronic acids. Anal Biochem 1973; 54:
484-9.

10 Peterson G L. A simplification of the protein assay method of
Lowry et al, which is more generally applicable. Anal Biochem
1977; 83: 346-56.

11 Rowley G, Antonas K N, Hilbert B J. Quantitation of
hyaluronic acid in equine synovia. Am J Vet Res 1982; 43:
1096-9.

12 Weber K, Osborn M. The reliability of molecular weight
determinations by dodecyl sulfate-polyacrylamide gel electro-
phoresis. J Biol Chem 1969; 244: 4406-12.

13 Ouchterlony 0. Diffusion-in-gel methods for immunological
analysis. Prog Allergy 1958; 5: 1-78.

14 Fahey J L, McKelvey E M. Quantitative determination of
serum immunoglobins in antibody-agar plates. J Immunol 1965;
94: 84-90.

15 Betts W H, Cleland L G. Effects of metal chelators and anti-
inflammatory drugs on the degradation of hyaluronic acid.
Arthritis Rheum 1982; 25: 1469-76.

16 Halliwell B. Superoxide-dependent formation of hydroxyl
radicals in the presence of iron salts: its role in the degradation
of hyaluronic acid by a superoxide generating system. FEBS
Lett 1978; 96: 238-42.

17 Henson P M, Zanolari B, Schwartzman N A, Hong S R.
Intracellular control of human neutrophil secretion. 1. CSa-
induced stimulus-specific desensitization and the effects of
cytochalasin B. J Immunol 1978; 121: 851-5.

18 Somorin 0, Tokura S, Nishi N, Noguchi J. The action of trypsin
on synthetic chromogenic arginine substrates. J Biochem
(Tokyo) 1978; 85: 157-62.

19 McNeil J D, Wiebkin 0 W, Betts W H, Cleland L G.
Depolymerisation products of hyaluronic acid after exposure to
oxygen-derived free radicals. Ann Rheum Dis 1985; 44: 780-9.

20 Niedermeier W, Cross R, Beetham W P Jr. The concentration
of haptoglobin in synovial fluid of patients with rheumatoid
arthritis. Arthritis Rheum 1965; 8: 355-7.

21 Brackertz D, Hagmann J, Kueppers F. Proteinase inhibitors in
rheumatoid arthritis. Ann Rheum Dis 1975; 34: 225-30.

22 Kushner I. The phenomenon of the acute-phase response. Ann
NYAcad Sci 1982; 389: 39-48.

23 Bywaters E G L. Rheumatic fever (including chorea). In: Scott
J T, ed. Copeman's textbook of the rheumatic diseases. 5th ed.
Edinburgh: Churchill Livingstone, 1978: 763-807.

24 Anderson H C, McCarty M. The occurrence in the rabbit of an
acute-phase protein analogous to human C-reactive protein. J
Exp Med 1951; 98: 25-36.

25 Sandson J, Hamerman D, Schwick G. Altered properties of
pathological hyaluronate due to a bound inter-alpha-trypsin
inhibitor. Trans Assoc Am Physicians 1965; 78: 304-13.

26 Becker A, Sandson J. The source of the inter-alpha trypsin
inhibitor in pathologic hyaluronate protein. Arthritis Rheum
1971; 14: 764-6.

27 Kar N C, Cracchiolo A, Mirra J, Pearson C M. Acid, neutral
and alkaline hydrolases in arthritic synovium. Am J Clin Pathol
1976; 65: 220-8.

28 Stephens R W, Ghosh P, Taylor T K F, et al. The origins and
relative distribution of polysaccharides in rheumatoid and
osteoarthritic fluids. J Rheumatol 1975; 2: 393-400.

29 Pigman W, Rizvi S, Holley H L. Depolymerisation of hyalur-
onic acid by the ORD reaction. Arthritis Rheum 1961; 4:
240-52.

30 Matsumura G, Herp A, Pigman W. Depolymerisation of
hyaluronic acid by autoxidants and radiations. Radiat Res 1966;
28: 735-53.

31 McCord J M. Free radicals and inflammation: protection of
synovial fluid by superoxide dismutase. Science 1974; 185:
529-31.

32 Balazs E A, Davies J V, Phillips G 0, Young M D. Transient
intermediates in the radiolysis of hyaluronic acid. Radiat Res
1967; 31: 243-55.

33 Carp H, Janoff A. Potential mediator of inflammation: phago-
cyte derived oxidants suppress the elastase inhibitory capacity
of alpha-1-proteinase inhibitor in vitro. J Clin Invest 1980; 66:
987-95.

34 Putnam F W. Haptoglobin. In: Putnam F W, ed. The plasma
proteins, structure, function and genetics control. 2nd ed. New
York: Academic Press, 1975: 1-46.

35 Motohashi N, Mori I. The effect of synovial fluid proteins in the
degradation of hyaluronic acid induced by ascorbic acid. J lnorg
Biochem 1985; 24: 69-74.

36 Bates E J, Harper G S, Lowther D A, Preston B N. Effect of
oxygen-derived reactive species on cartilage proteoglycan-
hyaluronate aggregates. Biochem Int 1984; 8: 629-34.

37 Greenwald R A, Moy W W. Inhibition of collagen gelation by
action of the superoxide radical. Arthritis Rheum 1979; 22:
251-9.

38 Simon R H, Scoggin C H, Patterson D. Hydrogen peroxide
causes the fatal injury to human fibroblasts exposed to oxygen
radicals. J Biol Chem 1981; 256: 7181-6.

39 Bates E J, Lowther D A, Handley C J. Oxygen-free-radicals
mediate an inhibition of proteoglycan synthesis in cultured
articular cartilage. Ann Rheum Dis 1984; 43: 462-9.

40 Bates E J, Johnson C C, Lowther D A. Inhibition of
proteoglycan synthesis by hydrogen peroxide in cultured bovine
articular cartilage. Biochem Biophys Acta 1985; 838: 221-8.

41 Bates E J, Lowther D A, Johnson C C. Hyaluronic acid
synthesis in articular cartilage: an inhibition by hydrogen
peroxide. Biochem Biophys Res Commun 1985; 132: 714-20.

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.47.5.377 on 1 M
ay 1988. D

ow
nloaded from

 

http://ard.bmj.com/

