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SUMMARY The molecular weight distribution of hyaluronate (HA) in synovial fluid (SF) from 10
patients with rheumatoid arthritis (RA), from six patients with other joint disorders, and from
five recently deceased persons without joint affections was investigated by a gel chromatographic
procedure. A new and highly specific radioassay was used for determination of the HA
concentration in the effluent from the chromatographic column, and this allowed analyses on
0-5 ml or less of untreated synovial fluid. The results confirmed the findings by others that the
weight-average molecular weight (Mw) of HA in SF from patients with RA (4.8 x 106) was
similar to that in other joint diseases (5.0 x 106) and moderately but significantly (p<O.001)
lower than that of normal SF (7-0 x 106). Furthermore, the molecular weight distribution of HA
in the pathological SF was generally broad and varied considerably between individuals. The HA
concentration in the pathological SF varied between 0-17 and 1 -32 g/l, which is in accordance with
previous reports and considerably lower than that of normal SF. Neither the nature of the
arthropathy and the extent of the inflammatory process nor the pharmacological treatment had a
tendency to influence the HA concentration in the SF, the mean molecular weight of HA, or its
molecular weight distribution. Although the concentration ofHA in SF drops in joint disease, the
total amount of the polysaccharide is greatly enhanced. Also the amount of high molecular
weight polysaccharide (MW> 6 x 106) is in excess in joint disease. The pathological state is
therefore characterised not by lack of high molecular weight hyaluronate but by a dilution of it.
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During the last 20 years several studies have aimed
to show a connection between the properties of the
hyaluronic acid (sodium hyaluronate, HA) in the
synovial fluid (SF) and the severity of joint affec-
tions in rheumatoid arthritis (RA). l-5 The total
amount, concentration, and molecular weight of
HA have been investigated, and there is a general
agreement that the SF in RA contains a lower
concentration of HA (109-1*20 g/l) with a lower
weight-average molecular weight (1-24-5 x 106)
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than the SF from the normal knee joint (HA
concentration 1-453-12 g/l; HA M, 1-6-10*9 x
106).2 Increased degradation, incomplete synthesis,
and increased production of incompletely poly-
merised HA have been postulated as possible
explanations of these observations.2-4

Different methods for the estimation of HA
concentration and molecular weights have been
used. 1-5 The HA has usually been isolated from the
synovial fluid before the analyses, which introduces
the uncertainty of incomplete recovery and possible
degradation of the polymer. Most studies have
afforded mean molecular weifhts rather than
molecular weight distributions,-3 and in some
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studies control values were lacking.S In the present
work we determined the molecular weight distribu-
tion of HA in SF by a gel chromatographic
technique developed in one of our laboratories. A
new assay technique8 9allowed us to analyse the HA
in SF without any prior treatment of the fluid. We
used normal joint fluids from deceased patients as

controls.

Patients and methods

PATIENTS
Twenty-three samples of synovial fluid from 16
patients with different arthropathies and from five
recently (within two hours) deceased patients with-

Table 1 Characterisation of 16 patients with different a

out joint disorders were investigated (Table 1).
Patients 15 and 16 were investigated before and
after injection of steroids into the knee joint.
Patients 1-10 fulfilled the criteria for RA. '( Patients
11-16 had different types of other arthropathies.
Patients 17-20 died because of acute myocardial
infarction and patient 21 of traffic accident. Table 1
shows data on sex, age, diagnosis, erythrocyte
sedimentation rate (ESR), Waaler-Rose titre, cells
and volume of SF, and medical treatment.

SYNOVIAL FLUID

In patients 1-16 arthrocenteses of the knees were

performed for diagnostic or therapeutic purposes,
and all fluid was collected. The aspirations were

irthropathies and five patients without arthropathy

ESR* Haptoglobin
(mmllst h) (mmolll)

Waaler-Rose
(titre)

Svnovial fluid

Volume Cells
(,nl) x la-"II

2

3
4
5

6
7

F
F
M

F
F
F
M

65
47
53
54
20
71
41

RA
RA
RA
RA
RA
RA
RA

8 F 52 RA

9 M 39 RA

10 F 51 RA

11
12
13

14

15

16

17

18

19

20

21

M

M

F

M

F

M

F

F

M

M

M

40
56
35

79

20

35

84

66

69

66

30

Psoriasis
Osteoarthritis
Ruptured

meniscus
Pyrophosphate

arthropathy
Monoarthritis

Monoarthritis

Cardiac
infarction

Cardiac
infarction

Cardiac
infarction

Cardiac
infarction

Traffic
accident

53
7

93
21
55
59
32

3.9
0-8

3-1
4-2
2-1
2-9

1/64
Neg.

Neg.
Neg.
Neg.
1/128

57 28 1/512

52 2-1 1/256

42 4-2 1/256

21
4
S

28

6
S

28

24
1-3
08

2 6

08

3.3

Neg.
Neg.
Neg.

Neg.

Neg.

Neg.

9 4 0 ASA
5 1-5 NSAID

- NSAID
25 6-6 NSAID
45 0-1 NSAID
60 0-3 NSAID
30 4-4 NSAID+

sulphasalazine
20 26-7 NSAID+

prednisolone +
chloroquine

45 7.7 NSAID+
prednisolone +
pcnicillamine

25 3 1 NSAID+
prednisolone +
sulphasalazine

350 3*9 No
40 01 No
20 0 1 No

15 20(- No

40 0-1 No
60 2-8 Local steroid
90 7 2 No
100 6-4 Local steroid
_ _ No

- - No

- - No

- - No

- - No

Patient
No

Sex Age
(years)

Diagnosis Treatmentt

* ESR=erythrocyte sedimentation rate.
t ASA=acetylsalicylic acid; NSAID=non-steroidal anti-inflammatory drug.
* Patients 15 and 16 were investigated before and some days after steroid instillation into the knee joint.
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made under sterile conditions and done by one

physician with the same technique in all patients. In
patients 17-21 the SF was collected shortly after
death by gentle instillation of 20 ml of 0-9% saline
into the knee joint, followed by aspiration. In this
way sufficient material for chromatography was

obtained. When synovial fluid was collected in this
manner, however, the determination of HA concen-

tration was precluded. All samples were frozen at
-20°C until used.

RADIOASSAY

HA was analysed as described in detail elsewhere.9
Briefly, protein with specific affinity for HA was

prepared from cartilage by affinity chromatography
and labelled with 1251.9 I The radioactive protein
was incubated in the presence of protease inhibitors
with varying amounts of free HA and a fixed
amount bound to a Sepharose gel. The protein was

allowed to partition between free and bound poly-
saccharide. The amount of radioactivity pelleted
with the gel was a function of the amount of free HA

in the system. Standard curves were made with pure
HA (Healon) in the range of 2-2000 ng. This assa'

has a standard error in biological fluids of 15-20%.

DETERMINATION OF MOLECULAR WEIGHT

DISTRIBUTIONS

Calibrated gel chromatography was used to fraction-
ate HA and determine its molecular weight
distribution.6 7 Samples of SF up to 05 ml were

diluted with elution buffer and applied in ml
portions to a I x 110 cm column filled with one

part Sepharose CL-4B (Pharmacia Fine Chemicals,
Uppsala, Sweden) and two parts a cross-linked
0-5% agarose (Pharmacia; not commercial). The
column was operated at 20 ± 1°C at a constant flow
rate of 15 mU/h, and 1 ml fractions were collected.
The eluent was 0-15 M NaCl/0-02 M Na2BO7
adjusted to pH 11-6. HA in the eluate was deter-
mined by radioassay. The recovery in the eluate of
the total amount applied was 88 ± 12 (SD) %. The
elution profile was translated into a molecular
weight distribution with the aid of a calibration

Table 2 Concentration and average molecular weights ofsodium hyaluronate in synovial fluid from the knee joints of 16
patients with different arthropathies and five patients without joint disorders

Total HA in jointt (mng)

1 7
6 3

23 5
22-5
55-8

25 8
11-8
49-0
24 8

462
364
20(0
6-5

45*6
75-6
15*3
19 0

HA molecular weight

M,. x I1O

6-8
4.3
4.3
63
3-2
3 6
48+1 5
5.5
4.5
46

4.5
48+±0)5
48+1 1
2-8
4 2
5.4
5-0
3.9
4 0
7.9
6-6
5-0+1 6
6-6
6-3
7 1
7.6
7.2
7 0+0*5

Patient No HA concn. (gll)

0-19
1-26
0-64
0-94
0*50
0 93
0-74+(038
0-86
059
1-09
099
088±022
0-80±0-32
1-32
0-91
1-00
0-43
1-14
1-26
0-17
0 19
0 80±0 47

2
3
4
5

6
1-6 mean+SD
7
8
9
10
7-10 mean±SD
1-10 mean±SD

11
12
13
14
15
t
16
t
11-16 mean+SD
17
18
19
20
21
17-21 mean±SD

M,, x IO-6

2()

0(5
(0.3
(09
(0.3
(0.3
0)7+()7
(0.7
(0.4
o)3
() 4(0.4±2
()4+025
0-6±0-5

0 3
(0.3
0l7
((.5
().5
0 5
2 2
0 9
0-7+±06
0(7
1-4
2-7
19
2 6
19+08

In a polydisperse macromolecular material the weight-average molecular weight, M,=X:wiMi, where w, is the weight fraction of the
species with molecular weight Mi. Similarly the number-average molecular weight. Mn=1/2:wi/Mi.
t Patients 15 and 16 were investigated before and some days after steroid instillation into the knee joint.
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curve constructed from the elution of well defined
calibration fractions. Calculations of the entire
distribution and of weight-average (Mw) and
number-average (MN) molecular weights were car-
ried out by computer.6 7

STATISTICAL ANALYSIS
Student's t test was applied in the statistical analysis
of the data.

Results

CONCENTRATION OF HYALURONATE IN
SYNOVIAL FLUID
Analyses of samples of SF from patients with
arthropathies are summarised in Table 2. The HA
concentration varied between 0-17 and 1 *32 g/l. The
patients with RA had concentrations within the
same range as patients with other arthropathies. The
mean concentration of HA was similar in patients
treated with non-steroidal anti-inflammatory drugs
(NSAID) alone and those who in addition had
received prednisolone or other potent drugs (Table
1). The concentration of HA did not change after
local steroid therapy, measured in two patients (15
and 16).

E

C

5S

c

A.1

MOLECULAR WEIGHT OF HYALURONATE
The molecular weight distributions of HA for some
of the patients are shown in Fig. 1. The polysacchar-
ide showed a broad distribution in all samples, with
molecular weights in the range of 4 x 104 to 6 x 107.
A great variation of the distribution was found
within each group of patients. In all fluids the part of
the total HA with molecular weight > 6 x 106 was
greater than 30%. M, values of between 2-8 x 106
and 7-9 x 106 were recorded (Table 2). The means
of the molecular weights of HA in SF from five
deceased patients without arthropathy (Mw 7-0 x
106; Mn 1-9 x 106) were moderately but significantly
(p<0-OOl and p<0*01 respectively) higher than the
mean values of the samples from patients with RA
(M, 4-8 x 106; Mn 0-6 x 106). Patients with other
arthropathies showed molecular weight distributions
and mean molecular weights in the same range as
the patients with RA (M, 5-0 x 106; Mn 0-7 x 106)
(Table 2). The mean molecular weight was not
different in the rheumatic patients (Nos 7-10)
treated with NSAID and prednisolone or other
drugs compared with patients (Nos 1-6) treated with
NSAID alone. There was no change in the molecu-
lar weight distribution of HA in the SF before and
after treatment with local steroids, measured in two
patients (Nos 15 and 16).

Fig. I Molecular weight
distributions for sodium
hyaluronatefrom synovialfluid of
some patients (a) with rheumatoid
arthritis; (b) with other
arthropathies; and (c) without joint
disease. The patient numbers
correspond to thosefound in
Tables I and 2. The patients were
selected to show the full variation
ofmolecular weight distributions
observed in each group.

105 106 107 10o5 o0 107 10o 10610o
Moleculr weight
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Discussion

The methodology used in this work has a major
advantage over techniques used by other authors,
i.e., the analyses can be made on small samples of
SF without prior purification of the HA. Further-
more, the gel chromatographic technique gives the
complete molecular weight distribution, whereas
other techniques only produce average molecular
weights. Gel chromatography was also used by
Bjelle, Andersson, and Granath,5 but they were
forced to purify the HA by density gradient centri-
fugation before the analysis.

In order to prove a change in molecular weight of
HA in RA it is necessary to analyse a normal
reference material by the same technique. It is
evident from the fact that the human knee joint
contains only a few millilitres of SF that there are
both practical and ethical obstacles to the collection
of material in vivo. Most studies report results from
SF collected after death, which introduces the
uncertainty of postmortem changes. If material is
collected as soon as possible after death we believe
that our results are representative of normal SF, and
this conclusion is reinforced by the close similarity
between our molecular weight data and those
obtained by Balazs et al.2 on HA from volunteers.
The latter authors also showed that HA removed
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from the joint by a washing procedure had the same
properties as HA isolated from undiluted SF.
The concentration of HA in the SF in RA and

other joint disorders (Table 2) was of the same order
as or sometimes even lower than values reported by
othersl-3 and clearly lower than the concentration
reported in normal fluids.2 The total amount of HA
in the joint calculated from the volume of SF (Table
1) and the concentration of HA (Table 2) varied
considerably in the range 1.7 to 462 mg (Table 2)
(mean 53 mg; median 23-5 mg) but was generally
higher than that found by Balazs et al.2 in healthy
volunteers (2.03 ± 0-40 mg in directly aspirated fluid
and 1*71 ± 0*53 mg in subsequent washings).
The mean value of the molecular weight of HA in

joint disease is moderately although significantly
lower than in normal SF (Table 2), and our data thus
confirm previous reports.14 However, it is striking
that despite severe arthropathy the amount of very
high molecular weight HA is considerable; as a
matter of fact, in view of the total increase of HA in
the joint there is more high molecular weight
polysaccharide (Mw> 6 x 106) in an inflamed joint
than in a normal joint. It has often been claimed that
the change in rheological properties of the synovial
fluid in RA is due to lack of high molecular weight
HA. Our data are at variance with such an
interpretation; the main cause of decreased vis-

* Fig. 2 Plot of the weight-average
molecular weight ofsodium
hyaluronate versus logarithm ofthe
volume ofsynovialfluid in the
joint. The correlation coefficient
r= -0-58. The volume ofthe
synovialfluid ofthe controls was
set to 15 ml.

5 1 0 50 100 500

Volume of synovial effusion (ml)
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coelastic behaviour must be the lower concentration
of the polysaccharide.12
We found that systemic or local steroid treatment

had no effect on the concentration or molecular
weight of HA. Others have found a possible effect
of steroids on the property of HA in SF. 13 We found
no correlation between the HA concentration or the
molecular weight and the clinical and laboratory
parameters shown in Table 1, except for a negative
correlation between the weight-average molecular
weight and the effusion volume (Fig. 2).
High molecular weight HA has been used for

local treatment in joint disease in humans and
animals.1417 The rationale for this treatment has
been to replace degraded HA with high molecular
weight polysaccharide. Our present data show that
high molecular weight HA is not lacking in the
disordered joint. The therapeutic effect of injected
high molecular weight HA may therefore be due to
an increase in the local concentration rather than a
major change in the macromolecular properties of
the synovial polysaccharide.

The authors are deeply indebted to Professor Torvard Laurent for
valuable discussions and help with the manuscript. We also want to
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