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Rheumatoid arthritis *is considered a disease
which involves the connective tissue and support-
ing structures of the body with its primary nidus
in the interfibrillar ground substance of these struc-
tures (1). The ground substances are thought to
be composed of mucopolysaccharide-protein com-
plexes. The nature of two of the polysaccharides
is known-chondroitin sulfuric acid and hyaluronic
acid. The latter has been isolated from skin, the
vitreous of the eye and from synovial fluid (2).
The synovial space has been regarded as an en-
larged tissue space (3) and synovial fluid may be
obtained with relative ease in many patients with
rheumatoid arthritis. A study of the hyaluronic
acid in the synovial fluid of patients with rheuma-
toid arthritis in contrast to normals seemed worth-
while as the characteristics of the hyaluronic acid
thus obtained might parallel changes in other mu-
copolysaccharides in the smaller connective tissue
spaces throughout the body.

Hyaluronic acid in synovial fluid is the com-
ponent of the fluid which is responsible for its
high viscosity (4). A variety of quantitative vis-
cosimetric methods have been applied to the vis-
cous nature of synovial fluid since 1925 (5).
These have yielded conflicting data but most seem
to agree that normal joint fluid is a very viscous
material (6). Bauer, Ropes and Waine (3) dem-
onstrated that there is a wide range of viscosity
values obtained from both normal and pathological
fluids. Wehave shown that the viscosity of nor-
mal human knee joint fluid varies inversely with
the degree of peripheral edema present (7).
When joint fluid or purified hyaluronic acid is di-
luted with 0.85 per cent saline or distilled water
an exponential curve is obtained (8, 9), and with
fluids of high viscosity small increments of diluent
fluid cause marked decreases in viscosity. For
these reasons, viscosity alone cannot be taken as
an index of the concentration of hyaluronic acid
or of the extent of polymerization of the mucopoly-

saccharide. The concentration of hyaluronic acid
may be approximated by the mucinclot method of
Bauer et al. (3), but the clot thus formed contains
both protein and hyaluronic acid and changes in
protein concentration could cause errors in the de-
termination of hyaluronic acid concentration. Re-
cently a method has been described whereby the
hyaluronic acid content of 1 cc. of fluid can be
determined with an accuracy sufficient for a bio-
logical method (2).

MATERIALS AND METHODS

Joint fluid was drawn at autopsy from the knees of 11
patients without joint disease. In some of these insuffi-
cient fluid was obtained for a 5-cc. viscosimeter. These
fluids were diluted with 0.85 per cent saline and the vis-
cosity and turbidimetric determinations of hyaluronic acid
were made on the same diluted sample. Fluid was ob-
tained from one or both knee joints of 35 patients with
rheumatoid arthritis. Viscosity was determined as de-
scribed previously (7). Hyaluronic acid concentration
was determined by the method of Meyer (2).

The exponential curve derived from dilution of syno-
vial fluid or pure sodium hyaluronate becomes a straight
line when the logarithm of the viscosity is plotted against
dilution (Figure 1). Dilution mirrors the concentration
of hyaluronic acid and thus a straight line relationship
exists between the log viscosity and concentration. A
quotient obtained by dividing the log viscosity by the
concentration would be constant for a given fluid regard-
less of the amount of diluent extracellular fluid intro-
duced. Since the increased viscosity of synovial fluid is
due almost completely to the hyaluronic acid present (7,
10) and the viscosity is an index of the polymerization
at a given concentration, this quotient gives an approxi-
mation of the mean polymerization of the hyaluronic acid
present in a sample of fluid. A highly viscous fluid with
a low concentration would yield a high quotient and
would indicate an highly polymerized hyaluronate. Thus
the extent of polymerization would vary directly with the
quotient.

RESULTS

In the normal fluids examined, Table I, the
quotient was greater than ten in all. Normally
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(1) Knee joint fluid obtained at autopsy from a patient without joint
disease. (2) Knee joint fluid from a patient with rheumatoid arthritis.
(3) 0.5 per cent Na hyaluronate.

polymerized hyaluronate would have a quotient of
ten or above. In the fluid from patients with
rheumatoid arthritis (Table II), the quotient was
with few exceptions less than ten, which would im-
ply that the hyaluronate in these fluids was less
highly polymerized. The severity or intensity of
the disease seems to bear some relation to the ex-
tent of polymerization of the hyaluronate. With

one exception, patient A. Da., all patients in the
group with a quotient above 8.10 exhibited few of
the criteria of a generalized illness. With the ex-
ception of A. Da., these patients could be grouped
as smouldering cases or cases in remission. The
four patients with quotients above ten were all
what is commonly known as "burned-out cases" of
long duration with resultant deformity and few

57



CIIARLES RAGANAND EARL MEYER

signs of active disease. On the other. hand, pa-
tients in the group with a quotient below 8.10 were
sick, had many complaints such as fatigability,
weight loss, and fever in a few, and exhibited the
subjective symptoms which are commonly associ-
ated with activity of the rheumatoid process.

The concentration of hyaluronic acid in the pa-
tients with rheumatoid arthritis was similar to the
concentration in the normal group, but the vol-
ume of fluid obtained from the patients with rheu-
matoid arthritis was far in excess of that removed
in the normals. In one patient, R. Re., as much
as 300 cc. of fluid were removed at regular monthly

TABLE I

Synovial fluid hyaluronic acid in normals

Relative Hyaluronic Quotient
Viscosity ac O- VecolitZPatient Knee x H20 ..ce. Hya.aidconc.

N. Ja. Right 47.0 0.16 10.4

I. a. Left 62.2 0.17 10.54
C. xi. Right 3.0 0.04 11.94

A. Fo. Right 44.2 0.13 12.67
A. Fo. Left 47.0 0.13 12.85
A. B. Right 5.6 0.051 14.60

0. Mu. Both - diluted 69.8 0.336* 14.74
to 37%

N.R. Both 575.0 0.156 17.70

R. Co. Both - diluted 2.3 0.10* 18.10
to 20%

N. Kq. Both 15.1 0.06 19.63

J. Cu. Both 482.0 0.135 19.89

N. Be. Both 365.0 0.129 19.90

J.. Se. Both - diluted 12.1 0.173* 20.85
to 30%

* Factor was determined from dilution indicated in
the Table.

intervals from the right knee joint and it is not
uncommon to remove amounts of 50 to 70 cc. at
frequent intervals from patients with rheumatoid
arthritis. On the other hand, it is rare to obtain
as much as 5 cc. of fluid from a normal knee joint
and 2 cc. is the usual amount which it is possible to
withdraw. Therefore, the total amount of hyalu-
ronate found in patients with rheumatoid arthritis
is far in excess of that found in normal knees. Our
results may be summarized as demonstrating an in-
creased amount of hyaluronate with a low degree
of polymerization in patients with rheumatoid arth-
ritis, the extent of polymerization varying in-
versely with increasing activity of the disease.

TABLE II

Synovial fluid hyaluronic acid in patients twith rheumatoid
arthritis

Quotient
Relative Hyaluronic Lon Viscosity

Viscosity acid - Hyaluroic aci
Patient Knee x ElO gw/ca. concentration

P. Re. Left 5.4 0.177 4.16
H. O'C. Right 6.5 0.162 5.02
J. Gen. Right 6.1 0.155 5.06
R. Wil. Left 13.5 0.218 5.22
F. DiC. Left 35.0 0.287 5.39
S. Pas. Left 6.5 0.154 5.42
S. Pas. Right 4.5 0.120 5.44
T. Par. Right 15.7 0.22 5.44
L. Ha. Right 115 0.189 5.61
J. Gen. Left 8.1 0.160 5.68
J. lyn. Left 5.2 0.118 6.08
B. An. Right 8.7 0.152 6.20
P. Re. Right 7.1 0.134 6.32
E. St. Right 16.2 0.190 6.43
H. Th. Right 48.2 0.240 7.00
W. Cr. Left 12.8 0.155 7.15
L. Nu. Right 14.2 0.160 7.21
L. Tb. Right 14.7 0.159 7.34
M. Ti. Right 21.3 0.180 7.48
A. eTd. Left 34.8 0.205 7.52
P. Ga. Left 21.3 0.171 7.76
I. Ro. Right 29.8 0.190 7.79
F. Si. Left 14.2 0.148 7.79
F. Si. Right 32.1 0.189 7.99
H. Ev. Left 5.3 0.09 8.05
S. Ka. Left 35.8 0.193 8.06
1. Po. Left 123.0 0.258 8.10
J. Jo. Left 15.6 0.147 8.12
R. Re. Left >100.0 0:630

diluted to
25% 19.4 0.157 8.20

W. Id. Left 14.8 0.137 8.56
R. Re. Right 38.0 0.180 8.80
A. Da. Right 7.6 0.10 8.80
A. Da. Left 7.8 0.10 8.90
A. Gu. Right 55.0 0.194 9.00
H. Fe. Right 24.2 0.150 9.22
E. 0T. Right 95.0 0.203 9.75
J. Br. Left 21.3 0.130 10.30
W. Do. Right 8.5 0.08 11.60
F. Co. Right 28.0 0.120 12.0
F. Co. Left 23.7 0.10 13.75
C. Co. Left 17.0 0.09 13.80

DISCUSSION

The findings presented suggest one of two pos-
sibilities: (1) that the hyaluronate has been de-
polymerized-an active breakdown, and (2) that
the hyaluronate has been incompletely polymerized
due to a failure in synthesis in active rheumatoid
arthritis. Wehave never been able to detect hy-
aluronidase in joint fluid and Ropes (9) has been
unable to demonstrate the enzyme in synovial tis-
sue or in periarticular tissue. If this low degree
of polymerization is due to enzymatic action with
depolymerization, the hydrolysis stops at an early
stage, since the hyaluronate continues to exist in
the fluid in a relatively highly polymerized form.
The fiber formation which occurs in normal joint
fluid on acidification and addition of normal horse
serum (11) is also found to a slight degree in a
few fluids from patients with rheumatoid arthritis.
In these the polymerization quotient is usually high
and the fiber formation may be regarded as an indi-
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cation of the presence of highly polymerized hy-
aluronate in the fluid. The disappearance of fibers
and appearance of colloidal turbidity upon ex-
posure to minute amounts of hyaluronidase means
simply that the hyaluronate is less highly polymer-
ized. This does not explain satisfactorily the
cause of the relatively low polymerization of the
hyaluronate in rheumatoid arthritis since hyalu-
ronate depolymerized in the process of purifica-
tion by methods completely free of enzymatic hy-
drolysis also gives a colloidal turbidity. Wehave
no definite evidence as to cause of this decrease in
polymerization, but in vivo conditions usually are
sufficiently mild to preclude physical depolymeriza-
tion.

The increased total amount of hyaluronate found
in rheumatoid arthritis cannot be explained by the
action of hyaluronidase and presupposes that the
primary defect lies in the synthesis of this poly-
saccharide rather than in its enzymatic hydrolysis
or non-specific depolymerization. An increased
production of incompletely polymerized hyaluro-
nate in rheumatiod arthritis would explain our
findings adequately. The site of formation of
hyaluronic acid is not known but there is pre-
sumptive evidence (2) that the precursor, a di-
saccharide, is formed in the liver and that the
high polymer form is elaborated in the connective
tissue. The data presented here would suggest
that in rheumatoid arthritis, the primary fault is
in the connective tissue cells which are unable to
conclude the synthesis of high polymer mucopoly-
saccharide when presented with oligosaccharides
by the liver. An increased formation of incom-
pletely polymerized hyaluronate would be in ac-
cord with the histologic changes in this disease in
which over growth of connective tissue cells in
the form of granulation tissue is the character-
istic microscopic finding. This is, furthermore, in
keeping with the present concept based on mor-
phopathological as well as clinical grounds that
rheumatoid arthritis lies in the realm of the mesen-
chymal or connective tissue diseases ( 11).

CONCLUSION

1. The extent of polymerization of joint fluid
hyaluronic acid may be estimated by a quotient de-
rived from the log of the viscosity divided by the
hyaluronic acid concentration.

2. In the joint fluid from patients without joint
disease, this quotient was found to be above ten.

3. In joint fluid from patients with rheumatoid
arthritis, the quotient was below ten with few ex-
ceptions, indicating the presence of incompletely
polymerized hyaluronate.

4. The extent of failure of complete polymeriza-
tion varied with the activity of the disease process.
When the disease was more active, the degree of
polymerization was less.

5. In rheumatoid arthritis there is an increased
production of low-polymer hyaluronate.

6. The bulk of the evidence suggests that the
defect in rheumatoid arthritis lies in the normal
process of polymerization rather than the exces-
sive breakdown of hyaluronic acid.
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