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Abstract
Objective
The relationship between clinical features and biochemical parameters of synovial fluid after serial intra-articular
injections of sodium hyaluronate (9-6601D) was investigated.

M ethods
S-6601D (sodium hyaluronate with an average molecular weight of 8.4 x 10°%; 25mg/2.5ml/syringe) was injected
intra-articularly into the knees of 25 patients with rheumatoid arthritis (RA) every week for 5 consecutive weeks.
Clinical and biochemical parameters were monitored before and after injection. Clinical findings included pain, asa
summation of 3 categories (pain at rest, pain in motion and pain in passive motion, each assessed on a 4-step rating
scale), and inflammation, also as a summation of 3 categories (swelling, patellar ballotement and local warmth, each
assessed on a 4-step rating scale). Pain on walking of patient was qualitatively assessed by visual analogue scale (VAS).
The aspirated volume of synovial fluid (SFV) was recorded and levels of prostaglandin (PG) E2, transforming growth
factor beta-1, tumor necrosis factor alpha, interleukin 1 receptor antagonist, chondroitin 4-sulfate (C4S) and chondroitin
6-sulfate were measured.

Results
Sgnificant improvement in pain symptoms (p < 0.0001), inflammation (p < 0.0001), VAS pain (p < 0.001) and SFV
(p < 0.05) were observed after the 5 injections. Levels of PGE2 (p < 0.05) and C4S(p < 0.05) in the synovial fluid were
significantly decreased.

Discussion
S1-6601D improved local clinical symptomsin RA patients by suppressing PGE2 and, therefore, may be a useful
treatment for local inflammation in RA.
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Introduction

Intra-articular injection of high molec-
ular weight (HMW) sodium hyaluro-
nate (HA) has been used as a supple-
mentary therapy for osteoarthritis (OA)
(1, 2), to improve articular functions.
Its mechanisms of action include sup-
pression of proteoglycan release (3),
enhancement of articular lubrication
and fluid viscosity (4) with analgesic
(5) and anti-inflammatory activities
(6), as well as inhibition of leukocyte
functions (7) and suppression of pha
gocytotic activity (8).

Rheumatoid arthritis (RA) is a sys
temic and chronic inflammatory joint
disease associated with synovitis, char-
acterized by synovial cell proliferation,
joint hydrops, and cartilage destruc-
tion. Accumulation of synovial fluid is
noted as a result of local inflammation,
and the subsequent pain and joint des-
truction usually impairs the quality of
life. The severity and progression of
synovitis depends on the levels of cyto-
kines and prostaglandin (PG) E2 re-
leased from infiltrating cells such as
lymphocytes and macrophages in in-
flamed joints (9, 10). Excessive prolif-
eration of synovial cellsis often associ-
ated with pannus formation, a vascular
and fibrous extension of the perichon-
dral portion of the synovial membrane,
which grows over the articular cartilage
and destroys the cartilage matrix.
Goldberg and Toole (11) have docu-
mented inhibition of cultured synovial
cell proliferation by HMW-HA, and
Peluso et al. (12) have also demonstrat-
ed suppression of mitogen-induced
lymphocyte cell proliferation. Further-
more, Inhibition of PGE2 release from
RA synovid cells by HMW-HA has
been reported (13). These data suggest
a therapeutic possibility of HMW-HA
for RA synovitis and recently, intra-
articular injection of HMW-HA has
been found to be clinically useful (14)
with biochemical normalization of RA
synovia fluid (15). The aim of the pre-
sent study was to investigate the rela
tionship between the levels of PGE2
and cytokinesin the synovid fluidsand
thelocal articular symptoms after intra-
articular injections of sodium hyaluro-
nate (SI-6601D).

We monitored the mgjor inflammatory
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parameters congtituting the pathologi-
cal conditions of RA; the levels of
PGE2, transforming growth factor
beta-1 (TGF 1), tumor necrosis factor
alpha (TNF ), and interleukin 1 recep-
tor antagonist (IL-1RA) in both syn-
ovial fluid and blood obtained simulta-
neously. We examined the blood as
well as synovia fluid levels of cyto-
kines to determine if the cytokine lev-
és in the synovid fluid were influ-
enced by the intra-articular injections
of SI-6601D. We aso measured the
levels of chondroitin sulfate (CS) iso-
mers, chondroitin 4-sulfate (C4S) and
chondroitin 6-sulfate (C6S), in the syn-
ovial fluid. It is known that CSis nor-
mally a component whose level in syn-
ovia fluid increases with the progres-
sion of cartilage destruction in RA and
OA (16, 17).

Patients and methods

Patients

25 patients with active RA, defined by
the 1987 ACR criteria and giving in-
formed consent, were selected. Patients
with the following characteristics were
excluded: 1) individuals with a history
of any other severe or chronic disease,
and 2) those who had started therapy
with  DMARDs (disease-modifying
anti-rheumatic drugs. methotrexate, D-
penicillamine, bucillamine, sulfasala-
zine, auranofin and injectable gold) or
immunosuppressants within the pre-
ceding 3 months, or oral or injectable
corticosteroids (prednisolone equiva
lent 3 5 mg/day), or NSAIDs (nons-
teroidal anti-inflammatory drugs), or
physical therapy within 4 weeks prior
to the study. Rheumatologists in ten
institutions in Japan participated.

Sudy drug and dose

SI-6601D, ultra-purified sodium hya
luronate derived from rooster combs
with an average molecular weight of
8.4 x 10°, was manufactured by Seika
gaku Corporation (Tokyo, Japan). Indi-
vidual syringe-type ampules (2.5 ml)
containing 25 mg hyaluronate (1% Sl-
6601D in phosphate buffered saline)
were used.

Sudy design
The study design was based on the
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method of sodium hyaluronate therapy
for OA. The same knee joint received
one ampule of SI-6601D once every
week for five consecutive weeks. Even
if both knees were affected, only one
knee for each patient was selected for
injection during the study. Injection of
SI-6601D into the joint cavity was per-
formed under aseptic conditions with-
out any local anesthesia, following the
aspiration of the entire fluid whenever
possible. Blood was sampled before
and after the SI-6601D clinica triad.
For PGE2 analysis, the synovia fluid
and plasma were sampled with the
addition of EDTA 2Na and indometh-
acin in the syringe. For the cytokine
anaysis, the synovia fluid and serum
were sampled without an additive in
the syringe. The samples were cen-
trifuged at 4°C at 2,000 x g for 10 min-
utes, and the supernatants were collect-
ed and stored at -20°C until analyzed.

Concurrent medications and therapy
Patients were allowed to take predniso-
lone (< 5 mg) or its equivalent per day.
The dosage and type of drugs taken
were constant for more than 4 weeks
(for NSAIDs and prednisolone) or 3
months (for DMARDS) prior to the
study, and could not be changed during
the study. Other concurrent medica
tions that were alowed included antibi-
otics for infection. The patients were
instructed to continue their programs of
physical and occupational therapy dur-
ing the study if they had started at least
4 weeks before.

Efficacy on local clinical symptoms

Theclinical efficacy of SI-6601D inthe
injected knee joints was studied by
summing the total scores for parame-
ters (1) and (I1) at the start of the study
(baseline score) and one week after the
final injection (endpoint score). (I) The
degree of joint pain was based on three
different categories.pain at rest, painin
motion and pain in passive motion,
using a 4-step rating scale of 0 = none,
1=mild, 2 = moderate, and 3 = severe.
(I1) The degree of joint inflammation
was based on three different categories:
swelling, floating patella and local
warmth, using a 4-step rating scale of
0O=none, 1=mild, 2=moderate, and 3 =

severe. Improvement in both degrees
was evaluated by comparing the total
scores at the baseline and endpoint.
The final globa improvement rate
(FGIR) was expressed as the % change
from the baseline score with the fol-
lowing formula:

FGIR = 100% x (baseline score - end-
point score) / baseline score

Both the baseline and endpoint scores
were obtained by summing the scores
for the parameters | and I as described
above. Patients who showed 3 50%
were categorized as responders and
those with FGIR < 50% as non-respon-
ders.

The patient’s self-assessment for pain
on walking was studied by avisual ana-
logue scale (VAS; 0-100 mm).

Measurement of biochemical
parameters

PGE2 and cytokines: Levels of PGE2
in the synovia fluid and plasma were
assessed by RIA (PGE2 [**°I] assay
system, Amersham). The following
cytokines in the synovial fluid and the
serum were measured: TGF 1 (Human
TGF 1, R&D Systems) and TNF
(TNF EASIA, Medgenix-Diagnos-
tics) analyzed by EIA, and IL-1RA (IL-
lraHuman ELISA system,Amersham)
analyzed by ELISA.
Glycosaminoglycans (GAGS): Levels
of C4S and C6S in the synovia fluid
were analyzed by high performance
liquid chromatography (HPLC). HPLC
analysis of the unsaturated disaccha-
rides: di-4S and  di-6S, derived
from CS was performed according to
the method of Shinmei et al. (18).

Systemic clinical assessment

Systemic clinical assessment included
the examination of C-reactive protein
(CRP; mg/dl), Westergren's erythro-
cyte sedimentation rate (ESR; mm/h)
and duration of early morning stiffness
(EMS; min) before and after the SI-
6601D clinicdl trial.

Safety assessment

Drug safety was monitored at all visits
and at the completion of the study, or
upon withdrawal from the trial ,through
laboratory tests that included a com-
plete blood cell count, urinaysis, and
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blood chemistry. The overall safety rate
was evaluated on the basis of the com-
bination of the treatment-related clini-
cal adverse reactions and abnormal |ab-
oratory data observed during the entire

study.

Follow-up monitoring of improvement
As symptoms of pain in motion and
swelling were recognized in al the
patients at the beginning of the present
study, we investigated a follow-up
monitoring of the improvements in
pain in motion and swelling, and radi-
ographical changes of the knee at arbi-
trary points (approximately 1-2 years)
after the end of the study.

Satigtical analysis

Quantitative variables were expressed
as mean £ SEM. The statistical signifi-
cance of changes from baseline was
tested by Wilcoxon's signed rank test.
The reason for using a non-parametric
method was that these variables were
not normally distributed.

Results

Patients

The demographic background of the 25
patients is presented in Table |. The
patients are divided into two groups (13
responders and 12 non-responders) ac-
cording to the efficacy of SI-6601D.
No statisticaly significant differences
were observed between the responder
and the non-responder groupsin terms
of age, sex, body weight, disease dura-
tion, diagnosis, and concurrent medica-
tion. The ACR criteriaat baseline of the
25 patients is presented in Table 1. No
differences were observed in the crite-
ria between the responder and non-
responder groups.

Local clinical symptoms

Both pain scores (from 4.48 + 0.44 to
2.60+0.52, p < 0.0001) (Fig. 1A) and
inflammatory symptom scores (from
4.48 + 0.04 to 2.28 + 0.56, p < 0.0001)
(Fig.1B) were significantly decreased,
and so was the volume of synovid fluid
(SFV) (from 18.7 £ 3.20 ml to 13.8 £
3.23 ml, p< 0.05) (Fig. 1C) after the SI-
6601D treatment. Also, VAS pain by
patient’s self|-assessment (from 56.2 £
3.31 mmto 38.0 £ 3.71 mm,p < 0.001)
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Table |. Demographic profile of the patients.

Demographic characteristics Total patients Responders Non-responders
(n=25) (n=13) (n=12)
Age (year)
Mean + SEM 60.6 + 2.20 59.5 + 3.66 61.8+ 2.86
Range (30-76) (30-74) (42-76)
Sex
Made: Femae 3:22 2:11 1:11
Weight(kg)
Mean + SEM 50.8+ 1.62 48.8+2.18 53.0+ 235
Range (38-70) (38-70) (42-70)
Disease duration (year)
Mean + SEM 8.97 +1.09 7.00+1.20 111+ 1.69
Range (0.83-24) (1-16) (0.83-24)
Diagnosis
Stagel 0 0 0
I} 8 (32%) 4 (31%) 4 (33%)
I 5 (20%) 3(23%) 2 (17%)
v 12 (48%) 6 (46%) 6 (50%)
Class1 1 (4%) 1 (8%) 0
2 17 (68%) 10 (77%) 7 (58%)
3 7 (28%) 2 (15%) 5 (42%)
4 0 0 0
Concurrent medication
Corticosteroid (£ 5 mg/day) 17 (68%) 11 (85%) 6 (50%)
NSAIDs 22 (88%) 13 (100%) 9 (75%)
DMARDs 23 (92%) 12 (92%) 11 (92%)
Detail:
Methotrexate 4 1 3
D-penicillamine 6 2 4
Bucillamine 3 2 1
Sulfasalazine 3 2 1
Injectable gold 7 5 2
Tablell. The ACR criteria at baseline.
Criterion Total patients Responders Non-responders
(n=25) (n=13) (n=12)
Morning stiffness Yes 19 11 8
No 6 2 4
Arthritis® 3jointareas  Yes 24 13 11
No 1 0 1
Arthritis of hand joints Yes 24 13 11
No 1 0 1
Symmetric arthritis Yes 24 13 11
No 1 0 1
Rheumatoid nodules Yes 3 1 2
No 22 12 10
Rheumatoid factor Yes 24 13 11
No 1 0 1
Radiographic change Yes 24 13 11
No 1 0 1
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(Fig.1D) was significantly decreased
after the SI-6601D treatment.

Local biochemical parameters

PGE2 and cytokines. Level of PGE2 in
the synovial fluid was significantly
decreased (from 330+ 67.5 pg/ml to
236+ 52.0 pg/ml, p<0.05) after the
treatment with SI-6601D (Fig 2). How-
ever, the levelsof TGF 1 (from 2401 +
320 pg/ml to 2953 + 453 pg/ml), TNF
(from 57.8 + 7.29 pg/ml to 59.6 + 10.8
pg/ml) and IL-1RA (from 37821+
10833 pg/ml to 44651 + 15371 pg/ml)
in the synovial fluid were statistically
unchanged.

GAGs. C4S level in the synovia fluid
was significantly decreased (from 21.0
1 2.24 nmol/ml to 17.4 + 1.66 nmol/ml,
p<0.05) (Fig. 3). While that of C6S
(from 31.0£5.95 nmol/ml to 25.6 +
4.35 nmol/ml) was insignificantly de-
creased by SI-6601D.

Comparison of biochemical para-
meters between responders and
non-responders

In the synovia fluid, significant de-
creases in the responders were ob-
served for PGE2 (from 305+ 70.8 pg/
ml to 194 + 63.5 pg/ml, p < 0.05) (Fig.
4A), C4S (from 25.8 + 3.08 nmol/ml to
19.4 + 2.23 nmol/ml, p<0.01) (Fig. 4B)
and C6S (from 42.2 + 8.86 nmol/ ml to
30.5 £ 6.13 nmol/ml, p < 0.01) (Fig.
4C) after treatment with SI-6601D. The
levels of TGF 1(from 3119 +523 pg/
ml to 3549 + 735 pg/ml), TNF (from
70.9+ 12.0 pg/ml to 62.8 + 16.8 pg/ml)
and IL-1RA (from 56619 + 19535 pg/
ml to 49033+ 22891 pg/ml) in the re-
sponder group were significantly un-
changed. All the biochemical parame-
ters studied in the synovial fluid were
insignificantly changed in the non-
responders.

Systemic change of PGE2 and
cytokines

Plasma level of PGE2 (from 1854+
454 pg/ml to 1421 + 361 pg/ml) wasin-
significantly changed (Fig. 2). Similar-
ly, the serum levels of TGF 1(from
49972 + 3656 pg/ml to 51124 + 3911
pg/ml), TNF (from 25.0 + 2.55 pg/ml
10 26.7+2.69 pg/ml) and IL-1RA (from
425 + 82.0 pg/ml to 417 + 70.5 pg/ml)
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Fig. 2. PGE2 levelsin the synovial fluid and serum. The values represent the means + SEM. N.S: not

significant.

were basically unchanged during the
study.

Comparison of local and systemic
levels of PGE2 and cytokines

Both the plasmalevel of PGE2 (Fig. 2)
and serum level of TGF 1 were signif-
icantly higher (p < 0.0001) (1854 + 454

pag/ml and 49972 + 3656 pg/ml, respec-
tively) than their levels in the synovial
fluid (330 = 67.5 pg/ml and 2401 + 320
pag/ml, respectively). Both TNF and
IL-1RA were significantly higher (p<
0.001) in the synovid fluid (57.8+7.29
pg/ml and 37821+ 10833 pg/ml, re-
spectively) than in the serum (25.0 +
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2.55 pg/ml and 425+ 82.0 pg/ml, re-
spectively).

Systemic clinical assessment

The mean CRPvaueswere4.14 + 0.76
mg/dl before the treatment and 3.47 £
0.63 mg/ml after the treatment, the
mean ESR values were 76.3+ 7.76 mm/
h before the treatment and 74.4 = 7.90
mm/h after the treatment, and the mean
EMS values were 52.4 £ 18.8 min be-
fore the treatment and 48.5+15.7 min
after the treatment. These inflammato-
ry measurements did not change signif-
icantly before and after the treatment.

Adver se events and |aboratory
abnormalities

In the 25 patients, one adverse event
occurred, with one patient withdrawn
after receiving 4 injections of SlI-
6601D due to aggravation of systemic
rheumatoid inflammation. This adverse
event was probably not related to Sl-
6601D, and no laboratory abnormali-
ties unequivocally related to the treat-
ment were observed during the entire
study.

Discussion

In the present study, intra-articular
injection of SI-6601D improved the
local symptoms and reduced the syn-
ovial fluid volume with an associated
suppression of the PGE2 level. PGE2 is
known to enhance vascular permeabili-
ty (19) to induce hydrops, potentiate
the nociceptive activity of bradykinin,
and amplify the pain perception (20).
Punzi et al. (21) reported that HMW-
HA suppressed synovial fluid PGE2
levels in 8 patients with various types
of arthritisincluding 4 with RA.

We also observed a decrease in PGE2,
while TNF levels remained relatively
constant. Since TNF is a possible
stimulator of PGE2 production in lym-
phocytes and macrophages (14), the
results suggest that SI-6601D may
directly suppress PGE2 production by
the inflammatory cells.

The ratio of PGE2 reduction, which
was similar to the result by Punzi et al.
(21), was moderate. However, Sl-
6601D significantly improved the local
painin RA patients. The results suggest
that not only a reduction of the chemi-
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cal mediators but also the improvement
of articular lubrication with normaliza
tion of hyaluronan in RA synovial fluid
(15) is important to improve the local
symptoms.

We observed a reduction in C4S levels
in the synovia fluid after the SI-6601D
treatment. Furthermore, synovia fluid
C6S and CA4S levels were decreased in
the responders. The synovial fluid con-
tains CS isomers, C6S, C4S and COS,
as minor components (22). Since more
than 90% of the CS isomer in human
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articular cartilage is C6S (23) and there
isonly atrace leve in blood (24), itis
possible that most synovia fluid C6S
originates from the articular cartilage.
On the other hand, C4S in synovia
fluid may be derived not only from arti-
cular cartilage but also from the plasma
(24), which predominantly contains
C4Sand COS (25). The C4S level in the
synovial fluid of RA patients was high
er than that of OA, suggesting a corre-
lation with the degree of synovitis (18).
Reduction in the C4S leve in the syn-
ovial fluid may thus be partly attributed
to the improvement of synovitis by SI-
6601D. Furthermore, the reduction in
the synovial fluid C6S level in respon-
ders suggests a protective effect of Sl-
6601D against cartilage degradation.
Therefore relief of joint symptoms may
reflect not only the improvement of
synovitis, but also the prevention of
cartilage destruction.

The fact that both systemic biochemi-
cal and clinical parameters were basi-
cally unchanged during the study may
suggest a local effect of SI-6601D in
RA knees.

The synovial fluid levels of TNF and
IL-1RA were found to be higher than
the systemic levels, in line with an ear-
lier report concerning interleukin-6 in
RA patients (26). In contrast, the sys-
temic levels of PGE2 and TGF 1 were
higher than the synovial fluid values.
This is the first report that has moni-
tored the both local and systemic para-
meters obtained simultaneously.

The follow-up investigation demon-
strated a long term improvement in
pain on motion in 8 patients (32%) and
in swelling in 11 patients (44%), last-
ing for at least one year, while radi-
ographically assessed joint damage
showed no further deterioration in 11
cases (44%). This follow-up monitor-
ing suggested that the treatment with
SI-6601D once every week for 5 con-
secutive weeks may have lasting bene-
ficial effectsin RA kneejoaints.

In conclusion, the present multicenter
trial suggests the clinical usefulness of

Fig. 4. PGE2 (A), C4S(B) and C6S (C) levels
in the synovia fluid divided the responder and
non-responder groups. The values represent the
means + SEM. N.S: not significant.
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Sl-

6601D for local therapy in RA pa

tients. SI-6601D may act in part
through its mild anti-inflammatory
action by suppressing PGE2 produc-
tioninjoints.
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