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Background and Objectives:

Oral or intranasal administration of type-II collagen (CII) prevents laboratory animals from developing rheumatoid arthritis (RA), an
autoimmune disease '*), by immune tolerance ¥. It has been considered that native CII (N.CII) and the whole molecule of CII may
induce oral immune tolerance, but denatured CII (D.CII) or cleaved molecules of CII cannot do so . Our previous study, however,
showed that collagen-induced arthritis (CIA) in mice was prevented with D.CII and its fragments orally and intranasally administered
before CIA induction ®. The present paper describes (1) the therapeutic effect of CII intranasally administered after CIA induction and
(2) synergistic suppression of CIA by the combined administration of CII and diclofenac, an anti-inflammatory drug.

Materials and Methods:

Collagen: CII was extracted from chicken sternal cartilage by limited pepsin-digestion and purified by the salt-precipitation method-
Finally, CII was dissolved in 1.5 mM citric acid at a concentration of 10 mg/ml (referred to as “N.CII”). Autoclaved CII (referred to a5
“A.CII”) was prepared by heating N.CII for 20 min at 121°C. Bovine CII, used for induction of CIA, was similarly extracted from boviné
articular cartilage and dissolved in 10 mM acetic acid at a concentration of 4 mg/ml.

Anti-inflammatory drug: Diclofenac sodium (Sigma, St. Louis, MO), a nonsteroidal anti-inflammatory drug (NSAID) for RA
treatment 7, was suspended in 0.5% tragacanth gum (Sigma) at a concentration of 0.6 mg/ml.

Animals: Female DBA/1J mice, 6 weeks old, were purchased from Charles River Japan (Yokohama, Japan).
Preparation of CIA model mice: Bovine CII was emulsified with CFA (Difco Laboratories, Detroit, MI) at a ratio of 1:1 (v/v). A 0.1-ml
portion of the CII-CFA emulsion (200 pg CII) was intracutaneously injected at the tail base of each mouse (primary immunization)-
Then, a CII-IFA (Difco) emulsion was injected 21 days after the primary immunization.

Intranasal administration of collagen: In line with our previous study ¥, 200 pg of N.CII or A.CII was intranasally administered thre®
times a week.

Oral administration of diclofenac: In line with our preliminary toxicity test (data not shown), diclofenac was orally administered three
times a week (1 mg/kg body weight).

Assessment of CIA: Arthritis was scored from 0 to 3 depending on the severity every 2-3 days during the experimental period. The sum
of the four-paw scores of each mouse was defined as an arthritic index.

Determination of anti-CII antibodies: On the 30th day from the primary immunization, serum samples were collected from the mice
and anti-CII IgG1 and anti-CII IgG2a antibodies were determined by ELISA.

Results:

Prevention of CIA with N.CII, A.CII and diclofenac: Intranasal administration of A.CII significantly suppressed CIA, but that of N.ClI

did not. Oral administration of diclofenac did not suppress CIA (Fig. 1). Such tendencies were coincidentally observed with regard t0

onset of CIA (data not shown).
nerg prevention ¢ A by combined administration ¢ and diclofenac: Although individual administration of either N. cll

or dlclofenac did not suppress CIA, combined administration of the both significantly suppressed CIA. Similarly, the combined
administration of A.CII and diclofenac prevented CIA more markedly than did individual administration of A.CII (Fig.1).

Anti-CII antibodies in affected mice: In three diclofenac-administered groups, production of anti-CII IgG1 antibody was low (p<0.001)
No such a tendency was observed in the other groups except the A.ClI-administered group (p<0.05). Reduced production of anti-ClI
IgG2a antibody was observed the in N.CII- and A.CII-administered groups, whereas no such a tendency was observed in the control nof
the diclofenac-administered groups. Reduced production of anti-CII [gG2a was more marked in the A.CII group than N.CII group
Furthermore, combined administration of CII and diclofenac suppressed anti-CII IgG2a production more markedly than did individual
administration of N.CII or A.CII (Fig. 2).
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Discussion:

We observed that intranasal administration of A.CII lessened severity and suppressed onset of CIA in mice and A.CII suppressed
Production of IgG2a antibody, a complement-cascade-reaction activator 9. Such suppression occurred even after CIA induction,
Suggesting that intranasal administration of A.CII works not only preventively but also therapeutically. Moreover, the combined
administration of N.CII and diclofenac and that of A.CII and diclofenac suppressed CIA more markedly than did the individual

administration of N.CII, A.CII or diclofenac.

Conclusion:

(1) Intranasal administration of A.CII effectively suppressed CIA in mice even after CIA induction, suggesting a therapeutic effect of A.CII;
() Efficacy of A.CII was not inferior to that of diclorenac, an anti-inflammatory drug, and;

(3) Combined administration of CII and diclofenac synergistically suppressed CIA.
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