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Abstract-Seven antirheumatic drugs were tested for their possible inhibition of collagenolytic activity 
of cathepsin BI. Arteparon, Antilysin, Sanocrysin and phenylbutazone were found to be potent inhibi- 
tors of collagenolytic activity of cathepsin Bl. Indomethacin and flufenamic acid were weak inhibitors, 
flurbiprofen was ineffective. A possible mechanism of action is discussed. 

Lysosomal enzymes play an important role in the 
pathogenesis of rheumatic diseases and in the degra- 
dation of the connective tissue. One of the enzymes 
is cathepsin Bl a thiol-dependent protease of lysoso- 
ma1 origin with a broad spectrum of specificity. It 
degrades the synthetic substrates Bz-Arg-NH,, BZ-DL- 
Arg-NHC,H,NO,, Bz-or_-Arg-NHC,,,H,, Bz-Arg- 
OET at optimum pH 6.0 [ 1). Proteoglycanes and col- 
lagen are important natural substrates of cathepsin 
Bl. Cathepsin Bl degrades the protein core of proteo- 
glycans in a similar way as does papain [2]. It 
degrades native collagen in solution in the presence 
of EDTA and cysteine the pH optimum being 4.5-5.0. 
The initial action at 24” is cleavage of collagen mol- 
ecule in its non-helical region containing cross-links. 
The enzyme also attacks the helical region of collagen 
and low molecular weight peptides occur [3]. The 
mechanism of collagenolytic activity of cathepsin Bl 
differs substantially from that of mammalian neutral 
collagenase which degrades the collagen molecule first 
in its helical part into two discrete fragments [4]. 
Cathepsin Bl degraded also insoluble collagen with 
a pH optimum below 4 and in vitro reconstituted col- 
lagen fibrils with a pH optimum about 5.6 [3]. 

It seems the cathepsin Bl together with collageno- 
lytic cathepsin are responsible for the collagenolytic 
activity of lysosomal extract at acidic pH [S]. They 
play an important role in intracellular degradation 
of collagen although their extracellular activity can- 
not be excluded. 

Kruze et al. [6] have studied the effects of antirheu- 
matic drugs with the synthetic substrate 
Bz-DL-Arg-NHC,,H, on the activity of cathepsin B I. 
They found out that there are several antirheumatic 
drugs that inhibit the activity of cathepsin Bl. Our 
work was aimed at the study of the effects of antirheu- 
matic drugs on the collagenolytic activity of cathepsin 
Bl. 

Abbreviations used: Bz-Arg-NH,, a-N-benzoyl-t- 
arginine-amide; Bz-tx-Arg-NHC,H,NO,. a-N-benzoyl- 
rx-arginine p-nitroanilide; Bz-tx-Arg-NHC,,H,, a-N-ben- 
zoyl-DL-arginine 2-naphthylamide; Bz-Arg-OET, I-N-ben- 
zoyk-arginine ethyl ester. 

MATERIALS AND METHODS 

Isolation and purification of cathepsin Bl. Cathepsin 
Bl was isolated from bovine spleen by the method 
Keilova and TomaSek [7]. The final purification of 
the enzyme was achieved by affinity chromatography 
on a mercurial Sepharose column. Enzyme from the 
inactive mercury form was released with dithioery- 
threitol and the free mercury was removed by ultra- 
filtration through an UM-10 Amicon membrane. 

The enzymatic activity of cathepsin Bl was deter- 
mined in terms of hydrolysis of Bz-DL-Arg- 
NHC,H,NO,, as substrate using a procedure de- 
scribed by Keilova and TotmlSek [7]. The quantity 
of the enzyme which cleaved 1 mole of a substrate 
in 1 min under the conditions described was taken 
for one unit (U). 

Substrate preparation. The acid-extracted radioac- 
tive collagen was prepared after injecting 40-day-old 
Wistar rats intraperitoneally with uniformly labelled 
[r4C-]glycine (70 mCi/mmole). Each rat received 
50 PC of isotope 72, 60, 48, 24 and 12 hr before sacri- 
fice [8]. The acid-extractable collagen was purified 
as described by Kang et al. [9]; it had radioactivity 
22.000 d.p.m./mg. 

The reconstituted r4C-labelled collagen fibrils were 
prepared by heating 2 mg/ml solutions of collagen 
containing 50 mM Tris-HCl buffer, pH 7.4 with 0.2 M 
NaCl at 35” overnight. The reconstituted fibrils were 
incubated with trypsin to check that the collagen had 
not been denatured during preparation and with clos- 
tridial collagenase to measure total fibril lysis [lo]. 

Assay of collagenolytic activity of cathepsin BI. The 
collagen fibrils (approx. 0.75 mg collagen) were resus- 
pended in the 0.9 ml 0.1 M phosphate buffer of pH 
6 containing 1 mM EDTA (disodium salt) with or 

without drugs by shaking. 12 mU of cathepsin Bl was 
preincubated in the 0.1 ml phosphate buffer contain- 
ing 6 mM dithioerythreitol 20 min at the room tem- 
perature. After the enzyme was added to the substrate 
the reaction mixture was incubated at 35” for 
20 hr. Controls with phosphate buffer containing 
dithioerythreitol in place of enzyme and blanks con- 
taining appropriate buffers without drugs were also 
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included and the pH of each reaction mixture was 
checked. 

At the end of the incubation period the unchanged 
collagen was removed by centrifugation 10,OOOg for 
20min and the radioactivity released was measured 
as described by Werb and Burleigh [lo]. Results are 
expressed as a percentage of total fibril lysis after sub- 
traction of the buffer control values. The fibril lysis 
in the presence and absence of drugs was compared. 

Drugs. The following drugs were were used in the 
experiments: indomethacin (Indren), phenylbutazone 
(Fenylbutazon), inhibitor of proteases from lung 
(Antilysin-polypeptide of molecular weight 6511) all 
manufactured by Spofa, Czechoslovakia; flurbiprofen 
(2-(~uorobiphenylyl)propioni~ acid) from Boots, Eng- 
land; sodium aurothiosulphate (Sanocrysine) pro- 
duced by Ferrosan, Denmark; Aufenamic acid from 
Parke and Davis, England and Arteparon (glycos- 
amino~ycan ~lysulfate) from Luitpold Werk, West 
Germany. 

in uiuo [12,13] as well. The inhibitory effect of 
phenylbutazone on the enzymatic activity of cathep 
sin Bl with low-molecular substrate Bz-Dr.-Arg- 
NHC,,H7 was described by Kruze, Fehr and B&i 
[6J. It is known that ph~ylbu~zone as an acidic 
drug is able to interact with basic groups of proteins 
[14]. It is therefore quite possible that the inhibition 
of the collagenolytic activity of cathepsin Bl with 
phenylbutazone results from its interaction both with 
collagen and cathepsin Bi. 

Indomethacin inhibits the collagenolytic activity of 
cathepsin Bl about 50 per cent less than phenylbuta- 
zone. This drug also shows an inhibitory activity 
when Bz-tn.-Arg-NHC,sH, is used as substrate [6]. 
Other nonsteroi~l antirheu~tic drugs such as llu- 
fenamic acid and flurbiprofen showed only weak or 
no effects on the collagenolytic activity of cathepsin 
Bl. 

Drugs not soluble in 0.1 M phosphate buffer (indo- 
methacin. phenylbutazone, flurbiprofen and flufena- 
mic acid) were first dissolved in a small volume of 
dimethyl sulphoxide (1%). 

RESULTS AND DISCUSSION 

The tissue extracts in our group of tested antirheu- 
matic drugs were represented by Arteparon and Anti- 
lysin. Table 1 and Fig. 1 showed that Arteparon is 
a very potent inhibitor of collagenolytic activity of 
cathepsin Bl. A 60 per cent inhibition could be 
observed with phenylbu~zone and ~tily~n in 1 mM 
concentration whereas Arteparon had the same in- 
hibitory activity in a concentration 250 times lower 
(4 @I). 

The effect of antirheumatic drugs on the collageno- Arteparon contains sulfonated glycosaminoglycan 
lytic activity of cathepsin Bl is presented in Table chains and it has favourable effects ~rticu~rly in the 
1. Phenylbutazone, Antilysin, Arteparon and Sanocry- case of degenerative joint diseases. Arteparon inhibits 
sine were the most potent inhibitors. Indomethacin, other lysosomal enzymes taking part in dissociation 
flufenamic acid were weak inhibitors, flurbiprofen had of mucopolysaccharides of cartilage, such as /I-glucur- 
no inhibitory effect. onidase, /&alactosidase, etc. [ 151. 

In the group of nonsteroidal antirheumatic drugs 
the most distinct inhibitory effect on the collagenoly- 
tic activity of cathepsin Bl showed phenylbutazone. 
This result is in agreement with the observation that 
phenyibu~zone inhibits the collagenolytic activity of 
lysosomal extract at acid pH in vitro [i I] and de- 
creases the collagenolytic activity in inflamed tissues 

Dettmer [16] described the binding of Arteparon 
on the surface of collagen fibrils and cumulation of 
this drug in the cartilage. The interaction between 
Arteparon and the collagen fibrils has been proved 
also by our finding that Arteparon prevents the col- 
lagen iibrils from dissolving at pH 6 (Fig. 1). It is 
known that the collagen fibrils dissolve spontaneously 

Table 1. Effect of ant~rheumatic drugs on collagenol~i~ activity of cath- 
epsin Bl 

Drugs 

Phenylbutazone 

Indomethacin 

Flufenamic acid 

Flurbiprofen 
Antilysin 

Arteparon 

Sanocrysine* 

Concentration 
(mM) 

0.5 
1.0 
0.5 
1.0 
0.5 
1.0 

0.5 1.0 
0.5 
1.0 
0.5 
1.0 
0.5 
1.0 

Inhibition 
(%) 

22.5 
57.2 
9.4 

22.1 
5.1 

14.1 

8 
30.0 
63.0 

100.0 
100.0 
53.1 
81.0 

The assay system contained 0.9 ml of a suspension of r~onstituted 
collagen fibrils (0.75 mg collagen) in a 0.1 M phosphate buffer pH 6 
containing 1 mM EDTA and drugs and 0.1 ml of enzyme solution 
(12 mU of enzyme). 

*The concentration of EDTA was 0.5 mM when Sanocrysine was 
assayed. 
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1. Effect of different concentrations of Arteparon on 
collagenolytic activity of cathepsin Bl --, and on 
solubihzation of the collagen fibrils at pH 6 in the 

absence of enzyme ---. 

in an acidic medium. While in the case of controls 
as much as 23 per cent of the collagen fibrils dissolved 
at 35”, only 4 per cent of the collagen fibrils dissolved 
in the presence of Arteparon in 10pM concentration 
(Fig. 1). It is therefore quite probable that the inhibi- 
tion of the collagenolytic activity of cathepsin Bl with 
Arteparon is due to its effects on both the substrate 
and the enzyme. 

Antilysin is a polypeptide inhibitor isolated from 
bovine lungs. It inhibits kallikrein and some serine 
proteases [17]. It was found to be a strong inhibitor 
of the collagenolytic activity of cathepsin Bl but with- 
out any affects on dissolving of the collagen fibrils. 

Sanocrysin was after Arteparon the most active in- 
hibitor of collagenolytic activity of cathepsin Bl. 
There was an 81 per cent inhibition of the cathepsin 
Bl in the presence of this gold containing drug in 
1 mM concentration (Table 1). It is probable that gold 
as a heavy metal could block the thiol group in the 
active centre of the enzyme. Gold is known to inhibit 
the activities of several lysosomal enzymes, such as 
human cathepsin Bl [IS], /I-glucuronidase, acidic 
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Fig. 2. Effect of different concentrations of Sanocrysine on 
the collagenolytic activity of cathepsin Bl -, and on 
the solubihzation of the collagen fibrils at pH 6 in the 

absence of enzyme ---. 

phosphatase [19] as well as leucocyte collagenase 
lm. 

The results of our experiment showed further that 
Sanocrysin also stabilises the collagen fibrils in vitro 

at pH 6 preventing their dissolution (Fig. 2). 
The inhibitory effects of some tested antirheumatic 

drugs on the collagenolytic activity of cathepsin Bl 
could be partially explained by the interaction of 
these drugs and the substrate. Considering the experi- 
ments carried out by Kruze et al. [6] who found the 
inhibition of the hydrolytic activity of cathepsin Bl 
with these drugs when using the synthetic substrate 
Bz-DL-Arg-NHC,,H,, one cannot exclude their dir- 
rect effect on the enzyme. It is therefore quite possible 
that in the course of the inhibition of the collagenoly- 
tic activity of cathepsin Bl both mechanisms are 
operating. 

It is difficult to discuss the results from the stand- 
point of clinical therapy. Although some of the used 
concentrations of tested drugs are higher than the 
therapeutic blood levels we must point out the differ- 
ence between the concentrations in blood and in the 
target tissue. It appears that especially acidic nonster- 
oidal antirheumatic drugs accumulate specifically in 
inflamed tissue [21] and therefore attained concen- 
trations of these drugs could be high enough to in- 
hibit cathepsin Bl in uiuo. As some of the antirheuma- 
tic drugs accumulate significantly in lysosomes their 
intracellular inhibitory effect on cathepsin Bl could 
not be ruled out [22]. 

1. 

2. 

3. 

4. 

5. 
6. 

7. 
8. 

9. 

10. 

11. 
12. 
13. 

14. 

15. 

16. 
17. 

K. Otto, in Tissue Proteinuses (Eds A. J. Barrett 
and J. T. Dingle) p. I North-Holland, Amsterdam 
(1971). 
R. I. G. Morrison, A. J. Barrett, J. T. Dingle and D. 
Prior, Biochem. biophys. Acta 302, 411 (1973). 
M. C. Burleigh, A. J. Barrett and G. S. Lazarus, Bio- 
them. J. 137, 387 (1974). 
J. Cross, in Chemistry and Molecular Biokqy of the 
Intercellular Matrix (Ed. E. A. Balazs) vol. 3, p. 1623. 
Academic Press, New York (1970). 
D. J. Etherington, Biochem. J. 153, 199 (1976). 
D. Kruze. K. Fehr and A. Boni. Z. Rheumatul. 35. 
95 (1976) 
H. Keilova and V. TomaSek, FEBS Lett. 29, 335 (1973). 
G. S. Lazarus. J. R. Daniels, R. S. Brown. H. A. Bladen 
and H. M. Fullmer, J. clin. Invest. 47, 2622 (1968). 
A. H. Kang, Y. Nagai, K. A. Piez and J. Gross, Bio- 
chemistry 5, 509 (1966). 
Z. Werb and M. C. Burleigh, Biochem. J. 137, 373 
(1974). 
A. J. Anderson, B&hem. J. 113, 457 (1969). 
A. J. Anderson, Ann. rheum. Dis. 29, 307 (1970). 
M. StanEikova and K. Trnavsky, Path. Biol. 22, 671 
(1974). 
M. C. Meyer and D. E. Guttman, J. pharm. Sci. 57, 
895 (1968). 
H. Greihng and M. Kaneko, Arzneimittel- Forsch. 23, 
593 (1973). 
N. Dettmer, Z. Reumaforsch. 25, 122 (1966). 
J. KoEi, M. Rybak and V. Mansfeld, Collection 27, 
2119 (1962). 

18. A. J. Barrett, B&hem. J. 131, 809 (1973). 
19. S. Peltemaa, Actu rheum. stand. 14, 161 (1968). 

REFERENCES 



2124 M. STAN&cOv& K. TRNAVSK? and H. KEIU)V~ 

20. E. Wojtecka-Lukasik and A. M. Dancewicz, Biochem. 22. G. Weissmann, in Rheumatoid Arthritis-Pathogenetic 
Pharmac. 23, 2011 (1974). Mechanisms and Consequences in Therapeutics (Eds M. 

21. P. Graf, M. Glatt and K. Brune, Experientia 31, 951 Miiller, H.-G. Harwerth and K. Fehr) p. 152. Academic 
(1975). Press, London (197 1). 


