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SUMMARY: Six gold(l) salts, some of which are used as drugs 
Tn-c-~sotherapy, are shown to be inhibitors of two forms of 
human neutrophil collagenase. The IC50 values vary over six 
orders of magnitude, the lowest bei~3.5 nM for Myocrisin. 
Thus, inhibition is greatly affected by the identity of the 
ligands to the gold(l) atom. The inhibition of collagenase 
by these gold(l) salts may be a partial basis for their anti- 
arthritic action. ©1987AeademicPress, lnc. 

Chrysotherapy, the use of gold(I) salts to treat 

rheumatoid arthritis, has been a useful clinical tool for 

over 50 years (I). The earliest chrysotherapeutic drugs were 

gold(1)-thiol complexes such as Sanocrisin, Myocrisin and 

Solganol that were administered parenterally (2). The recent 

development of orally active gold(l) salts with one or more 

phosphine ligands such as Auranofin (3-5) has stimulated 

renewed interest in the chemistry, pharmacology and clinical 

action of these drugs. 

The mechanism by which gold(I) salts induce arthritic 

remission is generally believed to involve alteration of 

inflammatory cell function (6-9). Neutrophils constitute 

over 90% of the cells in the synovial fluid of arthritic 

joints (I0) and are found at the panus-cartilage junction 

(II). Since neutrophils contain proteinases capable of 

connective tissue destruction (12-15), these cells may 

0006-291X/87 $1.50 
Copyr~ht © 1987 ~ Aca~m~ Press, ~c. 

101 AH r ~  ~ repro~c~n m aM ~rm reserve~ 



Vol. 144, No. 1, 1987 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

contribute markedly to the pathophysiology of arthritic 

joints. Indeed, one often postulated mechanism of action of 

gold(I) salts is the inhibition of neutrophil proteinase 

release and/or activity (16-24). In this study, we 

demonstrate that six gold(I) drugs are inhibitors of human 

neutrophil collagenase (HNC). 

MATERIALS AND METHODS 

Solganol (aurothioglucose), thioglucose, My0crisin 
(sodium gold thiomalate), thiomalic acid and l-Thio-B-D- 
glucopyranose 2,3,4,6-tetraacetate (thioglucose tetraacetate) 
were purchased from Sigma Chemical Company, Sanocrisin 
(sodium gold thiosulfate) was obtained from Pfaltz and Bauer, 
triethylphosphine oxide from Aldrich and sodium thiosulfate 
from J. T. Baker. Auranofin [(l-Thio-B-D-glucopyranose 
2,3,4,6-tetraacetato-S)(triethylphosphine) gold, SKF D- 
39162], chloro(triethylphosphine) gold (SKF 36914) and 
bis(triethylphosphine) gold chloride (SKF 80544) were gifts 
of Smith, Kline and French Laboratories. Latent HNC was 
purified from a crude human neutrophil extract that had been 
treated with phenylmethylsulfonylfluoride (PMSF) by 
sequential chromatography over Reactive Red-120 Agarose 
(Sigma), Sephacryl S-200 and an affinity resin consisting of 
Pro-Leu-GIy-NHOH immobilized on CH-Sepharose 4B (25). The 
active enzyme was isolated by the same procedure, except that 
PMSF was not added to the neutrophil extract to inhibit 
proteolysis. 

Collagenase activity was measure~ by monitoring the 
initial rate of hydrolysis of soluble [OH]acetylated type I 
rat tail tendon collagen in solution (26,27). Assays were 
carried out at 30°C in 50 mM Tricine, I0 mM CaCI2, 0.5 ~M 
ZnSOA, 0.2 M NaCI, pH 7.5 at a substrate concentration of I00 
~g/m~l. Latent HNC was activated with 0.I mM p- 
chloromercuribenzoate (PCMB) for 30 minutes prior to the 
inhibition experiments. Samples of HNC were incubated with 
the gold(I) compounds in 960 ~I of assay buffer for five 
minutes after which the assay was started by addition of 40 
B1 of collagen stock solution. Auranofin and SKF 36914 were 
dissolved in methanol and the inhibition studies performed so 
that the final methanol concentration in the assay was 2% 
v/v, conditions under which HNC is over 90% active. The 
inhibition results are expressed as percentages of the 
activity of control assays in which no gold(I) compounds were 
present. 

RESULTS 

The structures of the six gold(I) salts examined in this 

study, as suggested from their molecular formulas, are shown 

in Figure I. Gold(I) is usually bidentate and recent EXAFS 
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Figure I. Structures, as indicated from their molecular 
formulas, of six gold(I) salts. 

data suggest that the gold(I) atoms of both Myocrisin and 

Solganol are, in fact, coordinated to a second bridging 

sulfur atom in both solid and solution (28,29). The 

inhibition of two forms of HNC by these gold(I) salts has 

been investigated. The first is latent HNC, which is 

inactive as isolated, but which can be reversibly activated 

by PCMB. The second form will be referred to as active HNC, 

since it is already active on isolation, presumably by virtue 

of limited proteolysis of latent HNC that occurred during 

extraction from the neutrophils. 

All six compounds inhibit PCMB-activated latent HNC, but 

their potencies vary markedly. The variations in inhibition 

observed as a function of the gold(I) salt concentrations are 

shown in Figure 2. The IC50 values are summarized in Table 1 

and vary from 0.79 mM for SKF 80544 to 3.5 nM for Myocrisin. 

Sanocrisin, Solganol and Myocrisin all have IC50 values 

below II nM. The possibility was considered that the 

inhibition observed by these salts was the result of the 
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Figure 2. Variation in the activity of PCMB-activated latent 
HNC as a function of the concentration of (D) SKF 
80544, (A) Auranofin, (O) SKF 36914, (l) 
Sanocrisin, (/k) Solganol and (O) Myocrisin. 
Collagenase assays were carried out in 50 mM 
Tricine, I0 mM CaCI2, 0.2 M NaCI, 0.5pM ZnS04, pH 
7.5 at 30°C. 

Table I. Inhibition of Human Neutrophil Collagenase 
by Gold(l) Drugs and Their Ligands 

zc50 (~M) 

Gold Drug Latent HNC Active Active HNC 
(ligand) + PCMB HNC + PCMB 

SKF 80544 790 1,300 1,300 
(triethylphosphine >I0,000 >I0,000 >I0,000 

oxide) 

SKF 36914 16 28 28 
(triethylphosphine >I0,000 >I0,000 >I0,000 

oxide) 

Auranofin 160 >500 >500 
(thioglucose 40 50 150 
tetraacetate) 

Sanocrisin 0.011 >I,000 0.063 
(thiosulfate) >I,000 >I,000 >I,000 

Solganol 0.011 >I,000 
(thioglucose) 25 390 

Myocrisin 0.0035 130 0.050 
(thiomalate) i00 >I00 >I00 
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gold(I) ligands, since HNC is a metalloenzyme and many of the 

ligands can chelate metal ions. Only thiomalate, thioglucose 

and thioglucose tetraacetate inhibit appreciably at 

concentrations below 1 mM. Thiosulfate and triethylphosphine 

oxide (the expected oxidation product of triethylphosphine 

after dissociation from gold(I)) are very poor inhibitors. 

Only in the case of Auranofin is the IC50 of the ligand 

similar to that of the gold(I) drug. Thus, at least for the 

other five compounds, the gold(I) atom is ultimately 

responsible for the inhibition observed here. 

Different results were found for HNC that had been 

isolated in active form. For this enzyme, PCMB is not 

required for activation and was initially omitted from the 

assays. Under these conditions, only SKF 36914 and Myocrisin 

have IC50 values below 200 ~M. With the exception of SKF 

36914 and SKF 80544, all of the IC50 values are markedly 

higher than those for PCMB-activated latent HNC. When the 

inhibition of active HNC was carried out in the presence of 

0.I mM PCMB, the IC50 values for Sanocrisin and Myocrisin 

dropped markedly, but were still not as low as the values for 

PCMB-activated latent HNC. The presence of the PCMB did not 

lower the IC50 values for SKF 80544, SKF 36914 or Auranofin 

while anomalous results (not shown) were found for Solganol. 

As with latent HNC, the inhibition observed for active HNC is 

not attributable to the ligands of the gold(I) drugs. 

No time dependence was observed for the inhibition of 

either form of HNC by any of these compounds. Although the 

assay takes five hours, there was no evidence from the assay 

curves that inhibition was increasing with time. Thus, the 

kinetics of interaction of these drugs with HNC are probably 

complete within one hour. 
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DISCUSSION 

With the aid of a new, quantitative collagenase assay 

(26,27), the present study demonstrates that all six gold(l) 

salts examined here inhibit PCMB-activated latent HNC. Only 

SKF 80544, SKF 36914 and Myocrisin, however, inhibit HNC that 

had been isolated in active form. The fact that PCMB greatly 

accentuates the inhibition of active HNC by Sanocrisin and 

Myocrisin strongly implies that it interacts with their thiol 

ligands to "free" the gold(l) atom for transfer to the 

enzyme. Inhibition by SKF 80544, SKF 36914 and Auranofin, 

all of which have at least one triethylphosphine ligand, is 

not affected by PCMB. The IC50 values for latent HNC vary 

over a remarkable six orders of magnitude. Apparently, the 

identity of the ligands to the gold(l) critically affects its 

reactivity or ability to interact with HNC. The IC50 value 

of 3.5 nM for Myocrisin presently makes it the best known 

synthetic inhibitor of any collagenase. 

The inhibition of HNC by these gold(l) salts suggests 

that this may be a basis for their anti-arthritic action. 

Cartilage is composed of type II collagen which is 

susceptible to attack by HNC. It is therefore possible that 

inhibition of HNC or of collagenases from other inflammatory 

or endogenous cells in synovium could be an important 

mechanism for chrysotherapy. The very potent inhibition of 

HNC by Myocrisin and Sanocrisin in the presence of PCMB 

suggests further that the inhibition may be aided by agents 

that liberate the gold(l) atom from its ligands. While it is 

known that gold(l) salts like Auranofin penetrate the 

synovial fluid of patients with rheumatoid arthritis, the 

identity of the ligands to the gold(l) at this site remain 

unknown (30). If the gold(l) atom in synovial fluid resides 

106 



Vol. 144, No. 1, 1987 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

in an environment that allows its efficient binding to HNC, 

or a similar collagenase, the results described herein could 

be clinically significant. 
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