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Sv: Human cc-l-protknase inhibitor is inactivated by hman myelqm-oxidase 
inthepresence ofhydmgenperoxide andchlorideion. Several antiarthritic 
drugs and related cmpoti, including many containing gold, m tested as 
inhibitors of themyeloperoxidase system. Of the kenty-sixcmpomds used, 
twanty-two inhibited. Tkmostinportantfeature ofthesewas thepresenoaof 
asulfhydrylgroup. Therm&effective cm-pounds alsoware thenmsthydm- 
phobic. Tha presence of gold, on the other haml, made little differenoa to the 
amunt of inhibition. These drugs appear tohavemny effects, andtheirinhib- 
itionof tkmyeloperoxidase systemsuggests that this couldba one of them. 

H~~unatoidarthritisand~hysemaarediseasesofchronic~ acute 

inflmtionof the joints andlungswitheventualproteolytic degradationof 

the affected tissues. An important feature of inflamnatoqr lesions is the 

aamnulation of various cell types, including phagocytic cells, which reach the 

site of inflamnation in the circulating blood, pass through the vascular walls, 

andmveintoextracellular spaces. Polymorphonuclear leukocytes (PMN), which 

are phagocytic cells, contain both proteolytic (elastase and cathepsin G) and 

oxidative (qelqeroxidase) enzymaswhichare normally storedincytqlasmic 

granules. However, upon encountering imnune cmplexes, activated cmplenent 

factors, or apsonizedantigen, rapiddegranulationassociatedwithphagocytosis 

occurs and often leakage of the enzynes into the tissues themselves. Normllly, 

the major plasma proteinase inhibitor, a-1-proteinase inhibitor (c-l-PI) which 

can also penetrate vascular walls, exerts control on connective tissue proteo- 

lysis. Howaver, because of the massive infiltration of PMN leukocytes and the 

oxidative inactivation of u-l-PI by the myelqeroxidase-H,O,-Cl- system (1,2) 

(operative during phagmytosis), the abilityof tissuelevelsof this inhibitor 

0006-291X/82/170259-07$01.00/0 

259 
Copyright 0 I982 by Academic Press, Inc. 

All rights of reproduction in any form reserved. 



Vol. 108, No. 1, 1982 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

tcprotecttissues franproteolysis bemsmarkedly reduced. Thus uncontrolled 

digestionofconnective tissuesmay occur resulting in severe damage associated 

wiWdiseasessuchasrheuMtaidarthritisand~hysema. Indeed,evidencehas 

&enpresen&dthatthisprccessdoas occwinvivo, sinceinactive,oxidized 

Cc-l-PI has beendetectedandisolatedfranbothr~~~idsynovial fluid (3) 

and lung lavage fluid of patients with pulmonary emphysema (4). 

Various drugs have been used for the treatmnt of rhematoid arthritis. 

Tha approachhasbaenapragmticorre withattenptslatermade toinprm the 

beneficial effect by modification of the original druq. Orqanic gold canpounds 

and D-penicillamins are agents which have been useful in arresting tha pmgress 

of the disease, unlike aspirin which acts only as an analgesic. Auranofin, a 

recentlydevelopedcarpound, appears tobe less toxic thanearlierantiarthritic 

drugs. Them3chanismorsiteofactionofthese carpounds,hmever,isunknown, 

thouqh they appear to have many effects. Since they arrest the progress of the 

disease andthuspresmablyproteolytic deqradation,hypotheticallytkymightbe 

acting as antioxidantsinactivating the myelcperoxidase system, thereby sparing 

o-l-PI to continue to control prokolysis. 

In the current paper, the effectiwmss of twenty-six antiarthritic druqs 

andrelatedmopoundsininactivatinqthemyeloperoxidase systeminvitrois -- 

reported. 

Materials and I4zkhcds 

Materials 

Hman myelcperoxidase and &l-PI ware prepared as describd previously (5,6). 
Porcine pancreatic elastase, glucose oxidase, tert-Lutoxy-carbonyl-L-alanylp- 
nitrcphenyl ester, ard all inhibitor anpmmds except those containingqoldwzre 
purchasedfranSigmaChenk&LCo. The gold ccnpounds were a gift fran Dr. Blaine 
Sutton, Smith, Kline & French Laboratories, Philadelphia, PA. 

MethodS 

The inactivation of &l-PI w the myelqeroxidase system was perfonwd 
essentially as described by Matheson et al. (1) except that glucose and glucose 
oxidase~reusedtoqsnerateH0. 

Y&s& 
The standard reaction mixture contained 2.84 

l&l Q-l-PI, 0.86 nMayeloperoxl 60 HIM glucose, 1.25 U/ml glucose oxidase, 0.16 
M NaCl, and 0.2 M Na phosphate buffer, pH 6.1with a final volwe of 0.5 ml. 'Ik 
treatment and subsequentassayof the aliquots rewwedwredescribedbefore(1). 

The gold and related vunds were prepared in Na phosphate buffer, pH 6.1, 
directly, or inneatdimethylsulfoxideor acebnewith subsequentdilution in 
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Figure 1: Kineticplotof auranofininhibitcmof the nyeloperoxidase systen. 
The amcentratioIls of aucmofinindica~wzreincubatedwith the standard 
reaction mixture as descritid in &Mhcds with three concentrations of a-l-PI: 
0, 2.84 @I; 0, 2.13 @I: A, 1.42 @4. 

buffer to a final concentrationof 0.5 to 5% of solvent. At these concen- 
trations, the solvmts thenselves had no effect on any mqxment of the reaction 
mixtures. Final concentrations (usually three) of the caqmmdsin the reaction 
mixtures were such that the rates of inactivation of a-l-PI could be followed 
easily over the time of incubation. 

Results and Discussion 

When the myeloperoxidase-H$$,-Cl- system is incubated with cc-l-PI, the inhib 

itm rapidly loses activity (1). Additionof 'cwxtty-Mofthequnds tested 

to the reaction mixtures resulted in reduction in the loss of wl-PI activity. 

In order to detexminewhich structures were irrportant for inactivating thenyelo- 

peroxidase system, inhibition constants (Kits.) were calculated for several rel- 

ated anpom3.s. A plot of l/v versus i for auranofin at three concentrations of 

the substrate (*l-PI) (Fig.1) indicate that it is a non-ccsrpetitive inhibitor. 

Similarplots of the other ccnqmur& areinagrmt. 

The structures, and Kits derived fran the kinetic plots of the carpaunds, 

are listed in Table 1. It is obvious that the essential feature of these axn- 

pmndsis thepresenceof a sulfhydqlgrOq3. Fouxcaqxmndswhichlack sucha 
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TART3 1: THEEFFECTOFAtWIARTHW TICDRDGS ANDRELATED 

COMPOUNDS ON THE MYELCPEK)XII%SE SYSTEn 

COMPOUND 1 f6.W 1 COMPOUND 

Elt-pX2-CH2-S 
Au :. 4.9 

S-CHZ-Ctlt-6-EtZ 
3. OH I 

OAC 

6.2 

OAC 4. OAC 

OH 

9.6 

5 OLC I 

Et -Ethyl 
Il.6 Ac=Acetate 

6 
I$ = Phenol 

13 2 D-orL-penicillam~ne 

7 I 

- 
(i@ - 

18.4 

20.0 

41 0 

- 

59 0 

360 

COMPOUND Ki+M 
I 

L-cysteine 170 
14 

Gluiothione 175 
15. 

Gold thiomolate 180 
16. 

Sodium thiomalate 240 
17 

Triethylphosphine gold chloride 272 
I8 

bis(triethylphosphine)gold chloride 287 
19 

5-thio-D-glucose II00 
M. 

NADH I500 
21. 

NADPH 4100 

1. b-(1 -thio- B-D-glucqyrahose) 
phosphine) digold (l+) nitrate 

2,3,4,6-tetraacetato-S:s7 bis (triethyl- 

2. (2,3,4,6-tetra-C-acetyl-l-thioethyl-B-D-glucopyrahosa~S~ gold 
3. bis @- 2-(diethylphosphlno) ethanethiolato-P:g digold 
4. (2,3,4,6-tetra-O-acetyl-l-thio+&gluccpyranosatcA) (triethylplmsphine) 

gold (aurahofin) 
5. 2-thiouracil 
6. 2,3,4,6-tetraaostyl-6-~thiogluaxse (thiqlucose tetraaoetaka) 
7. 2-mercaptobenzoic acid (thiosalicylic acid) 
8. (2-ami.nobenzmethiolato-N,S) triethylphosphine gold 
9. (1-thic++glxopyranosato) gold 

10. 1-tie-B-D-glucose 
(gold thioglucose) 
(thioglucose) 

11. p-(1-thio-B-~glucopyranose) 2,3,4,6-betraacetato-S:q bis (triethyl- 
pimsphine) digold (l+) chloride 

12. (1,2,3,4-tetra-O-acetyl-6-thi~~-D-gluccpyranosato-S) triphenylphosphine 
gold 

13. bis b,2-bis (diethylphosphino)-et.hama] digold dichloride 

group (gold sodium chloride, triethylphosphine oxide, sodium malate, and 2,2'- 

dithiodipyridine) (not shown) were totally ineffective. The aqmundswith the 

largest Kits also lack a sulfhydryl group, although NADH and NADPH are also 

reducing agents. 

Another irqortantfeatme appears tobe thepresenceof hydrqhobicgro~s. 

Conpounds with tetraaceylated glucose are more hydrqhobic and thus mre effective 

thanCmqxmdswithglumse. Additional hydrophobic groups, including triethyl- 
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phines, are found in the canpounds with the lcwest Xi's in Table 1, Caqmunds 

with shortcarlmnchains audhydxophilic carlxxylgroups aremuchless effective 

thanthehydmphobic aqmmds. Perhapsthisrquirmentforhydrcphobicityis 

involved in the binding of the caqxnmds to myelqxxoxidase. 

The presence of gold, hmever, does not appear to be IIKESS~~~ to the 

inhibitionof themyelcperoxidase system. Ccqarisonof canpounds which are 

similar except for the presence or absence of gold indicates that the Iii's are 

only slightly lcwar if gold is present. 

Controlexperirwhtswere alsoperfomdinwhichthe effects of the cnn- 

purdsweredetennined for thepartial reactionsofthe totalmultienzym sys- 

tan. Noneof thepartial reactions (porcinepancreaticelastase - tert-butoxy- 

carbonyl-l-alanyl p-nitrophenyl ester, a-l-PI - porcine pancreatic elastase, 

or myeloperoxidase - glucose - glucose oxidase - guaiacol) wxe affectedby the 

cQtpounds tested. The lack of effect on myelqerotidase alone may indicate that 

theseaxpounds interfereonlywithanintemediate formdwhenityelcperoxidase, 

H202, and Cl- react. Also since these are non-ccqetitive inhibitors, theymust 

be bindingmtatthe active site but elsewhere on the enzym. 

The four antiarthritic drugs (auratmfin, gold thicglucose, !J-penicillamine, 

gold thicmalate) are all apparently equally effective in the treatnent of indiv- 

iduals withrhematiidarthritis although theirinvitroinhibitionof themyelo- -- 

peroxidase system appears to be quite different. Hover, in viva, these gold -- 

mqxwnds bindtovariousproteins (7), andcolledinvarious tissues, including 

the lysosaE!s of pha@c cells (8,9). Thus,perhaps thelocalmn~trations 

of these drugs may actually be high emugh for all to be egually effective in 

inhibitingthemyeloperoxidase system. 

Various kinds of in vitroexperin~ntsindicats that gold aqmmds have a -- 

multitude of effects including suppression of formation or release of chemical 

mediators of inflmmation (lo), cell prcduction in bone marrcw (ll), chenotaxis 

and cell migration (12), phagcqtosis (13,14), and interference with inmunologi- 

tally-mdiated processes (14,l5). Manyoftbaseeffectsappeartoreguirethe 

presence of gold in the drug. However, the effect on enzymes apparently requires 

only thepresence of a sulfhydqlgroup. As reportedinthepresentpaper, the 
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thiolnoiety in the inportmt feature, not the gold portion. It had previously 

beennotedkyothers thattheinactivationof sermelastaseinhibitorycapacity 

was prevented by D-penicillamirre, gold thicglucose, and gold thianalate (16). 

Gold thioglucose andgoldthiamlate have alsobeenshcwntiinhibitthely~ 

sat&enzymes, 6-glucuronidase andacidp~~~~,withreversdlbycysteine 

(17). In fact, there is evidence that the gold is released frun these carpounds 

andisboundtovariausproteinfradians,wfiiletheraMiningportionofthe 

molecules inhibits mnyenqmes by virtue of the thiolgroq (7). 

*=P= rinwtsdetailedintkispaperindicatethatantiarthriticacgents, 

inadditiontotheirmany~effeds,mi~tdLsobe actingtoprewantuncon- 

trolledproteolysis thmughpreventionofthe oxidationandinactivationof 

cl-l-PI, one of the major proteinase inhibitors fnm plasm. Since tl-ra etiology 

of eqhysma is apparentlythes~,theseantiarthriticdrugsmi~tbe 

effective as antiesphysematicdrugs aswell, thoughthishypothesishas not yet 

been tested. 
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