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LGUWAKY: Generation of suproxideanion (03 by@gccytizingbovineblood 
granulocytes andextracellular releaseof the anionwere similtaneouslyassayed 
by~asuringoxygenw~~andO~-dependentferri~ c reduction. 
Ozrelease, butnotgeneration, wasmrkedly inhibitedby 4-acetamido-4'- 
isothiocyano-stil2,2'-disulfonate and by I-anilim-8-naphtalene sulfonate, 
with au 1~0of about50 pM. Inhibitionof Ozreleasewas also observedwhen a 
prtionofNaC1inthecel.l suspndingnediumwas replacedbyNaNO3orNaSCN 
or Na salicylate, with the anions acting in the following order of potency: 
salicylate > SCN->NoT. 

Beductionof oxygento superoxideanion (02) ismarkedly increased in 

bothpolym3rphonuclearandm~nonuclearphagocytesafter~s~etoa~~ia- 

te particulate or soluble stimli (l-8). %ile mst of the generated 02 is li- 

kely oonvertedtoO2 andH202bythe actionof endogemus superoxide dismtase 

(9-II), part of the anion is released into the phagocytic vacuoles and/or into 

the extracellular space. !Ihis highly reactive cmpmdmytiusbeinvolvedin 

bacterial killing (1,12) and in tissue damage (13). 

The nature of the 02 -generating system, its subcellular localizatim, 

and the sechauism whereby its activity my be enhanced have partially been 

clarified (7,8,14-17). Iess clear is the mechanism by which 02 traverses the 

cellrmbrane toreach the surroundingmdiumandthe interior of the@agccy- 

tic vacuoles. 

Racently, Lynch and E'ridovich (18) have shcmn that OS, generated by 

xanthine oxidase within vesicles formed frcxn e qthmcyteghosts,escapesinto 

themsdimand that this escape is inhibitedby stilbenederivatives. Since 

these ampomds arepmerful inhibitors of theexchangeof anions across the 

eqWmcytem&x-ane (19-21), LyhchandFridmich suggested thatO~pemates 

theerythrocytestrarnaintheanionchannel. 

Abbreviations: SITS, 4-aoetamido-11-i~~~stilbene-2,2'-disulf~~; 
ANS, l-anilino-8-naphtakne sulfonate; SOB, superoxidedismtase;KRP,Krebs- 
Ringer phosphate. c 
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Although to thebestofourknmledgethepresence of anion channels 

has never been described in leukocytes, we thought that a system of this type 

may also be utilized by 05 to escape from granulocytes. We therefore tested 

theeffectof SITSandANS,knowninhibitorsofaniantransport intheerythro- 

cyte as wsll as in other cells (19-22) , on the extracellular release of 05 

frcinphagocytizingleukocytes. Todistinguishbetwaen apossible effectof the- 

se marpounds on "generation" or "release" of $, we simiitaneously mnitored 

theoxygenconsmptionbygranulocytes audthe extracellularrecoveryof~, 

in the absence andin the presence of SITSor ANS. 

MEXXDS: Granulocytesxereisolated franbovinebloodbyernployingatechni- 
gue previously described (5,23). The cells were suspended in a madim consisting 
of 123 r&l NaCl, 5 r&l KCl, 1.2 nf4 M$12, 0.5 n-M CaC12 and 16 nM sodim&&assim 
Fhosphate, pH 7.4 (KRP nedium). Heat-killed BuciZZus mycoides wa-e opsonized 

at 37O for 20 min with fresh bovine serm,washedtwiceandsuspendedinKRP 
IIEdim. 

Stock solutions of SITS (disodium salt, British Drug House) and of ANS 
(mgnesimn salt, recrystallized twice from hot water solutions of the Eastroan 

pcduct) in 0.154 M NaCl were prepared and stored under dim light. 

S~taneousassaysofO2co~~tionbyand~releasefr~granulocytes 
(8) were carried out as folloms. 2x107 cells in 2 ml of KRP m&m, amtaining 
511fd glucose,ware incubatedat intheve~selfor~ consuqkionneasure- 
mt, described elsewhere (24). After recording of basal respiration, ferricy- 
tochrcm c (150 NM, Sigma, Type III) was injected into the cell suspension, im- 
mdiately follmed by an addition of B. rnycoides (100 bacteria per granulocyte). 
After 3min of continuous recordingof02 cons-on, 10 ulof aSOD (Truett 
Laboratories) solution (3 mg/ml) were added to the vessel with a microsyringe 
to stopq -dependentreductionof cybchmm c. The cell suspensionwas then 
rapidly transferred to a conical tube and centrifuged in an E@pendorf 3200 cen- 
trifuge for 2 min at max speed. After a I:1 dilution with KRP medium, the ab- 
sorbance of reduced cytcchrom c in the cell-free sqernates was read at 550 
nm in a split-beam spectro#&m&er. The reference cuvette contained all the 
reagents at the samaconcentrationof sample cuvette, includingcytcchramac 
inthe oxidized form. The absorbanceuuitswere converted intonmles of cyto- 
chrcma c reduced by using an absorbance coefficient of 21.1 x@T1 can-l (reduced 
minus oxidized) (25). Specificity of ferriqkchxma c reduction by 05, and 
thus the atmuntof 0; released frcxngranulocytes,was evaluatedby including 
SOD in the cell suspendingrnediumbefore additionof cytochrosuac andbacteria. 
The recoveq of qtochmx cwas checkedby reductionof thehemprotein in 
the sample cwettewithNadithionite. 

The effect of SI!l!S and ANS on O2 consmption and extracellular release 
of Ojwas determinedbyaddingeitherreagentto thecell suspension 2mi.n 
before qto&mne c at-d bacteria. 

Oxidationof xanthine (200 uM) byxanthine oxidase (IO r&J/ml, Boehringer) 
was assayedinKRPmdium,containing 5n@lglucoseand O.l%bovine serumalbu- 
min, by recording the consuqtion of oxygen (24). Reduction of fe.rricyk&rme 
cbyO~,generatedbythexanthine/xanthineoxidasesystem,was~~~at37o 
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by following at550 mnthe increase inabsorbance during a reactiontimof 3 
min. These controls shcwed that the inhibitionof Oj -delxndentqto&mne c 
reduction by 100 m SITS (8%) and by 100 ~ ANS (13%) were due to a anqmrable 
inhibitionof the xanthine oxidase activity. InhibitionofO~-deper&ntcyto- 
chrcma c reduction by 10 rrM Na salicylate (54%) or NaSCN (6%) could also be 
fully ascribed to inhibition of xanthine ox&se activity. 

RESULTS: Fig. 1 shms thatinthepresenceof either SITS or ANS the amunt 

ofO~recoveredinthemedi~surraundingI?hagocytizinggr~~~sismar- 

kedlyreduced. The I50of bothreagentsis approximately 5OuM,andmaxkml 

inhibition is about 80%. 

SITS andANSaffectneither qkmhrmecreduction (see Wethc&P) nor 

cyto&mw c recovery, as determinedby totalreductionof thehemprotein 

WithNadithionite. Furthenmre, the generationof 02, asmsasuredbythe con- 

smptionof02,is notmdifiedby ANS andonlyminkmllydecreasedby SITS 

(16% inhibition at 200 @+l SITS) (Fig. 1). 

When aportionofNaC1 (IO mles/ml) in theKFPmdiumis replacedby 

an equivalent mount of either NM3 or NaSCN or Na salicylate, the extracellu- 

lar recovery of 05 is inhibited by 8%, 19% and 64%, respectively. The sizmlta- 

neously determined consuqtion of 02, which nmitors 05 generation, is not mdi- 

fiedbyNO3andSCN-, beingdecreasedto 86% of controlby salicylate (these 

values are mans of3determinations). 

DISCUSSION:Theex&xerim?ntspresentedherehave shcmnthatSITSandANS,krmm 

inhibitorsof the exchangeof anions across theplasmarmrbraneofvarious cell 

types (19-221, inhibit the extracellular release of 05 fran phagocytizing g-ra- 

n~~s,therebyindicatingthat02canexitfranthegranulocytethroughan 

anion channel. Grounds in support of this suggestion are offered by the obser- 

vation that i) the I50 of SITS and ANS for anion transport inexythrocytes and 

for 05 release frcan granulocytes is ccqarable (19,22); ii) partial replacemnt 

of Cl-witheitherP&j or S&or salicylate alsocauses inhibitionof0~ re- 

lease, the order of potency of these anions being the same as that of inhibition 

of Cl- efflux frcm erythrocytes (26); iii) the recovery of 05 from concanava- 

linA-stimilatedgranulocytesis inhibitedbyp-diazobenzene sulfonati+ (271, 

another inhibitor of aniontransport inthe erythrocyte (20). 

'Goldstein et a1.(27) have attributed this effect to inhibition of O- "genera- 
tion" andusedthis result as evidence thataleukccyteectoemynei~ respon- 
sible for O~mproduction. They did not measure, kwxer, the effect of this re- 
agent on0 aonsus@tion, this assayprovidingtheonlydirect evidence for in- 
hibition 0 2 05 synthetase. 
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Effect of SlTS and ANS on oxygen mnsusption and 0; release by &ago- Fig. 1 
cytizing granulocytes. 2~10~ cells were suspa&d at 37O in KRP madium, con- 
tahing5m glucose.~~~~~~and0~release~emeasured3min 
after granulocyte exposwe to B. qcoides (100 bacteria/cell) in the presence 
of 150 @I ferriqtochmw c. Values of oxygen amsun@irx ( 0, A ) are rela- 
tive tc therespirationmeasured inthe absence of either SITSorANS (77.1 

+ 8.8 moles 02/3 min). Values of 0; release ( 0, A ) are per cent of 0; reco- 
veredextracellularlywithrespectto02 ccnsumd. Dataare mans f SEM for 
five (SITS) or four (MIS) experimants. 

As for the physiological relevance of a mechanism for anion tranqort 

inthe granulocyteplasmmtbrane,apart franits involvemantin0~ release 

fran the stimlated cell, it is possible that it may be used for exchange of 

iodide (28-30), an important cofactor for the m&operoxidase~ated antimi- 

crobial system (28,30). 

Furthermre, it is attractive to speculate that a similar system for 

02 transportmayalsobe present on the surface of themnonuclear*gocytes. 

These cells produce and release O~whenexposedtoeither soluble orphagocy- 

tosable stirmli (2,6), and the extent of 05 release depends on the state of 

activation of the @agccytes (6). Johnston et al. (6) have suggested that the 

enhanced 02 release fran chemically elicited or Lmnmologically activated ma- 

crophagesmightreflectaquantitative increase in the triggering of02 synthe- 

tase and/or an alteration in the intracellular concentration or in the intrin- 

sic activity of theenzym. Were anO; transport systenalsopresenton the 

surface of macrophages, a third possibility xould be that the alteration 
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brought about by the chemical or inmmological activation is associated with 

an enhanced efficiency of this system. 

Studies aimed attheunravellingof themechanismof anion transport 

inerythrccyteshave ledtotheidentificationof atirane pmteinwitha 

specific anion binding site directly involved in transport (20,21). A better 

elucidation of themxhanismof 02 transport across theplasmmembrane of pha- 

gccytic cells shouldderive frcmtheidentificatimof a similar anion-binding 

protein. Investigaticms along this line are in progress in our laboratory. 

-S: Thisresearchwasaidedbygrants frcmtheitalianConsigli0 
Nazicmale delle Ricerche (CC 77.01477.04) and frm the university of Trieste. 
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