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FRACHESR 12 X B0 P ERTEMEALVER | HERB DO RERE 12 B3 A 5E

RIRKFELMELBARM A FME (B RS REED
WoOE XA F

RIS THIE L 2o TV 2 HEAERBORERT LM T2HMT, BILHESH Zn0) T v MEPEIEM{LIEH
AR CRET L7, 208, BCIHIZE WIFhEko L 3 7 — VIREBLERBIEMRL, F L5 F4 »Ominc
BN EHIIHALA, BLHESROMEERLEIA— =T F T F (0;) HEFTHLA—I—FFL FF 4 ALY —F
(superoxide dismutase) THIH| S N7 AELIEEL & 7 & F o C RIBRINIC £ 2RI SN Ah o, T/ T304
FOY-—CHERTHE 7 3P VIFEBLHESEOLEEE L V& LABLES L 7V & FF v FHERRMOLF5 2 IE L
oo H 5= GBELKEMZRD, 7IMEF MUY A (30— F XL V- VHER), s400 (A—S—FF > Fi§FE
A), Y7xz—=lA4F F2vu (NADPH # % 2 ¥ —YHER), *+4 75 (NADPH + %3 ¥—¥ HEHR), 1 FA%
Yy (rukrFyr ¥ HER) &L, B LEHCELESE Sy F A4 L ERIN L 22 EER e E b S b HIfI L7
—ERILEEAEMEMEANN-EAFN-LTAF= 0L, BETEHIC L L2502 ME Lo, BB 70y 54 V[
BRI L7 b33 B 2 5. 2 e o 7o, WFPEGRE Y R — P 2 H O NADPHAKTEME L & 7 = L {35018, L7 Vs
SUTHRL, A=N—FF Y FFI ALY —¥, W55 —F, N 1 O7AFos (—BEEESHREBEEOMEL) T
SNz, EELESME, (FhERo -ERLEFE (NO) AR L. MlhX Y, BCESEFhERLEEt LY 3 2 — L%
HEWKSEREEZLND. BILENIC L 2{L¥5HIZ, NADPHA ¥ ¥ — PR —BLEESRER N0 LN T35 ¥
VEHBEPOGERTE A S-F RN, BEREKE, BIEEHLEPORETLITURLAF Y Y- - BEHLKE
BB @b HfEE 1 % > (ONOO ™) XiFIxmuAF 3 ¥ —¥ - BELKEREREN L IBILSEEL EPEERTH
L0 L, BRLAEESRE 77 F 4 BRI L 2EER I SN Y F F ORI L A EEDO{EER, NADPHA 3 % —
LR BB EARBHR L IO A== % 2 PGB LR FEREFREZ B LEA LIzt &2 77— - @it
KEFIDRIZE D DO TERTH B I LAREES N, DL DELHEEH 7 2 — A L ATSBERBORERFEE LT, 4
HARFTHD 7N T4 ORG LifFhEke EOR M OEEIEOB 5 2071% s b,

Key words Zinc oxide, neutrophiles, superoxide - nitric oxide, glutathione, myeloperoxidase

M4 ORT-IR SO E Y B, SR E L R — v

FLr-YR7L4F N (FAD), 7 I bFREA 7T

* ¥ N (superoxide, Oy ) R#MEE LA E H.0y) oK HilH #fE
(HOCY) 7% & iE M M4 fEA 45 0%, (GEREATIL, of
WERZ EOBRBENICLECH LA, BrE L THoMIIZ L
TEHERT I ENH ALY, IfhEke~=ro77— 24, #l
BUZNADPH A 2 ¥ — ¥ & H LAY ZH T 0 h 5 02 %1
ETBIEMbNTE,

FoMBLNO O, BN MK BT, Y vt %
V=Y, ¥4 T F %L ¥ —¥, NADPHER{LEICE &
LEAHEY LY, MEMETIRWOhNT T L EHREER
FHoFroAFL -, NADPHA XL ¥ —¥, #5a—-
TIVEOHBBLZ EAEE L TwaYivnbhTng, &
DI, MAENEMIE, < 77— YR E0—EbE
FEREE (NOS) B EIZBEL, NADPH, 75 >-7

FRL104E 9 H30H=AF, FR104E11 A5 HEH

(BHy) #HiMHEL LTNORGHL, O 2 bEAET LY Y&
WhitTwh, FLTIFFERONOSIEY 7 a7 7 - VO
FINOS (iNOS) M LAIHICH D, L7 F = AL 7220
120, ZEATAHI LRI EINDDY, Oy & NO Z il (20
e BRI R A R S Cu i,

MEALIESR (ZnO) &, MEERBIZH VT, Zn0 7 o — LWL A
%, 4~ 1205, BHE, FILERME S, DRI B IR
xRt WSS L IR AR L BRI L2 2 LML NT
WEY ZOREBERTIE, o REHI RS R ATA S R 0,
W& $5 1858 K7~ (tumor necrosis factor, TNF)-a, { ¥ % —0O 1 ¥
> (interleukin, IL)-8, IL67% &DH 1 b 4 v OREEIEIEC
5 LT, HNTHA L0y 2 HoO 7 & OGN 2
A TNF-o OBEFRBICEEG LN D, BERTH v =

Abbreviations . BAPTA-AM, (0,0-bis(2-aminophenyl) ethyleneglycol-N,N,N'N’ -tetraacetic acid tetraacetoxymethyl
ester; BH,, tetrahydrobiopterin; CO, cyclooxygenase; DPI, diphenyliodonium; FAD, flavin-adenine dinucleotide; GSH,
glutathione; HBSS, Hanks’ balanced salt solution; iNOS, inducible type nitric oxide synthase; IL, interleukin; L-NAME,
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B (nuclear factor kappa B, NF « B) 2 iFi#{L 556 Z 236N
TWaAYW, LhaLhds, Zn0lckbdwro 7y — I RuFHhER
PHDOYA MH A VEEOBTFIIAHTSHS. Zo0 L{LFEHIC
B L7 KEM LS ((Zn(OH)p)] T v Miifa~2s 277 —
VREERNFEF RIS D0,  ODEEEFIEML, ETOWTIC
MR SR Ca® K HREEMEIES LT eI,
Zn(OH): D F v MREXPIEABROMOREREEFHELIZ,
Zn0 2 L BENME v P OFBEEBFOE/ICENLTWE ™,

ARFFEIZHB VT, ZnO XidZn0 2 ¥ v ¥ FF >~ (glutathione,
GSH) #/INT 5 Z &2 ko TFhREksEEib s h, £0RF
IR PIE R RE S O E RO BRES L ORICES L T
WA HEIEREEIC L DR L7

MEs LOHE

1. FPBOABEKRE V2~ FOER

FHEE, T MEEAIES CRSBEOBBIHE LD SEEL
7219 A BAEAKICERLA12%NES VETLRAS -
FRHEHET v  (Kiwa Laboratory Animals, Fl#LL) A& 250 g 8
BA) DBEERICES L, 128HEZICEES R 2 RIL 2.
REYV—ECEBL200x g T5FMEILL A%, wEwE)
CEERE AT AR (HAHE) C2EBE L. BARMEKE
BRI L 7=, 0.1% v L MiE 7V 7 3 ¥ (bovine serum
albumin) (Sigma, St. Louis, USA) &7, Ca® L O"Mg> R
NN 7 A (Hanks’ balanced salt solution, HBSS) (Bio
Whittaker, Maryland, USA) 12 0.8mM ® MgSO4 % ¥i%h0 L 7= # (2
#%Ca¥ EVRIMHBSS LRI ICHBE L, £04mlE IR ¥
JSER IS MERE (d=1.099) (H APUERTFERT, Mil) 4mlicEE L,
1000 x g T30 IE L7z, ibBHf % 2 |k, EitziTw
Ca¥ BRMMD HBSS 128 L7z, FEVA— L OERUE, 2
B E, ImM 7 22— L AFVALT VT NF T4
F FIYEHSE), 1 pg/ml & A RTF > (Sigma), 1z g/ml 7 70 F
=~ (Sigma), 0.25M A 7 0 — A &% 20mM 3-(N-ENV 7+ ) /)
TNy AN T 4 v ERFIEHIZE)-KOH B (pH 7.4) IZ &
%, BEBEBEBIZEDFREY 2= E LY SEEHBOER
i, FL¥TA4 PERETITY, EFRE M) TU—RET
HHLL.

I. {5t

1. RO

(L3501, BRAIE LTV 3/ — v (FIGHMEE) # FW37TC
Hig, HHEBELZELZVIFy YR —F—(TOh, K
) TIFHEE ) ORTFEEZFEFHICNEL, FAELEZL
BLP, fifax A S, 11X 10° #iig, 50 p M3
7 =, ZnOFNME) Lid Zn0 & BITH 7V ¥ 54 » (FIk
P EIERIM L 72 D O BREE 1ml & 25 & 512 Ca®™ il
HBSS X it Ca* SN HBSS THE L7, fFEkn 3 /2 — VIR
LR EOBRAAM IO BE Y RET 5720, InOREL
0~3.0 mM & Bfb &8, BRELBEL L. ZnORE ¥ ImM
[z L, GSHEES 0~5 mM TS, ZnO MBI T
5 GSHOREF#HE L7, 1mM ZnO Xid1mM ZnO & 1mM

H

GSHEERRIBIZ X B ERL I 7 — WIKEHEIEFERELICB G
30, R HO, DRBEFEF BRI T H720, 10 ugA—It—F %3
N7 4 A 4 % — ¥ (superoxide dismutase, SOD) (F1YE#i#), 10
ug # % 7 — 4 (Boehringer Mannheim, Germany), 0.1mM %
1) (FEAER), 10mM ¥ A 2~ (Dojindo, FEAR) 72 LD FE M
EEFEEEERL, 0.1mM 7 Yk Yy A (NaNg), 14 MIE
Ity 7z=—=N3— F=7 A (diphenyliodonium chloride,
DPI) (Sigma), 0.1mM * # 75 U >~ (Schircks Laboratory,
Switzerland), 10 uM A > Fx # & ¥ (FEH3E), 0.1lmM 7o
7Y =N FME), 0.1lmM T ¥ ) ¥ (N-methyl-N-
propargyl 3 (2,4 dichlorophenoxy) propylamine, clogyline)
(Sigma), 0.1lmM /¥— 1) ¥ (N-methyl-N-propargylbenzylamine,
pargyline) (Sigma) % & OiEHEEFEEREBEORER TRML
7z. ZnO Xi2Zn0 & GSH % #Ff L7238 517 5 HKaP Ca®
DS EFAND 7201, MR Ca™ F L — FHloo-EA QT 3
7))L F Ly Y a— VIHEEERMT £ b F I AFLT
2 5 )V (0,0’-bis(2-aminophenyl) ethyleneglycol-N,N,N’'N’,-
tetraacetic acid tetraacetoxymethyl ester, BAPTA-AM) (Dojindo,
BEAR) % 25 4 M, 50 p MiRIN AL R 4 5 8Bk Ca¥ i
RITHBSS THEAEE L 7>, ZnO XixZnO & GSHREERMIZL 5
W3 = MRFEELERGII BT ANO L FONOSOHE % &
B0z, ThEROERIK L TNOSOEK TH S ImM L
TNF = FHEE) L HERTH S ImM N-E/ A F VLT
U F = (N-monomethyl-L-arginine, LNMMA) (Sigma) %* 1mM
—baV S NEFF v (Sigma) 7 ERFMML 7.

2. FHRERFEI A - FOILERN

FEY R~ b (BEHESS0pg) %0.25mM V7=~
(Sigma) # FEHEE & L, BEFKTRE 1ml 0 Ca® 7R INHBSS
1T, 100 M NADPH X100 » M NADH %L, 1%
St T B A DFUEBEENERHE, NOSOEELTLVF= >,
NOSHORAEHIN-= b 2-L-7VF= ¥ 2 F )T A7 )V (N-nitro-L-
arginine methyl ester, LNAME) (FIY#t3E) <o hBE 4B
FHEEMN L COBE AR L. 15HEY2 ) ORLE & B
MICERE L /2. EHEEIBioRatHHOEHBERES v b
R

3. Tnuan—FFL¥—YolbEREL

BHE Iz o—F %3 ¥—+¥ (myeloperoxidase, MPO)
(Sigma) & H,021Z & B EMALRV 3/ — WARFFMALER I
LT, #4140k GSH OBEEREF L. T2bb, 50 M
V3=, 0.1 g MPO, 10 x M H,02Z ImM ZnO Xid 1mM
Zn0O & 1mM GSH FERAM, XIE10 xM ¥ 4 1 v % Ca® iR
HIHBSS ACiRiIL, SEKIGHE1ImIT15ME) ORK
BRAELX LKL /.

. NO o=

TR 5 O NO DEEALE, HEEEA 4+ N0, )& LTYY
—ZRETRELP, 3X10°M, 1.0mM L7 AF= XL
131.0mM L-NMMA X {3 1.0mM L-7 L ¥ = ¥ & 1.0mM L-
NMMA FEH&, 1mM ZnO X1 1mM ZnO & 1mM GSH [Fi
Wz FNFROEAEHLETREL, RECEE0.5mlD

N-nitro-L-arginine-methyl estel;L-NMMA,N-monol methyl-L-arginine; MAO, monoamineoxidase; MPO,
myeloperoxidase; NO, nitric oxide; NOS, nitric oxide synthase; 0., superoxide; ONOO ~, peroxynitrite; PMA,
phorbol myristate acetate ; SOD, Superoxide dismutase; TNF- « , tumor necrosis factor-alpha ; TXB;, thromboxane

Bs; ZnO, zinc oxide . -
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Ca VR MMHBSS th T, 37 CT1BMRIG 8477, WHIEL
LTEER 7)) —ARELUC S, 540nm O ClllsE L
7z. NO; DiREIL, Ca® #ERIIHBSS CHIR L - HAEE T )
TLERIEERE LTEHR LA B 7)) - AREIL, 2% ¥
BEIZ1% AN T7 72007 3 FEDLHME) L 0.1%F 7 F L+
Lo FT 2 Y (IEHEEE) & iR S =R L7,

V. #Et3aome

BDELITONAEBROBET— 51k, ¥ £ EREFEE X
+SD)TEL. WHEDESLHEOZEDKFFME B,
— LB S D%, Bonferroni ® ik TEHEHLE ATV,
Wb FEREES% R E AN EEEZH Y L L.
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Fig.1. Luminol-dependent chemiluminescence of neutrophils
induced by zinc oxide. The reaction mixture contained 1 X 10°
cells, 50 4 M luminol, zinc oxide (ZnO) and Ca*(-)Hanks
balanced salt solution (HBSS) in a total volume of 1ml.
Preparations 1, 2, 3 and 4 contained 0.1, 0.5, 1.0, and 3.0mM of
zinc oxide, respectively. The tracings are representative of
three experiments using different cell preparations.

L&, ImMA2L3mMTRAFEEEZRLZ(DN1). Zn0 %
ImMIZ[ERE L, ZnOZ X A0FHERLV 3/ — L IRFEELERE L
239 B GSHIRMO B #RE3 5 &, %¥EEIEGSH 0.1mM
E1.0mM OFRIMTHEICEML 724%, 0.1mM GSHOREKE &
1.0mM GSH ORERBOBIZIIFELZRZRO N E» o 72 (F
2). GSHIZ & % ZnO FIBUFHER W 3/ — VRFFHALER LD
WEER I, MO Ca” BEIIXIZLALERE -7
(4 3).

EEMERHEHOEE LRI T L, 0, HEATHS
SODZZn0 12 & A1LERENE 38.2% HFT B D zx L, ZnO
& GSHREIBHRINC & 2 {LEFEEHIZITE A SHR S o 72,
BaT-0, HWHERTHEY M0 id, ZnOIZ L BILEREE
80%, ZnO & GSHTRIEHRINC X BILERE % 94%MEI L 72,
H0,HEHITH BN ¥ 7—XE, Zn0 Iz &k 2{LEREL % 60%,
ZnO & GSHFEIRHRNNC & 21855 % 38% I L 2. HOCI®
HERTHE 4 Y ¥i2id, Zn0, ZnO & GSHFEHRMD &
LHDFENIDIHEREIR O A o72(H4).

ENRFEREEEOEER OBE LRI T 2L, MPOD
FLEHRITH % NaN3id, ZnO & ZnO & GSHRIEREINIZ & 51k
FERFEFNENT%, 85%HH L7z, NADPH + ¥ ¥ ¥ —¥[H
ZEHITHAHDPLIE, ZnO L Zn0 & GSH L HFRIZ & B1LERN
EEFNENIS%, 96%IPHI L7245, FIONADPH 2 F% 3 ¥ —+
FHEHF A 4 771 213, 45%, 49% & DPLIZH~IPHIHEAME 2
ol yoruaFF i rr—YHEEH A FAS T, InOk
Zn0 & GSHEEFGSMIZ X B LER LI L TR 2 €
NnT79%, 62% & ZnOxt Y A E o7, FYHFAF
VY —-EHEHTOT) ) —iX, Zn0 & GSHREEHRMO L
ZENEDTP27%IHT B2 DAL T, ZnODILFERENITIF LT
BRI REBD N ko, E/T7I0FF 25—+
(monoamineoxidase, MAO)-ARERI 7 v P » &, ZnO &

201

(x 104 counts/min)
3

1

Chemiluminescence

0 0.1 1 2 5

GSH (mM)

Fig.2. Effect of glutathione (GSH) on zinc oxide-induced
chemiluminescence. The reaction mixture contained 1mM
zinc oxide and glutathione (GSH) with the same reagents as
described in Fig.1. Each value represents X & SD of four or
five experiments using the same cell preparation. **p < 0.01, *
p < 0.05 vs control.
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GSH [FBFRINT & 2 1225896 % 90% 4l L 7245, ZnOiZ & 31k
FEEITII LA TEGIL 2o 72, MAO-BHER s — ) »
&, ZnO & Zn0O & GSHFEEHANM® &5 & OfLF5850 S Skl L
hbrorz(#E1).

ZnO RU'Zn0 & GSHRIBFRMIC & B35tz 317 5 4l
M Ca* DS % EF T 5 72, MMM Ca* ¥ L — I #] BAPTA-
AM 25 yMEZRMT 2 &, FITREIERELIHEI L7 (&
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Fig.3. Effect of Ca®? + on zinc oxide-induced or zinc oxide
(ZnO) plus GSH-induced chemiluminescence. The reaction
mixture contained 1 X 10° cells, 50 £ M luminol and Ca® (+)
HBSS in a total volume of 1ml (preparation 1). Zinc oxide at
1mM was added to the contents of preparation 1 (preparation
2), and ImM zinc oxide (ZnO) plus ImM GSH was added to
the contents of preparation 1 (preparation 3). The reaction
mixture contained 1 X 10° cells, 50 .M luminol, ImM zinc
oxide (preparation 4) or 1mM zinc oxide plus ImM GSH
(preparation 5) in 1ml of Ca* (-) HBSS. The tracings are
representative of three experiments using different cell
preparations.

Table 1. Effect of inhibitors of active oxygen species-
generating enzymes on zinc oxide-induced or zinc oxide plus
glutathione (GSH)-induced chemiluminescence

Chemiluminescence

Supplements ( u M) (% of control, X :=SD)
Zn0O ZnO+GSH
NaN, (100 M) 25.00.6%* 145 1.1%*
DPI” (1 uM) 5.10.3%%* 4.4£0.1%*
Neopterin” (100 M) 55.2:£2.7* 51.6£9.0%
Indomethacin” (10 u M) 21.0£3.1%%  37.815.7%
Allopurinolb’ (100 M) 105.0£11.8 72.7E£2.4%
Clorgyline (100 M) 86.9+8.0 11.3£0.5%*
Pargyline (100 22 M) 95.9:£10.2 84.71+2.2

® Compared to 2 s 1 of dimethyl sulfoxide (DMSO) vehicle,
™ Compared to 20 1 of 0.1N NaOH vehicle.
** p<0,01, * p<0.05 vs control.

Sic

2).

Zn0 KUY ZnO & GSHRIEFRIIC X 2 (L5512 B17 2 NO
DB ERFATE720, NOSOEETLF= > L HEHX L
NMMA Z@EL 7. ImM 7V ¥F=21E, Zn0OiZ X B35
% 80%, ZnO & GSHIEERFIIZ & 210358 % 50% 80 L 7-.
ImM L-NMMA &, ZnO 2 & 51{b25856 % 82% ¥1Hl L 7= 28,
Zn0 & GSHEMGENIZ & 2 EEHEEITE L ALHH Lk »
2. TILFZ & LNMMA & [ ISR 5 &, BEMoOR X
0% Zn0 & ZnO & GSHFEIFHAIMNE B & k506 S FHIM
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Figd. Effects of scavengers of active oxygen species on zinc
oxide-induced or zinc oxide plus GSH-induced
chemiluminescence. The control reaction mixture contained 1
x 10° cells, 50 M luminol, ImM zinc oxide or 1mM zinc oxide
plus ImM GSH, and Ca* (-) HBSS in a total volume of 1ml.
Superoxide dismutase (SOD) at 10 .g, catalase at 10 ..g, Tiron
at 0.1mM and taurine at 0.1mM were each added to the
control reaction mixture. The chemiluminescence intensity
induced by zinc oxide and by zinc oxide plus GSH was 68650
+ 12718 counts/min and 213600 = 12591 counts/min,
respectively. Each value represents x & SD of five experiments
using the same cell preparation. [, zinc oxide (ZnO)-induced;
M, zinc oxide (ZnO) plus glutathione (GSH)-induced. **p <
0.01 vs control.

Table 2. Effect of the intracellular calcium chelator BAPTA on
zinc oxide (ZnO)-induced or ZnO plus GSH-induced
chemiluminescence of rat neutrophils in Ca’*(—) Hanks'
balanced salt solution (HBSS)

Chemiluminescence Inhibition
Suppl ts g
upplements (counts per min, x £ SD) (%)
ZnO 26,980+£2,222
+BAPTA 25 ©M 124+ 14* 99.6
+BAPTA 50 ©M 116 £ 10** 99.6

ZnO+GSH 140,600£61,264
+BAPTA 25 uM 13,440£12,738%* 90.4
-+BAPTA 50 uM 7,032£5,262%* 95.0

ZnO, zinc oxide; GSH, glutathion; BAPTA, o, o'-bis (2-
aminophenyl) ethyleneglycol-N, N, N' N'-tetraacetic acid.
*# n<{0.01, * p<0.05 vs control.
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Efect of L-arginine, L-NMMA and nitrosoglutathione on zinc oxide-induced (A) or zinc oxide plus GSH-inducede (B)
chemiluminescence. (A), The reaction mixture contained 1 X 10° cells, 1.0 M zinc oxide, 50 ;«M luminol and Ca*" () HBSS in a total
volume of 1ml (preparation 1). Preparation 2 - 5 were recorded under conditions identical to those for preparation 1 except for the addition
of ImM nitrosoglutathione, 1 mM N-methyl-L-arginine, ImM L-arginine, and 1mM N-methyl-L-arginine plus 1mM L-arginine in
preparation 2, 3, 4 and 5, respectively. (B)The reaction mixture contained 1mM zinc oxid plus ImM GSH (preparation 1) with the same
reagents as described in A. Preparation 2-4 were recorded under conditions identical to those for preparation 1 except for the addition of
1mM N-methyl-L-arginine, ImM L-arginine, and 1mM N-methyl-L-arginine plus ImM L-arginine in peparation 2, 3 and 4, respectively. The
tracings in(A) and (B) are representative of three experiments using different cell preparations.
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Fig. 6. Effect of superoxide dismutase, catalase and Tiron on
lucigenin-dependent chemiluminescenc by NADPH in
neutrophils homogenate. The reaction mixture contained
homogenate (350 ng protein), 250 M lucigenin, 100 xM
NADPH and Ca*(-) HBSS in a total volume of 1ml
(preparation 1). Preparations 2-4 were recorded under
conditions identical to those for preparation 1 except for the
addition of 10 i g catalase, 10 xg superoxide dismutase, and
10 M Tiron in preparation 2, 3 and 4, respectively. The
tracing are representative of three different experiments.
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Fig.7.  Effect of L-arginine, N-nitro-L-arginine, L-arginine plus
N-nitro-L-arginine and L-arginine plus superoxide dismutase
on lucigenin-dependent chemiluminescence by NADPH in
neutrophil homogenate. The reaction mixture contained the
same reagents as described in Fig. 6 (preparation 3).
Preparations 1, 2, 4 and 5 were recorded under conditions
identical to those for preparation 3 except for the addition of
1mM L-arginine, 1mM L-arginine plus 1mM N-nitro-L-
arginine, 1mM N-nitro-L-arginine and 1mM L-arginine plus 10
1g superoxide dismutase in preparations 1, 2, 4 and 5,
respectively. The tracings were representative of three
different experiments.

L7, F7, ImM = OV Sy FF i, Zn0 DL
% 40% 40 L 72 (R 5 A, B).

2. WFHERFET R — POLERL

NI v ERCIALERET, HHhERFEI R - I
NADPH 2T 5 Z &1 & D LFER LD MATERD bz,
NADPH 12 & B L3512, 10 ugH ¥ 5 —ET15%, 10 ug
SODT60%, 10uM #1410 > T8%ME SN (h6).
NADPH IZ & Z{LERKIZ ImM 7 F= > 2B 5 & 162%
DAL OMIMMAED L h, FOEMITLF= 1, &5
IZ1mM LNAME #1125 Z £ 12 & D 30% ¥l &R, 10 ug
SOD#MA 5T Lz & b 89% ¥l S 17z, 1mM L-NAME &
NADPH |2 & 2{t3:5 6% 30% Ml L7: (K 7). NADHIZ X 3
{EBEBEHH LT, 2 g SOD I 56%HHI %R L7225, 10 ug
HEIT—ETIRIH SN ro 7.

3. IxmS—FFYy—V¥iLERE

MPO & H,0; 12 & B4R 3/ — VARIEMALZER 12 xd
LT, 1mM ZnO 313 & A EEEIP 203 LT, 1mM Zn0
& 1mM GSH[EBHEI 210 xM 7 4 U > 35RE 2 MEIER %
RL7z(E8).
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Fig.8. Effect of zinc oxide, GSH and Tiron on luminol-
dependent chemiluminescence induced by myeloperoxidase
(MPO) and H,0: in a cell- free system.The control reaction
mixture contained 0.1 g MPO, 10 xM H;03, 50 M luminol,
and Ca®(HBSS in a total volume of 1ml. Zinc oxide at 1mM,
zinc oxide at ImM plus GSH at ImM and Tiron at 10 M were
each added to the control reaction mixture. The
chemiluminescent intensity induced by MPO and H»0, was
123800 =+ 4604 counts/min. Each value represents X + SD of
five samples. **p < 0.01 vs control.

Table 3. Effect of zinc oxide, glutathion, and N-methyl-L-
arginine on the release of nitrite (No, ) by neutrophils

Nitrite (No, ) release

) t 2
Supplements (value, x+=SD)

None 1.03£0.32 j‘*“— ** wk
NMMA 0.61£0.10

Zn0O 1.59%0.07 T FE ok
ZnO+NMMA 0.57£0.08 —

ZnO+GSH 1.67+0.11 :I .
ZnO+GSH+NMMA 0.72x0.14

ZnO+Arg 2.1740.29 ]T
ZnO+Arg +NMMA 0.95+0.05

ZnO+GSH+Arg

2.4710.08 ] P
ZnO+GSH+ Arg +NMMA 1.671£0.07

The reaction mixture contained 3% 10° neutrophils and ca*’
(=) HBSS, and where indicated ImM zinc oxide (ZnO),
glutathion (GSH), 1 mM L-arginin (Arg), and ImM N-methyl-
L-arginin (NMMA) in a final volume of 1ml.

Each value represents X == SD of five samples.

** p<0.01, * p<0.05.
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Abstract

The effect of zinc oxide (ZnO) on the chemiluminescence by rat neutrophils was investigated to clarify the etiological
mechanism of zinc fume fever in an industrial setting. ZnO enhanced the luminol-dependent chemiluminescence, which was
further augmented by glutathione (GSH). Superoxide dismutase (SOD), a scavenger of O, , inhibited the ZnO-induced
chemiluminescence but not that induced by ZnO plus glutathione (GSH). Clorgyline, an inhibitor of monoamine oxidase,
inhibited the ZnO plus GSH-induced chemiluminescence rather than the ZnO-induced chemiluminescence. Catalase (a
scavenger of H,0,), sodium azide (an inhibitor of myeloperoxidase,MPO), 4,5-dihydroxy-1,3-benzenedisulfonic acid
disodium salt (Tiron, a scavenger of O, ), diphenyliodonium (DPI, an inhibitor of NADPH oxidase), neopterin (an inhibitor
of NADPH oxidase), and indomethacin (an inhibitor of cyclooxygenase) inhibited both the ZnO-induced and ZnO plus GSH-
induced chemiluminescence. An inhibitor of nitric oxide synthase (NOS), N-methyl-L-arginine, inhibited the ZnO-induced
chemiluminescence but did not inhibit ZnO plus GSH-induced chemiluminescence. Lucigenin-dependent chemiluminescence
induced by NADPH in neutrophil homogenate was augmented by L-arginine but inhibited by SOD, catalase, and N-nitro-L-
arginine (an inhibitor of NOS). ZnO stimulated NO release from neutrophils. These results indicate that ZnO activates
neutrophils and augmented the chemiluminescence, suggesting that the augmented chemiluminescence by ZnO is dependent
on the MPO/H,0, system, peoxynitrite, and nitorgen dioxide from the oxidation of nitrite by MPO/H,0O, produced by O, ",
H;0,, and NO via NADPH oxidase and flavin-containing enzymes such as NOS. Moreover, the findings indicate that the
augmented chemiluminescence by ZnO plus GSH is dependent on the elevated level of MPO/H,0- by the promotion of
phagocytosis or the stimulation of another origin of O, or H;0, than NADPH oxidase and NOS. These results suggest that
the activation of phagocytes such as neutrophils and an intrinsic factor glutathion are associated with the etiological
mechanism of zinc fume fever by zinc oxide fume.




