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in Mice Exposed to Excessive Zinc
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Abstract — Zinc plays an important role in immunobiological responses, while excessive zinc attenuates immune functions

in a dose-dependent manner. Zinc excess has been reported to increase levels of plasma prostaglandin E , (PGE,), which
is known to inhibit production of Th (helper T) 1-associated cytokines and to induce inflammatory responses. Thus, this

study was investigated the effects of indomethacin, a potent inhibitor of PGE , synthesis, on the proinflammatory cytokine
and lymphokine production in ICR mice exposed to excessive zinc. Indomethacin at doses of 5 mg/kg was administered .p.
30 minutes before zinc chloride (Zn) 30 mg/kg orally daily for 10 days. Excessive Zn remarkedly increased tumor necrosis

factor (TNF)-a and interleukin (IL)-1f levels in both serum and splenic supernatants compared with those in controls, while
indomethacin significantly reduced the excessive Zn-induced levels of IL-1 B. In serum, excessive Zn significantly decreased
the levels of IL-2 and interferon (IFN)-y compared with those in controls, whereas indomethacin significantly enhanced the
excessive Zn-decreased levels of IFN-vy but did not affect the Zn-decreased levels of serum IL-2. In splenic supernatants,
All of excessive Zn, indomethacin, and combination of Zn and indomethacin significantly enhanced IL-2 levels compared with

those in controls, but indomethacin didn't affect the Zn-induced production of IL-2. These data, therefore, suggest that

indomethacin significantly attenuated the ¢ vivo and ex vivo IL-1B production increased by excessive zinc and remarkedly
enhanced the in vivo excessive zinc-suppressed production of IFN-y but not IL-2.
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D8 oA TEAY, AN, ¥ A "FR7)E At
2 felda? RDAY 20u]81 of<do] Fod® dajelA
phytohaemagglutinin®l] W8t s+ 54 A 3}¢} chemotactic
migration @ macrophage®] B4 59| ZAAE Zslgch) 1
22 o}d e leukopenia,® B A A4 A9 U natural
killer(NK) cell®] cytotoxicity A3} 5-& aH3ic} 10 sl zhe]
oA @717 8- 9k zinc fume YL metal fume fevere}
Ho|A proinflammatory cytokine®] T4 Al wlE dFS
S35 WY zine oxide= bronchoalveolar lavagel} #12] human
mononuclear cellfd] TNF-o 2 IL-8 55 Z7W7)= 51219
T8 ofdS W EF GFHEE0] e ZeE Ve
W,

A, PGEs= F3olY 2dWhe-E 4971 proinflammatory
cytokine®] BAbS F7HA71H, WA AZA Thl cellell &)t
IL-2, IL-12 ¥ IFN-y A4k 2233k Th2 phenotype 2 ¥
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F AZY WARNES FAE Ao dHGM T
PGE, &4AFHAIR] indomethacins® TNF-a, IL-8 & recombinant
human IL-108} 22 proinflammatory cytokines "JAME 7344
7 152 Be)A Agonre BEs ' A9 T cel &
AL A L2 RS 3B e FE-S 2, ole
PGE, 33§ Atz Ha7)s 35 U 5 0E Be
2 a9E AALE BFa Qo

Z2i3d) Song¥ Adhame] B ojshd weke) ojd 3
Foq PGE, 8F55E F7MIZT Basgict mebs &
A 2= 7 8-8Fe] otgdo] PGE, AAte] u}E proinflammatory
cytokine ZFAP4MS xste] AAlE sty aaE st
o Tal celld) 7153 {243t lymphokine A3t W3S fdks}
o} =75 ASHE 7H2vka Al I3 o]/ cytokine
7 Zd9 1879 otde mrtel s @A zine oxide
fume#} BEE F43 proinflammatory cytokine FE 3ol thet
AT G olFAA AUE ¥ i vIESH, PGE, Atk
o8 7.880) olde] ¢J% proinflammatory cytokine®] 3
Abell thet B 32 U A3HE Thi cell 7155 F5A71E &
7 Q& ACR AoV 1o st AUt o] FX]R] ¢k
grce Wb 18eke] ofdde]] o3k cytokine ABAtel whE W3}
9} -1 ¥3le] vx)= indomethacin®] PGE, ¥4 XFdasel] of
sto: g StaAr ¥ Agel olFAR L ol fF A3E &
X7 o o1& Kz ulolth.

Ch=kas

AHER - 4% 6573 AF 1721 g 2 ICR BHAE st
S EAENGE S SAelA EF wol Al IS (R UALE
4 5%V, ZA 35%01%, A 75%C13,
237 10.0%°13h ZF 0.7%°1HE 1 73k F4A1A 284
71 % 107188 1ToR 81 2% 2312°C, 5% 50~60%%
F2lEe B, 8% ARACA 1047 ARSI

Zinc chloride82| M| ¥ F0{ - ZnCl,(Zn: Sigma Co., St.
Louis, M.O,, US.A)YE TAME Aeladge] £3iAA AF kg
F 3) mge 1047 mid LAAFE A2t ARSI

Indomethacin& 2] =X % F0{ - Indomethacin(Sigma
Co.. 5t. Louis, MO, US.A)S FAM Alelaldd=ol L35A1A A}
% kJ3Z 5 mgS Zn T 30% A 1043 5 FALEIRH

=N — AT (sheep red blood cells: SRBC)YE AR
sl =], 2 e YUY BN OZHE heparini 2§t
FAL72 A Fj & 59 Alserver's 5% (pH 6.1)&
7¥eb 4°CollA] BESt] 25 ofujo] AMEIIRT BHEF
SRBCE AHg& djolli= ARE- A3 phosphate-buffered saline(®]
&} PBS: Gibco Lab. Co., Grand Island, N.Y, US.A., pH 7.4)
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2 33 94 AFe & HH™ FES Hanks' balanced salt
solution(©} 3} HBSS: Gibco Lab. Co., Grand Island, N.Y, USA)
of] F-FA1A AREEIAT

#ef — 94 AlHE SRBCE Reed 5209 W& Fslo
HBSSe 1x10° cellyml® =2 F-HXA7)1, 7 FH 0.1
mi(1X 107 cells)s 2t A8 497l BF <) 12| Pl FAlsH
o AG-E =3k

gido| 22| - riA|g} eFEFo] A7 F AF ] AgeiM &
Ng AHE] ALelA 247 B STAT T, 2000% g
A 2087 A28 38 E2sta -70Col BES
ARkt

HIZM|Z 2Rlo| =X U cytokine2| T - H|Z-S HFHZE
Be] Bg430Z AE3]0] minimum essential medium(MEM :
Gibco Lab. Co., Grand Island, N.Y, US.A)C 2 FAAHA &
A3t ¥ nylon mesh® AT3}e] F AEFo S AASIOH,
4°C 400X gollA 587 At} A& AlA £ 37°CY
0.83%(w/v) ammonium chloride-§e] ¥-§-A1A 383+ F|3}
o AETE LaAF o] vIFARE Ff8e ¢l PBSE 4°C
oA 33 YAMHE T, BAAIZF 1xX10° cellsymlt HES
RPMI-1640 complete medium(10% fetal bovine serum, 100
U/m/ Penicillin G, 100 pg/m/ streptomycin, 1 mM HEPES
buffer 2 2 mM sodium pyruvate ¥l F-FA1ZchH T3 A
A8 wnict B AA LY PE& HAFE trypan blue exclusion
method?2 TF&3} Zo] AXBITE Aldde] 03 mio] A ZH
fole P % 0] m/Y trypan blue dye &g 715l 58 7
A7 o, WET AlAFRelA T80 gAEel Ao s o
e AR 5 ZHT & 1 REES ARG

HIFAE B-8o8 100 w(1x10° cells/ml)yS 96 well plateol] ¥
313, TNFo 2 IL-1Re] Aikg f5317] $5ted RPMI-1640
complete medium®l =5 HFEE 1 ug/miQl LPS(Escherichia
coli Serotype 026: B6, Sigma Co., Ltd.,, US.A.) S mitogen>
2 ARSI, L2 9 PN BARS 85317) 8iM= 3
%5 % 1.8 ug/mi?l concanavalin A(Con A: Sigma Co., Ltd,,
USA)E A=3Fch 271 o% 37°C 5% CO, incubator
(Forma, US.A)ell 2417k vljQksllom AFS5-olg Halo] AR
817] AA7A] -70°Cel] Aaict.

Cytokine2| &% - ¥% 2 vIZAIE wiok F cytokined] &
= ELISA kit(R & D systems Inc., MN,, USA)E o] &3}
o] ELISA(enzyme-linked immunosorbent assay) WHOZ 24|
&% 11, ELISA microplate reader(Molecular Devices Co.,
Ltd, US.AYS ARE3IS] 450 nmollq 2ui2 FBEE Z745)
o} 7} 3= mig picogram Dol A&

SHEN BN — 2= AE 5 meanststandard error(S.E)E
vepdon, 524 AAR= students' f-testZ 3EFAC)
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ICR A3F el SlojA #ge] ofde] 23 =g 84 U v
M E vljekel 220l proinflammatory cytokine AJAF 2 B]7HA|
X vk = lymphokine?] A4t v]X|+= indomethacin®] 3
o st AEA= e 2o

jzko] ool ofsiM RETE TNF-o 42K OlX|= indome-
thacin2| & - €3 % TNF-o 3% tiEro] 2.30-1.50 py/
miQ1E] ¥8) Zn HEFE TS 13.1316.36 pg/mlCE 2F 574
AL F-94 AA Z719%13, indomethacin FEFATL AS
¥z 99kt Zn$} indomethacin ¥H-E&5FoJ7+E TNF-o 57}
26.7019.16 pg/m/= tTrel vls) <F 11.6MI8 = 23|28 /<
A A TN Zn dEFoT vldiME FTREI Y
4L glSlrh(Fig. 1a).

E5 8RR uliekelollN, TNF-a B55= thao] 130.78%
23.65 pg/mild] 3] Zn F5FoIFo] 253.59149.86 pg/mio.
2 B 93.9%8= A8 Al F71EI2 Y, indomethacin &
ERATS 7o A WslEA] 2etet. Znol indomethacin
HAEN T TNEa 5571 166.88162.57 pg/miO & oo
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Fig. 1 - Effects of indomethacin on excessive Zn-induced production
of TNF-o. Indomethacin (Indo) at doses of 5 mg/kg was
administered 7.p. 30 minutes before zinc chloride (Zn) 30
mg/kg orally daily for 10 days. Mice were immunized z.v.
with SRBC (1 X 107 cells) 4 day prior to each measure.nent.
The blood was collected from mice 24hrs after administration
of the last Zn. Splenic supernatants were harvested 24 hrs
post stimulating with mitogen LPS. Cytokine levels in
serum (a) and splenic supernatants (b) were obtained using
ELISA. Each value represents the mean = S.E. of 10 mice.
*(P<0.05) : Significantly different from the value in control
mice.

HJ3l 27.6%3% o SA F7EI oM, Zn DEFoiT] H]
;A Folg A ZAEISCHFig. 1b).

otyol ofolol oM |EZE IL1f Mo OjXE
indomethacin®| " - N9 [L-1p 5= U] 6.58
+1.39 pg/mid] H]3} Zn FEFATE 26.0618.87 pg/mloE
B 408 794 QA F71811 A1, indomethacin 55
AL o7k ZHAESch. Zn9) indomethacin HEFA7E Oz
ol B8l IL-1p2) 557} 6.85+1.78 pg/mlC E W7}t gigle
o, Zn FEF Tl HlEiN e t2T 50T 986%FE
243 A BAHATH(Fig. 2a).

HAASE djFdel A IL-182] &= tFRTo] 10.5612.16
pg/miH Bl Zn FEFTS 48361892 pgmiCE F
4608 F-28 QA F7HERNCH, indomethacin ©5-Fo
& ozt Z71EI3ie). Zng} indomethacin -85S IL-18 5
7} 18.90£8.19 pgmiC E Tl v 2k ZrkEglont
o=z vl F7H Zn DEFTl vlsiiE oF 79.0%8 %
A Q= TAE HAFIITH(Fg. 2b).

2iEko| ofoddll ojsHM /= E IL-2 Mio| Djxl= indome-
thacin®| Y& — YN [L-2 FE& o] 287144.92
pg/miklE] ¥]3] indomethacin G557 255£23.99 pg/miS.
Z A9 #H3p) ¥ o} Zn @=EFo7 2 Zn¢t indomethacin
HEFATdME FEHA ¥ AR A e dA%

40 -
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Fig. 2 — Inhibitory effects of indomethacin on excessive Zn-induced
production of IL-18. Splenic supernatants were harvested
24 hrs post stimulating with mitogen LPS. Each value
represents the mean = S.E. of 10 mice. Other legends and
methods are the same as in Fig. 1. *(P<0.05) and **(P<0.01):
Significantly different from the value in control mice.
#(P<0.05): Significantly different from the value in excessive
Zn treatment mice.
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Fig. 3 - Effects of indomethacin on excessive Zn-induced production
of IL-2. Splenic supernatants were harvested 24hrs after
being stimulated by Con A. Each value represents the mean

t S.E. of 10 mice. Other legends and methods are the same
as in Fig. 1. **(P<0.01): Significantly different from the
value in control mice.

2% RojFol 1€F Znol 3 IL2 B Alel oA
indormr ethacin®| & VA Z¥E= HERILL Iok(Fig. 3a).

H] 2R Hljokel £ [L-2 5 thET(1,2601112.2 pg/mi)
of B|3} Zn WHEFITE 2,8721289.3 pg/mi® & 23¥H T
o)A Al 274913 indomethacin THEFIFE 2,4231-380.7
pgml>E Fed A E71EATh Zng) indomethacin 8%
o] s~ IL-2 57 3,510£439.8 pg/mlO 2 thzTol uls) 2.8
g F9A QA S7HE QoD Zn GEFoTe vlFME
39.6% 3% 2Kt F71EUATHEFig. 3b).

oeko] ofodofl oM RETE IFN.y MAtol O/Xj&
indomethacin®| W& - Y FolX] IFN-y et thede] 4
+3.27 pg/miQld] B]&), Zn GEFH L 20+8.34 pgm/O =2
545% 9% F2A Al ZAE T indomethacin TSR T
47+8.67 pgmlSE W3EA] okttt Zn9} indomethacin Y84
5072 IFN-y 557} 280+86.85 pg/mlO2 Tzl vlal 6.4
AL oA QAL S7EESloH, Zn ©EFofie] vlEiM % 14
w7t oA A A SR RoFUTHFig. 4a).

H]ZFAISE wljokel FoflA] [FN-y et tlZTo] 4,2401176.4
pg/mlAH B3 Zn ©@EFo7 B indomethacin TEF T2
247} 1,302+159.5 pg/ml W 4,400t 154.6 pg/miCZ 2] W3}
7F dck. Zndt indomethacin B85 IFN-y E57} 4,213
1+185.7 pgmiSE tix7ol vlsf W} e, Zn ©5F
ol o] e ek7re] 7S HoiFEQith(Fig, 4b).
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Fig. 4 — Effects of indomethacin on excessive Zn-induced production
of IFN-y. Splenic supernatants were harvested 24hrs after
being stimulated by Con A. Each value represents the
mean £ S.E. of 10 mice. Other legends and methods are
the same as in Fig. 1. *(P<0.05): Significantly different
from the value in control mice. *#(P<0.01): Significantly
different from the value in excessive Zn treatment mice.
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B dFojA, ICREFHAAM TNFo T IL-189 &S
proinflammatory cytokine3} A ¥4} Huk-gof T3 S
3Fe IL-2 9 IFN-y atell ot 185 Znd] 93+t 2o o
£ indomethacin®] PGE, XFgt&a}e] tisle] #asisict. £ 4
3ol ALRE 18 Znd ¢ TP Rud) o AR &
2o 2 M5 1, indomethacin®] £ 3Fol4] LPSE Q1
& FEH+v ddur3o] indomethacin 5 mgkg BE4FAIR &
7} Q%Icks Zampronio 5179} B 12 JuE s B3I}

TNF-o @ IL-1B AFRAFE & F2A)7)3 PGE,o} 7
AZur3ol oI Fog &L 32 PGE, Ao R
proinflammatory cytokine®] Ato] #3}=]o] FE o] F7igl
t}® PGE, $4dA1ekAIQl indomethacin® TNF-o AJAFX312H8-
< 7F4 TNF-o B30 g R3ads 2 208 49
Hrp162 B Apdulola w430 Ind ATFE ) ¥
3 2 B AAE vl TNF-o 85555 4 A 5
7WXZicHFig. 1). 299 indomethacin® ¥1E F2Xd-8 gix]qt
o] Znoll &) 74 8% TNF-o RS U S7MIA AT
(Fig. 1a). ©]+= zinc oxide”} fume &2 = bronchoalveolar
lavageel ] TNFo A4+ F7HNRALY™ in vitro human
mononuclear cellol*] TNF-o, 2 IL-8 #-8]E ZF7HA 700,
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T3 g, 23t 9 IR/F T AT ke fARE S
955 metal fume fevers %1 e 3L ofde]
FTEES HAFthe HuN508 nRo|, 183 Z
A TNF-o2] #84ths st oleist TNF-ol] 74
©] zinc fume fever?} f-34% Z0% AlgET). ¥ 2 A
o 3188 Zn} indomethacin W85 TNFod 555 11
£ Zn @5FoIH o 5 A%E HAFQEH, o= PGE,
7 -1 A4S A A8EA] 2AIRE TNF-o BAH oA o=
Scales 5%°] B 1E FwFstn Uty X3 monocyte/
macrophage®l|4¢] TNF-o #H]& IFN-pl SJaiA o6& 74
th= B 139 indomethacin®] PGE, $3xbeto] we IFN-y
AT aR0R ulRo], 18w Zn BEFoRTE 1§
Zn%} indomethacin®] &5 o] W& TNFo AYAS57H=
indomethacin®] PGE, 4t& xbdste] TNEo AAte] A4S
931 [FN-y Biks S2AA TNFo AARS ot S2A)7) 2o

Z Alsgrh

il

o B
RN ST T o7
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IL-1f= Fate 2 udo] f2=v] PGE, 44t 3715 7}
2}, X3t indomethacin IL-1B¢] o3} R=se @i 2}

93tk B ApAstes, 18% Znd IL-1f BARS 24
Al 7 Z e, 3§ indomethacin® <] Zndl] o3l F
71 IL-1B 355 8% 9 v]AE vijkdely {24 A 7
2AFAHFig. 2). ¢l ok in vitro monocyteo A IL-12]
ke AZdts B3P 3 ol o] 19} zine fume
fevers}e] 44 52002 uj20], IL-18 $EZ7F= Fig. 19
Al BoiE 18 Znoll e TNF-o $% F7ke} B89 zinc
fume fevers X3 1.8%F oRILEE 318 5 HF A4S
e Ao AlgEY, indomethacin® 1188 Znoll 2l&l &

=¥ PGE,9] A:hg 213l PGEll o3t IL-1B9) A4ke &

A8 Azl RAoE Alg €t

PGE,& Thl cello] 23 IL-2 ¥ IFN-y A 2pebsto]
Th2 cell®} 222 712 232 macrophage 2 5-E] IL-12 H]
2 JAI3ks F8-8 2o, indomethacin® PGE,o] 2JaiA]
AAE T celld] 4 L IL-2 Y2& FBART IL-20 ol
3 B AP A3 (Fig. 3a)0lM, T&F Znd IL-29 EFEES
A S] ZAAA §FEF 0T AETA HBE75E A7
o PHACl didt T Qo7 548 AsAzicke 7t 9e
A)ABkL AT, indomethacin 78 Znefl 98l <JA)E IL-
2 el 9 A ZPo) webA 183 Znd Thi cell
S ASIA in vive IL-2 ARE JAX7IYG PGE, T3S
ZJeksl= indomethacin®] AskE IL-2 AR 3B A)7|X] 23
Aoz Hol, 183k Znoll Y3t in vive IL-2 A} ¥ Thl
cell 71 A3l PGEyF A 9%S nlRAA] &S HojFu
Roem 7o gt B9 71AE 3 B2 7 2"
Tk HGAIEE vk Foll M 3185 Zno| IL-2 B4k /9

A A F7AIZEE (Fig. 3b), ole EXolMs) vk 23E
Yepdct, o2 in viveel X A= ex vivo2] B-FHLE U
HlA 2 AYe) gad Bot BERet of9s vy gifoy 1
zpolol cigt st 71 thste] B A7t Hulglor 8 A
ojt}.

IFN-y:= Thl cell?} NK cell2%-E i =], Th2 cell &
HE xeslar 7323t macrophage A 9 NK celld) AFEEA
& Z7WIE 5 okl He Bz anes s n ok
PGE,= T cell2#E] [FN-y BAkS 2dAjahe 203 [FN.y HARS
3=t Bofshs IL-129] 8|2 dAske 28-S oy
indomethacin PGE, ¥4 xJdol] W& [FN-y BAMS 71270
o Rugehi 2 Aol 185 Znd IFN-y @355S
FoA Al ZH2eAZ=1] indomethacin® 785 Znell 93 o
A€ I[FNy 83558 dAH S7 3 HFig. 4a). o= &
% PGE,& F7IA17]E 183 oldo] T cell 71% A3l
macrophage®] 4744 2 NK cell®] cytotoxicity A3} 58 &
A ZItHE B u]F0] 103 paek olddo] o8y AAard
PGE,= T cello]t} NK cell®] 874 AAAA EF IFNS
SRS Al 2813 21, indomethacin®) PGE, g
AARaE A3t IFN-y Aile] @A3) S7He 7oz A8
gt

@ B

ICR A85ollM] 3}22] zinc chloride(Zn)oll 2J8H ¥A3kE cytokine
232kl PIX)= indomethacin®] F&e] 3t A3 A= vL7)
¥d =}
L 739 Ind % Y HIZAIRE wfFAela] izt vl
TNFo 2 IL-1B F5=E 7ol A 713 24, indomethacin
< #HFe Znef 8 FUHEE -1 S 94 A 24
AlZitt.

2. FF2 Zne BF FolA dixFef b3 IL-2 2 IFN-2

FEE A4 A 421300, indomethacine #ES] Znol)
oJg) ZAHE IL-2 FEolle 3] ¢gigla Askd IFN-y 55

oA A ST
3. 9| Zn vIBAE viFA o)A gzl v IL-2 5
5 594 A F7HR Y, indomethacine THEe] Znel]
ol ZUtElE IL-2 AAlolls JS Fx) i),

olikel Ards, w2k Zn in vivo L ex vivool TNF-«o
2 IL-189 AARE A UA F7HAFR 2 indomethacin
T8 Znoll 2%t IL-18 T=aks 594 Al AR
3 183 Znoll 23 in vivoolA IL-2 2 IFN-y AAto] A3}e)
RO1}, indomethacin® -85 Znol| 28] As}g [FN-y AjAlo]
A3 7=

rlr

do in
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