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Cytoprotective Effect of Zinc—-Mediated Antioxidant Gene
Expression on Cortisol-Induced Cytotoxicity

Mi Ja Chungl, Sung Hyun Kimz, and In Min Hwang2

JDepaerent of Food Science and Nutrition, Gwangju University
“World Institute of Kimchi

ABSTRACT The protective effect of zinc against cortisol-induced cell injury was examined in rainbow trout gill
epithelial cells. Cells exposed to cortisol for 24 h showed increased leakage of lactate dehydrogenase (LDH) as well
as decreased cell viability in a dose-dependent manner. Treatment with zinc (100 pM ZnSOs) reduced the severity
of both LDH release and cell death as well as protected cells against cortisol-induced caspase-3 activation, indicating
reduction of apoptosis. Cortisol-induced cell death, leakage of LDH, and caspase-3 activation were blocked by the
glucocorticoid receptor antagonist Mifepristone (RU-486), suggesting that cell injury was cortisol-dependent. In addition,
we studied the effect of zinc on the expression of antioxidant genes such as metallothionein A (MTA), metallothionein
B (MTB), glutathione-S-transferase (GST), and glucose-6-phosphate dehydrogenase (G6PD) during cortisol-induced
cell injury. MTA, MTB, GST, and G6PD mRNA levels increased after treatment with zinc or cortisol, separately or
in combination. Higher mRNA levels of MTA, MTB, GST, and G6PD were detected when cells were treated with
100 uM ZnSO4 and 1 puM cortisol in combination at the same time compared to treatment with zinc or cortisol separately.
Cells treated with zinc showed increased intracellular free zinc concentrations, and this response was significantly
enhanced in cells treated with cortisol and zinc. In conclusion, zinc treatment inhibited cortisol-induced cytotoxicity

and apoptosis through indirect antioxidant action.
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Chung 5(1,2)¢] Wl we} FX7/0E(Oncorhyn—
chus mykiss)g 3| ABAIZ F o7t R XS E ]t
Wi gFetltt. & FANEAE A F oyt E st
2} 7} phosphate buffered saline(PBS)2.2 E+52 A
A% & 792 @A A& ol7tu|E 120 IU/mL penicillin-
streptomycin(PEST; Gibco BRL, Paisley, Scotland), 240
ng/mL gentamycin(Gibco BRL), 1.5 pg/mL fungizone@}
trypsin—-ethylenediaminetetraacetic acid(T-EDTA; Gibco
BRL)E 73t PBS7F 971 50 mL tubeol] ¥t 2#
the A9 T-EDTAE A|9|gF 22 4] PBS= udh
3to] 2087 Z44EA & 3 cell strainer(BD Falcon,
Bedford, MA, USA)E ©]83}4] 4% fetal bovine serum
(FBS; Sigma-Aldrich Co., St. Louis, MO, USA)< &3+
PBSell A3 dol A obrbn] 232 Adv) o] Wt
gt oz = ¥ RHEslo] BE MEE Borh 19
DA 22 (500%g, 100 min, 3°C) &t 45 NE =
G2 AlEZE 1% FBSE -3k PBSol| 242171 U OJ”
g 3t A AedE AT F F AEE
gentamycin 181l 4% FBSE 373t = Lelbowtz s
L-15(L-15; Gibco BRL) HIA & o] &3fo] AIAI §- Al
=24 54 98l 96 well platedl] 1x10* cells/wello]
== BFear, AR 2, caspase-3-like activity
AEZ W Zn® & 54387 9845 6 well plated] 1x10°
cell/well 322 #3131 21, lactate dehydrogenase
(LDH) =4S 93] 12 well platesel] 1x10° cell/well %=
2 EFte 34z vl F AEE Aok

ZnSO4-7H)O(Sigma—Aldrich Co)= L-152 10 mM &
E2 WE F L-152 3Aste] AME391al, cortisolS
CHCls : EtOH(l-l)i 10 mM =52 ¥HE $ L-152 34

l-

3to] AFE-3E3le™, glucocorticoid &A1 9] ZH3A
Mifepristone(RU—486' Sigma-Aldrich Co.)& 10 mM &
i=h=4 oﬂg].goﬂ h—_o] s 1 -15% /]/K—] o]_oq /\]_&O}O:h;]_

Mz dEs 53
96-well platesell A w3l HaA F2 ] dl3a(con-
trol), 1 pM cortisol ¥ A 2], 100 pM ZnSO4 Y5 2 2]
T, 1 uM cortisol®} 100 pM ZnSO, 5 Al (cortisol+ ZnSO,)
A ow ARE 24417 Aasich. thE 96-well
platesoll A v Fsl= AlEZ= ZT(control), glucocorti—
coid &A1 AgA RU486(1 uM) A2, thFst &
(0.25, 1 1g)a1 10 upM)9] cortisol A &+, theksh oE«]
cortisol?} RU-486 EA] *8]7(0.25 uM cortisol+ 1 uM
RU486, 1 uM cortisol+ 1 pM RU486, 10 uM cortisol+ 1
UM RU486)2.2 A 55 24413 A e]3te] wje] &1 Al
o] AEEL Chung 5(1,2)0] ARE-3 MTTI[3-(4,5-di-
methylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide]
(Sigma-Aldrich Co.) -l WS o] 83l AL &
Z} welldll MTT £4(5 mg/mL)S A4x<] 1089 1S
Z¥ell AL oAl 37°Coll A 4413 o skl MTTE H4d
AlA AB/d€ formazone] wiA el whe} U7bA] @S vl A
& A Z=HA AABGI T Fol = WA E ehds] AlAS)
7] 93l Aol A 30t WA E
(DMSO; Sigma-Aldrich Co.)E o]&
570 nmellA S3 =S S48t §F =
DMSO= &}¢laL, Al3Ee] AE&L ofefjet &
s HFare] F3E
gz F3E

dimethyl sulfoxide

atef & A1%1

= .ilixq /\] —T’—/\]Eh:.

o] Axkstsict.
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LDH 2! caspase—3 like &M
39 Fob vl et Mz gix
g, ‘3}%?‘_ 55(0.25, 1 28] 10 uM) 9] cortisol
2, oS 329 cortisol¥ RU-486 &A] *&(0.25
uM Cortlsol+ 1 uM RU486, 1 uM cortisol+ 1 pM RU486,
10 uM cortisol+ 1 pM RU486), 100 uM ZnSO4 *] 8]+,
1 uM cortisol®} 100 uM ZnSO4E A A 83 A 5E 24
AIZE Et el oFd ¥ cortisole] HIFE A3EL] Al
2u E mA e PES dolry] 9d LDH 845
LDH activity assay kit(Sigma-Aldrich Co.)& AF&3}9
A zAbol| A A8t A Hel wepx] S433lth.
gk obA 3t cortisol®] FaFS &2l
317] €éll caspase-3 activityE =43} t}. Caspase-3
S 5487 Hstd AlRE A2 Al lysis buffer
[1% Triton X-100, 0.32 M sucrose, 5 mM EDTA, 1 mM
phenylmethylsulfony fluoride(PMSF), 1 pug/mL aproti-
nin, 1 pg/mL leupeptin, 2 mM dithiothreitrol(DTT), 10
mM Tris/HCl, pH 8.0]15 Hz|3le] 208 <k A3 9lolA
W3k Th A2 (12,000% g, 20 min) she] H2]E 4+

A =X
o | o

(control), 1 uM RU486

A E 9] apoptosisol] T
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S NL caspase—3 fluorescent substrate 50 pM 7-ami-
no-4-methylcoumarin(AMC)-DEVD(Sigma-Aldrich
Co.)¢} HFE A1 3 free AMCE spectrofluorophotometer
(LS-50B, Perkin-Elmer, Shelton, CT, USA)(excitation
380 nm, emission 460 nm)Z ZA3F3TE AMCY 42
Al Feo] AMCE ol &sto] A3 xF40 % S
AL @i o w BAS ST weld vl e
Bradford protein assay kit(Bio—-Rad, Hercules, CA,
USA)S AR&ste] Alz=Ate] Wgol whet =38kt

RNA F=Z&, reverse transcription—polymerase chain
reaction(RT—PCR)1} real time PCR

6-well platesoll A Bt HA 24A17F &< A8 & A
gk Al o] TRI REAGENT LS(Sigma-Aldrich Co)E 1.0
mLA 7hste] Al FAb A AE ek AlE AR A o wha)
RNAE FZ33lth ¥ A9 A First-stand cDNAE A
2bal7) 918ke] oligo(dT)™ primer®t random hexamers
A28} PromegaAt(Madison, WI, USA)Ol A A&t A
F AFEA Ao whel cDNAE FAsHth A4 real-
time PCR< Bury 5(4)9] B9} U3 2002 83}
Gt & A=A real-time PCRS ABI Prism 7000 se-
quence detection system(Applied Biosystems, Foster
City, CA, USA)E o] &3le] 43519 1L, real time PCRE
Q8] Al-83%F primers®} probest Table 13 #t}. A3l+=
ABI Prism 7000 software program(Applied Biosys-—
tems)S o]&3te] A B AT

GST, G6PD 18] 18S rRNA ##2F &dS Chung
S(2)9 it A 2@ o w2 FPs3ith PCRE 94
A3t primersi Table 13 2t} GST, G6PD 181l
18S rRNA?] PCR & HW 95°Coll A 5%, 95°CeilA
30%, 55°(GEPD, 50°C)oll A 40%, 72°Cell A 120 aL,
Wi 5 FHA= 18S rRNAS A8tk PCR AHEL

Table 1. Primers and probes

ol &3 651

0.002% ethidium bromide’} 71 1.5% agarose gel®l
80 VoAl 207t #7953 & UV Foz fdx Iy
AEE dolrgrtt 7 W= ZFEE SigmaGel(Jandel
Scientific, San Rafael, CA, USA) AX Egojo] o]s)] £
73l

MZ LW zn*" g2k &3

M EE 6-well platesoll A vl Fslodar, FAlg]7-¢ thz
(control), &% #2]+(1 uM cortisol, 200 uM ZnSO,),
A A& (1 uM cortisol+ 200 uM ZnSO4, 1 uM corti-
sol+200 uM ZnSOs+ 1 uM RU486)> Al5H A 2] F 244)7F
&<F wiFate] Bury 5(4)9] %R o] Al E PBSE 3
W ANe 3 3 uM zinc-specific probe FluoZin-3-AM
(Molecular Probes, Eugene, OR, USA)S &§3t 1.-15
A 2 60%-7F vl kit 19 thS L-15 X2 3H Al
X Z Ao ME g & FluoZin-3-AME 213 | A3k
T L-15 v ko & 303t ¥ wigAZlch 135 mM NaCl,
1.1 mM EGTA 18]3 20 mM HEPESE 3§73 pH 7.5%1
LHS G-well platese] 1 mL Tlste] AZE 2 & the o
Aslelglar, 50 uLE ol o] 22 &9 2.0 mLE 34 A
71 3 spectrofluorophotometer(Perkin-Elmer)(excitation
494 nm, emission 516 nm)®E =3 3}% o}

SAXM

B 2% A3EE i (mean)+ XA (standard de-
viation, SD)Z XAI3I 3L, At 7F H o] AFol= one-
way ANOVAZ 2148 &913 % Duncan's multiple
range testZ o|-&3ako] AIE FAs oM /X0.05 5ol
Al frelide] FE HAFsTh B A 242 SPSS
(statistical package for the social science) version 12.0
X 2 713 (SPSS Inc., Chicago, IL, USA)S o] &3}o] F4
shSTh.

FN
&

Genes Primer/probe

Sequencel)

MTA probe
primer forward
primer reverse
MTB probe
primer forward
primer reverse
18S rRNA probe
primer forward
primer reverse

GST primer forward
primer reverse
G6PD primer forward

primer reverse
primer forward
primer reverse

18S rRNA

VIC-TGCTGCGACTGCTGT-MGB
CATGCACCAGTTGTAAGAAAGCA
GCAGCCTGAGGCACACTTG
6-FAM-TTTGACTAAAGAAGCG-BHQ
TCAACAGTGAAATTAAGCTGAAATACTTC
AAGAGCCAGTTTTAGAGCATTCACA
JOE-ATACCGTCGTAGTTCCG-BHQ
CGGAGGTTCGAAGACGATCA
TCGCTAGTTGGCATCGTTTATG
GTCCCTACACAATCACCTAC
AGACGAAGGTCCTCAACGC
GTCACCAAGAACATCAAGCAC
CAGTGGGGTCATCAAGGTAAC
GAGCCTGAGAAACGGCTAC
CCCATTATTCCTAGCTGCG

YPrimers and probes are written 5'—3'.
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Sk AFel T Ao itsl F 54 Ay Clgst
a2 AREE 2 9tH(1,2,4). Chung 5(1)2 2 Ao A A}
S35 2& Axrd 9@ A xd44 200 pM ZnS0,.E Al
Zofl Helek Ax} AX PEFo] 88.5% 4L, o] F Fol A
=5 ﬂ%@zi AlEFA o]l Frhekltka B astgle

n T AEHA] glE 100 uM ZnSO0sE A
g e /x}*"lfi}oﬂﬂr

Fxe)2tel glZ(control), 1 uM cortisol, 100 pM
ZnSOs 2 1 uM cortisol® 100 uM ZnSO4 & Al (cortisol+
ZnS0y) Agie] Ax BEFo| nA = e dold A7
+ Fig. 1A} 2. A& A ] 1€l 1 uM cortisol &
o] ol A7} F 16% AE3 =1 1 uM cortisolS 100
uM ZnSO.9} s Aol A #3F3S wl cortisol Aol 2]
A2 APES AR AE BEES FAHHTR 2T
Fro® 3HEAHFig. 1A).

FXo w2 cortisolo] AHIXE AEo| WX = o =),
2 A cortisol APE % JEH O R MIE ALEAA
t}. = 0.25 uM cortisol A= AE AEL] FFS FX

6{}:

A 120
a a a
100 b
< 80
2
3 60|
8
>
S 40
20 -
0 - T T T
Control 1 UM Cortisol 100 yM ZnSO4 Cortisol +
ZnSO4
B 120 -
a a a a a
T
100 4 L —1 b L e b
i . i .
—~ 80 A
s c
>
= 60
Q
©
>
= 40 -
[
(@]
20 -
0

Control ‘ O.ZSNM‘ 1uM ‘ 10 uM ‘ 1M ‘0.25uM ‘ 1uM ‘ 10 uM ‘
Cortisol ~ Cortisol ~ Cortisol ~ RU486 Cortisol+  Cortisol+ Cortisol+

1uM 1uM 1uM

RU486 RU486 RU486
Fig. 1. The effect of ZnSO4 on cortisol-induced cytotoxicity (A)
and the effect of RU486 on dose-dependent cortisol cytotoxicity
(B). RU486 is the glucocorticoid receptor agonist. Values are
meantstandard deviation (n=4). Mean values with different let-
ters (a-c) on the bars are significantly different (P<0.05) accord-
ing to Duncan's multiple range test.

AT 1 pM3F 10 uM cortisol A= AE =SS
247y 14.4%9F 37.8% A FHTE RU486 Aol <3
cortlsol°ﬂ o) &t M E APEo] A HAHFig. 1B). RU486

2 glucocorticoid &A1 A&A = cortisole] gluco—
corticoid F&A ol Aoz 43s e S A
TH1D). wheha] 2 A5 A3 I E8]5 = cortisol A E
ArE S %EQ T O]DPE As & F O]‘:”E]r

RN=E =2 TR

-
S s 4%@3; Hli%*—h%ﬂ s }‘22

# 2] 33 al
ol¢} & 7+ glucocorticoid =832 AdA|Q0 RU
4865 A2 PE o AqAEAGIL A=, o= & AT
A3} A A&t} Brandio-Neto 5(13)L o} & 43

3l Q172 cortisol FH|E AsIGvhar sl olE B
e 2Ed 2 22304 ofd HdF7F A | E = corti-
sol& AA8ke] cortisoldll 9§k A3 APEE JAT 4= S
Folete 7S AlAFskaL 9

A7k Al -¥ 3k A-FA & T3l 1% cor-
tisol2 2Eg 2o o8] Aol A cortisol ¥o] 715 AL
I 22 YA 7]5E& 243 Cortisol2 ¢
HASA Aol EFFSl (pro-inflammatory cyto—
kine) #H| ¢} &d& Asfste Aow gz lork(14),
T2 H oA E cortisolo] LELANA IS4 Alo]|EFFSI
(inflammatory cytokine)2] ZAME #HAA] 7|3 T-AH| 3}
Sabget 22 AFM e A4S FESI AEE
e AFA4 AFIEFR] Edg AT SEITH(L5,
16). Cortisol w#H|7} -7 =W Q& A7 HHA[vhE
st At Aol fﬂ'dﬂr( 7,18). mekA 2~
E 2o & cortisolo] o2 FHH S wf tpgst
AW fuko] 7Hs kAl cortisolS ®H|H = Xl upg o}

OO

=)
e
o
fru

2 9FE s vl F dueE 2Es & 5 Ao
O} 1t cortisolO] LDH L caspase—3 like &A0|| O|x|=
oI5t

oo

Cortisolell 93 F=¥ AEHA ] )t ofde] Az
& Ao gEo] ME &4t BAE dotr ] 3|
(19) LDH release assays X 33+5la 1 Ad+= Fig. 29
2t} Cortisol A gl &3] 5%k o|F% 0% LDH W&ol
Z7}819l 3, RU486E Ao o8] o] Z71= oA =t
oA %} cortisols Al A 3Hl& W= cortisolell ]3]
S7he LDH W&ol oA = qdth.

M E APES necrosis® apoptosis@ TFEEHW, 1%
apoptosis= 7HA ] A GA Y DNA &4, vpole] =314,
A 2E# 2 Fo wE fF3d4 248 ghellA dojrtar,
apoptosis Zdol| FA7F Ty ehd thget dwS gt
(20). Caspaset™ apoptosis Al &A43tE = 7 Fo3 A
Pz AR Qo hF A2 caspase?] caspase-3 &
45 &l apoptosis BEE ot 4= AUH2D).

A2z cortisol?} o}dS A2 S @ caspase-3 like

o
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o 06 1 Fig. 2. The effect of ZnSO4 on cortisol-induced
' LDH leakage. RU486 is the glucocorticoid re-
0.4 4 ceptor agonist. Values are mean+standard devia-
tion (n=4). Mean values with different letters (a-d)
0-27 on the bars are significantly different (P<0.05) ac-
0 ; ; . . . . . . . ,  cording to Duncan's multiple range test.
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Aol H A= JFS FAGE A7 Fig. 3o YEld vko} G 2Eg 2o o3 3 wh]H = cortisolol] o3l f
%:h?‘r Cortisols A 2] & wj#|oll A wjFe Al 2= FA 2l 2 g e AHES ofd A o8 AL F AE e
9l thzT} vlwste] A4S caspase-3 like B4ol 4L At
7Fekelan, ol & S7HE B4 RU486 Al 2&l A=
o}, Wk obu et cortisol#t oblE FAlol A2k At cor- O}i3} cortisol0| &HAHs} ST} W0 O|k|l= HE

tisololl 9]3 Z71%¥ caspase-3 like &4 o] A A
w2} A cortisol A+ AETS &A1 FH 3L apoptosis
729l caspase-3 TS STMATIEE HXE
e S & Ao, cortisol#t ofAE
3} olE ARV} AdEo Alx AMES
1S ARt
o] AtstA ~Ew 2o tiakete] AlE
APEE SAlskL LDH W5 9 caspase-3 245 AAgtt
aL skl 2 AT Aok FARsEglh Choi 5(22)2
caspage-3 &4 Aol ofa AlE AbE A= HH S hA
ot W I &del dFS WA Aol e, &
Ao = o}l X 2] 7} cortisololl 2|3l Z 718 caspase-
3 S JAIst o ZH apoptosis A ZE 2dkste] Al A

FEshe
o
=

ol
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o 32 r\r
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S &
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A 5h=
Chung 5(1)& °}
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2 14 L b b
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o 12 b b b
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S 081
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= 06
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172}
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& 024
©
O T
Control 1M 1uM 1M 100 yM 1M
Cortisol RU486  Cortisol+ ZnS04 Cortisol+100
1uM RU486 UM ZnSO4

Fig. 3. Inhibition of caspase-3 like activity by ZnSOs in corti-
sol-induced apoptosis. RU486 is the glucocorticoid receptor
agonist. Values are meantstandard deviation (n=4). Mean values
with different letters (a,b) on the bars are significantly different
(P<0.05) according to Duncan's multiple range test.

o}l 3} cortisole] d4F3} 42 MTASF MTB mRNA
W o) v x]= Jee S ol A3t Fig. 49F 211, GST
9} G6PD mRNA #dof| x| J&E S dopld Ayt

i o =

A 35
s ;
x b — b
E 25 I
<<
=
= 24
‘s c
S 154
S d
=
ARE
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[} 1
L 05
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Control 1M 100 pM 1 pM Cortisol+ 1 uM Cortisol+
Cortisol ZnS04 100 uM 100 yM ZnSO4+
ZnSO4 1uM RU486
B 3.5
< 34
P4
o
€ 254
m a
=
2 N
5 b b
§ 15 ©
k] d
3
£ "
T
o
S 05
0
Control 1uM 100 uM 1M Cortisol+ 1 uM Cortisol+

Cortisol ZnS0O4 100 uM

ZnS0O4
Fig. 4. Effect of ZnSO4 and RU486 on cortisol-induced activa-
tion of the MTA (A) and MTB (B) genes. RU486 is the gluco-
corticoid receptor agonist. Values are meantstandard deviation
(n=4). Mean values with different letters (a-d) on the bars are
significantly different (P<0.05) according to Duncan's multiple
range test.

100 uM ZnSO4+
1uM RU486
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Fig. 5¢} £t}

1 uM cortisol®} 100 pM ZnSO4 @& 2o ojajr] F
A2l 22 Bl wske] MTA9 MTB mRNA 2 o]
A A A Z718r AL, cortisold ©FA(1 uM cortisol+ 100
uM ZnS09)< SAlol A2 P& wl MTASF MTB mRNA &
AL o5 AgaEy ¥ Skl o o)gf e Sk
1 uM RU486 Aol o) o} o A2l =02 MTA
9} MTB mRNA G=5°] 7+4 3} tH(Fig. 4). ZnSOy, corti-
sol+ ZnSOy, cortisol+ ZnSO4+ RU486 8= thZE+3} H]
wsted MTA mRNA H@ 2 248, 2.79) 2231 2.49)
Z 78kl th(Fig. 4A).

1 uM cortisol®} 100 uM ZnSO4 A 8]l+= GSTSF G6PD
mRNA ¥&S Z7FA A3, cortisold} o}A(1 uM corti-
sol+ 100 uM ZnSO9)< FAlol #2]8k9E wl cortisol T
oA o] v Ayt ¥ %S GSTH G6PD mRNA &
Fe e L w3t Blatste] 2,119 2.08) & 5
7 YERIATE. e o]#igk 7k 1 uM RU486 A&
o g3 o} ©= APt FEOR AP HFig. 5.

o2 bl FrAx HHS T ER kst a9

S YERl 3L ofdol 93] F7tE = datst §-A1%F Foll MT
= AX Yo EAstE 22 +xFFe] Al2=H Sl (cysteine)

|
of @e wuAR AxHAE -SH-71% X3 917 o)

A 25
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N
< 24
% b b
€ b — T
-
0w 154
]
G a
c
s 1
£~
13}
=}
°
c
T 054
o
o
w
0
Control 1M 100 pM 1 pM Cortisol+ 1 pM Cortisol+
Cortisol ZnS04 100 uM 100 pM ZnSO4+
ZnSO4 1uM RU486
B 2.5
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x 2 L
E b
E b
g 15 ©
u“— d
o
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S 14
E=
[3}
=1
°
c
5 0.5 A
o
[T
0
Control 1uM 100 uM 1uM Cortisol+ 1 uM Cortisol+
Cortisol ZnSO4 100 uM 100 uM ZnSO4+

ZnS04 1 uM RU486

Fig. 5. Effect of ZnSO4 and RU486 on cortisol-induced activa-
tion of the GST (A) and G6PD (B) genes. RU486 is the gluco-
corticoid receptor agonist. Values are meantstandard deviation
(n=4). Mean values with different letters (a-d) on the bars are
significantly different (P<0.05) according to Duncan's multiple
range test.
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