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Abstract

Cadmium is well known as a toxic metal and has insulin mimicking effects in rat adipose tissue. This study
was undertaken to investigate the effect of CdCl, on glucose transport and its mechanism in 3T3-L1
adipocytes. CdCl, exhibits respectively 2.2 and 2.8 fold increases in the 2-deoxyglucose uptake when exposed
to 10 and 25 uM of CdCl; for 12 hr. To investigate the stimulating mechanism of glucose transport induced by
CdCl,, Wortmannin and PD98059 were used respectively as PI3K inhibitor and MAPK inhibitor, which did
not affect 2-DOG uptake. This results suggest that induced 2-deoxy-(1 —3H)—D—glucose (2-DOG) uptake by
CdCl> may not be concerned with the insulin signalling pathway. Whereas nifedipine, a calcium channel
blocker inhibited the 2-DOG uptake stimulated by CdCl,. In addition, we also measured the increased
production of Reactive oxygen substances (ROS) and glutathione (GSH) level in 3T3-L1 adipocytes to
investigate correlation between the glucose uptake and increased production of ROS with H2DCFDA. CdCl,
increased production of ROS. Induced 2-DOG uptake and increased production of ROS by CdCl; were
decreased by N-acetylcystein (NAC). And L-buthionine sulfoximine (BSO) a potent inhibitor of y~GCS,
decreased of 2-DOG uptake. Also NAC and BSO changed the cellular GSH level, but GSH/GSSG ratio
remained unchanged at 10, 25 uM of CdCl,.
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oe B4 F4uc o B 93 A vl
=Fo] AN zxe Al BAE ez,
CACLE vhg-2oll B74FAL 319 745 AAke] B
cell®] ¥u]7]1%5-& 7H4AA hyperglycemiaE f-4
3} (Ghafghazi and Mennear, 1973), CdCLE 21
e 4597 dmel B7kEA] 249 pyruvate
carboxylase, phosphoenolpyruvate carboxykinase,
fructose— 1, 6-diphosphatase2} glucose-6-phosp-
hatase®] A& Z27}A)7|H (Singhal et al., 1976),
2ko) oA ol M= 2-deoxy-D-glucose uptake
2 Z7}XZ1t} (Rubin, 1975). =3 CICLE 797+
ol £ W P ol |3} FAA )= (1.0 mg/kg),
2379 cAMPS} &3 glucosed 7141709, A
A €T T ADATI, okgAdez Ji=F
of =& A% A7 Bur)s AR At glu-
cose intolerance®& doFlth= ® 7} glt} (Merali
and Singhal, 1975). CdCLdl x=Z% sAx=2} 2ukA
XZo|A lipogenesis7} Z7}8l9 o™ (Yamamoto et
al., 1984), teleost fish& 7}=F-ol 0.26 mg/L=. 60Y
e A ee xE2AF A 1SS 1Y
]| o) EAFZ0] v}Ely)T) (Sastry and Subhadra, 1982).

3, e} S48 3 32Eql e ¥k
ola} H,0:9F 78 ROS (reactive oxygen species)
off ojslx)= PKB %! MAPKinase®} stress signaling
pathway2 %338} 72 tyrosine phosphorylation &
Agg 28 229 4468 £33 (Clark et al,
1998). ROS$} A4&3}ed Glutathione-2- 3438+ 3HAF
3} A2 oxidantsd FE< 5oF o= ¥
free radical3} toxic electrophiles®] F=3}3}A,
thiole—disulphide status& -$-#]3}+=4] AL o}
k3t ME RF7)%o) FAIg GSHE S84
2 mitochondria matrix®} cytosolel] Z&xj3}w] =}4]
9] sulfhydryl group#} oxidants®} ®hHg-sle] GSSG
£ A3, GSSGL) Z71= GSH-consuming enz-
ymes<l GSH peroxidase®} GSH transferase®] Z7}
7 GSHE 7t=1= y-glutamylcysteine synthase (Y~
GCS)8} GSH reductase®] Zrael] 7]Q1g 7Zleow
oxidative stress®] marker2 o) 8£H 7% It} WA
= Y5 GSSG*= glutathione reductase (GRD)ell 2]
s Al GSHE 97 AZ ghez w2,
ol GSH= 2] 341> NADPHe| &% v
NADPH¥: pentose phosphate pathway 3 E38f 37
Ho gz §U5 glucose?] glucoe 6-phosp-
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hate2 9] W& S ARG o, 2, AR
] Bo] Fl=Fol =ZA] nitric oxide (NO - ), super-
oxide anion (02 - ), hydrogen peroxide (H,02)2} hyd-
roxyl radicals (HO - ) 5¢] ROS7} XA =] glu-
tathione3} protein—-bound sulfhydryl group& 74
A1 lipid peroxidation, DNA single strand breaks$}
Zr4r 3FArA 8- 337 A 71w} (Ezdihar and Sidnye,
1996; Erzsebet et al., 2001)

wEhd] B A7, Ftede] AW 259 At
primary target tissueql A|MFA|EZA] EEF djAb
o u]A& g3k dolrr] $J3te] 3T3-LI adipo-
cytesel| 4] 2-DOG uptake2] W3} W 7 7"
A dotr Al ek AYH 2 B A &
f2 <3 medium ¢l wAM FFFHFI A
FodAl T3 o] FA A dE 5 o, T
g F5 =3 o]F]AA] ¢& 4 ot Morpho-
logical W3} €A} F3sl7) ofe]$-m APA L o
3 2o] incubation 724} 7k Yol cell lysis7} o] Fo] %]
t 59 o] Aok 2 Aol AT IT3-LI
adipocytesell = A|HA 2l M 7 4 5 AY
oA 7P wke] ALREE M EF2 3T3-F442a9}
ogo] 235 F=8 5 YIM AWAE F-
A1 23 cell cultures]] o) 22} T8} 2
3= 3T3-L12 A3PA o2 single large lipid dro-
plet-g 7}A] = A48l AubM| F9}= 2] cytoplasm
ol] multiple lipid dropletse] it} 3T3-L1 adipocy-
tes= GLUTI, GLUT4¢} 722 o2 5 444
7} v ge] ¢leom isobutylmethyl xanthine, dex-
amethasone®} Ql&# o] Egl) & x|t 235
o] Ql&d receptorE WHAA Je] A ut
2ol Z7hgo). =3k B3y} FHW GLUTI 85
ohiet GLUT4 Wle] Z7}lo] lerdlol g 1
240] B1% obdl 4R W24 Al ol A}
2% 31 ¢]t} (Hynes and Bye, 1974; Green and Meuth,
1974).

4y

3T3-L1 X[WMZEF2| ufet

BT AEF LolA B W 3TI-LL A
Az g %5 A% 37°CollA vl2] 7-&% DMEM-
10 ¥12) 10 mLell 41&34A] @2 F 1,800 rpmel A
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587 AAEEsty AASaE A ASle] freezing
medium ¢} DMSOE A A s} w}. Tappings
F gA] #ixE 10mL 7k Fo] NS A de A
Zt}. 100 mm culture dishol] A% et} |0 mL&
7}t & humidified 37°C, 5% COz incubatorol] A} )|
yatoleh. Azofofel ol&HE mE Al 7|7

+Ezate A2 2E A
ZEg $85 53

M ZZ 12 well culture dishel] seedingdle] <hx
CEERE]
3ty serum-g depletion A)ZIT} AA|H 2x2] A

25 AlE wfifdel shetz dA A7 37°C, 5%
CO; incubatorolj 4] wllefalgdc}. vizE A A3 X,
vlg] 37°C& 7123 KRH (Krebs-Ringer Hepes
buffer: 136 mM NaCl, 4.7 mM KCI, | mM CaCl,, |
mM MgSOy, 5 mM Na;HPO,4, 20 mM HEPES, pH
7.4, filtration) 2. 23] A& 3}e] vl ] ghol] E=A)3)}=
glucoseZ A A3t} 7+ welle] KRH | mLE 7}
&}3 [*H]-2-deoxyglucose (3.2 pCi/nmol) 25 uLE&
7beted 0.125mM7}F S =% &1, 58 & [PH]-2-
deoxyglucose® 3§ KRHEZ Al43] A|Aslw
W PBSE ZHge2A wes ANk Wi
gk PBSZ 23] © AMAHZE F, ovenollA] 30 F4t
Az ¥ Az 2R £718 B3 AAsg

Cell lysis buffer (1% SDS, 0.2N NaOH) 1 mLE&
7}5led Rocker (Vision, speed control Z®))ol T3
5o} F RN over-night ) s}e] A TE B ¥,
QxR Aeo] A4S 7] S00uLE
Ultima Gold cocktail (Packard Bioscience Company)
3mLE Y3 voltexste] FA3}A 4e]F &, liquid
scintillation counter (LKB 1211 Rackbeta, Pharmacia
LKB, Finland) & radioactivityZ &35} }

HE s49 54

MTT assay+ 3-[4,5-dimethylthiozol-2-yl]-
2,5-diphenyl tetrazolium bromide (MTT)Z. A Z%
g =48t} 73] st 24 well flat bot-
tomed platesl] 4 x 10*cells/mLZ 23 3T3-L1 |
WAz Al 400Ul 7FEE F 9Hds] B3HA)T)
3 A¥AH DMEM-0 vl A2 2A]7F 22]3}ed serum
depletion & 7} x%x2] A8 E 7}3te] & 400ulLE

% 247+ $<} DMEM—0 wjx| 2 8}

A £ Led pfp] v|AE TheRe) 3 89

3kl 5% CO; incubatorol| A LA A7} Eat uljoks}
e} e} % Smg/mL MTT &4 100uLS 7}5}
o 442 of wiFele] saltg: MEAZ FAHZ &
Alo] 7‘45; FA)sp Absel S aspirationdle] A
738 & Extration buffer (DMSO:EtOH=1: )& 7}
wellell 600 uLA 7}8}1L rotomix (Thermolyne, type
50800, speed 6)2. 1527} mixsled AJAJ = formazan
AAS -3 o)1, ELISA reader (Multiskan
MCC/340P, Titertek) 2 540 nmoll A} E}58 23
3led ME EAS sl

Rl g 58

M ZZ 6 well culture dishel] seedingsd}ed 2+4s]
#3}4120 & YA DMEM-0 <o 2412} o
Feted serumE AR AAE sEo ABE
AR A7+ 2} 37°C, 5% CO; incubatorel| A] wj oF5}
9c}. KRH buffer2 2¥l washingdt 3 [U-'"C]
glucose (1 mL, 5 mM glucose in KRH; 1.25 uCi/mL)
£ sk wiRE wset 3 1412 WA s
ulvgk PBSE 23] o] AMAJ F, ovenellA] 30%
¢ Ax: F Hx 21 B8 943 AAs
t}. Cell lysis buffer (1% SDS, 0.2N NaOH) 1 mL&
7}t Rocker (Vision, speed control & ])ef}A] 44
ZF AEste] Al EZE =49 &, Dole’s lipid extraction
sloution 3 mLE Y& ¥ 217t ¥4} shaking ¥
Heptane®} DWE 27z} 3mL @<} Pasteur pipette
o7 $£&& AA3Z & DW= 2¥ ] washingdt
o 2 7185 S LSCviald] &4 22 ¥ 315
T F= gkl wEAsle £7] 8005 g WEx
Ultima Gold cocktail (Packard Bioscience Company)
3mLE ¥, voltexsle] FU3HA Ael&E 3 liquid
scintillation counter (LKB 1211 Rackbeta, Pharmacia

LKB, Finland) 2 radioactivity & &3] 8}¢ic}
ML 2] Y (ROS) & MEY ZREX2
Xzt

Dichlorofluorescin diacetates= WX esterasesol|
o3l 227l ¥ reactive oxygen®] A3t A G
£ WEles B8 H3}o] It o] confocal mic-
roscopy & o|-£3}e] imageE Zodslict MEE 8
well culture dishel] seedingsle] £+A3) ®3A)7]
2. DMEM-02 217} ullekste serume A A 3H
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S AN 5 ARg AT e s
dA X7 37°C, 5% CO; incubatorell 4] wlokst 3
v)g] 7}-&-3F Kreb’s Ringer solution©.2. % ¥ wash-
ing gk}, 2’7’-dichlorofluorescin diacetate (1 mg/mL
DMSO : 82 ZA)E Kreb’s Ringer solutione]] 1
pg/mL =2 9r5e] well B 200uL¥ 7}8ke] 15
27t o wjerstsich. 530 nm F2ol A widestA =
Asteich oln) sEol Bebdahma ed) W
A gxs Fo)dleof g} 6 well plateo]] 3T3-
L1 A Z 4% 10%cells/mL et 2 mLE 7}38}
o} & gbAs) B3zl & DMEM-0 ui o)A 24)
2t wokate) serum& AASI 4 wxe) sted
9 A8 E 7bste] 12417F 5<F #%F ¥ PBS=E 7
W A A5k 0.2% Triton X-100(in PBS) | mLE- 7}
sted 5B WAsle] AlZE S8 A3H )& EP
tubeZ ZAA 13,000 pmell A 5E7F 4°C 3ol &
AR F Asds Al GSH 4L A%
A 10uLE H3) vig] BFAZ SF4 o0uLet &
7 96well flat bottomed plateo]] @ I (triplet) &2
yh2ol-g Ol g & 28 54t 15% 7HH o= 405
M)A EBw2 2Asl9ch GSH BE2EL 0-30
UM =92 wSe] standard curveE ol
th GSSG &A-2 ASd [30uLS Fsle] EP tube
2 271 & 2-vinyl pyridine 5uLS Qo] A7 &
ot incubationd}ed GSHE HAAZ F HAAE 3]

Sjof AFAL 10uL Hslo] 919} ol APshaleh

4

ih]

1}
JIEE9 MESM

3T3-L1 XA Zel] CACLE 12412+ A=t F
MTT assay 2. A £ A& &A% A7, 5,10,25uM
o A= cell viabilityol] ¢13k8 F#] 9kgkort s0uM
olake] EwmoARE AT Az=AE e
o} (Fig. 1).

3T3-L1 XM oM Z2g =50 njx]|
= 7tEES dE

MTT assayel A} frojdl MEEAHE ehiA
okdd W9lel CdCLE =Wz s 2-
DOG uptake & &A% A3} s x & 2xT
S 2717} BAAE g e 25 UMl A o) &S
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Cell viability
(relative to control %)

0 50 100 150
Concentration of CdCl, (uUM)

Fig. 1. Cell viability of 3T3-L1I adipocytes exposed to
CdCla. 3T3-L1 adiopocytes were incubated for 12
hours at 37°C at various concentrations of CdCl..
MTT soultion was added to culture medium fol-
lowed by the incubation for 4 hours. After incu-
bation, supernatants in each well were removed and
salt products were dissolved in the extraction buffer
and allowed to be incubated for 15 minutes. Absor-
bance was read by ELISA reader at 540 nm.

—— 25uM CdCl,
—o— |0uM CdCl,

2-DOG uptake (relative to control)

0 4 8 12 16 20 24
Incubation time (hour)

Fig. 2. Time course of 2-DOG uptake induced by CdCl, in
3T3-L1 adipocytes. 3T3~-L1 adipocytes were incu-
bated with 10uM or 25 uM of CdCl,. 2-DOG uptake
was measured as described in experimental methods.

B9dv}(Fig. 3). CACLE 10uM=} 25 uMe] 5ol
A] incubation timee] woigo e} ETxd S£4E
Z770m 1247k A HY &dte e
(Fig. 2). L-type voltage-sensitive Zrg 'd Al
al Nifedipine 5 uM& 7t=%3 34 A=t
7% CdChel o3t x=F % F312-g-] 71A
A} oz JAHYT (Fig 4). ©)% F3) CdCh
o 9§ zEW £4 F7M= 2 Ade 5 7
=9 A=Ed 4 9T AdE & 5 A+
CdCL#% d&dE& FAl st A+ 10uM
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2-DOG uptake
(relative to control)

0 i 5 10 25 50

Concentration of CdCl, (UM)

Fig. 3. Effects of CdCl; on 2-DOG uptake in 3T3-L1 adi-
pocytes. 3T3-L1 adipocytes were incubated with
CdCl, for 12 hours at indicated concentrations. 2-
DOG uptake was measured as described in experi-
mental methods.

3 4 wmm Contro}
— 5uM Nifedipine

2-DOG uptake
(relative to control)

0 10 25
Concentration of CdCl, (UM)

Fig. 4. Effects of Nifedipine on CdCl; stimulated 2-DOG
uptake in 3T3-L1 adipocytes. 3T3-L1 adipocytes
were incubated with 10 or 25 uM of CdCl; for 12
hours with or without Nifedipine 5 uM. 2-DOG
uptake was measured as described in experimental
methods.

# 25uM EFNAM Fl=gS ded FAAHR
¢l &t additive effect= HAFA] ¢k} (Fig. 5).
PI3KY M =uo|A] PI-3-P, PI-3,4-P2, PI-3,4,5-
P32 AAElE= &A= (Whitman ef al., 1987, 1988)
PI3K oA E2el wortmannin ¢l 2]3le] <l
g zx $4 7P JAIE o] B3 HHGould
et al., 1994; Clarke er al., 1994; Tsakiridis et al., 1995).
webd CdCLell o3t T 442 2717} A4
2 pathwaye} FAFSHA Zf-307A] delrr] $13
o] wortmanning- 100nM=Z. 302 Az|slgdcl 2 2
7} wortmannin& CdCLel| 23 Zxt 4 =7}

A EF] 2ER P45l 1A Tl=ge] 7 91

57 = CdCl,
= 1 1 uM Insulin
=
S 44
o
2
S
‘= 34
=
5
1]
£ 2
.
=
Q
Q14
0
(o]
0 )

0 10 25
Concentration of CdCl, (uUM)

Fi

p—

g. 5. Insulin sensitizing effects of CdCl, in 3T3-L1 adi-
pocytes. 3T3-L1 adipocytes were treated with 10uM
or 25 pM of CdCl, for 12 hours. After insulin 1 uM
was added for 30 min, 2-DOG uptake was described
in experimental methods.

mmm Control
=== 100 mM Wortmannin
4| === 50pM PD98059

2-DOG uptake (relative to control)

cdcl,

Control Insulin

. 6. Effect of Wortmannin and PD98059 on CdCl»—
induced 2-DOG uptake in 3T3-L1 adipocytes.
3T3-L.1 adipocytes were incubated with CdCl, 25
UM for 12 hours. Wortmannin 100 nM or PD98059
50 uM was added with or without insulin 1 pM for
30 min. 2-DOG uptake was measured as described
in experimental methods.

=
0

ol 944l g v|AR] EIhe He= i
it (Fig. 6).

Flege 22 553 Mitogen activated
protein kinase (MAPK)2t2| Atz

MAP kinase kinase (MEK)E- 7}23}4] oA )]
MAPK?] ¢lAlslE Aslsle] o)o FAFE oA
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o= MAPKZL Belshs Azs Assi Ao
= i3l PDIS0SIE SOUM HelA| clgdel
. 3
=
2]
% -
.‘42-
o

Con 5puMCd 10puM Cd 2SuM Cd  Insulin

Fig. 7. Effect of CdCl; on lipogenesis in 3T3-L1 adipo-
cytes. 3T3-L1 adipocytes were treated with CdClz
at the indicated concentrations for 12 hours. After
with or without insulin | uM for 30 min, lipogenesis
was measured as described in experimental methods.

Cd’*t: 0 10

Vol. 20, No. 1

g xxd 4 FoH oz JAEH o CdCh
ol 28t 2=} £4 ZMe AAIHA] gkl (Fig.
6). AW 2ol A= 22 Yale] shiql A
WAl R CdCLe *33FE 3o} vlws)
of Motch qledel o3k A FAL 71A Al
He} oF 2.8uf o)A Frslel ot CdCLE 7 5,
10, 25 uM 8] oA Al A7 #EH
At (Fig. 7).

e XY 55T 44 oz
A&

CdClLe) 2J&t == 449] 2717} AlZY oxi-
dative stressol} 2J3F A QA E dolBT] )5}
CdCL-& 1247} Mgt & Az F4daks =
78 Dichlorofluorescin dyeE ©]42-3}le] confocal
microscopy 2 AF2Al &edstdrt. 10, 25 uMel| x| &
AAe 27 AA 7P HEEglen, gl

(a)

(b)

25

Fig. 8. Effect of CdCl, on production of ROS in 3T3-L1 adipocytes. 3T3-L1 adipocytes were incubated with CdCl, with
(b) or without NAC (1 mM) (a). Increased production of ROS was measured as described in experimental methods.
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= CdCl,
= | mM NAC
== 5UM BSO

2-DOG uptake (relative to control)

1 5 10 25
Concentration of CdCIl (uUM)

Fi

=

g. 9. Effects of N-acetylcysteine or L—buthionine sulfo-
ximine on CdCl,-induced 2-DOG uptake in 3T3-
L1 adipocytes. 3T3-L1 adipocytes were incubated
with CdCl: for 12 hours with or without NAC 1 mM
or BSO 5 uM. 2-DOG uptake was measured as des-
cribed experimental methods.

mm CdCl,
1 1l mM NAC
_ ==m 5M BSO

GSH (nM/mg of protein)

0 10 25
Concentration of Cd (UM)

Fig. 10. Effects of CdCl, on total glutathione levels in 3T3
-L1 adipocytes. 3T3-L.1 adipocytes were incubated
with CdCl, for 12 hours with or without NAC (1
mM) or BSO (5 uM). GSH was measured as des-
cribed experimental methods.

A9l Y=ol N-acetyleysteine (NAC) | mM&
CdCL s} A A28 7%, CdCLel| 23t &dAka
gz A Z7bh A= e (Fig. 8). CACLe
o3 £xd 452 F77F CdClell 23 BAA
& g AAETl 71908 AR S detr ]
95t GSH A FE2el N-acetyleysteine (NAC) 1
mM3} A Z=Y] GSH 3172-EA <l L-buthionine sul-
foximine (BSO) 5 UM CdCL3} FA) Ag)sle] %
= 4 uwslgch NACE A1 A3 A$

mm CdCl,
= 1 mM NAC
== S5uM BSO

GSH/GSSG
X
S

0 10 25
Concentration of Cd (uUM)

Fig. 11. Effects of CdCl, on redox potentials in 3T3-L1
adipocytes. 3T3-L1 adipocytes were incubated
with 10 or 25 UM of CdCI; for 12 hours with or
without NAC 1 mM or BSO 5uM. GSH and GSSG
were measured as described experimental methods.

CdCLel 93t e} 4 ZvP} Fosgden,
BSOS FA AHg ASLE 238 7|4 & o
stz Fojdo] #F AL (Fig. 9). 3T3-L1 A
A A CdCLo 9§ Az SAo=RE] B 53}
%93 £2¢ GSH %S CdCLo s2Hz
st CdCLY sx7t 713l wel GSH
go] 7haste] 25 uMell M= oF 50% A =2 i
7} A2AH g NACS FA) A3 E 9, CdCh
£ AFspA) g3 NAC " 1247 wifst 739 A
4 Axs} vl $F9 GSH 7t &A=
10, 25 uM 2] CdCl¢} §A) A2]A] NACTH 23}
A& Wuct ozt o] HAHYE BSOS F
A ZEE AS CdCL == FAF GSHF)
727} BRI} (Fig. 10). CdChell 12A4)17F =2
A7) M) Ze) A2 GSH/GSSG ratios 7] #4=& 1o}
oF 20% 7} FradtglA|uk, CdCh H=7} 10, 25
UM Zrlstei = dAsH] fAH ded & 4
ATk NACS} CACLE A M3t 7 fellx of
FAE A3 o2 A Z e} &84 GSH/GSSG
ratio7} FA1H 2 910l #AE e} (Fig. 11).

oo e el

o #H

Az 283} HEe] 2xg WAt o F
AAE Fo 229 shtz Az #§- Fo
Bell ef al., 1990). 3T3-L1 2|5}

)
1 o
)
o
gl
£
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EX Swiss albino mouse®] embryo= fibroblast-
like WS =ope APAE, F4A vhrield
confluent Aef|7} = o] inhibited state2. 23] s}HA]
pre—adiposeo| A adipose-like = v}# A =} ujof
A Zo] serum ¥ =7} FoFX|™H fat accumulation o]
T o ol FolAw abareh wjopele)
IBMX, & isobuthylmethylxanthine, dexamethasone,
insulin®] &grl-& ojFm R3br} £x15l0 lipid
dropleto] 85~90% ©]AF Hozxd 23y} os 3
Aoz ¥o B3prt AuHW el JaFg w[H]
E o8 328 U3 e e4Ae Wdle] Z
78h 53] el A=l v & e ded
T4-A B o] st le2g 7HE 978
= in vitro model2A] o] o]-&H 1 4]t} (Hynes
and Bye, 1974; Green and Meuth, 1974).

CdCL7} MESAE do7)A] 4 uM $59
TN Az 2= $4S VHIE
Aoz BAR 1 /1A FH) AT AL
Saalc 2xe S4o] 27157 AAE =
w5 SpAe) B2} AR F7h Azt
22| o} Fo| Z7hs}elo} ek, Algel 2
2o} EA9] Aol PI3KIL Ho3te Ao
2 o483 glow, =3 Mitogen activated protein
kinase MAPK)E #tedsli= Aoz Ry o
(Backer et al., 1992; Cheatham et al., 1994; Gould et
al., 1994). webr] CdCL2] 2H8e] Qledo] vhe- 7]
Ho] Frojsl=x)g ato}rr] 918 PI3KS) inhibitor
¢] wortmannin®} MAPK$] inhibitore] PD98059&-
Agsted Agsteleh deDel 9T T 44
2 wortmannin3} PD98059%¢] o5 $-2]Ho= A
AT CChel Sl Txe ol oJake
U2 Z3Ak (Fig. 6). o342 A3z A 7l=%
2 e OE Vs Fegd o485 2]
A7l Aoz FAHANH.

i 2 2 -9 Fo] lipogenesisE HA A
Zuleo] MAHEY o] =82 e Avn
ste}. el 2]l 4] lipogenesis7} <k 2.8u) r}eF
Z7}sl= whdell CdCLE 10,25uM =3 ol
Al 238 ZIApE olEE Ftage] IAFH
(Fig. 7). o}e}A] Qledd> =} $43 lipogene-
sisg BF Z7H)7Y, CdChye 229 48 &
TRA AR 8 H2E Edle] Ix
A 53}ted lipogenesisE QA3 Aoz Algzc)
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CdCl7} ROSe| wjxE <d3FS Dichlorodihydro-
fluorescin dyeE #A] confocal microscopy = A3
& A3} 10, 25 uMol A CdCLoll 23 ROS A4 o]
F7H%em ol FAstA| Q] NAC 1 mM#} 54
23S A5 JAEHAT CdCLell 23 2=
T4 57 NACHEe o8] GSH o] Z7tst
73 1 F7VEkel 3Hasigl om, BSO Ao 23
GSH @A o] 747 79 23]8 basal o|3lz o
o}3} (Fig. 9). o] & %3l 7l=Fl 2|3 DOG up-
takeZ7= ROS ¥ A=Y GSH &A=} &3 gle
Aoz FA =} (Koalovsky et al., 1997a, b; Lena et
al., 2001).

CdCl, A2 F Al x| GSH &2 10, 25 uMel| A
AT 742 epdeh NACSH 54 Hele] A5
32 ZFaFeo] Hglom BSO Ael| sre 7)A]
5 o|3l2 dX3] "o} (Fig. 10). M| ZM redox
statusE ¥led3d}= GSH/GSSG ratiox= CdClLel =
Z=d oxidative stress2 ¢13] 7}43}R]9 CdAClL
Tx7F 10, 25pME Zrlstd = dASHA A5
t ez #AHYH (Fig. 11). 93 ROSE &3}
Moz AAs] ¢35t GSH7} AmHz dAs
redox statusZ -§-*]5}7] 93t GSSGZXE| GSH
2 7o) YU oju) NADPHE Ree @k
NADPH¥ %% A% Pentose phosphate path-
wayE SR FFo] HH o] Ay 53] A
AF Aol Be Az avlzols Aol g
2 7ho]l A3} ¥ o]l (Bannai ef al., 1991). v}e}
A Mz AL 98 Adide=s H23 redox
statusE F-A1317] $eiME s 2xg FFo]
dasltt CdCLE F=H2 A3ds A$ A=
W Z7Hd ROSE azd o=z AAs7] $8] GSH
AHg-o] F7HH L, 4Ag Ak IAAE {AEP)
28] GSSG=4E GSH=2S] W& 3to] Hgs]
o 7t=gel A% e $80] SR o7l
71QleE Aoz Alado

AEHoz =gl 2= 4% S/ <
€79 Uy A2 98 ARE 53 o]FeA
E Aoz Agdd. 7ted] A% e 4 S
7b 717& FEE] s AAE Aol CdChL
(10pM, 25 uM)E= HlZ4 ROS AL 7z
™ =3 A2 GSH g3 s H3pA)7)e Jloz &
ol=l et 28y} GSH/GSSG ratio:= oxidative
stree A o2 Q3] 71X pF B} ZRAFHARL
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10uM, 25 uMollx dAsHA fAIHE Aoz R
Hgek webd CdChel] 71¢lgt 229 49 F
7F= CdCLo)| 93] AAIE oxidative stress2Y-E]
MZzE wedlz] 93l antioxidant defense mecha-
nisme| ZAste] Beg T FFE AT e
2 Aladd

=
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