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Abstract

This study was aimed to know the effect of cadmium chloride (CdCl;) on glucose transport in L6 myotube
and its action mechanism. CdCl; increased the 2-deoxy- (1 —3H)—D—glucose (2-DOG) uptake 1.9 and 2.4
fold at 10 and 25 pM respectively. To investigate the stimulating—mechanism of glucose transport induced by
CdCl,, the wortmannin and PD98059 were used as PI3K (phosphatidylinositol 3-kinase) inhibitor and MAPK
inhibitor respectively, which did not affect 2-DOG uptake. This fact suggests that CdCl: induced 2-DOG
uptake may not be concerned to the insulin signalling pathway. Whereas nifedipine, a calcium channel blocker,
and trifluoperazine, a calmodulin inhibitor, were found to inhibit the 2-DOG uptake stimulted by CdCl,. In
addition, we also measured the ROS (reactive oxygen species) production and GSH level in L6 myotube to
investigate the correlation between the glucose uptake and ROS. CdCl, (25 pM) increased ROS generation
approximately 1.5 fold and changed the cellular GSH level, but GSSG/GSH ratio remained unchanged. CdCl,—
stimulated 2-DOG uptake and ROS generation were inhibited by N-acetylcystein. And BSO pretreatment, a
potent inhibitor of Y-GCS, resulted in the dramatic decrease of 2-DOG uptake and also the increase of the
sensitivity to cadmium cytotoxicity. The obtained results suggest that CdCl,-stimulated glucose uptake might
be based on the activation of HMP shunt as an antioxidant defense mechanism of the cells.
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7t=H (Cadmium)-2 2|2}l A] E3] =]
23A 7t=ge - ee x2d A% F2 A
2 2 FAA AR AlE 23 Zlow
a7 Qlok Fhefel & A dstxAASS o
4 FAo By HIT Ux H olFelM=E vl=
Foll A& xZ7bsAe] ¥ HGAY xBA el
AXE F2 d &Ae]l B3 H1 . o]9d=
SET AbelM Ft=F xFel A3 &4 U
zA oz 7k AL, WA, AAA, R Fo] B
xE 2 gk

A,z 52 Az 29 AR
4= A dARA ¥ 2A-NAN Fad JE§s
AR 2xd £5E Gt 229 84
(GLUT):= 28k oF 43-50KD2] gdujoz §
A 25 6742 isotypeo] A Qlow thekit A
2]l ApFel] ub-gdte] Az Twge] A
< A=Y A 48 g, 22y olE
isotypee F2 £X, £5E2F EBA, 7|3 EolA
Fol sleid Az Aelgel x Ae= deA
Qe (Bell ef al., 1990). Ql&e) A-e Az 2=
o] Aso] 9lR GLUT4S) Axeteze] ol
£ 3ol YA Txd fbel BojUiu o
Z ¢lv} (Cushman and Wardzala, 1980). Ql&#1-&
= /09) a-subunit (135 kDa)¢} ¥ 72] B-subunit
©5kDa)oz TAFe] A e 48 A
Fozx 482 Jehle o B ded 4
242l B-subunit2 IRS-1 (pp185), IRS-2 (pp190),
4PS (pp170), pp60, She (pp52) 5-& AAHA7)E=
Aoz gk 15 AL UHA IRS-1¢] A&
A 2k gel QoM 71 Fedt 1Az QA Q)
om o]of gt g A7} o] FelF v} (Caro e
al., 1986; Augert and Exton 1988; Cherqui et al.,
1990). IRS-1¢] #$|PAN = ZA PBKE 743t
+ metabolic pathway$} p42/44AMAPKE 7§35
mitogenic pathway & o3} £xek $L5
# o] ¢l 7 =2l metabolic pathwayol| A= =]}
Az} ZTHM ZAA el 28 229 4
o] PI3K @ wortmannin3} LY29042¢)] 2]s}ed 1]
A7 A el w7t R oz oAge] FrlFozy
(Okada et al., 1994; Cheatham et al., 1994), PI3K 7}
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Ao 23 GLUT48] oo edsich= ApA
o] =i} PI3Ke] 31¢tAlel= PKB, atyp-
ical PKC 5-¢] #g=o] GLUT4E Mxztoz
oA 7| Aoz odvlA glovt ofx] FAlsA ut
A AL doh 22 252 FIHEEQ AdE
Ayt ole}l H,0,9) 72 reactive oxygen species
Al PKB %! MAP kinase$} stress signaling path-
waysS £33t Z+E protein kinase2] FA3}S =
) 25 Aoz A o} (Clark er al., 1998).
T}t 248 G 9 SEAE integral
glycoproteinsF2 &7k} 67]2] isotopeo] &
A Qe 1% GLUTLE diige] 2o 743
dg] Ex 9 wxeglen] F=2 cell division,
differentiation, transformation & theFsl stressol] ¥k
23l AT} Muckler, 1990). L6 skeletal mus-
cle cell linesllA] ROS generation system-& £33 =
Tt} S0 v]R)E oxidative stress®] k8- ato}
17 #Jsted glucose/glucose oxidase (H202 genera-
tion system) =+ xanthine/xathine oxidase (O2 - ,
H,0, generation system)Z *€]3 ZA3} GLUTI
protein® mRNAS} ¥+ 9 g er} H£8 2213}
= 5297} ke Rwr) i) o) 3T3-LI adi-
pocytesol] = f-AFE Z7} #2A= 9w} (Nistan er
al., 1997a, b). Superoxide anion (O2 - ), hydrogen
peroxide (Hz20,), and hydroxyl radicals (HO - )3} 7+
2 reactive oxygen species (ROS)= F=2 A =x W Ak
31 31 FAL B8 AAEE b 53] 28 =
#A8 %o} ischemia reperfusion injury 58
B3 o8 zAel w3 A7Hs A== ROSe| x
2%t} (Ferreira ef al., 1989). whela] AL ROSe|
oJ3t Al x| DNA, A A=, el e gz 7
Aesse] A2e %] A% ook antioxidant
defense systemE2 7}X| 31 )} o-tocopherol, as-
corbic acid, glutathionex]& M| 2] redox cyclee]| A]
sacrificial molecules2 2}&-8}7]= 3&}w (Harris,
1992), superoxide dismutase, glutathione peroxidase,

catalase @} 72 antioxidant enzyme-2 A% oxygen
radicalsol] 2H-8-3te] & FAAQ] ALE=2 W3IA|TF]
7]%= 8hc} (Allen, 1991). 7o) ZA oM y-
glutamyl cycle®] ®E key enzymeso] 2A]3}E] o]
9l.om (Sen er al., 1992) B3], $EFo| = total
glutathione (TGSH) pool3} 7422l GSH-depen-
dent antioxidant capacity”} Z7}3lc}x g} E4



March 2005 Kang et al.: Z5H £ TxT 4456 njX)= 7l=ge] o3 77

o4& 71922 3= L6 myoblasts §A| high resting
TGSH poole] Z) g}, Glutathione-2 2 8 kAL
A2 A oxidantsy} FF<4: o Toz <3l
free radicals®} toxic electrophiles®] #%-3}3}3),
thiole—-disulphide statusZ f*|5}+=4 AL&5w o
4% AZE B37)%5e] FA% GSHE 4840
2 mitochondria matrix$} cytosolel] &A)sl= =}4]
2] sulfhydryl groups} oxidants9} BF23}ed GSSG
Z XA GSSGY %7} GSH-consuming en-
zymesl GSH peroxidase?} GSH transferase®] =
7} & GSHZ "t=: y-glutamylcysteine synthase s}
GSH reductase®] 7Z}2o) 7)918F Ao =2 oxidative
stress®] marker2 o] &7 % o) AAE Y
GSSG% tv}A] glutathione reductase (GRD)eol] £)3)
FAHAY Hzgtoz wEEEd =3k GSHES
319)-2 NADPHo)| 2]&& o] NADPHX: hexose
monophosphate shunt®] 24182 X e} 248 3
2.2 gt} (Bannai et al., 1991; Ulla et al., 2000).

B AT E, Ft=gol AW ==t AL pri-
mary target tissueql skeletal muscleol| 4] 2] Zwr}
QAtell WX oJsFE detrr] $3le] L6 myo-
tubesoll A 2-DOG uptake2] W3} 2 7 7)Ao o
A Adatgich 2 Aol A3 L6 myocytes:
EAZANA Y F i A Aol 7 wo
AL& 5= M ZF 2 neonatal rat?] thigh Z8A| 2
xe] 2a)s)] 2H= myoblaste]c}. L6 cell-& GLUTI,
GLUT3, GLUT42} Z+2 ctjoksl Zwc} 4447}
W 5edx] 9] o confluent AFe]7F H™ multi-nu-
cleated skeletal muscle myotubes2 23814 =1
o] Atej7} ¥ GLUTI ¥t ofve} GLUT4 23
o] F7l5e] el&d WAoo ZrlslA Hus,
=% 1A Aol o] o455 9ok

dEuwy

L6 M EFo| Y

AMgeta 22 Bl BoF - L6 Al
ZE #% AZ 37°Cz n)g 7k28 DMEM-10
v %] 10mLell Al&3}A] 7F8bed 2,000 rpmel| 4] 82
7+ AR R8s AN S A ALY freezing medi-
umy 2] DMSOE A A3k 4] wix)2 10mL
7Fl 32 pipetted o]ty M ZE A Peslct

100 mm tissue culture flaskel] A £ ebed 10 mLL
7}8t % humidified 37°C, 10% CO, incubatorel] 4]
v ktsdeh. Ml Eujofell o] &5 ®E Ao 7
TE Hoxzts AR A& ARtk

.5

ZEg +55 58

olr
e

M EE 24 well culture dishel] seedingdle] 23
3 £ F A" s=o ABE A= g
Aoj 7}star A A7k 37°C, 10% CO, incubatoro]]
A wieFstaet. iRl g A A & vle) 37°C2 7}
<3}t HBS (HEPES buffered saline, 140 mM NaCl, 1
mM CaCl, - 2H,O, 5 mM KCI, 2.5 mM MgSO4, 20
mM HEPES, pH 7.4)2 23] A& 3} vll#] olol] &
A= glucoseZ A AsI ) 2+ welle) HBS 375
uLE 7F&txm [PH]-2-deoxyglucose (3.2 uCi/nmol)
25uLE 7}l 0.125mMy) HE2 313, 58 &
[*H]-2-deoxyglucose S £&3t HBSE 4143 |
A wdg PBSE sigtezy uhe-g AR
Zet W3 PBSZ 23] o AMAg F A2elA
A wAEte Az 2] B718 ¢4 A A8
I} Cell lysis buffer (1% SDS, 0.2 N NaOH)& 7}
&ke] rotomix (Thermolyne, type 50800, speed 6)2-
30~60% 59t mixdle] HEZE =9l F, dRE= o}
WAl Aekell ARg3Lar v} X|:= Bray’s solutiono]
w71 liquid scintillation counter (LKB 1211 Rackbeta,
Pharmacia LKB, Finland)2 radioactivity® 23] s}
e} PH]-2-deoxyglucose® 7}317] =|Ael] 2-
DOG uptake®] <}A]#]<¢l 100 uM phloretin (ethanol
of &MAIA HFe=rt [ vivert H=g za)S
7¥ated, Mzl Eol7HA] 3 Al Z Edo] Eelgl
= [’H]-2-deoxyglucose®] oF& RAs) F¢ich

HE 549 53

MTT assay+ 3-[4,5-dimethylthiozol-2-yl]-
2,5-diphenyl tetrazolium bromide (MTT)7} Abolg]l:=
M Z2) active mitochondriael] Z&x)3l= succinate
dihydrogenaseel] 2]3] N3 = o] A=A formazan
ARoe NETE e o8 Ao, e
Aekstel AESAOIY AEE, AZEYelt YA}
Aols 2aks o wol A8 3ok 96 well
flat bottomed plates]] 1.8 x 10* cells/mLE. Z43}
L6 25 Mxyetel) 60uLs 7hgk & 443 #3)
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N7 Be 7 w2e) ARE shsted £ 200uLE
g & 10% CO; incubatorell A 4A]|7F Z9F uljoks}
dek wWieF F 5Smg/mL MTT £ 25uLE 7}8te
2A17F o] wjoksted salts: AHEAZ F, Al
pasteur pipette ©. 2 aspirationgt 3 DMSO2} EtOH
o] &3 (1: )& 24 wellel] 100uL 7}8}3 rotomix
(Thermolyne, type 50800, speed 6)&. 1587} mix3}
of AYAE formazanZA& $433] so]x, ELISA
reader (Multiskan MCC/340P, Titertek)2 630 nmE-
reference 23} 540 nmol|A FF =& &3} A
¥ BAE A3 MTT §42 544 MTT
salt 500 mg-& phosphate-buffered saline (PBS) 100
mLel} e 0.22um filter2 o 3}s}ed 2}34, PAF B
Begon T 2 ol A AL g gslet

ECEEIIPEES

A EZZ 24 well culture dishel] seedingdled <A
5] #3A7] F A" =S AZE 0.5% serum
2 SmM 2=-g R wioklel] rhska SAITE
%<4t 37°C, 10% CO- incubatorol| A wjj oF3}gic}. vl
A5 943 AAZL T [U-"C] glucose (1 mL, 5
mM glucose in DMEM; 1.25 pCi/mL)E -3t
w2 w3 = 1A)7F uhR)sigdc) #yEt PBS
2 = 9 A& F 20% w/v KOH 100uLE 7}8}
o MEE ek 1AZF 3 1M HCL 100 uLs 7}
sled F3AZ] A VA plate BFE-E 200 pL
DW= AH8 2 mold 587k ek Glyco-
gen (30 mg/mL) 250 uL3} gk 700 uLg 7}sf 1
A|17} vkA]ste] glycogend A AZ] £ 10,000 rpm
ol Al 10%-7F YA A A EL 300uL DW
2 "=hA)Z] & radioactivity S &AM

442 2oig (ROS) EF

Dichlorofluorescin diacetates:= u]X- esteraseso]|
o8] A2jzl ¥ reactive oxygen?] EAf3fellA] 3%
€ el B3R H3e| o oW FFEA L
23} =2 ZA3}od Reactive oxygen?]| & =33}
L e elc} M ZS 24 well culture dishel] seeding
S} 28] ¥HAT F AND 529 N2 A
= wjoAe] 7ksta 43 A7k 37°C, 10% CO; incu-
batorell A} wjeFalsich. W8 A7 ¥, nla) Ahe
3} Kreb’s Ringer solution©.2 % ®¥ washing 3t}

Vol. 20, No. 1

2’,7’~dichlorofluorescin diacetate (1 mg/mL DMSO :
LA ZA])Z Kreb’s Ringer solution o] 1 ug/mL %
=2 9kEo] well F 500uL4 7}sted 10% CO,, 37
°CollA] 1587F vl ekaled o). ©hA] Kreb’s Ringer solu-
tione 2 T W MAH3I & vjAE A A stz DMSO
2 5E7 2B B4o] Ex=485nm, Em=530nnm
2 FEEE A oY FHgEo| EUAe
2 o3 WA3IA q=F FoJstedo} gt}

MEY STEE 29 B

6 well plateol] 1.8 x 10* cells/mLi g L6 &
S Azde] 2mLE 718 3 gAE] 237
o 4 5= 7t=F 9 A8E 7kl 10% CO;
incubatorol] 4 12A]7F Egtb wlekslgleh. HBSSE
%+ ¥ AMA s}z percholoric acid (0.3 M) 500 uL= 7}
g 1587 IS8l WSk 3M KCO3 75 Ul
7VatE o] 2087 G5l WISk EP tubeol]
74 13,000 rpmel| 4] 587} 4°C 3fel|A] A4l =]
g & Azl 60ulS # s 60uL 2.4 mM DTNB,
60 uL 40 pe/mL GR (100 uL/S.75 mL)& 7}tz %]
Aglel 414nMellX FF=E ZA 3t GSSGEH
4 %18 2-vinyl pyridine2 plateo] A3 7}13F %
60pL 0.8 mM NADPHE 7}sted 414 nMollA] &5
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Fig. 1. Effects of CdCl; on viability of L6 myotubes. L6
myotubes were incubated for 12 hours at 37°C  at
various concentrations of samples. MTT soultion
was added to culture medium followed by the incu-
bation for 4 hours. After incubation, supernatants in
each well were removed and salt products were
dissolved in the extraction buffer and allowed to be
incubated for ten minutes. Absorbance was read by
ELISA reader at 540 nm.
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L6 myotubese] CdCLE 12417+ A& % MTT
assay 2 M Z EA1E 23 A3} 5, 10, 25 uMei) A
= cell viabilitysl] o33k Fx] ¢tor} 50uM o)A}
o] =M AT AE:54E e o (Fig. D).

L1 myotubesoljA{2] T &t &0 o|X| =
FIEgS A&

MIT assayol o142 AEFHE vepi
AUR WA CdCLE F=EE Astd 2-
DOG uptake & ZA3 A3} 5 &R Tt
% F7PF B2 om 25uMelA Hd &ds
B} CdChy 10uMa} 25 uMe) l'=£°1]/\1 incu-
bation timeo] ol 'de] ulgl ze} Sbw Z7)4)
Hom 1221714 Hd &5 el olo} (Figs.
2, 3). L-type voltage—sensitive ?Lﬁ A xpsiA| Q)
Nifedipine 100 uM #]2]3}4]& 7-¢ CdChLe) 23+
A 717%*”41 FEo2 oA
3t} (Fig. 4). o] 2 E3] CdChLel &8t =x 4=
+ ke 2% Ade 52 Jl=F Azd &
el & AYE & 4 e CdCL3 JedE
Ao AR A 10uM 25 UM ZFA
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Fig. 2. Time course of 2-DOG uptake stimulated by CdCl,
in L6 myotubes. L6 myotubes were incubated with
10 uM or 25 pM CdCl,. 2-DOG uptake was measur-
ed as described in experimental methods.
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PI3K¥ A=A} PI-3-P, PI-3,4-P2, PI-
3,45-P3& AA3}= &A= (Whitman et al., 1987,
1988) PI3K 9A]E-2 9] wortmanninol] &j3le] <%
ol 23k 2x} f4o] A o] AT Clarke
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Fig. 3. Effects of CdCl; on 2-DOG uptake in L6 myotubes.
L6 myotubes were incubated with CdCl, for 12
hours at indicated concentrations. 2-DOG uptake
was measured as described in experimental methods.
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Fig. 4. Effects of Nifedipine on CdCl, stimulated 2-DOG
uptake in L6 myotubes. Myotubes were incubated
with CdCl, (25 uM) for 12 hours in the absense or
presence of Nifedipine (100 uM). 2-DOG uptake
was measured as described in experimental me-
thods. * Significantly different from control group by
Student’s r—test (P < 0.05).
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et al., 1994; Gould et al., 1994; Tsakiridis et al., 1995).
m2br] CdChell 93 2= 49 ZF/) A&
% pathwaysh SAFSHA -851=A] tobur] 915
o] wortmanning 100 nM=. 458 g3} 1
A7} wortmannin2 CdClLel| 93t Tz} Hd
2ol o4 e vIAA Rele dew
F2= 9} (Fig. 6). MAP kinase kinase (MEK)& 7}
A dAlsld MAPKS) <141sHe Aashed of
9 #A3E Aoz MAPKYE #eshe A=
£ sl oz oAl PDY8059E 50 uM A
YA gl o3t xe} 42 foHo o
A=l ert, CdChLel| &g 2= 42 HA|31A)
3ol (Fig. 6). T5A 2ol EX3le 22 o
A2l ]l gl =A g4 u|AE CdCLe]
F& e vlmste] Mokt e A7 F
32 FA4L 71H AR} of 149 o] Fv}
stgd ot CdCLeY 7% 5, 10, 25 uM2] FxojA
=234 e A7 #FEH ARG (Fig. 7).

Mz gdaba 2oz MMol olxs JlEE
o g

CdChol] &3t £xv 29 Z7}71 HlZY oxi-
dative stressol] 2]3F AR = <olr ] 2 s}
CdChe 1227k Mg F A= 84414 =
Z+& Dichlorofluorescin dyeE o] &3}e] &2 3}4]

7
g

| mmm Control
—33 Insulin (800nM)

2-DOG uptake (relative to basal)

0 10 25
Concentration (UM)

Fig. 5. Insulin sensitizing effect of CdCl, in L6 myotubes.
Myotubes were treated with 10 uM or 25 pM of
CdCl, for 12 hours in the presence or absence of 800
nM insulin. 2-DOG uptake was described in experi-
mental methods. *Significantly different from con-
trol group by Student’s 7—test (P <0.05).
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o} 5, 10, 25 uMell A &AdAkA e AJAd o] -9
Moz Zlstgon = &AL HRHA ¢k
gk}, 3FAEAl o] 4 £9] N-acetylcysteine (NAC) 1
mM& CdCLs} §A] A& 7§, CdChell 2|3
AL B A el doket (Fig. 8).

mam Control
—3 Wort. 100nM
== PD 98059 50uM

2-DOG uptake (relative to basal)

Basal Insulin CdcCl,

Fi

g. 6. Effect of wortmannin or PD98059 on CdCl,-in-
duced 2-DOG uptake in L6 myotubes. L6 mytubes
were incubated with CdCl; (25 pM) or insulin (800
nM) in the absence or presence of 100 nM wort-
mannin or 50 uM PD98059 for 12 hours. 2-DOG
uptake was measured as described in experimental
methods. *Significantly different from control group
by Student’s t—test (P < 0.05).
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F

g. 7. Effect of CdCl» on Gycogen synthesis in L6 myo-
tubes. Myotubes were treated with CdCl; at the incu-
bated concentrations for 12 hours or with 500 nM
insulin for 20 minutes. Glycogen synthesis was mea-
sured as described in experimental methods. *,
**Significantly different from control group by
Student’s r—test (P<<0.05).
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CdChLol &8t zwr} 4240 =7}7} CdChLe] &3t
AR Bz Aol 71qlgt ARl stel Ry
9)5led GSH A 7EA el N-acetylcysteine (NAC) |
mM3} AZY GSH zZ-E#A ¢l L-buthionine sul-
foximine (BSO) 25 uM-& CdClL3} $A 23l
ZEF $4%& vaslych. NACE §4A A3
7% CdChel 2% 2= 4% 27Dt 71A £
Foz dAFgen, BSOE FA A3 A4+
238 714 $F o|skE HelH o] WAE U (Fig.
9). CdChell &g A= 545 M= GSH =t
o] B4 dolrr] ¢35t GSH 72 B39l BSO
Z CdCLe} ZA] Agsled MTT assayS 3lg}
CdCL e ZEo=2 AZsg & 7% 25uM o]3fel
ME AE BAlo] IAFHA] ystort BSOE T4
A 35 10uMAMRE] Nz FA4 o] vehtr]
AlEbstdet. Al 2u GSH 228 CdChLell &3 Ml
=49 Z7te) #=le] S-S & 4 U (Fig. 10).

MEW & SREIE|S ool ojx|= FI=Bo

At
L6 myotubesel]A] CdClyel] ¢]3} A ZXozn
B ¥3s3l= Fed B4 GSH &#& CdClLe
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Fig. 8. Effects of CdCl; on generation of Reactive oxygen
species in L6 myotubes. L6 myotubes were incu-
bated with CdCl; with or without pretreatment of
NAC (1 mM). ROS generation was measured as des-
cribed in experimental methods. *Significantly dif-
ferent from control group by Student’s ¢—test (P<
0.05) **Significantly different from group without
NAC-pretreatment by Student’s 1—test (P<<0.05).

weEe A% 5 uMeAE GSHe| 449
2771 25 9) 2} (data not shown) CdClL, 9] F=
7} Z713tell whe}t GSH §hago] ZHAxslted 25 uMel|
ME 60% Jxo) Hart #AE NACS FA

3

-‘ mmm Control
1 Pretreatment of NAC
EB8® Pretreatment of BSO

2-DOG uptake (relative to basal)

0 [ 5 10 25 50
CACl, (uM)

Fig. 9. Effects of N-acetylcysteine or L-buthionine sulfox-
imine on CdCly~-induced 2-DOG uptake in L6
myotubes. Myotubes were incubated with CdCl for
12 hours with or without pretreatment of NAC (1
mM) or BSO (25 uM). 2-DOG uptake was mea-
sured as described experimental methods. *Signifi-
cantly different from control group by Student’s -

test (P < 0.05).
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=]
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Fig. 10. Effects of L-buthionine sulfoximine on CdCl>—
induced cytotoxicity. L6 myotubes were pretreated
with 25 UM BSO for 12 hours and then incubated
with 25 uM CdCl, for 12 hours. Cytotoxicity of
CdCI; to L6 myotubes were assessed by the MTT
assays as described in experimental methods. *
Significantly different from control group by
Student’s z—test (P < 0.05).
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Fig. 11. Effects of CdCl: on total glutathione levels in L6
myotubes. L6 myotubes were incubated with or
without NAC or BSO for 12 hours followed by the
treatment of CdCl, for 12 hours. *Significantly
different from control group by Student’s r—test
(P<0.05).
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Fig. 12. Effects of CdCl, on redox potentials in L6 myo-
tubes. L6 myotubes were incubated with or without
NAC or BSO for 12 hours followed by the treat-
ment of CdCl, for 12 hours.
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