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Effect of Dioxin on the Change of Mitochondrial Inner
Membrane Potential and the Induction of ROS

I Young Cho and Yhun Yhong Sheen ™

College of Pharmacy, Ewha Womans University, Seoul 120-750, Korea

ABSTRACT

Among the toxicants in the environment dioxin-like compounds, including TCDD (2,3,7,8-Tetrachlorodibe-
nzo-p-Dioxin), are well known as carcinogen and teratogen. TCDD the most toxic of these compounds, may
result in awide variety of adverse health effects in humans and environment, including carconogenesis, hepa-
totoxicity, teratogenesis, and immunotoxicity. Also TCDD increases superoxide, peroxide radicals and induces
oxidative stress that |eads to breakage of DNA single-strand and mitochondrial dysfunction. Recently, there have
been reports that persistent organic pollutants (POPs) may be causing metabolic disease through mitochondrial
toxicity. In order to examine if dioxin brings about toxicity on mitochondria directly, we measured the change
of the mitochondrial membrane potential after exposure to TCDD using JC-1 dye. After short time exposure of
dioxin, mitochondrial depolarization was observed but it recovered to the control level immediately. This
TCDD effect on mitochondrial membrane potential was not correlated either to the production of reactive oxy-
gen species(ROS) or extracellular Ca®* by TCDD.

Less than 2 hours exposure of TCDD did not show any change in ROS production but 0.25nM TCDD for 48
hours or 0.5nM TCDD for 12 hours exposure did increase in ROS production. Under these conditions of ROS
production by TCDD, no changes in the mitochondrial membrane potential by TCDD was observed.
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& Ao Ayt Bargat ol (Piaggi et
al.,, 2007). webr] 919 AMAE IARE Bhe] £ A
Hol| A= TCDDe 23t mjEZ=gfo} ko] A9
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2o w=™ Al Al 4% TCDD<2| Tolerable
body burden range= 2.8~7.3ng/lkge 2 Alste]
T A|Fo] 70kge]w| 4 FFe] 5Ll HE 1
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1. 43 M2

2,3,7,8-tetrachlorodibenzo-p-dioxin< NIH, U.S.A
2HE AFE etz MTT [3-(4,5-dimethylthiazol -
2-y)-2,5-diphenyltetrazolium bromide], dichloro-di-
hydrofluorescein diacetate (H2DCF-DA), ethylene-
diamine-tetraacetic acid (EDTA), Vitamin. C, dime-
thyl sulfoxide (DM SO), tris-base, sodium chloride, d-



March 2009 Cho and Sheen : t}o]-2-2] ¢

glucose, sucrose, fluorescamin, sodium phosphate
monobasic, sodium phosphate dibasic, sodium bicar-
bonate, ampicillin-Na salt, potassium chloride, ethi-
dium bromide, N-[2-hydroxyethyl]piperazine-N’-[2-
ethanesulfonicacid] (HEPES), Mitochondria Stain-
ing Kit &= Sigma(St. Louis, MO, U.SA.) A| &< A}
-3}9c).

=13~:]

2. A 4y
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1) M= B2k

HepG2 (Hepatocellular carcinoma, human) A 2=
10% FBS-DMEM 2] 2 A}-&35}le] 30 13] 1:3
o] vl&= A wiefstidst HepG2 M2 37°C,
5% CO; ¥l o}7] Wel|A] wiekslelar trypsin-EDTA
(0.05%)5 AHg-3te] AH wf Fatad=t

2) Cell growth assay (MTT assay)

96 well platesl] 2,500 cellswello] === cell-&
TE3 F 24X7F b vieksta DMSO 0.1%,
H20, 1mM, 5mM, TCDD 25x 10"°M, 50x 10 °M
< 2417, 4X7L, 8AIZY, 12A17Y, 24X)7Y, 48A17F &
ob MAZE A7) AlgEA XA7F b cell
o 1mg/mL MTTE Y11 37°C S} 4ol A 4X) 71wl
okgich MTT 4918 A A3 & Solubilization solu-
tion(DMSO)= 7+ wellol] 100uL® @31 3087+
AoA] BORPM o2 EEo] formazan crysta<
43 A Fict. o] assayellA] MTT= AL &A%l cell
2] mitochondria dehydrogenase enzymesl] 2]sf| dark
blue formazan crystal 2 -] $lt}. ELISA read-er
(Bio-Rad, Hercules, CA)Z ©]£3}o] 570 nmeol| A
A4 dyes A Az JEES 24 Hx27
@l o A== 7k

3) Mitochondria staining

(1) Chemical %%

96 well plates] 2,500 cellswelle] === cell&
S8 3 2447 qb wjeksta DMSO 0.1%,
H,0, 1mM, TCDD 25x 10 °M, 50x 10 °M-& A
Z|3k3i et
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37°C, 5% CO, =71 3lol|A] cell& 208-7F =i ok3lad
o G &3S AAEEA celle 24 AelE o
S A wix]= do]ZF31 Fluorescence microplate
reader2 3348 =xs}l9ich o] @ JC-1 monomer
9] excitation/emission 3}A4+-2 490/530 nmz, JC-1
aggregates®] excitation/emission I} 525/590
mz P34L S5

4) Reactive Oxygen Species (ROS) assay
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w155 F 24770 Bk wjoksle] DMSO 0.1%,
H.0, 1mM, TCDD 2.5% 10 °M, 50x 10 °M& A
2]s}ar 2,7-dichlorodihydrofluorescein diacetate
(DCF-DA) 10 uME& X3t % A]7hH = 485/530
nmell 4] H3-& ZA43}elch o FAghS MTT assay
AN 78 AE A= B

5) EA4 &M
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she} 7451903, Pvaluert 0.05 olatel 34 e
4 Qe stz Qgsilek

1. MTT assay

TCDD7} AlZ=E5AS doA M=z & ==
Joll d3Fe w|X|&=A] olr 7] S MTT assay
3y ch 4 2L DMSO 0.1% 2 HiF
T2 oFA Y27 1mM H0,2 Zh7h A %38k
o] TCDD: 25x10°M,50x10°M = A
X8}t 24| 2F, 42| 7F, 8AI%F, 12417}, 24417, 48
FoEet AlEe] AlEEAE AT F MTT
assyE 43053z 570nmel| 4| formazan dye®] &
F=E Aok
% 1 1mM Hx0.¢] 7%
o] Hlaﬂ v«lﬂ_i

>

dlo
[e5

>i o\ i ofx

>~

a0

o
2,
>
£0-u

D EX
Az 4o



36 J. ENVIRON. TOXICOL.

g 1mM Hx09] 79 M Eol] 2 X]3ka 447,
8417}, 12717}, 24| 7F, 4841 7ko] A& W A
olol: AE 41 42.0%, 24.9%, 20.4%, 33.5 %,
8.1%% &4 WETel vE] foHoz FFAsts]
ok =3k H0,5 AX|YE 9 A7He] g et
Arelols Ml 71 ofd o] & RHo|i=A] Sofr
72} Oneway ANOVA testz -§-2)A4 7Ax= 3 2
7 1mM Hy02] 7% 0timeo 23 E] 44]7} 84]
74, 12 X|7F, 24 A7), 48 A7+ AAslge W A=
F7F oA oz Frasiith et A dxT
Ql Ha00] A x| Alzbel] ulel Abelglis M=
F7F FoAQl AelE How F oagl Tl
o)Al Aol ARTE & 4 Uk o] A
< 53 MTTassay 2 53 A= 54 34 Ade]
A Z o] TR & 5 ATk

TCDD: 25x10 °M,50%x10 °M & % =&
T BE AHA AzklA &4 dx+<l 0.1% DMSO
o} §-o)AQl zfe]E HelA] st} =3k TCDDE
7w M2 AAYE o AzEe] 55l it A
ol AMZ 422] Zle] W Fmzhe] zlo]E Ho
=x] olr 12} Two way ANOVA tet= -§-2]4
ARS8 A F 7HA] 8”1 BFel o8| Abelsl
B Az a7 feld ez W] g A dE2d
5 veplon w3k £ 29l Apelof] §-2]% <l
A= AREA gtk (Fig 1). §1 23s 53l
x| TCDD: HZ A4S do7|A] gdor
Az A 9 Ao ZA ks A deS

o % 9lget

2. TCDDoj| o|&t ojE=ca|o} wjatel
Hex} g}

HepG2 cell& 96 well platesl] 2,500 cells/well o]
H =% seedingdt ¥ 24x7F Ft wioksta A4
fzZo= DMSO 0.1%, 54 txzZe= 1mM
H.0,2 *]X])5}x2 TCDD 2.5x10°M, 5.0x 10°M
< 77t A5k} 54, 108, 155, 30, 147, 2
A7V, 4| ZF, 8AIZY, 12X 7F, 24A]7Y, 48417 ot Al
o A EAS XHAT F nEZseole
A2 (y) W3ks delrstr) nlEZEgole] W
2 AL £Ae HE AP Z7] DACAM el

EA ook whebA = AH9A Wz S8 A
E Apde] dod AxE FZ5F 4 9ok vEE
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Fig. 1. Effects of TCDD on cytotoxicity. HepG2 cells were
plated in 96 well plates at a density of 2,500 cells per
well. The following day, HepG2 cells were treated
without (0.1% DMSO) or with TCDD for 2 hrs, 4
hrs, 8 hrs, 12 hrs, 24 hrs, 48 hrs. Cell growth and via-
bility was determined by absorbance at 570 nm. Data
are expressed as mean=+S.D. (n=4). *** : Signifi-
cantly different from O time (p< 0.001)

=e]obe] Wt A9IR(y)7} HAsheA] of e o
o] 2A), x| &-A] dyegl JC-1(5,5,6,6"-tetrachloro-
1,1’,3,3-tetraethlybenzimidazol ocarbocyanine iodide)
& ol gstel olugich A AEAE T A9
7 ol JC-1dyert A A Felz v =2eelo}
o) matrixs] 2o} QIebrk 2 Ag)t £Ale] edofr
W w2 aEs mEseelt =
o] A Fata Alx AA el HAXA Hek o] wf 3
PR DAl PSR shae] e
B 7 Aolg ol gate] = AT} £ o 3
A} M} apoptotic cell & & 4= gle). Al
A% &4 dzzel Wt 4917 wWske 100% e}
I e 9 1mM HO5 2|3 79 8AI7F o] F
RE] 254%, 205%, 144%, 237%= 1| EZ =] o} 1
ahe] Ag)a 4ol feld oz Zrbsheeh 1mM
H20, 2] Al A2 A|ZHE z}e]& oolr 312} One
way ANOVA testz2 5214 ZAE 3 A3} 0time
OS2 HE] BE XA AFAA] F-2o]H el Ape]E B
At olE Bl FA izl H0:0 A4 A
B AR At we}t folHor wEFZ=ee}
Wke] At £Alo] Frsld S o & A
o] & B3l mlEZ=elol FA AlFel AH= o]
Folz S A+ e TCDD2| 79 A=
of XA gkA] 104-¢] A& o w|=FZ=jo} Wdt
o] A9A} £Ae] foHez F7t Fdh 0.1%
DMSO djz+-2] =t Ag)zt H3Hs 100%zk1
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Fig. 2. Efect of TCDD on mitochondrial electrochemical
potential gradient (y) in HepG2 cells. HepG2 cells
were treated without (0.1% DMSO) or with TCDD
for 5mins, 10 mins, 15mins, 30 mins, 1 hrs, 2hrs, 4
hrs, 8 hrs, 12 hrs, 24 hrs. After staining with JC-1,
green fluorescence (JC-1 monomers) and red fluores-
cence (JC-1 aggregates) were measured using a fluo-
rescence microplate reader. Ratio of JC-1 monomers
. aggregates are expressed as mean=+S.D. (n=4).
*** - Significantly different from O time (p< 0.001)

S W 25x107°M TCDD®] A% 176%, 5.0 x
10°M TCDD®] 7% 183%= Wut 9%} %4
o] TCDD zxof ¢j&¥ oz Zrlsldet. 13 w
+ TCDD X%] % 15%-o] A|%}& v n|EZ=g] e}
Weke] Axs 34 dx2 oFo= 38H%
t}7} 25x 10 °M TCDDE 247} 4A17F St Al
o XS w ZHz}t 118%, 117%= A=} <=4
o] ¢k7} Z7}aledcy. 22} 5.0% 10 °M TCDD2)
745 mEZ=eol iute] A9)at Wit 24
Z PEE Helr £Alo] oA ¢t} (Fig.
2). o] A3tz w]Fe] TCDDE A3 F Az
Well mlEZ=zjo} &4fo] doji} mlEZ=go}
ke H9AE EAE o o] drp Ay

ol F2H e o 4+ glleh

3. TCDDof| 2|3t o|EZE2|o}
Ca*"o| =g

>

& Al

TCDD7} intracellular C&* 525 37447 vl=
Zegjof vinte] &i=3 Hau Hx 54 2 A=
Abge] WA EE 712 obddR] delry] $]8) 0.2
mM EDTAS TCDD$} &7 wWg =3t ]9}
22 AR ARt mlEEE=] el Wiuke] A jx) W
32 =8 Hotth EDTAY: 24 o]22] 2y o]
EAz Az 9 Ca&7l Az Uz Sorke= A

n)A)e e 3

-~ 600
gg —=— 0.1% DMSO 0.5nM TCDD xk
£€ 5007 | —= EDTA —e— 0.25nM TCDD+EDTA . 1*
S8 —& - 0.25nM TCDD 0.5nM TCDD+EDTA
S« 400 o
£0 -
L -

5\;_3/ 300 *%* *;* o = //*;*
D8 200 Ht as Tk =7
o Py o\t T sk —
o g | )\ e N w-- . -
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Fig. 3. Effect of Ca®* on the change of mitochondrial elec-
trochemical potential gradient (y) by TCDD in
HepG2 cells. HepG2 cells were treated without (0.1
% DMSO, 0.2mM EDTA) or with TCDD for 5
mins, 10 mins, 15 mins, 30 mins, 1 hr, 2 hrs. After
staining with JC-1, green fluorescence (JC-1 mono-
mers) and red fluorescence (JC-1 aggregates) were
measured using a fluorescence microplate reader.
Ratio of JC-1 monomers : aggregates are expressed
as mean+S.D. (n=4). *** : Significantly different
from O time(p< 0.001)

wolzEe &S F} 25x10°M TCDD$} 0.2
mM EDTAE 3 X3} 10820 A}S w9 n)
EZogol o A9aF A AxE SAHRY 2
8| TCDD =5 A2 i fo]-o= v go
Z7}5}9 e} o] 5.0x107°M TCDD<} 0.2mM
EDTAS 37 XAl 10%e] Ad F SAHAE
o= $Us Aoy} doixych =3k 25x107°
M, 5.0x 10 °M TCDD 7}7-& EDTAS} ¥4 #X|
g ¥ 158714 &Ask 3ke] wWste} EDTAS o5
AA|skar 1538 ool St kel w3l oFitel
fARE o= wFeo] njEZ=gol W7t ARt
$£Alo] =718 712 EDTA ®}Al|9] oJsko|etw 3+
o¥dh. 283 25x10°M, 5.0x10°M TCDD
Z}7b-g EDTAS} 37 "4 AAska 30%, 17,
2A17ko] AT ¥ &A3 7> TCDDE o= A
AL e} 2] FoJHoz wEZ=eoh Wid
o] A9)at &Ale] Frlskde (Fig. 3). 912 A=
=3 EDTA7} A2 9] Catr} = Y2 Sojrle=
Z& TropFo] mEZ ol EAFS FHAA]T)7| R
I Az W A £AE ZIAIFSS
4 ik @t TCDD7E Az 9] Cats Al
2 S48y intracellular Ca™ =0 E3H&
A nEZ=eol Wt HA £AS o)

& obge 25T 4 Ak

i e o S
lo

A
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4. TCDDof| 2|3t o|EZE2|0} &4 Al

gy sael B

TCDDel| ©Jg wjEZee]o} Wzt A9z} &4
o] FA Ak Zolell &t A2 opdA] ety
3] TCDD$} habsia| = de] =)=l Vitamin C
W4 A3t n =l Wt A9z} W3}
A8 Bgket Vitamin C= &4 Ak A S
shetar de] gzl Bz kA 93s
.M# 25x10°M TCDD<} 1uM Vitamin C
§ AX|3}ar 5, 104, 155, 30, 14|7H 2 4]
RS o njEZ=gol Wte] HA}F w3t
=A% ngk} 25x10°M TCDDE = A
A& v 1080 At F fFo)Ho=z HAA £
Alo] Z7lsledont Vitamin Cole] w4 XA A
o] wjo] H9x} &AL 7|dje} Z2] TCDD =5
A2 wrue oS foHor Frlsledeh 11
25x107°M TCDDE == 2)x|8tx 158-0] A
o] Foll = We] ALxE 4 Hxd £FoE

A

2

T AT TR o
o

N

15% o] Folx AN foldow A} &4
o] Z7}3lich o] AF=S Vitamin C 5+ 2] 2
79} ANOVA tetZ Es) u|msiry mE 2%
AlZrel| A ZFol7} $lsdet. ol A AbA A o
Al #-g-xo} Vitamin C 2pA| 2] o}2 218l &3t
v EZog]ole] Wit AL} £Ale] Frtsle] e}
3 Aspz =¥} 50%x10°M TCDD$} Vitamin
CE WE AA & Afelx vjE2Z=eo} o A9
2k Wz7L 9ok vl RS Bglom Vitamin
C &Aol 2Js] A9zl £Alo] FashA] e-s &
4 Ak (Fig. 4). webA 919 A3ks &3 TCDD
7} A ARAE Wi dled w|EZ=g o} Wute]
A9A £ st AL ozt Add &

1t

5. TCDD7} &4 4ta B7to ojx|= &

s 4y A3} TCDD7 84 AL&E Fo v
Ezcelel vne] AT SUAA G¥IE
QoA gherhs A% % 5 Usisd A
TCDD7H 4 Ab4s] A4 ojWt dake v
w7 akot] gla) Sl19 FUF 202 Axol
AR F 4 A7k B4 AT} dehd 44

1

=4 & SRR 2 A A

—_

fu
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g% 6007 | —=— 01%DMSO  -=- 0.5nM TCDD
25 -= VitC 0.25nM TCDD+Vit.C i
Sg 5001| —+- 0.25nM TCDD 0.5nM TCDD+Vit.C ¥
g..a 400 *Ek
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Fig. 4. Effect of ROS on the change of mitochondria elec-
trochemical potential gradient (y) by TCDD in
HepG2 cells. HepG2 cells were treated without (0.1
% DMSO, 1uM Vitamin C) or with TCDD for 5
mins, 10 mins, 15 mins, 30 mins, 1 hr, 2 hrs. After
staining with JC-1, green fluorescence (JC-1 mono-
mers) and red fluorescence (JC-1 aggregates) were
measured using a fluorescence microplate reader.
Ratio of JC-1 monomers : aggregates are expressed
as mean+S.D. (n=4). *** : Significantly different
from O time(p< 0.001)

oxidative-sensitive fluorescent dyegl 2,7-dichlorodi-
hydrofluorescein diacetate (H,DCF-DA)S o] &3]
2X ke th. HDCF-DA: v A 2] Al =537} 7}
53 I3HEE AlZ W esteraseol] 23l acetyl group
o] ¥l W] 3§FE zh= H.DCF=Z W3t
A Abx EAA HLDCF: o] §38 2
2] DCF= w27 AkslEld) Alg] Az oA
A2 1mM Ho002] 73 Al el 23] 24]
7k, 4 7Y, 8AIZE, 1227, 2447, 48417 Alwte
A Aka A o] 11050%, 4488%, 3259%, 2925 %
1505%, 1642%= o4 dZ<l i 7ol ¥
3 FeHes FA Frtekdet(Fig. 5). =3 H0,
E XS W Azke] BFd wE AL 2}
o] 2 ololr 312} One way ANOVA testz §-2]A]
ZAARE & A7 Otimeo 2 HE] 2E AX] A|zke]
A A AkA A ] FelH ez Frlsledt WA
A2l H0:0 74 BE AR Al7telA] &4
Abas o] fe- oz FUlEIa o] AME B
3 A Ala FA Ade] AR o] FoiF S
o & 3+

0.1% DMS0S] &4 AbA AL 100%= ¥e
u 25x10°M TCDD<2] 7% 5%, 10, 155, 30
A7 2207 AR W 84 Aks A e
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Fig. 5. Effect of TCDD on ROS production in HepG2 cells.
HepG2 cells were treated without (0.1% DMSO) or
with TCDD (A) for 5 mins, 10 mins, 15 mins, 30
mins, 1 hrs, 2 hrs, 4 hrs, 8 hrs, 12 hrs, 24 hrs, 48 hrs.
And HepG2 cells were treated without (0.1% DM SO,
0.2mM EDTA, 1uM Vitamin C) or with 0.25nM
TCDD (B) and 0.5nM TCDD (C) for 5 mins, 10 mins,
15 mins, 30 mins, 1 hr, 2 hrs. DCF fluorescence was
measured using a fluorescence microplate reader.
Upon the same cells, cell viability was determined.
DCF fluorescence was normalized to cell content and
expressed as percent of control. Data are expressed
asmean £ S.D.(n=4).*** : Significantly different
from 0 time (p< 0.001)
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