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Although taurine (2-aminoethanesulfonic acid) can inhibit oxidative stress in both animal and epidemi-
ological studies, it is obscure whether taurine directly scavenges oxy-radicals or indirectly regulates
oxidant production and/or antioxidant defense system. The reason for this discrepancy remains
unknown but may be due, in part, to the lack of a validated assay system for evaluating oxy-radical
scavenging capacity. The antioxidant activities of taurine and hypotaurine (2-aminoethanesulfinic acid),
a precursor of taurine, against peroxyl radicals, hydroxyl radicals and peroxynitrites were determined
by the total oxy-radical scavenging capacity (TOSC) assay and cell-based assay using H4IIE cells.
tert-Butylhydroperoxide or hydrogen peroxide-induced cefl toxicity determined by MTT assay was
markedly inhibited by 10 mM taurine or hypotaurine. The tert-butylhydroperoxide- or hydrogen perox-
ide-induced changes in oxidative stress markers, such as cellular glutathione and malondialdehyde,
were ameliorated by 10 mM taurine or hypotaurine. However, specific TOSC values calculated from
the siope of the linear regression for taurine against peroxyl radicals, hydroxyl radicals or peroxyni-
trites were all less than 1 TOSC/mM. On the other hand specific TOSC values for hypotaurine against
peroxyl radicals, hydroxyl radicals or peroxynitrites were 48, 2096, or 69 TOSC/mM, respectively.
These results suggest that taurine protects cells against oxidative insults, which is not ascribed to
directly scavenging activity of taurine against oxy-radicals. These results support the idea that the oxi-
dation state of sulfur in antioxidants may be a determinant of oxy-radical scavenging capacity.
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Methods for Evaluation of Antioxidant Activity: Application to Taurine

M = HS A= Aoz YsE 4 UeKPrior et a/, 2005).

A7re] dl2E= oxygen radical absorbance capacity,

Fakel BAe X EAERE o AT E, FEE total radical-trapping antioxidant parameter(TRAP)3}
Zo AR BHYSHA AFHL Uk AF HAE, T TRAPE 24A17l chemiluminescence ® photochem-
AEAN e ©d BFol HA EelA Fatst & iluminescence assay, total oxy-redical scavenging
AL =A35t7] Y8 st A7 o) shdEe] o8-y capacity(TOSC), low-density lipoprotein oxidation assay
A Qo). Akl AL Hrlehe dhEe vkg 7]Ad ) o] 9lom ZIzte] o2& ferric reducing antioxidant
gk 40 TAE B3 2§ gu)ge] 8 58S =435} power, trolox equivalent antioxidant capacity, 2,2-
= A Az ALE F&f g ELS AT T diphenyl-1-picrylhydrazyl assay 5°] it} a4tsl &4
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S-S Hyles v Ulgt ZEsvt Alge 2R A
At

eleA) F7P S FEgtely] s 2er A
o] A, Ul T 718He S Qo] A
A5k A EA tigt gkt &g Hrtske A
"ot Ao A sk tHEZQ] Akst
AEHL Aol A FE singlet oxygen, superoxide
radical, Z:F3kr4x(hydrogen peroxide), hydroxyl radical,
peroxyl radical, alkoxyl radical®} ZAM FEE
nitric oxide$} peroxynitrite 222131 myeloperoxidaseell
A} A== hypochlorous acid &°] JtHBayir, 2005;
Malle et al, 2006). ©]& AHsMIEZR FolA superoxide
radical® nitric oxidet ¥FAJo] Yo} A AujEA}
£ 2A7lE T8 Wou F Edo] Bkgste] 4AE
£ peroxynitrite Tl-§- W40l st A Eo EAE
SarsithKamat, 2006). FAkEREAE HR-EAJo] Yo}
mM FEolAM 548 Fasht Axvrs 5348 F e
o T ASHGELE Feehe Ao ARMEA
(Rhee er af/, 2005). Hydroxy! radical®] 57l 2Jal 4k
3}¥ carbon-centered radicale] 4FA9} whE-dle] AYA
=& peroxyl radicale: ¥H-8-Ado] 7331 hydroxyl radical
off ®)ate] Z_‘ W& 7RI

TOSC ¥& TRAPE 2HdAIA hydroxyl, peroxyl radical
2 peroxynitrited]] thak fE Q1 d4lsl B3-S Hrlshke
b o 2 AlsldEZ o] alpha-keto-gamma-methiobutyric
acid(KMBA)9} wFg-3le] == ethylened gas chro-
matographyZE ©]-&3td & 3tHRegoli and Winston,
1998; Winston et a/, 1999). o] HWPH& A7k u}E
ethylene gas®] F=5 &4 3l area under the curve
(AUCYE &SIl o] e tixollxe] AUCSH g
o 24 TOSC #g AlLtsict. =g x4 3tst &2
¢l troloxt}t glutathione(GSH)E BEEEAZ AMSEO=R
W Aoz sl S48 AEE B AFA ol v
g g Qdnk wEbA o] WEe AAEA A A E
o g 34‘_@} 5“4-% JFHoE ZAE 9}3}
TOSC assay=
A BolA 4}5} %”"é% ZAste] AsE 2E#29
biomarker2 ARE-ST ATHAruoma, 2003; Regoli et
al., 2002).

ERS-A(taurine}e 192710l 42 EEollx
1 19703l o]f2E& s frotot H
TEEE SAlAM e A 719
ASHA FE2L Wy ArHGaull et a/, 1977; Geggel
et al, 1985). Transsulfuration pathwayS %3] 4o}
0|14k methionine®-ZF-E cysteined} hypotaurine

< AR AP B gEA
= 2K ez g2 wjdE

S F8 71FoRE Al 4yE=e] P43, organic
osmolyte, neurotransmitter & ‘?i‘lﬂl‘?_%iﬂ ZAd] T
she Aoz dvA dtHHuxtable, 1992; Santangelo,
2002; Yancey, 2005). ZL&{ut EkrﬂA et E ol oy
3 AFe dRAER fe d3Ee] RAaHI JrHMilei
et a/, 1992; Balkan et al, 2002; Sener et al, 2005a,
b: Cetiner et al, 2005; Aruoma et al, 1988; Shi et
al, 1997, Mehta and Dawson, 2001).

B ApoMe g9y datsl 48 Hrtstr] sl
TOSCH 3} tert-butythydroperoxide(t-BHP) 2 ka4~
22 FiE AESF me dFS APt 4
220 & cysteine?] A7A|Ql Macetylcysteine(NAC)
 GSHE A}H8-319ie Elg-#le] A7Ael hypotaurine
(2-aminoethanesulfinic acid)?} &4ksl &4 A H

7Fatsic.

ME W e
AeF B9, hypotaurine, GSH, ascorbic acid, ethyl-
enediaminetetraacetic acid(EDTA), ferrous ammoni-
um sulfate, t-BHR H,0,, 2,2-azobisamidinopropane
(ABAP), 3-morpholinosydnonimine(SIN-1), KMBA, tBHP
tetracthoxypropane(TEPP), diethylenetriaminopentacetic
acid(DTNB), 2.6-ditertbutyl-4-methylphenol(BHT), NADPH,
glutathione reductase, pyruvate, L-alanine, fructose,
2-vinyl-pyrimidine, NAC %<& Sigma Chemical Co.
(St. Louis, MO, USApIA Fg3tdth. AIE widel B
23 Dulbecco's modified Eagle's medium(DMEM),
gAA), trypsin, fetal bovine serum2 GIBCO(Grand

Island, NY, USA}lIX 31T,

TOSC assay. TOSC assay= Winston et a/{1998)
o oa} A=l e AAE o8] $8E WH{Regoli
and Winston, 1999)2 AR&-8le] A A]gtc}. Peroxyl radical
& ABAPE 35°CellA thermal homolysisAl#A EAIAI
tHWinston et a/, 1998). Hydroxyl radical® Fe$}
ascorbateZ ©]-€-3l Fenton reaction®Z, peroxynitrite
£ SIN-1Y] 2Bl A& B8l HAAAATE 2Ag 2
Z+e] oxy-radicak> KMBAS} ¥Fg-35le] ethylenes WAl
3hy ol TOSC #2 AW WolMe &5 me
ol VeER)A] & Ao »IE ul ArHWinston
et al, 1998). ¥+-&& 1 mle] ¥rgl-e Rupiz U
H 15ml &7]d ¥o] AA|zloH AMAHHE ethylened
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u-2-87)9] head space &7] 0.4 ml& #3td GC(GC-
2010, Shimadze, Tokyo, Japan)® 43t &3t
Oven, injector$t flame ionization detector®] =&
7zt 60°C, 180°C, 180°C & 473} Supelco SPB-1
caillary column(30 mx0.32 mmx0.25 pym)}g A5
gas chromatograph ZX& AM8-3t4tt. Carrier gas®
X helium® AM&3l92eH split ratio 30 - 12 AA 39
t}. TOSC & TOSC = 100 - (SA/CAX100)e] o=
FATHWinston et al, 1998). SAE A7kl W sample
o} HE Zrolal, CA= A7kl W& control®] HE 3to)
t}. Control2& 32 FH4E ARSI oH AlR2e B
2 9 PR E GSHY hypotaurines AHE-3f
A}, webs] oxy-radical scavenging capacitys A3
%) 23l Aol [SA/[CA =10l HD TOSC = 02
o etk W2 [SA -0 @ TOSC 72 100
B3}, Specific TOSC 72 @Gojzl TOSC 242 Al
FEAo wxo| wt FHBsletr AFIARA (linear
regression analysis)s 53 712718 4& F o] &
ANFEZ FEz Wro] FEAT. TOSC 2 v
el It vwsHl HEZ o|EFoR 77|19 iy
AREAISF, 718} Wkl FES A Gt

>1\l

o 2 8

Cell-based assay. #E2] hepatoma cell lineQl
H4IIE cell® 10% heat-inactivated FBS2} 100 units/
mi2] penicillin, 100 ug/mi2] streptomycing E3}sh=
DMEME A2 ol&dle &% 37°Cet 5% CO, =71
oA ik HAIE cell& 96 well microplatesol <
713 18~24X7F wjekEte] A X7 80% o1’ confluent
o =238 & serum free media® WAH|3F3. overnight
Wi}, Serum free DMEM ufjofetel Adol] AME-T
ksl 229 vy AR TR Fo|a wigd s wA|
& 5 A7 B WFSIAL +BHP B JAtskraE A
gt g AdS E3) t-BHPE 36 uM 18]l Ak
844 100 pME AA 3T o] FE HAIIE Al3EolA
oF 50%2] AE 548 Ut +BHPSE Atstaa
2 elela Zz 33 24x7F Fo 5 mg/miE MTTE
ol mjFA o g Wi S EA ST 247 T TSI AT
< & WjXE AAS}T DMSOE HEd £ micro
plate reader(Model 550, Bio-Rad}& ©]-&3t] 570 nm
oA EFEES Z2AUT. FHYUEZLLE hypotaurine™
NACE ARE-3HTt

o

Biochemical analysis. Al3ol4 GSHe2} lipid per-
oxidation®] A ¥l MDA ¢Hake ol Bad e At
2319 tHKim et a/, 2003, 2006, 2006). Al ZAI4 GSH

= 6% perchloric acid®l4 s} 1.5 ml tubed] &
T dAlBEY s FedS AEE ARSSIATH A
o phosphate $&(phosphate 0.1256 M, EDTA 6.3
mM, pH 7.5)& AR3-st] GSH F27) 3% A% 5%
oo ExE 34819 th Eppendorf tubesell 0.3 mM
NADPH &< 0.7ml, 6 mM DTNB(5,5-dithio-bis-(2-
nitrobenzoic acid)) €% 0.1 ml, ZAA] ¥+ GSH ZFA
0.2 mig 71ate] 2 A& F Ad2elA 487 AAsT.
wkg-alle)) 520 units/ml 552 GSH reductaseg 7}t
IR A F 412 nmollA oF 287 F8%0] HIkE &
Aate linear 3 187k 71€7] WHeE Fatal A
2ERE GSHe =& Aty MDAS 94 column
3} fluorometric & 7](RF-10A fluorescence detector,
Shimadze, Tokyo, Japan)yg “&2+s+ HPLC(pump, model
LC-10AT; system controller, model SCL-10A; injector,
20-pl loop7t A=E Rheodyne)2 22 B AFstAth
(Kim et al, 2005).

TE
o

£ 24 AYT Alolg] BAA Aol analysis of
variance® Newman-Keuls multiple comparison test
(p < 0.05)2 FABIIT 4¥AdE BF = TFAAE
FASAT
i nk-,
ME B2 o)A EFREI hypotaurine & NACIF A
240 O/Xf= & HAIE RE M EFolA e,
hypotaurine ¥ FATZZA NACTH sl o3t
AZEA vl FFE AFsIATHFg. 1). & dFelM
AR HE=el 10 mMe] ER-834 hypotaurine =
T HAIE AlZEoN 548 f2sx] & stk 100 uM
kel e 45~56%= AlEY] viabilitys Ta
Nzow saslrid BHS Bed Az g8 2
MMEE feld oz 7ha=dthFig. 1A). Hypotaurine
AN AL BAS 2 MMEE folAo® A
ZAtHFig. 1B). ¥ AolA ARSS # F=81 10 mM
o) eR-813} hypotaurine® ZH2t AAtsleael] 2F A
2] viabilitye] Z4E A o] 929 96%=E STt
NAD % 222 A" NACE 5 mMellA AlZ
9] viabilityZ A4 thzel vldle] &F B0%E ZAAIA
AE =40 gle 2mME Hi FEE HYsHn
NACE 0.25 mM*PE #Rtskedo &g Al254de o
Astgoem 2 mM FEelA st A ZH7T AEHSY
tH{Fig. 1C).

FEAYT N EHE BFolA AbshH SEHS
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8hz tBHPel & o) B--13} hypotaurine] mIA]
gk AdstgiFig. 2). +BHP
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Table 1. Effects of taurine and hypotaurine on intracellular GSH and MDA levels in H4IIE cells treated with hydrogen peroxide

or t-BHP
GSH (nmol/img protein) MDA (nmol/mg protein)

Control 412433 0.028 £ 0.002
100 uM Hydrogen peroxide 322+34 0.048 £ 0.004
10 mM Taurine + 100 uM H,0, 36.2+4.1 0.036 £ 0.003*
10 mM Hypotaurine + 100 uM H,O, 39.2+2.1* 0.034 + 0.003**
2 mM NAC + 100 uM H,0, 453122 0.026 £ 0.003**
Control 38622 0.026 £ 0.005
35 uM t-BHP 19.8+33 0.064 + 0.004
10 mM Taurine + 35 uM t-BHP 35.1 £3.2¢ 0.034 + 0.004*
10 mM Hypotaurine + 35 uM t-BHP 27.3+23* 0.042 + 0.002*
2 mM NAC + 35 uM t-BHP 421 +4.2* 0.022 £ 0.003**

Cells were treated with taurine (10 mM), hypotaurine (10 mM) or NAC (2 mM) for 1 hour before addition of 100 uM hydrogen per-
oxide or 35 uM t-BHP. MDA levels were monitored at 15 min after treatment of hydrogen peroxide or -BHP, and GSH levels were
determined at 2 hours after hydrogen peroxide or 3 hours after +-BHP treatment, respectively. Data are means + S.D. of 4~5
experiments. *** Significantly different from levels monitored in cells treated with hydrogen peroxide or t-BHP only, p < 0.05 or

p < 0.01, respectively.

shown). EF-81# hypotaurine2 Z+z+ 291 b mM E&%
AN FeolHoz tBHP o3 MEFES JAsAH
(Fig. 2A and 2B). & 7oA ARE-gF Ha 5=<1 10
mMe] e--813} hypotaurined 242+ +BHPOY €)1k M3z
9] viabilitye] Z4g 824 HEFY 93¢ 73%E F7H
At o] A= o] hypotaurinedl ¥ske] +-BHP
o o3& M3t &8 B} g o R AAThE Helt
A tizFoz AREE NAC 94 0.1 mM F=5H
olFo g tBHPY FHAS JAEHLH o] &= F&
o]&Fo|tHFig. 2C).

HallEA 4 ER-3, hypotaurine 2 HtHZFQ] NAC
7} 2k8kE &AFe] A E2l GSHeF DMA ol mlx=
S A3 tHTable 1). GSHE I A kst E2
2 At Sake o] 744sly MDAE X @3k
AAEZ Asba &4 o8l Zrisith dudd S Est
o MDAE #itslsAs} tBHP 8] & B5 168 1
3 GSHe Fskrast tBHP xe] & zhzh 291 34
7kl 238k 100 uMe] ksl 1047E o)
AHE B FYHoz GSHY FEE dFAlHHdata
not shown). 100 uM9] patslras A Eo0lA GSH
9] RS ¢k 20% 7HAA171Z MDA T3& oF 170%=
=71 ZtHTable 1). & tixzo g AMH-E NACE #
Aglgd] o8k GSHe| 7kAhel MDAS] 715 88t
A 23t o] Ads 2 mMe] NACZE $hdekAl 3
Al ae] BAS Addhs A dX|et. e 3%
A5 o3k MDA Z718 FEF oz A s ot
GSH #adle f9F ®ske 88k X stk
Hypotaurine2 kskeael] 9)gk MDA F7tet GSH
o] 7+AE FEA o7 AA AT

35 uMe] t+BHPE GSHel 38 A4 diz=y <

50% 223 MDA €3S oF 250%= S7H1A 100 uM
o] Fatslrao] H|Ely olE AXE WA SR

<] (¢}

e

"

12
2 B ol

L

ok okEiT

[*]

ok WA tE2Zo =2 AMEgE NACE t-BHPl 2j3k GSH
o] 7+a¢t MDAS] 718 st Adetnem o] 4
= NAC/H Al Wi AN a3dQl it £4
AARsHT} BR-R9] HA =
2 s Adslgon MDA A5 Al 843
393t} Hypotaurine t+-BHPo 2]3F GSH 2 MDA
o] W3ls fojxog Ao R Hlgl 2

= +BHP <3 GSHe

TOSC E/Z 0/88F EFPE/S oxy-radical &5 &7F
Peroxyl radical, hydroxyl radical 2 peroxynitritedl] tht
eRe-9, hypotaurines GSHe] ®35& TOSC Moz 3
715} tHTable 2). ER-"-& peroxyl radical, hydroxyl
radical @ peroxynitrited] thajA 25 1 TOSC/mM ©]

ste] 285
o]& oxy-radicale st 235

5 wgon o Az Eeee] AYHoR
o] v vlekehe welrk

e ATAZ sulfinic acid(RSO(OH))R! hypotaurine
& g3l H)3t] FA43] 74g oxy-radical F¥ES B

At} B3], hydroxyl radical®l

# ¥ P g

Ao T

ZO7 AMEE GSHel wlste] o 3eulE EAl BN

t}. o] A3 hypotaurine®] hydroxyl radicalel thst
FEs RS TR UAFE AAFH
o]

=2
O (e} =1 O =] 1
gL 38 gRela U=

Bl

oo

opa|=Ake] methionine

# cysteine?] FF widYPE|E o] sulfonic acid(R-

S(=0),OH)Z 48t} et e ZHll N HFEAH

IFAE Atk FFoR mjdEE A20F ot o

HRol g9-de 2E Tl widdEn g@5itat A
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Table 2. Specific TOSC values of taurine, hypotaurine and
GSH against peroxyl radicals, hydroxyl radicals and peroxy-
nitrites

Peroxyl radicals Hydroxyl radicals Peroxynitrites

TOSC/mM
Taurine 02+00 08+0.1 08+0.1
Hypotaurine 482+4.2 2096.3+2723 60.2+13.9
GSH 156.2 +44.2 57.7+99 99.6+ 359

Data are means + S.D. Values varied by no more than 5%
between experiments.

sttHHaussinger, 2004; Yancey, 2005). %3 R
d=zulg 5 $AslEE myeloperoxidased o3 &
[e]

== hypochlorous acid(HOCHeF ¥h-g-ate] HERHE:
& zA3HSantangelo, 2002). B39} <ke} b ¢l
#2e F2 F3tEd o7t 7HEAe] JA|7F Ry
tHKim and Kim, 2002; Miyazaki et a/, 2005). #
EF$-3 transporters knockout AlA ZA ER-R9
FEE 7AAZ w2 @3 TNFalphadl 571, 7
stellate M| ¥¢] 21, mitochondria®] ¥/ So] &%
Hglon o] mpe-2e 1d gl ZHdREE fdE AT
(Warskulat et a/, 2008). ©] A3tz B39 Fako] 71
o) 715zAEd 8% 4T FYPY IS A
gt

Rl 93 7+ BE & r|He EREHIh g4t
g gAo| Fo 71HoZ A9k JrHYildiim et al,
2007). 28}t EF¢-8e cysteineolt} GSHeR= el &
A28 /1A% sulfhydryl groupe] sulfonic acid®] e
2 AstEo] glo] ARAC] ksl G4 tisiie =
Zolt}, B HFollA TOSCH-S ©]-8-3td peroxyl radical,
hydroxyl radical & peroxynitriteel] thgh 25341 x8
=9 Griak A3 ehe-de 22 GSHoY sk £9
)9 wjepatgdrt. wbd o] sulfinic acid® &4
atslElo} e gl HTAR] hypotaurine
=2 oxy-radical £8%-8 BATh E3] hydroxyl radical
o) 3 YL FAURF GSHol Blste E53
t}. o] A3= hypotaurinest 2o] F-2A o2 o] 4kz}
o] & 7% oxy-radicalell thet aAkst B 7RG
o] sulfonic acidZ 4+sd ¢ X FFo] 43| wot
AL AAVEITE o) AF= peroxynitrited]] 28l dihydro-
rhodamine 123°] rhodamine 2 A== Wye ol
galo] gRg-ele) sl &S Hrisk Aakel Azt
{Mehta and Dawson, 2001).

B ApoM e AFHA oxy-radicalol it =
o ug wodw Bpsly IkskrAst +-BHPo
ol Su¥ MEZAF AEH &gl A% HeE 84

o o

l

o]
=

(o]

ol of

ok

3] AAEAT. B AFelA AHE BRI v
L 10 mMo|en, nke-xel BES] ZhoA Rz
=57t zkzb oF 207+ 3 umol/g liver(Warskulat et al.,
2006; Kim and Kim, 2002)%& Azte w) & A4
AFREE BRI s AEE Rl AR ddEn.
b 10 mMell <3 AEEA A Zde e
FEg Fro o3 Q1A g obd Ao' Hlnh
w3 AHOZ oxy-radicald] I EF%o] A hy-
potaurinedl] Hlate] ER9-BS t-BHPell &3k Al Z=Ad 7}
Ashd E=are) AR WskE uS st AA s,
FEH o2 el9-de AHA< oxy-radical 5 v
opstoll e Bala Ak &4 frdshe diEEd
2 Fakskrael tBHPA 93] =¥ AEEA
3ha &4 AR WeE A FEHAdAM AAs)
o B A3 Az eRge] AleH &4E AT
237k AR oxy-radical S T A &4
AA Bohs METE HEEEAY Al HFEdS
Pk 59 71dS 53 Mg rreds AARIT
w3k B dArdae sl B3 it gl ofsf uf
g 7% oxy-radicaloll that X85 o} Aks} Aefol

Nt rr 3 o dr o

HAtel 2
B dAde w78 vlelead2iniEAE:
20070501-034-004-007-01-01)¢] x| ef] ojs] o] Fojx)

Y.
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