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ABSTRACT

Platycodon grandiflorum, Dorgji as Korean name, is one of the most widely used traditional oriental medicine
for bronchial diseases and also used as a folk remedy for geriatric diseases and inflammatory diseases. In recent
studies, it has been reported that some effect of P. grandiflorumis derived from its antioxidant activity, although
there is still alack of evidence to establish its oxy-radical scavenging activity. In this study, total oxy-radical
scavenging capacity (TOSC) assay was used to evaluate antioxidant activity of total extracts(T-PG), polysac-
charide fraction (Po-PG), and saponin fraction (Sa-PG) isolated from P. grandiflorum against peroxyl radicals
and peroxynitrites. And MTT assay was taken to assess cyto-protective effects of T-PG, Po-PG and Sa-PG in
H4IIE cells treated with hydrogen peroxide and tert-butylhydroperoxide. In the TOSC assay, Sa-PG showed
strong oxy-radical scavenging capacity compared with T-PG and Po-PG. In cell-based assay, T-PG and Po-PG
protected cells from oxidative stress, but Sa-PG did not protect cells because of cytotoxicity of Sa-PG. These
results suggest that the saponin components of P. grandiflorum have relatively strong antioxidant capacity and
cytotoxicity in rat hepatoma cells.
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1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical 2}
superoxide radica @] Z & %o0] B =gl In vivo
AGolN A=k e HEE AHL T F t
BHPE Sojalde o &3 3o ALTs} ASTe]
Z7ke wgtor], zhlq) AbbY sEdsg 7
2AFIE Aoz FAFSG. o)) A= A
=2}A| 9] Alx AJRo] oxygen freeradical & A A
& 4 9o, ks AEdAazRE Azg BT
4 olg AL AAMEE (Leeetal., 2004).

AbshA ez AAA Y BYALT, B
Z 4~% (reactive nitrogen species; RNS) 5 pro-oxi-
danto] g2} Al 2] sFAkshle A Al Abo| o] EF
ol o} pro-oxidante] wxrb $AslA e
Z Jehll= £ o]} (Spector, 2000; Dotan et al.,
2004). AbsP e o] Axe] whebd AlE:
Hgate] SasA £4E e ¢ Aor) &4
o] AT Ag AEe) e zeh3heh(Spector,
2000). TOSCx= hydroxyl radical, peroxyl radical %}
peroxynitrite 3272 oxy-radicalS A}4-5}], ¥k-$-
Aol =% AlgEAe] oxy-radicae] <3 ethy-
lene gas A& Hsjsls =g Hlaeh weby
712 uhe-2 oxy-radica @} o-keto-y-(methylthio)
butyric acid (KMBA)~7} 1ul-2-5}e] ethylene gas7} 2+
A3k Aotk TOSCE] F& o4& 1) 584 &
AbsHA| e} ]84 SRAbShA] 2] scavenging capar
citys EAE 4 slvhe A, 2) ukg el A fast-
acting antioxidantgl %], == ]34 (retardant) 21 %]
£ 72Y & o, Y A7 270 P 5
Arlel A4@ 4 Aok A Folo(Regoli and
Winston, 1999). 721} TOSC vl e 717 & A
< DPPHe} zFe] <l-g=<l gleZbe] oy hydro-
xyl radical, peroxynitrite 53} 72 A zel|A] AA|
=2 A== AHaEAe g3 23852 Hrt
@ % gleke el

o} 22 2AgES Edz A=A F=&
£ %, polysaccharide %} (Po-PG) 7 Abzyl #32)
(SaPG), 123 A =t o] AA FEE(T-PG)
2] peroxyl radical 3} peroxynitriteel] gt Z3]%
TOSC assay & G3llA F7sbsict =3 Qe

3

1

hydrogen peroxide?} t-BHPS- *|2]s}o] AbE}A
Ae fostn o] mAdA FYxehd wEEel

whe A7ksige
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P A7 QoA A
oz QA (F) 2R FFeer Invitro
Atstasts SA37] 913 AdelA, glutathione
(GSH), N-acetylcysteine (NAC), alpha-keto-gamma-
(methylthio)butyric acid (KMBA)<£} 3-morpholinosy-
dnonimine hydrochloride (SIN-1)= Sigma (St.
Louis, MO)2] A|E-& ARE-35193 2™, potassium dihy-
drogen phosphate (KH2PO4)<} dipotassium hydrogen
phosphate (K;HPO,4):= Junsei (Tokyo, Japan)2] A|
=& A48l a7, 2,2-Azobis(2-methylpropionami-
dine) dihydrochloride (ABAP)<} t-BHP:= Aldrich
(St. Louis, MO)2] #| %5, Diethylenetriaminepenta-
acetic acid (DTPA): Fluka(St. Louis, MO)2] A&
< AHgEkde AlzelckS 913k DMEM3} fetd
bovine serum (FBS)-2 HyClone (Logan, UC)el| 4]
T3t e kA= Gibceo (Invitrogen Corpora-
tion, CA)2] 100U/mL penicillin=} 100 ug/mL strep-
tomycing AF8-3l9l). o] 2ol 30% hydrogen pero-
xide (H202)= MERCK (Darmstadt, Germany)2] 71
& Ahgstget

s}

2. TOSC assay

TOSC assay= Regoli¢} Winston (1999)e]] <2Jsj
Alkd W AHE-ske] A Peroxyl radical
2 ABAPZ- 35°Col|A] therma homolysisA]#A 1A
A1 745k (Winston et al., 1998). Peroxynitriter= SIN-1
o) ZpAel ¥318 Fa WA BAL 742t
2] oxy-radical-> KMBA ¢} H}-&-3}o] ethylenes 1t
Az eo]uje] TOSC 3> LA Helr:
=of) uhE AfolE vpehiA] gh= Aoz nug
elek (Winston et al., 1998). ¥F-$-2 1mL2] HlS-ol
& 2uplz 999 15mL 4716 el AA
ZHowm AAME ethylene> WH2-87]°9] head space
7] 0.15mL-& F3le GC(GC-2010, Shimadzu,
Tokyo, Japan) 2. B-Asle] 7123} t). Oven, injec-
tore} flameionization detectore] =% z+7+ 60°C,

Z o o
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180°C, 180°C= AdA)s}3r Supelco SPB-1 capillary
column(30mx 0.32mmx 0.25um)= A-23t gas
chromatograph 22 A}8-3}¢lc}. Carrier gas=2+=
heliumg A}&-3t9 om splitratio 30: 12 A& 5193
o}. TOSC 72 TOSC=100—(SA/CA x100)2] 2]
o2 Fac)(Winston et al., 1998). SA= A 7to]] w
£ samplee] H& grelal, CAxL AJztel] w2
control2] A& Zlo|t} Control 2+ 33} Z={H4=
AHgslon Arze mebd FEEE 99 o
A zFo 2 GSHE A3ttt mheba] oxy-radi-
cal scavenging capacity S A& zHx] £l A]a]
[SAI[CA=1¢] =] TOSC=02] & Zr=ch. ul
2 [SA—0% w= TOSC 72 1000 %8k},
Specific TOSC 7+ do}2l TOSC 7he A2
of wwl whel smsteta 18 3]7¢4 (inear
regression analysis) & 53] 7]£71% A ¥ of 7
& APBAe) FE2 1bre] Fajeich TOSC
e Pael Ao P vms] Hue olgdesw
N719) ghmut AbgAlel, 7et whgEle] ojge

A gheeh

3. Cell-based assay

P E2] hepatoma cell lineel H4IIE cell & 10%
heat-inactivated FBS¢} 100unitsymL<2] penicillin,
100ug/mLe] streptomycine %3+sl= DMEME
WA 2 o] 83le] 2% 37°Cel 5% COp F71A
ufj ok ol HAIIE cell2- 96 well microplatesel] 7]
a1 18~ 24X 7 vjjoFsled Az7} 80% o]AF conflu-
ente]] =23k = serum free mediaz. A 83 over-
night wjj oF3ic}. Serum free DMEM wjjekollof] A1)
of AT Fakst BAL vle) AYY SRR ol
3 vjefel g A F 1417 B2t wjereta t-BHP
= psteas Aesknh AudEe 59l -
BHP: 40uM 283 palshssat 300uMS A
At o] T2 HAIE Al =24 oF 50%2] A
£ 54¢ ISk tBHPS Salskeas A2
st 7b7; 33} 2447 Fo 0.5mgmLE MTTS
xql Wikl o 2 wiXE wAlskT 2417t Eab uh
SAIF T s F wi A2 A 78ka2 DMSOE A ¥
3t & micro plate reader (TECAN)Z- ©]8-3}o] 570
nmell A FA=E AP HAH=Le= N-
acetylcysteine(NAC) S Ag-3193 )
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E Az WEw 27 Az 2SS
Specific TOSC valueZ F38}7] $laiA =1 3}ol

& TOSCvaued] A T Zol|A A3 3]7]AH S
Feystodet. A 3T Al A defal 7272
B specific TOSC valueg Axkstaidt 44 <
A2 ANOVA test & Newman-Keuls multiple com-
parison test == Dunnett's test2- o] g3l 24

& s,

1. In vitro &4tstg ot

In vitro 271 4] oxyradical scavenging capacity
£ FAs17] 913 TOSC ¥4 AH4-3k5ion, FA
HxzFLo2 GSHE AMEset. A =ehA] o] &
258 TRV o7 7] == A sk per-
oxyl radical 2} peroxynitritee]] o3k TOSC assay &
Aa)stgiet. Po-PG, SaPGe} T-PGE AHg-3 A3
dAl= KMBA~ZL AbglE|o] A5l ethylene gas
2 6037} A, B2 603e) A vhex Hv)
ethylene peak heighte] ZH& 7|Foz2 RE A¥
vl o|E] S w282 FHAksle] A|zle] wh ethylene
e AZsge o e zEe) AUCE 1A
I FAE o438 AR TOSC vaues 5=
we} o] 2 ze wAlsle] U A4 7)¢
715 F3ted mg/mL= TOSC valueel specific
TOSC values AtEs|A =2 =A8l 72t &
E7)g] v)wsleld(Tablel, 2).

Peroxyl radicalel] ®3 Po-PG, Sa-PG, T-PG}
GSH¢] specific TOSC value:= 7z+7zF 172.44+49.1
TOSC/mg/mL, 706.7+144.6 TOSC/mg/mL, 144.6
+33.1TOSC/mg/mL 3} 1233+ 217 TOSC/mg/mL =
Z4 =9t SaPGE Po-PGe} T-PG 79} vl
& o, §-2]4 (P<0.001) ] l& Afe]E Mol B

=2 peroxyl radica £35S el g} Po-
PGz} T-PG2] peroxyl radical Z&%2 #29Aa
o] & Holx| ¢ktch(Tablel). A =ehA| 25+
B GSHel| v]ste] 0.57¢)|4 0.122] rTOSC %t

Ho] GSHel| n]s| m]2kst peroxyl radical 3
< el ol

of o rlo
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Table 1. TOSC values of Sa-PG, Po-PG and T-PG against peroxyl radicals

Compounds Concentration (mg/mL) TOSC vaue STOSC value(TOSC/mg/mL) rTOSC value

0.1 46.6
0.05 36.3 706.7+144.6°

SaPG 0.025 21.8 (R?=0.980) 057
0.0125 131
01 15.7
0.05 9.9 172.4+49.1°

Po-PG 0.025 32 (R?=0.954) 0.14
0.0125 -05
01 136
0.05 6.8 144.6+33.1°

T-PG 0.025 37 (R?=0.970) 0.12
0.0125 -0.6

The sTOSC values were obtained from the slope of the linear regression lines for the TOSC curves, and the rTOSC values were determined
by dividing the STOSC value of the sample by that of GSH. The specific TOSC values of GSH against peroxy! radicals were 1233+ 217 TOSC/
mg/mL. Values with different superscripts (a, b) are significantly different from each other (ANOVA followed by Newman-Keuls multiple
range test, P<0.001).

Table 2. TOSC values of Sa-PG, Po-PG and T-PG against peroxynitrite

Compounds Concentration (mg/mL) TOSC vaue STOSC value(TOSC/mg/mL) rTOSC value
0.05 34.6
0.025 242 982.4+69.1%
- 2.8
SaPG 0.0125 118 (R?=0.998)
0.00625 49
0.1 48
0.05 1.0 51.6+215°
Po-PG - 0.1
0.025 0.0 (R?=0.906)
0.0125 -04
0.05 17.2
0.025 7.9 348.0+24.1°
T-PG 1.0
0.0125 35 (R*=0.998)
0.00625 17

The sTOSC values were obtained from the slope of the linear regression lines for the TOSC curves, and the rTOSC values were determined
by dividing the STOSC value of the sample by that of GSH. The specific TOSC values of GSH against peroxynitrite were 352+ 42
TOSC/mg/mL. Values with different superscripts(a, b, c) are significantly different from each other (ANOVA followed by Newman-Keuls
multiple range test, P< 0.001).

Peroxynitriteol] o3t Po-PG, SaPG, T-PGZ} GSH  yit}(Table 2). FAd &<l GSHe} w]sle] T-PG
9] specific TOSC value:= 7247} 51.6+21.5 TOSC/ = ZX3} peroxynitrite £352 Sa-PG: 2.84)] <]
mg/mL, 982.44+69.1 TOSC/mg/mL, 348.0+24.1 Z3%5E& T2]3 Po-PGE oF 10%9] Z3¥HS W
TOSC/mg/mL ¥} 352+42 TOSC/mgimL2 &A= gk
9ot SaPGE Po-PGs} T-PG wws} wlmdt o,

#1425 P<O00D)0] Q= Aol & Holwd BEt 5 EmsF

LE3A =2 FAS By} =3 peroxyl radical

o] Azl w27, T-PG7F Po-PGel| w3l £-2]4] By =2} 2] F2E< Po-PG, SaPGe} T-PG2)
(P<0.001)¢] &= 2 Abol & Heolm 2 & vel  AEPY 2Ed 2o 3 254 dA|azts 34
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shara), A=) 71gt M ES] HAIE A EE ALg)
A MTT assay & Adsialet A ~Eq s
FE3t7] 9134 hydrogen peroxides} #-7] Ak}
E1l t-BHPE AHg-3lodcth A3 Q7235 vieke
2 A=z Hg3}7] 93 hydrogen peroxides} t-
BHP?] =9} A|7+e Z+zF 0.3mM3}; 24X)7F 1
232 40uM} 3| 7ke 2 A ek

WA SaPG, Po-PGe} T-PGe] M Z254S oo}
®7] $JsA], hydrogen peroxide¢} t-BHP2] =z]
9lo] Sa-PG, Po-PG2} T-PG 724 th=o 2 H4IIE
A Zel| 24217k 53} A shsdeh 24417k Bt Sa
PG, Po-PG¢} T-PGE #2838t ZAa}lol| A HAIIE M =
o] &g gL 100.0+7.3%= & A<$, Po-

= 100pg/mLel A 102.7+5.2% (P>0.05)2] 2
7} Ygkar, T-PGE= 100 ug/mL el A] 106.6+5.5%
(P>0.05)2] A7} epr] T BAe] A9 §o4
o] A HESAE YeplA dghor}, SaPGe]
A9 A £ AYZgo| Lug/mLelA] 100.8+5.9% (P>
0.05), 5ug/mLejl A} 102.0+4.5% (P> 0.05), 10 pg/
mLell A 91.846.1% (P< 0.01), 25 ug/mLol|A] 65.7
+3.8% (P< 0.001), 50 ug/mL el A} 56.1+3.9% (P<
0.001), 100 pg/mL o)A} 32.0+4.1% (P< 0.001)<]
A3 vehfe] 10ug/mL o) el E f-2]4 el
UE= AlZz5AS Jebisdek (Fig 1). =3 o] & &
AL A7 Fok AEEta 5A4E #E3 A9 Sa

= S5ug/mLEE sEolEH o Fo03gl M X
A& Bolom ¥ Po-PGel T-PGE 10ug/mL
X AEAYEE] WHE ke egio)(data
not shown).

SaPG, Po-PGe} T-PGY| Al E5AE ol 3,
7z 2Ae] FHAd A s=E AAst, hydrogen
peroxides} t-BHPe) 23t AN Z=Aej T3t Sa-PG,
Po-PGe} T-PG, 18]x fAtiz=Fo =24 NACY
Azrsasts ZAso. WA, t-BHP 2|3t
A Zz5Ael de HzRrsass A7 9s)A,
HAIIE | 2] o8] ¥»x2] Sa-PG, Po-PG, T-PG, L
g2 NACE 77 A7 5ot AXEst oL, 40
uMe] t-BHPE A3l 3A|7t Fof] AEES 5
Astae) SaPGe] 74-¢-, "lx+o] 100.0+4.1%<Y
o, 40 uM t-BHPRF 228t FollA 82.7+4.2%2)
Az AEge] HAFG o, 0.1ug/mLeA 80.6
+4.1% (P>0.05), 0.5 ug/mLel| 4] 80.5+4.4% (P>
0.05), Lug/mLell A 80.7-7.0% (P> 0.05), 5pug/mL
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Fig. 1. Cell viahility in H4IIE cells treated with Sa-PG, Po-
PG, and T-PG for 24 hrs. Control cells were treated
with the same volume of phosphate buffered saline.
The percentage of cell viability was calculated from
the absorbance data. Data are means=+ SD for eight
independent measurements. ** *** Significantly dif-
ferent from levels monitored in control cells, P<
0.01, or P<0.001, respectively (ANOVA followed
by the Dunnett’ s range test).

oA 82.0+4.5% (P>0.05), 10 ug/mLol| A} 811+
2.9% (P>0.05), 25 pug/mLejlA] 66.6+ 1.5% (P<
0.001)°] M= =& Jeldl (Fig. 2). Po-PG2
7%, Y zo] 100.0+58%< i, 40uM t-BHPg}
2] 8t Zol| A 59.5+12.8%2) AE JE=ES 1Y
ow, 0.1ug/mLellA 71.3+9.1% (P< 0.05), 0.5 pg/
mLel| A 84.5+9.9% (P< 0.001), 1ug/mLo| A 86.1
+13.0% (P<0.001), 5pg/mLolA] 84.4+11.5% (P
<0.001), 10 pg/mLoi| A} 89.5+10.5% (P< 0.001)2]
Az &S dephlo (Fig. 2). T-PGS] 7$, o
Z7o] 100.0+5.8%< u, 40uM t-BHP3+ #2]3t
Fol A 595+12.8%2] HE AEgo] FHAEYw
0.1pug/mLo| A 85.2+10.6% (P< 0.001), 0.5 ug/mL
ol A 81.9+7.7% (P<0.001), 1 pug/mLei| A} 90.3+
8.4% (P<0.001), 5 ug/mLo A} 89.5+8.3% (P<
0.001), 10 ug/mLell A 104.6+6.1% (P< 0.001)2]
Ax AJEEE Jebl (Fig. 2). FAH =+
NACS] 7%, HzZo] 100+9.29 d, 40uM t-
BHPgF #2]3t FollM: 56.8+7.12 AZPEE
o] A=, 13ug/mLellA 62.549.7%, 40 ug/
mLol| A 66.5+9.3%, 120 ug/mLo|A] 79.1+7.9%,
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Fig. 2. Effects of Sa-PG (A), Po-PG (B), T-PG (C) and N-acetylcysteine (D) on cytotoxicity induced by t-BHP in H4IIE cells.
Cells were treated with Sa-PG (0~ 25ug/mL), Po-PG (0~ 10ug/mL), T-PG (0~ 10ug/mL) or N-acetylcysteine (0~ 800
ng/mL) for 1 hr before addition of 40 uM t-BHP for 3 hrs. The percentage of cell viability was calculated from the
absorbance data. Data are means+SD for eight independent measurements. * ** ***Significantly different from
levels monitored in cells treated with H2O2 only, control cells, P<0.05, P<0.01 or P<0.001, respectively (ANOVA

followed by Newman-Keuls multiple range test).

320 ug/mLel| A} 91.7+9.7%, 800 ug/mLol| A} 84.2+
12.8%2] M| ZAEEo] FE= T (Fig. 2).
Hydrogen peroxideel] 28t M ZZAlol] o3t A
ZR 3 EIES EA317] s, HAIE A £ o]
=9 SaPG, Po-PG, T-PGE 747+ 1417k g<t A
283k k&, 0.3mMe] hydrogen peroxideE 2
dle] 24A|7F Fof] AEES FA A SaPG2
7%, ) 2Fo] 100.0+10.1%< dj, 0.3mM hydro-

gen peroxideqt x2]8F oA 20.9+2.7%2] A=
AEgo] HAE T, 0.1ug/mLelA] 25.8+5.9%
(P>0.05), 0.5 ug/mLel|A] 30.1+5.3% (P< 0.05), 1
ug/mLel| A 27.8+3.7% (P> 0.05), 5 pg/mL ol A]
26.7+4.4% (P>0.05), 10 pg/mLel|A] 25.044.5%
(P>0.05)¢] A ZzAEES ek (Fig. 3). Po-PG
9] AL, dxFe] 100.0+11.1%Y @, 0.3 mM
hydrogen peroxide7t *]2]gt ol 33.0+7.5%2]
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Fig. 3. Effects of Sa-PG (A), Po-PG (B), T-PG (C) and N-acetylcysteine (D) on cytotoxicity induced by H,O, in H4IIE célls.
Cells were treated with Sa-PG (0~ 25 ug/mL), Po-PG (0~ 10 pg/mL), T-PG (0~ 10 ug/mL) or N-acetylcysteine (0~
800 ng/mL) for 1 hr before addition of 0.3 mM hydrogen peroxide for 24 hrs. The percentage of cell viability was
caculated from the absorbance data. Data are means= SD for eight independent measurements. * ** *** Sgnificantly
different from levels monitored in cells trested with HO, only, control cells, P<<0.05, P<0.01 or P<0.01, respective-
ly (ANOVA followed by Newman-Keuls multiple range test).

Az AEgo] I, 0.1ug/mLol|A] 345+
6.4% (P>0.05), 0.5 ug/mLol|A] 35.3+5.3% (P>
0.05), Lug/mLel| A 37.2-7.0% (P> 0.05), 5pug/mL
oA 37.9+4.8% (P>0.05), 10 ug/mLel|A] 37.8+
5.0% (P>0.05)2] MzZzA&ES Jepdd (Fig. 3).
T-PG2) 7% ¥lzFo] 100.0+11.1%< =}, 0.3mM
hydrogen peroxideqt 2]2]3t Zel|A] 33.0+7.5%2]
Mz AEEo] vgkar, 0.1ug/mLefA] 39.5+20.0%

(P>0.05), 0.5 ug/mLel| ] 38.8+5.5% (P>0.05), 1
ng/mLell A 40.544.6% (P> 0.05), 5 ug/mL of| A]
42.947.4% (P> 0.05), 10 ug/mLel|A] 36.6+7.9%
(P>0.05)9] AN=Z=AEES eloh(Fig. 3). FA
o) z=<¢l N-acetylcystein®] 73-$-, o &+°] 100+
3.1¢ =), 0.3mM hydrogen peroxide®t =] sl ol
AE 25.1+3.89] AMEAEEo] FAFHY A, 13
ug/mLol Al 25.746.1%, 40 pg/mLel| ] 51.0+18.1
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%, 120 pg/mL oA 62.3+17.6%, 320 ug/mL i 4]
84.3420.8%, 800 ug/imL ol A} 67.4+16.0%2] A%
REgo] HAF 9T} (Fig. 3). 34 02 tBHP)
& =% AHEZAA Po-PGel T-PG7} 0.1
pg/ml e]/de] sxoll Al f2oA e MEzR s a3}
= yeldc) v hydrogen peroxided)] )& 8-

g A Z5AelA Po-PGe} T-PGE 914 sl Al
ZRsa3s Jepx] & slgdch HAIE celloj A
SaPG: Po-PGU} T-PGHT} =Ao] 74ale] 5
+ 10ugmLRE 545 depfiglon] o2 <13}
o] t-BHP A3ex] Sa-PG7} 25ug/mL o|A}o =

Aeld A$ 54| ZF71slsith Hydrogen per-
oxided| 2Jal =% MEZAA 0.5ug/mLe]
Sa-PG: m|ofst M 2R S a35 Bl o) o] &}

+ SaPGe| el oE4 017 ke,

#

Rl

AgHoz nztaor ALgEo] AE
7 A3E 3T o8 AWe Amde 2t
T o RSl os Husa gl (Luper,
1908). & 7ol 32 Aol ER A
A9 3284 o) 43}e} TOSCassays 3l in
vitrod| o] FAkstaste Hgsha, Qo) g
M Zl HAIE M Z| A MTT assay s E3) AFsHA
AEHAS Susl= =AEA i NERESE
8 g stein

TOSC assayel| 4] A4+ radicalell:= hydroxyl
radical, peorxyl radical, peroxynitrite 3257} 3lo
1} (Regoli and Winston, 1999), £ <164+ pero-
xyl radical#} peroxynitrite2 A}-&-3}<1 v} Peroxyl
radical 2 =] Az} ) uk-$- (lipid oxidation chain
reaction)el] )5 At} Peroxyl radica S A]&

oA ) G, AFe] g BolmArt (Mag-
ahdes et al., 2008). Peroxynitrite:= superoxide£} NO
7} "k-&ste] AJAI=Ew, hydrogen peroxide2] Fenton
reaction®c} &3}* o= hydroxyl radical-g& A A1 gt
o}. =3t peroxynitrite:= nitrogen dioxideE 2§43}
o ApEhkee dozl 4 vk Peroxynitriter
sz 74 AsAE gse, A} g 4
el A4 el =8 A% AEE AAm
o= BF3)a, peroxynitriter= Fd 3t 33HE

=5l

|"LIO
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o|t}. Peroxynitrite:= =38t o]0 =21 electro-
philezl = ul-$-3l=14|, tj&3 o2 carbon dioxides}t
Hk-3-3hed, carbonate radical-& Ao =4, AbEH
AEHAE oF7) 3} (Pacher et al., 2007).

TOSC assay:= in vitrool| A peroxyl radical =} per-
oxynitrites]] |8t Po-PG, SaPG¢} T-PG2] A=A
ql A3l ItE T7)slelv). Peroxyl radical g Af
43} TOSC assay Z 3ol A Sa-PG2] specific TOSC
value= Po-PGel T-PGRH 4 2 3t ehi
ow, pge|zFor AL GSHEl o 057we]
7 el ubdel, Po-PGe} T-PG2] specific
TOSC valuex Z+7zF GSHe] <F 0.14w), oF 0.128) =
el e} Peroxynitrites AF8-3F TOSC assay 43}
A= SaPGe] specific TOSC valueZl Po-PGe}
T-PGRT} W4 2 ghe vhehlor], YT
2 A}23F GSHe| oF 2.8u)9] ke velild T-PG
2] specific TOSC value:= GSH<] o 1.0v} & }e}
W31, Po-PGe] specific TOSC valuex= GSHe] <f
0145 et} o] 2 EdjA =etA]e] 25 &
3 F AkEd 3 e] invitrool| A Akstart 2
A & 4 gk

SEZREIRE EENE BN L SR
o) NZzrR3aIE dolrr| 984 hydrogen per-
oxide¢} t-BHPZS A}4-3F MTT assay S Al3)3}lo}.
Hydrogen peroxide: in vivoel|A] peroxisomee]|i}
glucose oxidase, amino acid oxidase 72 oJ2] Ak3}
&AL, == superoxide dismutaseel] ]38 superox-
ideradical @] dismutationol] ¢JsjA] A=} (Magd-
hées et al., 2008). Hydrogen peroxide= | =% s+
o= A FAatEw wepx o ROS#:= 2
3 W ielA] FE|o} 2 Aol o]l &M
hydroxyl radical-2- 243t DNAS &AM 77| =
st} (Halliwell, 1996; Collins, 1999). =3t hydrogen
peroxideZ} mitochondriasl] =+£-3le] membrane
potential-&- &#A]7]" cytochrome c7} v}&¥t}
vlZx= cytochrome c= apoptotic protease activating
factor-1¢]] ZA&s}la caspase-97} caspase-3E HA|
Hoz FAIAAAM A =ZA(apoptosis) s 4o
o} (Chandra et al., 2000). t-BHPx= 7}2] cytochrome
P4503} A& 2] hemoglobine] 2]s] dAl= <]
free radical-& A3k, 21d HAr3E do7|,
Az Fei s W7, M2y 2RSS 372

e A3} =3 t-BHP: glutathione peroxi-
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dasedl] 28] w2 &£== tert-butyl alcohol 3} glu-
tathione disulfideE A&} NADPHE AFEA|71
o}. GSHe} NADPH7} 317t=]o] 24 o] 2] 3AF
A A7 BobssA dgAel 2k A4
¥t} (Rush et al., 1985). A sz vl oFAI & A o A] t-BHP
= 7HM| Z oA lactate dehydrogenase2} alanine
amino-transferaseE +%A]7| 32, malondialdehyde
2 A3l GSHY zze skt (Linet al.,

2000).
MTT assayS o|£3}le] t-BHP === hydrogen
peroxides]] )&l -§ub=l AlsbA &4} mHle]|A] Po-

PG, SaPG} T-PGe] AR 3 a3+ H7letoltt
t-BHPo] ]3] 4x=% M ZzE=AA Po-PGe} T-
PG7} 494 = AZzRzazss Jehhge
hydrogen peroxideel] 23] f-=¥ MEZ=ANAM F
A3 &It {FAEHA gtk SaPGE t+-BHP}
hydrogen peroxide2] =Alol] m]ekst 5312 B o)
Az} F2ES ©]43) invitro TOSC 23
s} tBHPo| ojs] f2 AP £4elA Az
3 Z3= zolE WYt SaPGe] 7 -$-ol:= radi-
cal-g scavengingsl:= &3t ZI A9, t-BHPY hyd-
rogen peroxides A2jadte] FEAIZ] AbsY &4
2do|A PE b 23] HAIE A 22 H 531X
% & o] A invitro Alg 3 2] Az )
og:;:“oﬂ/\ijf 1;}0]:5} Q o) o] }\]—E],X'] /\Eaﬂ/\ =1} -5].
ArshabA ol Ah8-3e AIAREIE wa ZhehA A
o) A=A :@Jr% 5 Ay =etAe) Abxd 2
o) Yot i Pz A4 5 Y
AbRih Po-PGS} T-PGE] A fol, A 8A e T4
shaste =4 QA £3H o2 tBHPY S4E
AAISA & AN 718e FEe) g3 A
e sa=A gskor} Po-PGS) T-PGE] ¥ %
d#7F AAA <l oxy-radical £33 ‘7%3»} o
71AE B8 A &S A 7 el sle
Ao welt 7Fsd 71 o= 1) glucose A
A o] sph}el hexose monophosephate shunt-2-
=3 NADPHS| 23 Z7}(Gupte, 2008), 2) 3413}
FA0] Uy = 34 Z71(Nguyen et al., 2009),
3) Mz AFEIAE e Al ZA A EA A
A = AZAES FHH A Z2ASHATA A 9
#4313} (Raju and Mehta, 2009) S-o] 7153 7l o]t
o] % 7= Po-PG2} T-PGollA Tl AEe 22
el 2 A2e BT Aznsasiel 9

l
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