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Protective Effect of Aster tataricus L. Extract on the Dermal
Cytotoxicity Induced by Sodium Bromate, Oxidant ofHair Dye
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This study evaluated the dermal cytotoxicity ofisodbromate (NaBrg) and the protective effect éfster tataricus
L. (AT) extract against NaBr&induced cytotoxicity in the cultured NIH3T3 fibralsts. For this study, it was done the
antioxidative effects such as electron donating)(&ivity and lipid peroxidation (LP) activity &gell as cell viability.
NaBrO; significantly decreased cell viability in a dospdndent manner and its Xggvalue was measured at a
concentration of 54.4M in these cultures. The cytotoxicity of NaBr@®as determined as highly-toxic by Borenfreund
and Puerner's toxic criteria. The quercetin, aitemt significantly increased cell viability agairn$aBrOs-induced
cytotoxicity. Regarding the protective effectAster tataricus (AT) L. extract on NaBr@induced cytotoxicity, AT extract
significantly increased the cell viability, the EDility and the inhibitory ability of LP. From thefindings, it suggested
that the oxidative stress is involved in the cytitity of NaBrG;, and AT extract effectively protected NaB#i@duced
cytotoxicity by antioxidative effects. Conclusivetiie natural component like AT extract may be atiue therapeutic
agent for the diminution or treatment of the cytatity correlated with oxidative stress like hajgeccomponent, NaBrO
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/\1 e S48 doivta AAlE Hb o‘\jr(Leonard et
. 2000).0}2}A] 2 Aol A& NaBrgye] dj4-5del 2|
%E}Q”Ol oAkl JEAE dobr 7] st AT*L.
AF2l vl NIH3T3 AdfoH3Ee] NaBrQE 2|5k
X}j—rﬂ—ﬂﬁ- AAA A et AgES BA51 )
% 24w (phytochemicalsysoll = &4kelE 1]
Els 3&?3, %HEL ol fras dy@d=do] o I
ol vt BAaEEA o5 Aol tigk X84 A7t
Fo]#] 3L gltHLee and Seo, 2018%-3], A& & 7]
(Aster tataricus L., AT)v= =3}2Hcompositaed] <3} o
sfjarolZ = g-2vbe} Aol g A2lstar Jlvk ATel=
SR ol = A5 (flavonoidsy] Al (quercetin), 73 &
(Kaempferol), ©] 222} B 0] = A S(isoflavonoidsp| o}~
B 2A}3E Y (astersaponin) 3 2 AL A (prosapogening H]
o] HE3alehEel HlFe K Ferulic acidyl —L Yol -~
Bl = (sterols), E 2] ] H(triterpenes) s} & Thaksh A&
=2 okl vk dEA qlol, et HlFEste] &
2l ddo] AHEE H3o] A}EF o] giti(Yang et al.,
2015). o5 A& =,
prosapogenifl 2 Z}H o] = F(flavonoids)= 7= 3¢
bslsS 7HA AL lkar A 2UTHNg et al., 2003)A]
w7 ATOll thEh A= S v kst S
A o Eo] o, dMbstE TR el B B
& F2]o] o]Foix 9JTtHNgabire et al., 2018)&1 7, AT2]
kst digh A5 A EH, BRFE o83 super-
oxide dismutase (SOD), gluthathion (GSH)2+d2(Du et al.,
2014), U]+ S 0]-8-3) catalase (CAB] E41S(Yao et al.,
2017), {H4HE ©]-&3 LP (lipid peroxidation), SOD, CAT
o] &Adql vk ZAE UtHu et al., 2017)53H Bl
AEZE o83 A7"E= MG63 Al oA SODY| 24+
(Choi et al., 2009)7HA| 3 (L-02)°1 4] GSH &/d-&(Wang et
al., 2014), Raw.264. 434 DPPH-radicalxi~71s<l thgh
ZA7} 9JtHNgabire et al., 2018l H|3}o] 3|43
Aol dtst EA4L 1Y) offnh wbd, & Aol A=
NaBrQyo] I 545 A EFEoA] dolily] flate] 3
FAFrobAl ] sl Wi NIH3T3 AlfroHEE Als
2 NaBrQy®] 57435 etz o &5}” =45
Hol| A ARSIl oH, oo A3} Adste] AT 559
kel JeS Ao F(EDA) T XA EHLP) 9AlE
< &sto] o} moktt

e X

uerceti?] L} kaempferol, astersaponin,

ER-TE
Rl M=

B AFo] ARg3F AJeko 2 NaBrQ, 1,1-diphenyl-2-picryl-
hydrazyl (DPPH), methyl alcohol, linoleic acid, gpbate phos-
phate saline (PBS), isopropanol, quercetin, hydrqg@oxide
(H:0,), trypsin, ammonium thiocyanate, aluminum nitrathyl
alcohol & XTT (2,3-bis-[2-methoxy-4-nitro-5-sulfophenyl]-
2H-tetrazolium-5-caboxanilide, disodium s&it)SigmatH(St
Luios. MO, USAPIIA 7-13t3itt. B3, NaBrQo] Az
XTTso #b= 73171 $1ste] Ejolid A (fetal bovine serum,
FBS, Gibco, USAY| §l+= #HAZ4H]=](minimum essential
medium, MEM, Gibco, USAE AH&-514] 30, 50, 70, 100M
o) 7t A4 elg wie] AHESIIC. XTIz PBST ©]83
of 50 pg/mLe] Agolg W F ke B o
Beg ¥ A vl A7) wE H4s Apeet

A% m |4 b 7kl AH AT dzE A5l
g AT el 5 B9l F AL
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S5 1,000 me] kA Zehaae]] $hA| Wil 3A3F
st 7

A5

tEsisiT) f19] A S 43] vHE FE310] o sk
Uhs 574 < gollA] 302 &<F LAz 43 § X
7104 AdEFAI v 3.7 ¢l ARE dlen, o
o =88 5.0%= YERsth

M= i} 2 MZ=Z(cell viability) &

NIH3T3 A]-f-o}Al L55(ATCC, CRL 1658%] H]%-S Jung
et al. (2014%) "ol wet trypsine 2 F-2HE Al ES vjek
|7125E o] Wt} "ozl AEs2 U3 F- 10% FBS
7F gHrE MEM wiSkelel] go] 2 4L g ths 1 X
10 cellsiwelP] =2 AHA A EE 96-well vk 87]9
HEskeith wiitE AlAEEL 36T, 5% CQ= 24¥
=7] WellA 72X)31 Eet w sttt AEAAEE 4
Mosmann (1983 Wil wel, F=EZ A3 oFA|
alsle] A A7 ot ufekst vk A g Alx
XTT (50 pg/mL)Z well & 10 uL & Ho] 36T = 4%

ot

i rlo

) r;
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Fr)oA 4AE Bk Sl ool gEE &
isopropanof: Jo] 2014 2% the ELISA reader
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Q) querceti®] talsS FAKS| $15ke] &
dak2ao] A2l 25 M H0, 2 Wl SAIES A E]sl7] 24]

| querceti®] 15 uM¥} 25 M &] F== 7b7F E3)
f oujFde A MEE At = AEASES P2t
Hln ZAFSIAT) B8k NaBrQell theh querceti®] 33
ZAFE7] ko] XTTy, 5529 NaBrOE wj kA Lol 2
2lsl7] 217+ Aol quercetirt] 2HzF 15 pM3} 25 yMZ 3
S ol AEE wFTE vk ARl et
o thxwrd} vl ZARSRSIT

AT =E22| M=Z5Y £ A FE= X2l

AT FE20 ik 54 2ALE St FE=0] 7
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of Ag)dk o}y o]2] S AEAEE 2ste] iz
)AL ZARSHA T
AT FEE9| MEEEH &M

O.AC. (2005) ®*Hell ©Jgt Zul w418 98t

0.2 mLell phenol reagent 0.2 mM H7}ske] 32
A&kt 4= ¢ ¥ 0.4 mL NaBrQZ 7}a}o]

1ML B WHEAIZ] th ELISA readez 725 nnwlA]
2 =A319tl. T=AeFC 2 tannic acid ©)835)

r-1u:
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Q

o] Aekalde AAs T ZE R ol
Moreno et al. (200@] =l o3, /\]L%O—“‘ 0.1 mLoﬂ
10% aluminum nitratek 1 M potassium acetat&-3-= 0.2 m
of olleE 4.7 mL= 7Isko] 25CoA 402 §<F W
ELISA readerz 415 nnvl 4 S-45=5 SA8ISIHE 5
ofo R nuting o]-8-ste] HPFAE 2Bl

> 4 3

K X}20{(electron donating, ED) &

=%

ED &9 =74< Blois (1958p] "ol <3, vigte:
A&l 0.3 mM DPPHW RS 8- 100 mLE 7}51e] 30
BoF AX ). 4x] 9= 3 ELISA readerz 517 nnvll
A RS 24890, ED 248 tixatel] tigh wiE

2 31901 quercetif® FAHNZT O So] HluL
ARSFATE B, A8 01 5 (%)=100{}] = A 7] 5

SRR F3E) X 100]0.2 VrERCH

X|Z! 2} ksKlipid peroxidation, LP) &AM X

LP &4 =742 Kikuzaki and Nakatani (1993) %=l
wef, Als 3.9 mLE ol ek E3staL olekEe] 59l
2.52% linoleic aci@l 0.05 M PBS (pH 7.0)8-<% 12.1 ml=
A7¥ete] 40Tl A 24r3F St vieFatqlet. w5 o
e+2-3} 30% ammonium thiocyanae *1#] 3 th2- 0.02 M
ferrous chloride 0.1 mi& 7}sto] A-L-ollA 32 &<+ HA]
313tk AA &8 $ ELISA reade& 500 nnellA] S-3%
& S48tk SRTE R o= ARSIl o, quer-
ceting ¢ ”ﬂ%z?_& sho Hlal 2AFERGITE LP S
zrel] digh Wtg = shgivh mgh A A apikst A5
T(%)=100-[( -7 FHEFHI N FHE) <

100]0.2 e
SAH Xz

A3 A= SPSS/WIN 18.8 ©]-83+%] meant SDE
Alslsitt. A& A7) gl one way ANOVAE: A 3)s}

31 Tukey HSDR.2 ARFEAS 5113, fol428 P<

{0

o

32 A

0.05°1141 At
2 1
NaBrOs2| MZ=Y 53

NaBrQyo] =7d= robir] flsto] viek NIH3T3 A
o}M| ol 25~55 uM SR NaBrOyt 2Ht g v
Aol A AEE 4813F 52t A 2|3 A}, NaBrow= #12]
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Table 1. The cytotoxicity of sodium bromate (NaBj®@n culture
NIH3T3 fibroblasts by XTT assay

Table 3. The effect of quercetin on the cytotoxicity indudey
sodium bromate (NaBrpin cultured NIH3T3 fibroblasts

Concentrations XTT assay Concentrations ~XTT assay
of NaBro; (450 nm) F P Tukey of querce (450 nm) F P Tukey
HSD HSD
(uM) Mean+ SD (uM) Mean+ SD
Controf 0.50+0.05 Controf 0.78+0.10
25uMP 0.35+0.04 Positive contrdl  0.31+0.03
62.96 <.001 a>b>c>d 116.60 <.001 a>d,c>b

40 pM® 0.30£0.04 15uM° 0.65+0.02
55 uM® 0.25+0.02 25puM¢ 0.70+0.03

The data indicate the meanSD for triplicate experiments
Abbreviation: NaBr@ Sodium bromate

Table 2. The antioxidative ability of quercetin on the hygtec
peroxide (HO,) in cultured NIH3T3 fibroblasts

Concentrations  XTT assay
of querce (450 nm) F P Tﬁls(gy
(™) Mean+ SD
Controf 0.85+0.05
Positive contrdl ~ 0.37:0.02
351.02 <.001 a>d>c>b

15uM° 0.61+0.02
25uM® 0.73+0.03

The data indicate the meanSD for triplicate experiments
Abbreviation: Positive control: 2pM H,O,; querce, Qercetin
H,0,, Hydrogen peroxide

o wid o]EH R MEAEES Ul Hlste]
oAl FFaeh 54S YERITHP<0.001). thazoll H]
& Z+zt 70%, 60%, 50%]| A|EAEES Ho] XTTy gk
55 uM 2] Aol Al vERd 218 215 tH(Table 1). 413
S0l thek AFSEA] Ad) 55 uM, 40 uM, 25 uM, thE
9] o B MAEEAo] w2 Fo =2 YETE NaBrQl
=218 Borenfreuné} Puerner (198%) =A<l ule}
g0 R VERE

)

I
A

|
o

Quercetin?| gits

Quercetir?] 3tslsS FAFSH7| 918t 25 pM 2] H,0,
£ wgAEZ X257 Al quercetie] ZH2F 15 M3}
25 pM = 23He v oA 2A7F FF A A2tk
71 AF 25 uM O] HOEHS A2l st 749 tlZatel] sk
A FEAEE ] 435% (0.320.02)= LFERE whd, 15 M3}
25 uM @] quercetir®] A2l A= 247t 71.8% (0.630.02)}
85.9% (0.73:0.03)= R} o= HO, e Aol H]ated]
BF g AlEAES S WERITHP<0.001) (Table
2). Querceti] F1tslso] AFSEA A iz, 25 uM

The data indicate the meanSD for triplicate experiments
Abbreviation: Positive control: 56M NaBrO; (XTTsg); querce
Quercetin; NaBr@ Sodium bromate

quercetin, 1M quercetin, 2pM H,0, =22 Al AYEE0]
o & 7 AU HO= o] A Atk
AFo =, Atz AIAAIR] quercetie] HO0,0 AFs}H4]
s T Bolgte A e distAlqlel 5
Y TtHChun et al., 2002).

NaBrO;2| =40 tht quercetin2| A&

NaBro;o] AlZ=/del oigh @AkshAlR]l quercetig] 3k
= golr7] flste] NaBrg©] XTTs, 25 MYk 22
Aelst7] el quercetiv] Z+2}+ 15 pM} 25 pM = E3HE
HijFetofl A 2413 2k A Aelsileh L A, XTTg &
=9] NaBrORFe] Aol = MlEAEE ] el H]
sto] 39.7% (0.3%0.03)= UrERG Aol H]3ke] 15 uMz}
25 uM quercetir®] 2]o] A= 717} 83.3% (0.65:0.02)2}
89.7% (0.76:0.03)= “}E}5THP<0.001) (Table 3). NaBrD
o] Maz=sde) gk AikskAIQ] quercetig] < kel ot
AVERA A3} g2, 25uM quercetid?} 15 pM quercetin,
NaBrQ; (XTTs) =02 MEAESC] 52 AS & + 2
AT} Qercetire] 7=t At Al AAGde] SRlE u}
(Chun et al., 2002), quercetih-f-2]314 NaBrg] =45
wolgto v NaBrgo] S0l AHrete]zte] #ofst

A2 AT,

1;

ol
ST

AT Z820| NESY

AT S5 dg 548348 fste] AT 58] 7
7} 80~140 pg/mL= EFHE vl A ujeFgk A3 80
pg/mLe} 100 pg/mL A gloll A= MEAEE] 2]
100% (0.670.03p1 H|&te] 98.5% (0.66:0.03)°} 95.5%
(0.64+0.03)2 247} vJEbgiT), B3, 120 pg/mLet 140 pg/

mLo A= FEE A2l A= 94.0% (0.630.01)2} 88.1%
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Table 4. The cytotoxicity ofAster tataricus L. (AT) extracton
cultured NIH3T3 fibroblasts by XTT assay

Concentrations ~ XTT assay

of AT extract _ (450nm)  F P 'I|'_l|JIS<eDy
(ng/mL) Mean= SD

Controf 0.67+0.03

80ug/mL 0.66+0.03

100pg/mL® 0.64:0.03 754 <001 a>e

120pg/mL* 0.63:0.01

140ug/mL*® 0.59t0.05

The data indicate the meanSD for triplicate experiments
Abbreviation: AT,Aster tataricus L.

(0.59£0.05)2 7H7} YEFTHP<0.001) (Table 4) (Fig. 1). AT
FE=ol ok 5384 A4 A7 80 pg/ml, 100ug/
mL, 120 pg/mL el SAH o2 2|7t f19lont 120
ng/mL, 100pg/mL, 80pg/mL =0 2 A EAEEo] Egtt)
TS 80 pg/imL thx 7} SAARI Afo) 7} §llem, 120
ug/mLe} 140 pg/mLote FAZ Q1 2pol 7} IQlet 1t
2} 140 pg/mLe] Al EAEEC] BAIK o2 Afol5
Bol, gzl Hlste] folgh AXEAEES] s e
W Hs] &35 =5 140 pg/mL o]l A Yeh=
Ao gl we} 2 Agox= AT & FE5ES 140
pg/mL oJ3te] FER ARgaIGItE H s &l s e Al

FEE TS Aelshs AlEZel whet 2bol7t e}
U= 3] dthLee etal., 2018).

b

>

SR

Hr

T&&E=2 d

AT FEE9] g=F Ao QoA Eelulise e
46.8 mg/- & LHER O, ek o= S 239 mg
Igo.= 717} ERGTHFig. 2). AT} H|S=8h A 2T Sleks
sl Qv Y AFxk ditkslsEe] Hojd

Ao g2 H1% I THLee and Seo, 2018).
NaBrOs2| MIZ=M0| CiSt AT =ES2| Het

AT FZE0°] NaBrQ9] A¥xmAlo] v JdS
AFal7] 9lske] v Al Zol XTTs 552 NaBrOE
3l7] Aol 100 pg/mLe} 120 pg/mLe] AT FE5E2S 7}
Ag)gt A7}, NaBrQel Aol s A& Uzt
o] ulske] 41.6% (0.320.03)= LFEFE] H]Eke] 100 pg/
mL F5E& 22joAE 52.8% (0.4%0.02)% Lebth &=
g 120 pg/mL == A 2lell A= 69.7% (0.62-0.05)= L}
Bl NaBrQRe] #lejell nléte] o3k S7H5 ®lth

N
SERRECI

N

0.8 -

0.7

0.65 -

064 T é

Cytotoxicity of AT extract (men)
2 d
9

05

Control 80 100 120 140

AT extract concentrations (ug/mL)

Fig. 1. The cytotoxicity of Adter tataricus L. (AT) extract on cul-
tured NIH3T3 fibroblasts. Cultured cells were incubated with
extract at concentrations of 80, 100, 120 andubA@iL, respect-
ively. The data indicate the meanSD for triplicate experimen
Significantly different from the control.

50 -
- I

40 -

35 1

30 1

25 1 7

20 4

Concentration (mg/g)

Polyphenol Flavonoid

Component

Fig. 2. The component ofAdter tataricus L. (AT) extract. Data
are meanz SD. The data indicate the meanSD for triplicate
experiments.

(P<0.001) (Table 5). AF-Z%°] NaBrQe] A|2E57del |
A= Gl gk AR-EA A gj2wt, 120 ug/ml AT 5
5, 100ug/mL AT 555, NaBrQ, =22 A EAEE]
A YERs

ol AT FEE0] 2 AelA Fst Afet)Zd A
5% Ao S(EDA) Y AkshA] =3l o gl w1 ik
s} W& AlSE A HISHLP) Al T 2 St
3bs0] glgo] el Zylo]tkBlois, 1958; Kikuzaki and
Nakatani, 1993).

ED 43S 5743171 $1ske] 100 pg/mLe} 120 pg/ml &
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Table 5. The protective effect ofidter tataricusL. (AT) extractor
the cytotoxicity induced by sodium bromate (Nagn@ culture
NIH3T3 fibroblaststs

Concentrations ~ XTT assay
of AT extract (450 nm) F P 1I—-IIJ|S(eDy
(ng/mL) Mean+ SD
Controf 0.89+0.09
Positive contrd]  0.37:0.03
c 137.99 <.001 a>d>c>b
100pg/mL 0.47£0.02
120pg/mLe 0.62£0.05

The data indicate the mednSD for triplicate experiments
Abbreviation: Positive control: 58V NaBrO;; AT, Adter tataricus
L.; NaBrQ;, Sodium bromate

Table 6. The electron donating (ED) activity é&ter tataricus L.
(AT) extract determined at a wavelength of 517 nm

Concentrations ED activity
of AT extract (517 nm) F P 1I—-IIJ|S(eDy

(ng/mL) Mean+ SD

Controft 0.73+0.03

Positive contrdl  0.12+0.01

837.06 <.001 a>c,d>b
100pg/mL® 0.58£0.02
120pg/mLe 0.55+0.03

The data indicate the medrSD for triplicate experiments
Abbreviation: Positive control: 28V quercetin (XTEq); AT, Aster
tataricus L.; querce, Quercetin; ED, Electron donating

Lo AT 5= Al5E AHEste] 243 27} 100 pg/
mL % AHgAe &40 izl vlste] 79.5%=
UEReH, 120 pg/mLe] A 2lell A= 75.3% YERRLT
(Table 6).1+2}A], 100pg/mLet 120 pg/mlL & 5=oll A A A3
o5 7+7} 205%) 24.7%= LFER o= tizdtol W
sto] B sk Folse] F7He UERth 53], 1209
ImL FEolM= FANETQ querceti®] ZxFgo]52]
83.6% P<0.001p] 25% °]’do = el TtHFig. 3). ED
A AFEA A3} querceting 12Quy/mL AT =553} 100pg
ImL AT 55, U&7 £o2 Axgelso] & 3o
2 Yepgtl AAsols(EDA)S AHks Als7] wlid)
DPPHI U Z 2453} -2 ou| 2, AT 552 EDAY}
tjzeatol] vlste] frolshAl Uebdoma] FEEo] AHtet
U4s AASR: & 2A5E 7KL d8S & 5 9

2AtHBlois, 1958).

90
80 /i\

70 / \

60 - / \

50 4 \

40 4 \

30 / \

20 / o TT

ED ability (%)

Control Positive control 100 120

Concentrations of AT extract (ug/mL)

Fig. 3. The electron donating (ED) ability of Aster tataricus L.
(AT) extract determined at a wavelength of 517 fime dat
indicate the meart: SD for triplicate experiments. Positive control:
25uM quercetin (XTTEy).

90 4

80 1 i\
70 + FAERN
60 / \

50 / \
40 - / \
30 / \ ="
20 - /

Inhibitory ability of LP (%)

Control Positive control 100 120

Concentrations of AT extract (ug/mL)

Fig. 4. The inhibitory ability of lipid peroxidatio n (LP) of Aster
tataricus L. (AT) extract determined at a wavelength5@0 nm
The data indicate the meanSD for triplicate experiments. Posi-
tive control: 25M quercetin (XTTE).
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Table 7. The lipid peroxidation (LP) activity of\ster tataricus L.
(AT) extract determined at a wavelength of 500 nm

Concentrations  LP activity
of AT extract (500 nm) F P T|_l|1|s<gy

(ng/mL) Mean= SD

Controf 0.59+0.01

Positive contrdl ~ 0.12+0.01

1873.52 <.001 a>c>d>b
100° 0.44t0.02
120 0.37:0.01

The data indicate the mearSD for triplicate experiments
Abbreviation: Positive control: 28M quercetin (XTEy); AT, Aster
tataricus L.; querce, Quercetin; LP, Lipid peroxidation
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