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This study was conducted to evaluate the dermal cytotoxicity of lead acetate (LA) and other heavy
metal compounds, and the protective effect of Lespedeza bicolor (LB) extract on LA-induced
cytotoxicity in cultured B16-/F10 melanoma cells. The study evaluated the antioxidative effects of

LB due to its electron—-donating ability (EDA), inhibitory effects on melanization and improving cell
viability. LA significantly decreased cell viability in a dose—dependent manner, and the XTTso value
was determined at 52.7 uM in the studied cultures. Based on the Borenfreund and Puerner’s toxicity
criteria, LA was estimated to be highly cytotoxic. LA-induced cytotoxicity and cell damage was
reversed by the antioxidant activity of kaempferol (KAE), thereby remarkably improving cell viability.
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A study of the protective effects of the LB extract on LA-induced cytotoxicity showed that the LB
extract remarkably increased cell viability in the LA-treated group, and also inhibited the EDA and the
total amount of melanin. The above results suggest oxidative stress—mediated cytotoxicity of LA. In
the study, LB extract effectively prevented LA-induced cytotoxicity via its antioxidative activity and
inhibition of melanization. In conclusion, natural resources like LB extracts may be useful agents for

the prevention of oxidative stress—mediated cytotoxicity and melanization by heavy metallic

compounds such as LA.

Copyright © 2021 The Korean Society for Clinical Laboratory Science.
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ZH3IcH4). IR AREER= AR 2 penicillamine?t -2 g
HIHE S04 Fofut QFEA = XA QR -2 oFE A A7 )
o}, B3Rl A g2kl sh7]of= ui- vlEsHs). wEbA,
=00 thit ARl o] ASEHA 5497142 BRSO
BRI A oA 2| =R Hof| teh B R AJo] H4ls] 85
11 i}, 53], go] mR=A4e) 9 wRA I E o8]t Al

AP} DNA <40 3 17, AR ofgt w2 ol 7]
0] 151 A2t e slo] et A6, 7] 2o e ¢

T2 Wo] Eof 9JA] &8, 91. F, F v 38olu
A, 2 22 HE SEEIREES 5 o AR
(free radicals)< A4$Ho 244 0]59] EAJo] Aksl] &A1)
o] UL AP | A o520 FAEE AR &4 S5
oA HslH= A7t A=A QIEH10].
2|, 25 Aol IS vt Y, I, I 5ol
o

S He] A=A A7t ol FoR|AL Q1] o =
Aof= Yol FAgt curcumin®|H carnosolZ BIRSH]

3} kaempferol ¥} -2 T RS0 A QItH12]. 41&
Z MU Lespedeza bicolor, LBy = 33K Leguminosae)
o] &= YAE AT = YU A=) Alo|uh S &}
Aol glom, Y2 IZARGFO R Fof Qlut, £ FAMOo R
7~10€¥ Atolo]l 7igt & 9~10970] GuifE B=tt 42
Fstal gk dob I SARRRRE EElRrt IB=
querceting H|3%%t isoquercetin, orientin, flavonol,
eriodictyol, kaempferol¥t Z=Z oj2|712] J&2 FRokal
Ao, L HFE sfgolu o)k, 717, Wds, AEI 2 of
2] Aglo] Jde] ARgEo] itk 3], Kaempferololt

T

quercetin, trifolin, isoquercetin, flavonol¥} 2= Z¢tH
o] = flavonoids)= P4k 2Rgo] Hojurar & A
AEH13]. LBY| @Hitele] HiRt d+== 1B =l F
flavonoid’g+-o]f| thet ABTS [2,2-azinobis-(3-ethylbenzo-
thiazoline-6-sulphonate)]4t Xanthine oxidase (XO)T}
22 Akt EAof thet A7 Lom[14], oA tigt
AT=E+=B16/F10 WA 2E t 0= E|ZAVA] 249
A[15] 9 NO (nitric oxide)2t 2= FFol thet&40] 3ok
[16]. Z18u, dehdAx2E ol8<t LBl thet AR5
(EDA)= H]5231 SOD (superoxide dismutase)---AF 230]
1} LDH (lactate dehydrogenase) Aol s} -2 gHALsH 24
ofu}, Hehd St ZHHoA o dehdslo] ot k= 2t
o}&7] ofHtt.
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el Al e ool Agte] Hefd 7]Hout A 8-
Qe A=A 55 E F/F AR 2 FAo] o]Fof
1 Qi o= Bl Al AN A Fefut AFsFeA B
o] F-Usto] AlF=Zo] thsf A<l FAlo] 7Rssith= ol
o] ItH11]. £ A= A UoHA FAof SO U
ZAP(LA)Of| thet Al AE5/3S T A 2221 B16/F10 HehdAl
RZS vigolo] ABH £4JSHOA BA5I9 oM, LAS] =
AJo] tigt LB $+&E2] S EDARA 0] oJst ekl 1l Wzt
A5 Halol| w2 b alof] gt ke Akl Akl
£ A SEESRE S A2 AL S HAE
Z2HE] Yol

X

Mz 2 U

1. MEILIR(LB) #F % ==

5 ofalofA] 7~109740)| LB AEE AFIsH 5 7j3to] &
Aol 550l Axl=3LollA o] & Il th Alm = B AL
B9}, 322 Yol A= 75.4 g7 9F 260 mLe] S5 8
AEAT0] a1 3R B2t 7HE Sk TS 43] HHESto]
B HZ HopA 574 xgollA 30253t Y] F 3dEsS
ZA|(EYELA rotary evaporator N-1000; SUNILEYELA
CO., Seongnam, Korea) 2 AYs=3 b 52702 & &
Zslsio] =80] 3.2%21 2.4 g] Al=E ATt

2. MIZ Y 2 MIZMEE(cell viability) 24

B16/F10 HaEhdA|ZESHATCC, CRL, 6322)% 8%
[MEM, 10% FCS (Gibco, USA), 100 IU/mL-100 ug/mL/
penicillin-streptomycin, 2 mM-glutamin (Sigma Aldrich
Co, St, Louis, MO, USA)]of| *go] st & trypsin O & vl
8710l F2HE Al ZE E6lgit. £ Al2e E7%o] ok
| wjofalio]] £ 3 1 x 10°cells/well9] WEE 96-wellolA]
72A17E 3R 36°C, 5% CO22] P27 1014 vl st A48
E&2 Mosmann [17]9] E4% o] w} 2} welld 10 uL]
XTT (50 pg/mL)yE 2al 27|04 4417 5t A et the
DMSOZ *|2]5}] ELISA reader (SpectraMaX® 250, Mole-
cular Devices, CA, USA)Z, 450 nmoJA S4=E =459
.

3. ZAE(LA) X2

1x10° cells/well®] WEZ 96-well plateol] A2t viF
B16/F10 @eFdA| 2ol LA7} 20~60 pMe] s 7H2F 35t



= vjoFeliof|A] 48A]7F B0t 27| & A EAYZ-8-S FA ST
AR EO] OJ5 XTTs gk 2748 The o] & 2 Ao
A8,

4. Kaempferol (KAE)Q| &itsks S8 L RAE(LA)|
o
o

™/
-
rol

0%

S

KAEQ] 35S ZARE Q5] 1x10° cells/well2] WE=
96-well plateo]] A+ Al22of] KAE, 100 uM} 120 pMe] Z+2F
L5 2RISR HA Y] 5 30 uM H0,5 v Al Zof] A=
Slo 0]9] Gk AlFEAYZEC] Qlsto] ARSI ERL, LA
thgt KAEQ] 3k 100 pM3tH 120 uM KAEE i All2Ee] 2
AR R AA SR & XTTso 5= 2] LAE A ek oha 2219

AEAERS FAHACE

5. MZILR(LB) FE22 MEZSYN =Y Y ZAH(LA)
st F&2 X2

LB &5 tf5h =4 RALE 9oto] 1x10° cells/well2]
U2 96-well plateo]] At A2 100~160 pg/mlL &
£ ZH719) F5 5 vl AlaLo]] 48A17F 51t A=t & Al EAdE
&2 AR o] IgollA] F2ES] Aol 8HAls =S
S0kl A HEE oot 5kl 1204 140 pg/mLE
A0 A8 TS, LAO] thgh LB &89 YFRAKE,
XTTso &=2] LA Bl Alao]l Z{=]st7] el 120 pg/mLet
140 pg/mLO] F2ES 24K &t A et T Al mgEgo] 9
o A7) IS 2RI

6. MZILIR(LB) FE22 28 24

EulsE42 AOAC [18] B0 me}, 24
2} phenol reagent 0.2 mM< S35t 3817 HESAIZ] &
0.4 mL sodium carbonate® 1A17F-5<%F A28t th3 ELISA
readerg ©l8stod 725 nmolA SHEE SoITh
Tannic acidE F5A|2F0 2 o] A4S 251 &
R Lol B2 Njeva Moreno ${19]9] HHof wel,
25°CollA] Al=-8H 0.1 mL2} 10% aluminum nitrate, 1 M
potassium acetate <3 0.2 mLof|, of[gk 4.7 mLE 37}
sto] 408 B2t BESAIX] TS ELISA reader o851 415
nmOA S8EE S75H 2™ ruting EFA|2RO & Slof
G Al

il
o
\]
2

7. BXSHS(EDA) 28 54
Blois [20]2] o] oJsf] Hiek&A| =] 0.3 mM DPPH &
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H 100 ul-5 3 308 5t Astict. A ¢ T ELISA
reader, 517 nmell F4=E S48k EDAC) S5
oo oigl WiE-g 2 Lehlom, B o452 KARS o
dET-O= EDA B4 AAls(%)=[100—(XNE87RES] &
B /FH7HE0) B4%) x 100). 08 LERATE

>~
1o

8. & Hefdy 44

0

Hosoi 512119 g H wo] oJaf) v A2 E PBSZ 33]
AIE 2375 xgollA s ¥ 10% DMSO7H 3
71 200 L2 1 N NaOHE 21 80°ColA 1417 ¥ESAIA
t}. ¥kg 3 ELISA reader®, 405 nmollA S4=2 Z7451%
o}, S Aepd g 2o QR E-g= HAISI oW, LA
FoHETL = stof Hebd Asis(%)=LA— [(A=H7 R
B0 /F719] B9%) x 1001 0.2 Yehie &, tix79]
FIEFE7RDE 100%2 oF5S o) F5d712e] thgh LA
g, A7 S S 2 %E 18 U LAA 2R
IR =R ot o]ek A B A Etke] % Aol E Aofs2
2 HASFHCE

9. A X2

TLE ASZES SPSS/WIN 21.0 (SPSS Inc., Chicago, 1L,
USA) ol-8sto] EAJsI o, 7} +7te] Blw-E 9I5] one
way ANOVAS A3t & Tukey HSDZ ARS- H412- 519tt
QO S22 P<0.05004] ATk

2

1. ZAHLA)S MESN

¥ B16/F10 HWaFdA|Zof LA, 20~60 uM 2219 ‘s
48AI7-E}T Bkt A}, AlEAdEgo] LAL] Aefstof wt
YR TAAE HRog2A =4S UEt(<0.001). LA
20 uM, 40 pM, 60 pMofA H=to] Hlste] ZF2 76.2%

Table 1. The cytotoxicity of lead acetate (LA) by XTT assay

XTT assay (450 nm)

Concentrations p Tukey
of LA (M) Mean+SD % HSD
Control® 0.42+0.06 100 3614 <0001 a>b, c>d
20° 0.32+0.07 76.2
40° 0.28+0.02 66.7
60° 0.17+0.02 405

The data indicate the mean=SD for triplicate experiments.
Abbreviation: LA, lead acetate.
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(0.3240.07), 66.7% (0.28+0.02), XTTso =2, 40.5%
(0.1740.02)2] A ZEAIZE-S Ko XTTso 352 52.7 pM2] A
2ol A LRt Table 1). AlZ=Al0] gt ARS-EA] A3} 60
uM, 40 uMak 20 pM, RS =0 B A|EE/Jo] 2 o=
UrERdT

2. Kaempferol (KAE)Q| &itsts

HHF Aj3zof| Zk2F KAE, 100 pMT}F 120 pME 241752t A
22t b3 30 uMe] Ho O 8 A fstoint. 1 23}, H,ORE] A
o= o2t Blsto] MZAIEE0] 35.0% (0.14+0.02)
2 YERd R, 100 pMT} 120 M KAES] X2jofjAl=Zkzd
70.0% (0.28+0.03), 72.5% (0.29+0.09)F e} ol=
H0,5+ #]2]o] v]s}o] R G053t |2 2g 2712 et
WEH(P<0.001) (Table 2). KAES] AR s2] AR-EA] A}
A ZAZE0] 2, 120 pM KAES}F 100 uM KAE, 30 uM
HO; <202 A Vet

3. ZAH(LA)S| SM0] CHEH kaempferol (KAE)2| &gt
XTTs0 552 LAZ 8l Ml2o]l A|2]517] 2A17F Zo]l KAE,
100 pM}F 120 pM 42} 555 Aot 1 23} LATH)
Aol A= A AP Z-go] T Zto] H|51] 39.5%(0.17+0.02)
2 Uehd Ao vl5te] 100 pMt 120 pM KAES] A &oflA=

Table 2. The antioxidative ability of kaempferol (KAE) on the 30
uM hydrogen peroxide (H20,) in cultured B16/F10 melanoma cells

XTT assay (450 nm)

Concentrations F p Tukey
of KAE WM)  \iean=SD % HSD
Control® 0.40+0.02 100 114.33 <0.001 a>d, ¢>b
30 uM H20°  0.14+0.02  35.0

100° 0.28+0.03  70.0

120° 0.29+0.04 725

The data indicate the mean+SD for triplicate experiments.
Abbreviations: KAE, kaempferol; H.02, hydrogen peroxide.

Table 3. The effect of kaempferol (KAE) on the cytotoxicity induced
by lead acetate (LA) in cultured B16/F10 melanoma cells

XTT assay (450 nm) Tukey
P HsD
Mean+SD %

Concentrations
of KAE (uM)

Control® 0.43+0.02 100  156.80 <0.001 a>d, c>b
LA uM (XTTs0)° 0.17+0.02  39.5
100° 0.27+0.02 62.8
120° 0.30+0.03 69.8

27+ 62.8% (0.27+0.02)2+ 69.8% (0.30+0.03) = Lrehith
(P<0.001) (Table 3). LAS] Al2£=/3o]l thgh KAE 932 A
STRAAI 2T 120 uM KAEL} 100 uM KAE, LA (XTTs0)
TOE NZPEE0] 22 A & 5= AT

4. ME|LZ(LB) F=29 MZ=Y

LB &) 27 100~160 pg/mL 5= ZH} 23k v
FHof A AEZ A 2Iet A7} 100 pg/mLe} 120 pg/mL B=
oA AlEAFEEo] R0l BISte] 97.1% (0.33£0.02)2}
94.1% (0.32+0.02)= 7+ Yepget. T3t 140 pg/mle}
160 pg/mL B=olA AERYEE-2 217191.2% (0.31£0.02)
9} 88.2% (0.30+0.03)= HYEFITH2=0.039) (Table 4). LB
FEE0| EAof gt AEA 3} 100, 120, 140 pg/mL 7+
ol=EA44 0= 2po]7} 21 100, 120, 140 pg/mL =2
2 A|ZAPEgo] =9t} T3 100 pg/mLE= Rt 414
AAe)7F A H, 140 pg/mLet 160 pg/mLek= SA1A<1
Zpo|7} gigiet. eyt thREt 160 pg/mLe] AlZASEE0]
BAR R XJolF Ko, gzl vlsto] Fofgt Al EAYEE
9] ZHAE Yl 2o 81-83H| 5= 160 pg/mL ool
A Yeh= 2 02 SRl net 2 o= LB FEES
160 pg/mL °Jste] sE = ARSI

5. MEZ|LIR(LB) &2 stz
B FEE4E 5 Edvl=0] &2 119.8 mg/gl &, &
ZE10|E 3k 21.9 mg/g & ZH UepdthFigure 1).

6. ZELHE(LA)2 ME=H0l THEt M2|LHR(LB) F&22

:

LAS] A=/l tigt LB F&=9] Foll A°1A, 120 1
g/mLe} 140 pg/mLe| LB &= 212 A= & XTTs0 &
0| LAE At 23}, LAS] Aol e HlEAdEeo] diat

oo >

=
o
o

Table 4. The cytotoxicity of Lespedeza bicolor (LB) extract on
cultured B16/F10 melanoma cells by XTT assay

Concentrations XTT assay (450 nm)

of LB extract F P T'_L|Jls<eDy
(ug/mL) Mean+SD %
Control® 0.34+0.03 100 2.83 0.039 a>e
100° 0.33+£0.02 97.1
120° 0.32+0.02  94.1
140¢ 0.31+£0.02 91.2
160° 0.30+0.03 88.2

The data indicate the mean+SD for triplicate experiments.
Abbreviation: See Table 1, 2.
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The data indicate the mean=SD for triplicate experiments.
Abbreviation: LB, Lespedeza bicolor.
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Figure 1. The component of Lespedeza bicolor (LB) extract. Data are
mean=SD. The data indicate the mean=SD for triplicate experiments.

Table 5. The protective effect of Lespedeza bicolor (LB) extract on
the cytotoxicity induced by lead acetate (LA) in cultured B16/F10
melanoma cells

Concentrations XTT assay (450 nm)

of LB extract F P Tlf']ls(eDy
(ug/mL) Mean+SD %

Control® 0.45+0.02 100 292.33 <0.001 a>d>c>b

LA (XTTs)®  0.16+0.02 35.6

120° 0.21+0.02  46.7

140° 0.25+0.02 55.6

The data indicate the mean+SD for triplicate experiments.
Abbreviation: See Table 1, 4.

of| BI5}ad 35.6% (0.16+0.02)F YR Blsta] 120 ug/mL
25 A= 46.7%(0.21 £0.02) 2 LERATE T3F 140
ug/mlL $EE A2oME 55.6% (0.25+0.02)F LERY LA
Tke] Ao vlste] foJst F7HE HYITHP<0.001) (Table
5). LAQ] AlA=/do]| LB FZ=0] v|X|= Gl thet A=A
A} |2+, 140 pg/mL LB 325, 120 ng/mL LB F&E,
LA <=0 =2 AlmgEgo] w=A Yetyitt

7. EDA &M

EDA E/go & Afettide] @4 =5 ovightt. 120 pg/mL
9} 140 pg/mL =2 LB F2& AlEE A2olo] A5t At
EDA 42 120 pg/mlL 529] LB 325 A 2]olA=83.8%
(0.31+0.03)&, 140 pg/mLo} A&olx= 78.4% (0.29+
0.02)2 ZF YeRdthFigure 2). WabA, LB F&E0] Ojst
EDA €/ JA15-Z 120 pg/mLe} 140 pg/mlL ZF2+ 16.2%2F
21.6%= 2] Hlste] §2ltt S7HE UE e, o= &
g P2 KAES] AAls21 70.3%2] 20~30%21 A2
2 et EDA 873 JAG2] ARF=A A KAE, 140 pg/mlL
IB 325, 120 ug/mL 1B FEE 407 oAls0| =2 40
2 e
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° o
Control 120 KAE 120 LB 140 LB
Concentration of LB estract (ng/mL)

Figure 2. The inhibitory activity of electron donating activity (EDA)
of Lespedeza bicolor (LB) extract at a wavelength of 517 nm.

{
- 1

£ 80

Control LA (XTTS0) 1208 140 LB
Concentrations of LB extract (ug/mL)

Figure 3. The inhibitory activity of melanin of Lespedeza bicolor (LB)
extract on total amount of melanin determined at a wavelength of
405 nm.

8. 5 el Mxe

O

120 pg/mLe} 140 pg/mLe] 5= ANEE 22t 243 2
}120 pg/mL FEE2] A2|oli= FEe PSS tixo v
5191 109.8% (0.56£0.04) = YEFECH, 140 pg/mLe] A=
o 4% 100.0% (0.51+0.03)2 YeEFFTKFigure 3). WakA,
Hepd Aofe~2 120 pg/mLet 140 pg/mLeflA] LARHS] xm
of| v15le] ZH2t 11.8%2} 21.6%= LFERY 8215t Alss2
AUCHP<0.001), LB F===0f thet dehd Ashs<] /\]-_]__1.,__@‘
A7} 140 pg/mL LB £&E, 120 pg/mL LB 325, 24
O = Asfso] =3kt

=
_

ng-

ZARHLA)S AFEA} AR H|QIEA 28} o e} E5],
o5 ] gitAI ROl Ym = Aol w5449 F-8/d0] F
ZYE| AeH22). ATSHA] 4 S0l TR AL ETH= BF AL

ollA] & gol o]FofA] Qlom[23], TR o] uier Al S =
3 B TR} wlahd, B A Lo A mAgE80]
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THLAS] TF-=/3S vIEEsto], LAS/dol gt A= UH(LB) 5=
S=9| ittt Faehdste] kg 27t ARGl 5(EDA)
T} LA 4SS &Afol| A= Hepd A2 =R E g5 =F
Hzhd A/gE&o] ofsle] ZARIRAT:. WA, LA ME5/dZ ¢
5to] ¥ B16/F10 EaFdAEo] LA, 20~60 WM 5% 42+
A2fet & A ZPEES AR 2} A7 kol gEd o=
NZEBEES R A0 EA Al Z=/dS eI
™, o] W XTTs50%e] 52.7 uMZE YERY of= Borenfreund®}
Puerner [24]9] =/4ug710] ofste] 11=/d(highly-
cytotoxic)?l 2O Uepyit}. 2 A Ark= LA} o=
o] AUth= A= WollF=aL loH, ofi= LAZH Al 29 SiAHEE0]|
EFE FAG A MIA0l IS TS A =
PATHI], THTR= LAC] oJgt Ak 4dof oJs) M7} &
=SS 7150 F AL = 2RIt o] 22 o] 7o shuk=
LA =/30] FAEHAIR] vitamin EOfl 2J5f] ol = Qltt= AHE
117} o] Fg5tal UTHAL

wabA], & Aol A= LAS] =/d0] ARk =4t ko] 9l
=71 Lol 7] fI5te], it A2zl XTTso =2 LAS A
517] Hof| ARRIAS] UE20 KAES] @HA4kekso] 70% old
Hs=R125], 100 uMEF 120 pM 242+ A2t A3k, LAS] A
Folxli= AlZZAEEC] 39.5%= WERDT Hste] KAE A{2]o]|
A= 62.8%2 69.8%= UER} I LATHS] Zj2]of Hlsto] &
ofgt NZAEES] 7 UEth 2 dife AR
KAE7} LAY o3t AR 412 Holgt A0 &, LAS] F/d0]
AtS}2] EA4fo] Tolstal e Wells=al qlrh

QHH, LA tigt LB =52 YA SlofA], vl Al
o XTTs0 &%= LAZ A2|517] Ao LB &=, 120 pg/mL
9} 140 pg/mLE 287 A2jgk A3}, LAS] A2jojlif= A&
£0°] 35.6%=% YeRdT| vlsle] LB &8 APoM= 42t
46.7%2}55.6%= UEFTE. oli= LATF] Z]2]of| Blslo] R5F
TRt M ZAEE0] FVHE Btk o2 A= B FEE
o] LA9] ARSI &4 Woldh Z0=EA, o= Aux
(Buphorbiae humitusael.) FZ2E4H Hlai 4ES 714
1 9= LB S22 AR JE59] 4528l gt Ao s
AYZIETHI0]. TEbA], 2 AtollA= LB 55 52 et A
20! thek A& Ald¥sISITt. 7L 23+ polyphenoldt
flavonoid & 217+ 119.8 mg/g#} 21.9 mg/g 22 VERG
t}. ol= JASFs0| 52 BE(Typha orientalisL., TO) &
=2]43.5 mg/g, 23.8 mg/gH = 0H(25], AWK Albizzia
Jjulibrissin, A))A 2, 149.7 mg/g, 71.8 mg/gRth=%
O B 2 ARk 7L 332 & = AAHH20].

www.kjcls.org

wbA], & dAqtoA= LB =229 Hitelsa el
of] thgh £43-& Fof Fo7] fJsto] MR S(EDA) /3
AP /3E&9] 432 Al3¥sISITE WA, EDA 24 AL
A, LB F2%& 120 ug/mL, 140 pg/mL A 2|olx EDA €<
A= 16.2%2} 21.6%= W o] = B t2tof] Hlsto] 7
O3t EDAZHY AAIE Ko}, 2 A= ilslso] 2 31
Z(Eclipta prostrate L., EP)9] 24.2% (110 pg/mL)2} A<
FARE R 02 YERGTH27]. TS & HEhd 7 EoflA=
LBFE%& 120 ug/mL, 140 pg/mL A ofA] BF LATHS] ]
glof| vjsto] 2+t 11.8%2} 21.6%2] -2Jst Hehd Ais2
UEeRT) B Ail= o752 Chelidonium majus, CM) 3
£59121.4% (50 pg/mL)2F FAFSHITH28]. &2 A 2ot
UE A 23 B, 5200 o e AEsY At
3} 2Rgo]| ot Ao = A7t 5 2 Aol Aok
HPLCY LC-MSE- 0]} superoxide dismutase (SOD)-5-
AR, Adap:Klipid peroxidation) B El2ZALA] Z/d}
A2 Rt AR e 24 33 AR T Ao
= Y7o

O OfF

i

2 AEs FEESRIER] 2ARHLA)Y IREAE
B16/F10 A ZE viosto] Ak oW, LAY H/0]
et WY Lespedeza bicolor, 1B) +&=2] HS Al
AL 7 AHE fIoto] Al EZAYEES vHIESto] AR}
5 4191 MR S(EDA R JAls & ehds Asts
= ZAPIGIH: 1 AT LA v A2zl A2t 5k ofEF o
2 NZPEES G AR CEN =4S e
o] o] XTTsodk2 52.7 uM=ZA] 11=A(highly-toxic)?l AL
2 yepgdet $HH, 3AESHAIRl kaempferol (KAF) LAS] =
gl &4 AlEAEES FoloHA S7HIFH: E]E LAS) =
Aol i3t LB FEE2] H 3 avlof| QlojA], LB FE52 LAY
9] Ao]| vlsto] MZABEEE FoloHA S7HIH A, olet
BAlo AR+ S(EDA) B Al Hebd Ashsat 22
FAkS}F gt 9 EEhdsle] A E YERit ool dxEs
B LA9] =4dof| A5l &4Jo] Tolstal 9o, LB 552
FAsle Fehdste] Ajsf axo] ofsto] LAS] =42 A4
o= ofsioitt. WA, 1B 53 22 HAEE2 LA%H
o] At &3 IRo| Q= S aSsiEe] SAdHolU E
= dehdslE Qe Ak 2t A5 Y e B4R
7t 7ER)7F Qekal AT 2 A-AE 7N 2 4TS}



2] $4go] U191 ATl [B 22 8752 e L 4
of oo 27} 77 BAgE Aot

Acknowledgements: This paper was supported by
Wonkwang Health Science University in 2021.

Conflict of interest: None

Author’s information (Position): Seo YM, Professor.

REFERENCES

10.

11

. Busselberg D, Evans M, Rahmann H, Carpenter D. Lead and zinc

block a voltage-activated calcium channel of Aplysia neurons. J
Neurophysiol. 1991;65:786-795. https://doi.org/10.1152/jn.1991.
65.4.786

. Kim YW, Rim YS, Seo YM. Protective effect of NMDA receptor

antagonist on the neurotoxicity induced by lead as an environ-
mental pollutant. ] Korean Soc Occup Environ Hyg. 2017;27:193-
200. https://doi.org/10.15269/JKSOEH.2017.27.3.193

. Ahrens FA, Vistica DT. Microvascular effects of lead in the neo-

natal rat: I. Histochemical and light microscopic studies. Exp Mol
Pathol. 1977:26:129-138. https://doi.org/10.1016/0014-4800(77)
90072-7

. JungJ, OhY, Park S, Yoon M, Pyo A, Kim S, et al. Antioxidative

and whitening effects of Houttuynia cordata extract on lead ace-
tate of hair dye component. J Invest Cosmetol. 2014:10:99-105.
https://doi.org/10.15810/jic.2014.10.2.002

. Dabrowska A, Venero JL, Iwasawa R, Hankir Mk, Rahman S,

Boobis A, et al. PGC-1a controls mitochondrial biogenesis and
dynamics in lead-induced neurotoxicity. Aging (Albany NY).
2015;7:629-643. https://doi.org/10.18632/aging. 100790

. Moon CS. High influential factor of cadmium and lead exposure

in outdoor workers. ] Korean Soc Occup Environ Hyg. 2020;30:
163-173. https://doi.org/10.15269/JKSOEH.2020.30.2.163

. Kim DM, Jung JY, Lee HK, Park SK, Kwon YS, Yang SK, Han IS.

Novel composition of multifunctional sunblock from Eisenia bi-
cyclis and Aloe vera extract and a mixed compound of titanium
dioxide. Asian ] Beauty Cosmetol. 2020;18:297-308. https://do-
i.org/10.20402/ajbc.2020.0039

. Gong C, Tao G, Yang L, LiuJ, He H, Zhuang Z. The role of re-

active oxygen species in silicon dioxide nanoparticle-induced
cytotoxicity and DNA damage in HaCaT cells. Mol Biol Rep.
2012;39:4915-425. https://doi.org/10.1007/s11033-011-1287-z

. Gong C, Yang L, Zhou ], Guo X, Zhuang Z. Possible role of

PAPR-1 in protecting human HaCaT cells against cytotoxicity of
SiO2 nanoparticles. Toxicol Lett. 2017;280:213-221. https://do-
i.org/10.1016/j.toxlet.2017.07.213.

Lee SH, Seo YM. Alleviating effects of Fuphorbiae humifusae L.
extract on the neurotoxicity induced by lead. Korean J Clin Lab
Sci. 2018;50:501-510. https://doi.org/10.15324/kjcls.2018.50.4.501
Kim S, Yang B, Choi Y. Cytotoxicity and effect of Lonicerae flos
extract against chromium, contact dermatitis-induced agent in
cultured human skin fibroblasts. ] People Plants Environ. 2012,
15:407-412. https://doi.org/10.11628/ksppe.2012.15.6.407

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Korean J Clin Lab Sci. Vol. 53, No. 4, December 2021 369

Kwak WJ, Han CK, Chang HW, Kim HP, Kang SS, Son KH
Loniceroside C, an antiinflammatory saponin from Zonicera
Jjaponica. Chem Pharm Bull (Tokyo). 2003;51:333-335. https://
doi.org/10.1248/cpb.51.333

Lavid N, Schwartz A, Yarden O, Tel-Or E. The involvement of pol-
yphenols and peroxidase activities in heavy-metal accumulation
by epidermal glands of the waterlily (Nymphaeaceae). Planta.
2001;212:323-331. https://doi.org/10.1007/5004250000400

Lee JH, Jhoo JW. Antioxidant activity of different parts of
Lespedeza bicolor and isolation of antioxidant compound.
Korean J Food Sci Technol. 2012:44:763-771. https://doi.org/
10.9721/KJFST.2012.44.6.763

Ha SY, Jung JY, Kang HY, Kim TH, Yang JK. Tyrosinase activity
and melanogenic effects of Zespedeza bicolor extract in vitro and
in vivo. BioRes. 2020;15:6244-6261.

RyulS, Lee §J, Lee SW, Mun Y], Woo WH, Kim YM, et al. Dermal
bioactive properties of the ethanol extract from flowers of
Lespedeza bicolor. ] Korean Med Ophthalmol Orolaryngol Dermatol.
2007:20:1-9.

Mosmann T. Rapid colorimetric assay for cellular growth and sur-
vival: application to proliferation and cytotoxicity assays. J
Immunol Methods. 1983:65:55-63. https://doi.org/10.1016/
0022-175%(83)90303-4

Andersen WC, Casey CR, Nickel TJ, Young SL, Turnipseed SB. Dye
residue analysis in raw and processed aquaculture products: ma-
trix extension of AOAC international official Method 2012.25. J
AOAC Int. 2018101:1927-1939. https://doi.org/10.5740/jacacint.
18-0015

Moreno M, Isla MI, Sampietro AR, Vattuone MA. Comparison of
the free radical-scavenging activity of propolis from several re-
gions of Argentina. ] Ethnopharmacol. 2000;71:109-114. https://
doi.org/10.1016/S0378-8741(99)00189-0

Blois MS. Antioxidant determinations by the use of a stable free
radical. Nature. 1958:181:1199-1200. https://doi.org/10.1038/
181119920

Hosoi J, Abe E, Suda T, Kuroki T. Regulation of melanin synthesis
of B16 mouse melanoma cells by 1a, 25-dihydroxyvitamin D3 and
retinoic acid. Cancer Res. 1985:45:1474-1478.

Jung JY, Jang HS, Seo YM. Protective effect of Ajuga multiflora
BUNGE extract on lead toxicity of environmental pollutant. J.
People Plants Environ. 2017:20:341-350. https://doi.org/10.11628/
ksppe.2017.20.4.341

Ude VC, Brown DM, Maciaszek K, Stone V, Johnston H]J.
Comparing the sensitivity of different intestinal Caco-2 in vitro
monocultures and co-cultures to amorphous silicon dioxide
nanomaterials and the clay montmorillonite. Nanolmpact. 2019;
15:100165. https://doi.org/10.1016/j.impact.2019.100165
Borenfreund E, Puerner JA. A simple quantitative procedure using
monolayer cultures for cytotoxicity assays (HTD/NR-90). ] Tissue
Cult Methods. 1985:9:7-9. https://doi.org/10.1007/BF01666038
Yoon KC, Sohn TW. Antioxidative effect of 7jpha orientalis L.
extract on the oxidative stress induced by cytotoxicity of cad-
mium sulfate. ] Environ Health Sci. 2019;45:62-70. https://do-
i.org/10.5668/JEHS.2019.45.1.62

. Chung JH, Rim YS, Seo YM Protective effect of Albizzia juli-

brissinleaf extract on the cytotoxicity induced by cupric acetate
metallic mordant. J Environ Health Sci. 2019:45:520-528. https://

www.kjcls.org



370 Young-Mi Seo. Protective Effects of Lespedeza bicolor Extract

doi.org/10.5668/JEHS.2019.45.5.520 28. Son'Y, Oh S, Choi Y, Park S, Seo Y, Lee H, et al. Effects of

27. Lee SH, Jung IJ, Jang H. The antioxidative effect of Eclipta pros- Chelidonium majus extract on mercury-induced cytotoxicity and
trata L. extract on cultured NIH3T3 fibroblasts injured by man- melanogenesis. ] Invest Cosmetol. 2013;9:229-235. https://do-
ganese-induced cytotoxicity. Biomed Sci Lett. 2018;24:357-364. i.org/10.15810/jic.2013.9.3.004

https://doi.org/10.15616/BSL.2018.24.4.357

www.kjcls.org



