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Antioxidative and Protective Effects of Corn Silk (Zea mays L.) Extract on Human

HaCaT Keratinocyte

Hyun Young Kim1, Woo Duck Seo‘, Kyung Hye Seoz, Mi-Ja Lee‘, Sik—Won Choi1, Kwang-Sik Lee‘,

Sun Lim Kim‘, and Hyeon Jung Kang"T

ABSTRACT We investigated the antioxidative and protective effects of corn silk (Zea mays L.) ethanol extracts on human
HaCaT cells and erythrocytes. The NICS-2 fraction, extracted from corn silk, exhibited favorable 1,1-diphenyl-2-picrylhydrazyl
(DPPH) and 2-azino-bis-(3-ethylbenzothiazoline-6-sulphonic acid (ABTS) radical scavenging activities with ICsovaluesof13.3+
0.3 ug/mL and 14.2 + 0.1 ug/mL when compared with those of a-tocopherol, a positive control, with ICsy=10.4+ 02.2 and 22.2 +
3.6 ug/mL, respectively. In addition, we investigated skin protection effects of NICS extracts of corn silk in HaCaT keratinocytes.
To investigate the pharmacological potential of NICS-1 and NICS-2 extracts of corn silk on UV-B-induced damage in HaCaT
cells, we measured the activity of interleukin (IL) 1a. Our results showed that all the corn silk extracts inhibited the UV-B-induced
activity of IL-1a. In particular, NICS-1 extracts of corn silk significantly suppressed IL-1a activity in a dose-dependent manner
without inducing cytotoxicity. These results indicate that the ethanol extracts of corn silk (Zea mays L.) could function as natural
cytoprotective agents and antioxidants in biological systems, particularly the skin exposed to UV radiation, by protecting cellular

membrane against reactive oxygen species (ROS).
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Zho| gjRe A|7to] Ayt el BEE Rulst st
, W A2 7]5ah o] AfstE]o] A 4 T o]
Aol oA ol A7l= Wl =Skintrinsic aging)
o 940w s F7]9} ok, Kelde] oJ HiBlphoto
aging)oll 9I3) 357k ghoe, Fge] Fhelw, Tejo]
AaE W ohel, Jln), ) 9 AuAle] S
EtH(Gilchrest, 1990; Ha, 2006). F3t X}JAL gjofd A
o)k AR BE ThgTiel 200-400 nm
eo] g Byolc. Aslile sl Aolol uet 37hA 2
BEE Y H5ge] UV-A (320-400 nm), F3154] UV-B
(280~320 nm), 12|31 Gupge] UV-C (200~280 nm)= 1t
o Rt (Afaq et al., 2002; Clydesdale et al., 2001). 1%

o|ME 53] UV-B= d5A fFAg Fest 1ea of
= T8 5 e 7HE F83 942 AE3It(Katiyar et
al., 1999). UV-B= 9| 5.9] 7pg vpd&Ql #u|Fo F=2
2-g-5o] cytokined} chemokine @] #H]E F3l] A5HHe<
A O 7|w(Fisher ef al., 1997; Di Girolamo ef al., 2006; Shimauchi
et al., 2008), £3] UV-BZ 3% tumor necrosis factor-alpha
(TNF-q) (Tanaka et al., 2005), interleukin-6 (IL-6) % interleukin-8
(IL-8)1} 72 pro-inflammatory cytokine©| 3]H£Ako] 7]
oJol= Ao g sholw| @it Yarosh ef al., 2000). 1]+ UV-B
9] &2 gk AE(reactive oxygen species, ROS)2] AY
42 of7|gith. UV-B o] of3) Aekelizo] 4] 242
o= A4E ROSE Fd, ulmAaHel Wlo] o8 ks
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29} 7159 ARE st ol FRACR AZY
HgAA el A wEe] ARE ALt dTRaE

o] ItKYoshizumi et al., 2008; Erden Inal et al., 2001).
g H 1o tigt A= =S T F =3 AR A A=A
e 919 A7 Bhie] ARE I gou, Aol A)
28 7154 248 27 Yokl 222 UAES AT
A7l WETEE ol8F B W ATE muEa o)
(Kim et al., 2015).

QAo 4] AHEBH LA} BHe Sra(Zea mays L)%
O, S, A Sen, A 25E Tk
o, A8, HIEE, 81 $5%, olgAs, ot
| &50] Utk HiE o] o} Sy Faf o
2] 22 AFE R Q] E8t R 0| E 2= maysin, apimaysin,
methoxymaysin®| 1™ o0]% maysine 2 gl 7}
ZF who| koxlo] Q= thEA Q] 7154 EXE con earworm
o A AAEA, TF AxFo] g Mxsd 5 I
o)A AAZA So] dHE ] ftHLee ef al., 1998; Kim
et al., 2003). 7|&%] &4 o] AYEA Aol
QoIAIE maysing 4102 7 Beprieol =0} s B3
0| 3838t A JAo] ¥ o™, Fossen ef al. (2001)o] &
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NEE]

R
S TR AuE BB oERY 4
2 ARgElglon, 20154 49 16 T1E3t0] AL F 7102
Aol 5& AHSHGI FAAZI ] 20°ColA B
A AR AHgakech

24550 FEH(NICS-1, NICS-2) M=
HHL Y S5irde AT GO, 4
] ¢F 5~10 cm2] 7|2 A A, AEE L4549
kgoll 95% ZHElE A (944H) 2000 mlE FYsto
AARgAdo] HIF=A] Qb= StollA] 25°CY] g 94Tt =&
Shlth FE=2 SAHSRE 1% o3} 2 No. 3 A=
27 olgala e HEHIe] Sohad £FERS A9
o} PojH L Z3EEL Ci (preparative Cig reverse
phase bulk packing material, 125, 55~105 um, Waters, Milford,
MA) #2 =2 SAE Ao st 2w 100 7
%9] 7] ZA40IA oIEhE 100 5 %y B 7127

OB OFAS TYFO] ity FEENICS-DE £
Stk A9 B AR dojal Shhrd 22B
(NICS-1)2 &E7} 28 do]4lS 7] 9J3) Cis Aol
A o] A1L Th 345l Qs BHES Halw
olg th] AWEE A7 F wwrt B woldl 1FE
(NICS-2)& &3ith

st st £

DPPH (1,1—diphenyl—2—picrylhydrazyl) XI5 2iC|Zd AA

2y

A& 0.2 mlo 2x10* M DPPH (Sigma Chemical Co.)
2o 0.8 mlE 7|8t &, vortex mixer2 10&7F X5kl 30
£ 3 spectrophotometerE ©]-8-51¢] 525 nmof|A SH=E
ST FHEE SAY o Mo E5= 2 Al
FHEY Aol Ealigt uinte) S¥=E 545k
of #3031, ojuff HMAbFole AR 7 HIXTE
o] FFE AolE WEa(%)= FokRen, 552 EDA
(electron donating ability, %) 4F= 50% 7raA|7]E= ICs
Heoz FASHUTH

ABTS (2,2'-azino—bis—(3—ethylbenzothiazoline—6—
sulfonic acid) XIS 2iC|d A7 &M
ABTS &4 475 S48 (ABTS, Sigma Chemical
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Co.) 7.4 mMZ} potassium persulphate 2.6 mM= 515
QF 9rao] Wx|Ete] ABTS ™ ol&e G4
ML 735 nmoj|A SF &= Fro] 1.4~1.57} H =&
(e=3.6x104 M'em )& o] §3lo] FH4R 8459t
345 ABTS ' 894 1 mlo %9 50 plE 7}3to] 60%
To ZAstgon, FRE AolE WEL%)Z TGO
w, 2%20| ABTS 72 50% A7) ICs FHo2 B
Gl

ahgc.

UV-A (320-400 nm)2} UV-B (290—-320 nm)E0ilA2]
XM S+ &3
A e A0 AR8-E 7]7] UV-spectrophotometer
(7=, BECKMAN)E ARgsto] 49| upals 2AKSH |
el A= FEEC] FH] e FEES 15 mL
Alof g2 3 200~800 nm H el A SubES A7HEHS
1
[e)

R NEEREEENL SRR O
A SR B RS 500 ugmlE o o]§sto] 2
23} 200-500 e A9 oA FLES 2ALSHY

=

M|ZEHH ¥

Q1A mEZF2 & A|322] HaCaT A3 (Human Keratinocyte,
HaCaT, ATCC)+= 10% FBS (fetal bovine serum), 100 units/mL
HUA 2 100 mgmL AEZEnto] o] x3HE DMEM
(Dulbecco's modified Eagle's medium; WelGENE Inc., Korea)
oA 37°CE FAISE 5% o|itatetaE Edtshs iyl
WollAl wijstitt Aless 755 183k 200 mg/ml
SER A% the, FBS7} H71E1%] ¢S DMEM o] 3
71sto] A 2gNhe A|ZsIk 71§ HaCaT HEZZ 53107
/wello] B =2 96-well plateo]] £33 2 24A|7F F2F ]
Fotiet. 1 3 wiAE AASHL AEE 10, 50, 100 ppm
of st HES AU o, 244 S ISk

M=z M=F =3 U XM EAL

70% ool mlolilE et S FEENICS-1)
I} wo]Ale] AR/ Hol=A] ERIsh| ffal] A2 HE&
S =31k A S-S WST-1 HRZ9H(Cell proliferation
reagent WST-1, Roche, cat. No. 1644-807, Swiss)= DMEM
Hizlofl 17102 3]Astal o|& Z} A 100 pl# 2|5}
IAIZE F3F BESAIZD 2, 450 nmol|A] FF=E SA5H3 o,
Bl 4 Ao Sk o] A48 (UV-B) ¥
3Z(Model: F15T8, UV B 15W, Sankyo Dennki, Japan)E&
o] g3te] UV-BE 70 ml/em’ S RASFIL W|o]AlS T}A]

EER A & 2443 ot HieF

o
2

=

XMool 2lst M= &4 Ax| Suf =l

ZHAF A A Ay Ae] FEEE Al &4 JAR
£ SFQI5ko] NICS-1 9 NICS-29] 9jF A H35 59
g 7}etaA} a9}k HaCaT AZE 1x10* 7 /wello] ==
96-well plateof 235131, 24 A|7F 5<F vjFstsct 1
HiRE A AL AME F%=7F 242 S, 10, 50 ppmo] ==
sl wiAIeh 37 Helst 3 24417 Eeb jokslsic.
o]& z}9] 4B (UV-B) & Z(Model: F15T8, UV B 15W,
Sankyo Dennki, Japan)E ©]&3}l¢] UV-B& 70ml/cm’S
2AVEI MBS T SEEE AT F 24417 52 )
sttt AlE ABEEL WST-1 HE8-9(Cell proliferation
reagent WST-1, Roche, cat. No. 1644-807, Swiss) oFF
A& H7HEA] 92 DMEM Hj#]of| 1/10% 3]Askal o]F
7} 4 100 WA Agfsto] 1AIZF 59k ¥R3-AIX] 5, 450 nm
oM GHES ZHeITE M nzARe] T W2
= 100%= HoHE o, Al AlxZ BE2ES S50
o], FAYtSE S48 2L = SHGH

o o

XM ZALol| elst HEY AOIEFIQ WH Ax|Eat

HaCaT A|ZZ 1x10* 71/ (cell/well)o] FEZ 96-well
plateo]] F55}1L, 24A17F 2t viFStGiTth 1 & wiAE
A AL MZS 7+zF 5, 10, 50, 100 ppm o] EE7} H =2
w9} A Aelet & 24417 H9F wioFstsich o] % #e]
AB (UV-B) #Z(Model: F15T8, UV B 15W, Sankyo
Dennki, Japan)Z ©]-4-3lo] UV-BZ 10 mlem’S ZA}5}
IAAES oA YR A2 3 5ARE B9t wigEtal
onf, AL AEfetA] ¢he & 34 HRTOR B3
ok i S 150 Wl Fste] IL-las AFFo2A &
A<
e

O:

o

o FEBNICS-1) % wol4le] @54 Aol=7tel
dAA aE Fobsteint IL-1a (Interleukin 1 alpha)2]
2 aAHAEA A (Enzyme-linked Immunosorbent Assay
kit, BioRad co.) 7] EZ o|&3te] Aaralslalon, zelAl
AL A T AR At gk welle] I-la AAHE
100%= Hoke o, A2l IL-la A4S SA3A

SAH X2

HE EA B2 SAS ver. 9.2 (SAS Institute, Cary, USA)
S A}g3te] 3gstglon, 2tolo] §-914-S Duncan®] o}
F HlAE U ANOVAS AHgste] A4eheon, p<0.0s
oA FolFk Aol S BrFsHth EE HlolEw 5% Helol
A foxol Qg BagERUAR E7I5H9.



DPPH % ABTSHZ 0|23t XIS 2iC|Z A7 &M
gkt g2 {8 dAE AR AL Aol

4
ofg B REALS w2 4= glon, s ans 7HA= 4
A 7 F28 2 SRS AN AT § g
aAlBo] theF d-9-Elo] )& Ao 2 K 15}gtiHan and
Jung, 2003). ©2rdp2a0] ZZE(NICS-1, NICS-2)S Eat
DPPH 9 ABTS radical 274 24] Z3}= Table 13} Zt}.
A oR Sabtelo] ofehe 222% B AYaz
e S Fof AR NICS-1 % NICS-2 F&=9 2
7 a7%0] MY &S Ao Uehyth DPPH ahci
A7%59] 72 1Cso (Inhibition concentration 50%) Zr©] NICS-1
0] 12.7 ppm ¥ NICS-2¢] 13.3 ppm 2= a-tocopherol 2] ICs2]
2 104 ppmit} 1|2:517] Liehgon], ABTS 2hjzt 4752
NICS-19] 20.9 ppm %! NICS-20] 14.2 pprn oz a-tocopherol
9] ICso 4k(22.2 ppm)HT} S
Bye Uit ARSERY 229 Co SREe
S U o2 4 AR T ehiet
HI18l3l ¢l om(Osawa, 1994), s
ArSERAR] gt Aolekn WOl AT webq 84
 RLEEL L2 SC S 2%

TTR— s

UV-A2} UV-B SEH0M| XM &+ 5F
AL T Fo] EAE dos|m Ak FHE Gushs
=23 oljo| x}g A og o Z UV-A (320~400 nm)% <}

Slato] @isiiad Z%E{NICS 1 NICS 2)4 200~400 nm
WO T2 E &A% A= Fig. 13 £t} NICS-1&
343 nm, 271 nmoj|A] o &< S UEhfgla, NICS-2
352 nm, 271 nmol| Al ) F4 oL ehpodcy o
ttA e d 255 NICS-12F NICS-22 UV-B (280~
320 nm)©] Z}9]4 edmul ofel, UV-A (320~400 nm)
Jel, UV-C (200~280 nm) Gdof thate] 73t T

= A glslednh o] Ao 2w S
2280 73‘%’- So] E2A 9o ele] Aeld AT &

71 = S Ao 2 HohEct Hwang ef al. (2006)
S Ul 222E o83 AolA Aw ATE Avie A3
$5 UV-B olold 7H Sol4Ql 348< ugrta o

Table 1. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) and 2-azino-bis-(3-ethylbenzothiazoline-6-sulphonic acid (ABTS) radical scavenging
activities of ethanol extract and column fractions from corn silk.

Inhibition Concentration 50% (ICso, ppm)

Crude extract NICS-1 NICS-2 a-tocopherol
DPPH radical scavenging activity 82.2+0.8" 12.7+0.5 13.3+0.3 10.4+2.2
ABTS radical scavenging activity 79.9+3.8 20.9+1.4 14.2+0.1 22.2+3.6
YResults are mean + SD (n=3)
i Ll
o o . /:’}“
/—; g :
— )
—
. m 5]
e "
[ i) \\.,_
am =0 240 26 ) L] 0 W il 0 a0 200 e 1] = 250 20 30 %0 34 €= 1) 20 A0

B)

Fig. 1. UV absorption pattern of extracts from corn silk. A) NICS-1; B) NICS-2
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Atk ole A BAEY Aol Fago] Adigor Hom ZAAFPHN L o] FAEHE AL skt
o glon, = ¢ A=l UV 2}t 7| (Fig. 3).
A

AtelMoll XM2jof olst ZHEFEY ME2A AN Sat
ZHEIS MM EZ(HaCaT)e| MEZEA EX2 ESt M M=8 HaCaTA|Zo| UV-B 70 ml/em’S ZA}$H A7H= Fig. 3
(Cell viability) && o A|9} 7t} UV-B H| AR H]&| A|Z AZL0] 54.7%

AAGYAES 85550 AN AERHS
7] Slol AEL) AEES BAE AT C B
& 955 FHBNNICS-1, NICS-2) BF A%

o 3} 2 2# % o] HaCaTHEX= UV-B 70 mJ/em®o] 2|5 A&
[e]
FH2E] 2] 9F9F O t(Fig. 2), NICS-19} NICS-29] 5%

g &gl S Slsheh W 5, 10, 50 ppm FEE
o NICS-17} NICS-22 7}t A2]at A<, NICS-12 72} 56.8%,
£ 61.2%, 71.8%9] Al BEE-S WL, NICS-2E 7k} 59.5%,
76.0%, 80.6%2] H|EZYES o], NICS-13} NICS-2 &
F 5L oo g Xl A o3t FRAEZ &4 B

3}
=5
=
=
=

‘“’ 5 9 AE 3] Bl A2 BItgO, S5hsy &
o h £%  NICS-19] u]8] NICS29] AlZ&y B5 m3}7h
B o =7 vt

% of control
z

el x2lof elst ZEIGM=E L SEY Alo|EFIRI
(1L—1a) & Ax|F 2}

Table 2] UERt B9} o], HaCaT A|3E0] UV-B 10 mJ/em’

T T o T w0 o | w 2 24 23 UV-B u|2Abe] ]3] IL-1a A4l

Control | NICS-1 NICS-2 _ 157.57%= %7 =|o] HaCaTA|= UV-Be| 93 H54

AROIE7F)IF IL-1a 9] Hdo] FX1ge &l 5, 10,

50 2100 ppm FEY] 5554 FEBNICS- DI S5

Fig. 2. Effect of corn silk extract on the survival of HaCaT L] o) halFlElEe] wo|AlS X B3 AL L4

el The ol sl b e prsne o Vgt 3RNICS-)2 4% 1142, 961, T3, 2.6

as meanstSE from three independent experiments. IL-la A4 B/4de B3, wolAlE 22} 96.5, 86.7,

&

Sample(ppm)

Yo of UV

50 4
40 4
30

UVB UVB Jppm ‘ 10ppm ‘ 30ppm ‘ Jppm ‘ 10ppm ‘ 30ppm

J0mlem2 | 70mJem2
O] )

NICS-1 NICS-2

UVB 70mJ/em?

(A) (B)

Fig. 3. Effect of corn silk extract on viability of HaCaT cell system upon UV-B-induced damage. (A) HaCaT cells were exposed
to UV-B 70 ml/em’; (B) Cell death ratios were detected by WST-1 assay.
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Table 2. Inhibition of interleukin (IL) la expression upon UV-B-induced damage in HaCaT cells.

Sample Concentration (ppm) % of control
UV-B 10 mJ/cm® (-) - 100.0 + 4.5"
Control - 1575 =+ 74
5 1142 £ 14
10 96.1 = 9.8
NICS-1
) 50 73.7 £ 10.8
UV-B 10 mJ/em 100 426 + 111
)
5 96.5 + 3.3
10 86.7 = 11.1
NICS-2
50 52.1 £ 9.1
100 323 + 8.1

YResults are meantSD (n=3)

ot 9FA Aol EZIIS) Wo] Fash: AL sk
Lo, 24449 FSBINICS-De] ¥l3) o]l

B 494 2] 7 9FA AolETele] wAL 7
4Nl B3t o 2 A0R et

e
-
e
o

T 2FEE o)l

(NICS-1, NICS-2)9] 3
o] Nz AAZAEE +Hst
< o] g3ste] 7|EHAE E el
712ARE QA et Ak S5 S
25 voj4lo] 13RE F=ZE(NICS-1, NICS-2)
PPHS} ABTSZ/dAbas A|AZ S vt A 34
of H]sf NICS-1-& F 6.5, 3.88] =3k, NICS-2 &
6.2, 5.68] =2 E4S UER o NICS-2 +

A =2 AR 2AS YE ST
A4S Yo7l ARl F4e NICS-132} NICS-2
343, 271 nm¢} 352, 271 nmol| A 73t S452 e}
L 29l Aol oJgt ZHA g M| E(HaCaT) 2] Al
FOIA= 5, 10, 50 ppm A A] 22 NICS-1-2 56.8%,
61.2%, 71.8%%} NICS-2= Z+2F 59.5%, 76.0%, 80.6%2)
HZBEES & JEH O R Ho] UV-AB,Col osf &
Aok g7 A4S Seead 580 AT 5+ 3l
< AR AAE o, ApelAe oFt mREA; A9
287122 S FEEWN oyt RS E(NICS-],

X fdr o
Y
;{R e #ﬁ%

qob o N 1o AN %0 O ox K
Uo}d[‘lr

O rlo mn

o e
N

=
hvy
o)
=

H

1+

N
N

=
oX ¥ I

\S]

NICS-2)¢] 3HAbal gt ofyel 2P g dA =] ¢
o oy po|Eslelel [L-la TS & o2
2 oAshs ALE YEP UL B8] 44599 v
shtEol o 2 gREeA 242 ¢
$H FEENICS-1)2 Z2H7F 114.2, 96.1, 73.7, 42.6%2)

°© 7}7} 96.5, 86.7,
523, 32.3%9] [L-la A4 oA S-S Hol &5a2tme
ZE(NICS-1) @ djo]4lo] L= =Mooz 2494 ZAlo
gt A5/ Aol 7Rl o] sl S kgl
oh B3 Spp4d FEENICS-D Hlg) moj4l Ty
shatae] AHolA zatel oat G54 AlolETtele] W
ZaA7le & o & A0R vyt

o 4
> = lo olX

o
=
32
=
Jo
b
_1

AL AR
B AR BEATY ATALAANRTAY : &
Sieged b9 o4l The Held Y 9@ AlaAtE
93t 71% BA A, AlRIAWE : PI011305032016)9]
Aol o3 o] RoiH A4l
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