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The Inhibitory Effect of Hydroxycinnamic Acid Derivatives from Corn (Zea may L.)
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Q % SFFARKE Ha - GAE so]=2EAN YUY AN = [ EA| (hydroxycinnamic acid derivatives) = p-cou-
maric acid, ferulic acid, N,N-dicoumaroylputrescine (DCP), N-p-coumaroyl-N -feruloylputrescine (CFP), N,N'-difer-
uloylputrescine (DFP) 5O #-A0o] Hglon, SF-FAFEZES ol5s 47 Frsta Usith & A+ A v
2 NS Ete] AN FElE 3EEQ, slo] EEA Y oA =R EA o] Hebd Ao AdE A
& Yolr gkt stol =AU o A Ef = A E2] B16-F1 melanoma cellsell A 8] #ebd A A gi= 5 9
EH o7 A&kl CFP, DFP 50 ug/ mLolX 27t 44.7 + 6.0 %. 585 = 31 %9 Aal&S Bk 181 AlxE o
tyrosinase®] /32 247} 425 £ 146 %. 9.0 £ 44 %8 A ad= Bk olgfd A3 & w|, S5 Ff slol=
SAGE A E FEAES ME W tyrosinase?] G AAFoEH dWehd A4S A= AOE AFREHM,
e 55 2t A sPHE 2AEALY A ThsAel & AoE g

Abstract: Several hydroxycinnamic acid derivatives, p-coumaric acid, ferulic acid, N,N -dicoumaroylputrescine
(DCP), N-p-coumaroyl-N ~feruloyl-putrescine (CFP), and N,N ~diferuloylputrescine (DFP) were isolated and puri-
fied from corn bran. To develop the skin whitening agent, we investigated the effects of hydroxycinnamic acid de-
rivatives from corn bran, on melanogenesis. CFP and DFP inhibited melanin synthesis in a dose dependent manner
up to 44.7 + 6.0 %, and 585 * 3.1 % at a concentration of 50 ug/mL, respectively. The intracellular tyrosinase activ-
ity decreased about 425 + 14.6 %, and 9.0 + 44 % at a concentration of 50 ug/mL of CFP and DFP, respectively.
Our results suggest that inhibitory effects of hydroxycinnamic acid derivatives on melanogenesis are due to the in-
hibition of the intracellular tyrosinase activity. These results indicate that these hydroxycinnamic acid derivatives
from corn bran may be potential natural skin whitening agents.

Keywords: corn bran extract, hydroxycinnamic acid derivatives, N,N -diferuloylputrescine (DFP), N-p-coumaroyl-N -fer-
uloylputrescine (CFP), melanin
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L-tyrosine| Al &@3ki= dA L] Aks) F3F Wb
ol A tyrosinase”t 28 TS Shv, o] a4
9] #g- o2 5= FHAIR] L34 +=(DOPAquinone)
& Eolgste] EulHE(DOPAchrome)S 714 Hehd
2bst F3E Al fvk webA] tyrosinase E4E A
I FAEE] Abs) Hhg-E oAgto 4 dWet
Ao R Hopx|al gtk AA|
A S tyrosinase &4 A&l 2}
&3 kst gl gl debd Y-S At

ghet, )59 wldel| Eg-s = Vs PR aAlE
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S JTHAIE Yol aEa ik A=
ol #ojsh= tyrosinase®] 24 Aslst
3t O] FAATE FHLolli= e}
ol tyrosinase?] T3t 2 AARAS PAS o

slo] == Al Al of 4 = -f-= A (hydroxycinnamic acid
derivatives, HCADs)&= W& A&l EFheo] glom,
p-coumaric acid (CA), ferulic acid (FA), caffeic acid
(CaA) 9} 2 HCADst+ 3k, 9%, Tar, ¥Rk ofy
2} sk ksl a9 5 ohekst A=A vt e A
o2 ad#A YH3-5]. Green coffee beansollA 3t
HCADs= &4+s} &3¢} tyrosinase 4 A&l &)
adefx qlem, 544 ¥ HCADs & polyamine
conjugates’= @bt matel Webd A A art
dHA ATH6,7].

L5 (Zea mays L) v 2230 &ate duidd=
A Fr) QbelA A7t Ao, & - W3t 3 A
Al 3d ZHE Fo] SR A AlAlel g AviEa Qo
SFTAdE sl |EFAIAUE N = &= FA,
CA, ©1£9] dimers, trimers 28] 3L polyamine conjuga-
tes® N,N'-dicoumaroylputrescine (DCP), N-p-couma-
royl-N'-feruloylputrescine (CFP), N,N-diferuloylpu-
trescine (DFP) & &/ Ais°] gREe] 9ler, o]
52 o|nzE aflatoxin A A g-g, 13}k 2
&, depd A Asay) 5o AEsH &4do] o
A AT 7-101.

A AT E STFFARNTH A EZQ
HCADsE #]3l3it). o]o HCADs % ©l& sk

o gkebdEetel A, Al 35 Al 2 %, 2009

S5 AFE R Wehd Ao vH & Fael o
a4 etobugre,

2 M2 o N
21 A" M= A 7|7

2 Ao AMSS ST AE A% FatelA] st
o] AF23FSItE Ethyl acetate (EtOAc), trifluoroacetic
acid (TFA) & HPLC #4¢ £vl:= HPLC grade®
Fisher (USA)ollA F-§)ato] AF8-3H312H, silica gel 60
2 Merck (USA) 2 0,063 ~ 0200 mmE AH-3ck 4
o]l ARE3E AJeko 2= 1 1-diphenyl-2-picryl-hydrazyl
(DPPH, Fluka, USA), xanthine, xanthine oxidase (Sigma,
USA), L-tyrosine, tyrosinase (from mushroom, Fluka,
USA), 3-(4,5-dimethyl-2-thiazolyl) -2,5-diphenyl- 2H-te-
trazoliumbromide (MTT, Sigma, USA), Dulbecco’s
modified Eagle’s medium (DMEM, Hyclone, USA), fe-
tal bovine serum (FBS, Hyclone, USA), trypsin-EDTA
solution (GIBCO, USA), dimethyl sulfoxide (DMSO,
Sigma, USA), forskolin (Sigma, USA) & AFE-3}%
o} vl S A M| Q] B16-F12 American Type
Culture Collection (ATCC, USA) oA EoFdto} Alg-3}
ot 71712 UV-VIS spectrophotometer (UV-1800,
Shimadzu, Japan), ELISA reader (EL800, BIO-TEK
Instrument, USA) & A3kt

NS
N
o
=4
=4
X
30
e
T
¢
e
&
1o
>
P

,E

tract, Corn BE)&

2.2.2. HCADse| 22| 3 x|

CHCl; 3 &S silica gel 60& ©]€3to] Hexane-
EtOAc-MeOH-TFA (200 : 200 : 100 : 0.1, v/v) &%
€2 flash column chromatography S 2Al8FG ) ©]
u] Ao S 60 % HESTEN T 590 F 60 %,
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Table 1. Gradient Elution Condition for HPLC Analysis

Time (min) Solvent A Solvent B”

80 20
5 80 20
10 60 40
15 60 40
20 40 60
25 40 60
30 20 80
35 20 80
40 0 100
45 0 100
50 80 20
60 80 20

a) Solvent A: 0.05 % HsPO, in 20 % MeOH
b) Solvent B: 80 % MeOH

80 % HIEFETENS 27} o] 5% dFo] ODS-A col-
umn chromatography 2} Sephadex LH-20 column chro-
matography & A5 th.

2.2.3. Corn BEQ| Ate|M EFAHEZ 2 HPLC 24

Corn BE ¥ &7 2 HCADs®] UV-B (290 ~
320 nm) @ UV-A (320 ~ 400 nm) < <jollA] =ke]A
EAAEHS UV-VIS spectrophotometerE ©]-&-3}
o] F7gsklct.

Corn BE®] CFP$} DFP2] s 418
A TZvE YIS Y3tk HPLC 4] 27o%
Agilent Technologies®] 1200 series HPLC, ZH
YMC-Pack Pro Cis (5 um, 46 mm LD x 250 mm), 73
7= AN EARE SH9ES 310 nmE 331
ot 742 08 mL/min°|™, o] €1 A (0.05 %
H:PO,E 233 20 % MeOH 5+29%) ¢+ €1 B (80 %
MeOH &) 7]&71-&2 & 3o Table 12| Z7lof o
2} A Akt

1

A 1%

2.3 itstent

0

23.1. Atttz 2 En 58

AR A Al g st At 1.1-dip-
henyl-2-picrylhydrazyl radical (DPPH)< AREsh= W
©®[11] wig-&e] g3iAIxl 0.2 mMe] DPPH &< 1
mLel A5 247t s E WEkgol 5o 2 mLi 3}o]
E3tstar, A-2olA 10 min <t RESAIZL & UV-VIS

4

T

257

feAe) Behd 44 A8 w53 145

spectrophotometer 2 517 nmolA SFEE A3}
g2 Al gl WEEs ¥9ow, DPPH €9
il MereS o] RAZSE It ARz 24
& 31719 2o upel Ak

gxie F4E - A8 2w FYE
AAE (%) = A AHJEE;:J&&/]]%%E} 1535 00

232, BAMLE 25T} S

A A2 (superoxide anion radical) 2AEA H7t=
Noro 52| WHS[12] &85} xanthine/xanthine oxi-
dase AAHEgC o3t Ak WA E o] §-3te] B4
AbZe] 9]3) nitroblue tetrazolium (NBT) 2] Ats}el] ¢
3 4% Bsks SASITh 0.05 M Nay,COs 3 mM
xanthine, 3 mM EDTA, bovine serum albumin (BSA),
0.75 mM NBT % Al5& ¥z E§sto] 25 CTolA
10 min &<t X189t} Xanthine oxidaseE ¥l 25 C
oA 20 min &<t HHSAIZ] o] 6 mM CuCLE gol wt
$& A A]7]aL UV-VIS spectrophotometer 2 517 nm
oA FFEE ST x> AE Al AT
£ Yo xanthine oxidase thAlo] FA|FE Ho] A
Eﬂ %k—% Atk 2752 DPPH radical 27 &0l AFE-

Aof whel AAkeAtt.

24. 275 el HE2=2 |¥ent
2.4.1. MIZHNQF

o2 B A EF¢] B16-F12> ATCColM )&}
o™, DMEMe] 10 % FBSE &3t ujA] & Al2-3Fo]
37 C, 5 % CO;, incubatorell A wljeFataict. 23 117 <)
A= 70 ~ 80 %9] @EulekelA AAIsET

242 SMZ MEFo| MEH0|| 0|Al= A&

10 % FBS7} §+¥ DMEM
7 96-well platesell 5 x 10° cells/wello] HE= £
sto] 5 % COy, 37 C ZZ13}ellA] 24 h &<t vijeFst3itt.
HjeF & wjeFd S AASL ARE FEEE Ao 3
Aste] wARE 3 HF 10 uM forskolin®] == 7}
stof 48 h st ] wieFsigitt o] W, tjxa> HCADs
= H7F8HAl @Al forskolin®t F7EeE Z1 oz 3l bl
& F MTT assayE &oto] AlZ &S lsith

2 e

243 Yt Mo x| 3t
Wby ek 42 Meyskens?] WW[13]8 W3}
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Figure 1. Chemical structures of CFP and DFP from corn
bran.

of ARg-st3leh B16-F1 S4F AIZE 10 % FBS7F ¢
¥ DMEM2.2Z 6-well platesell 1 x 10° cells/wello] =]
=5 WFEte] 5 % CO, 37 T ZA3ellA] 24 h <2t vl
FESILE Ml AAST NS FEUZ Ao
s|Asto] wAS -, #F 10 uM forskolin®] H =% #H
7Fsto] 48 h &<k o Hiekslalt). o] vl f\lfi"é =
7VekA] 9kal forskolin¥t 7FsE 1O Shith HjeF %
Hjekal-g- A AskaL PBSE Al e 3 10 % DMSO7| &
¥ 1 N NaOHE #7Fst 50 C x4 Al Ul
Walhd-S G| AFATE o] AS ELISA readers ©]-&3}
o;‘i 490 nmoﬂ/ﬂ :6;:\7}1:% 27(—]»3].0:]\;]. uﬂﬂ.p} ﬁz x—]a]:
=& o] gate] depd TetRor, & dAds
LR A

11

o2

OE

2.4.4. M= W Tyrosinase &4 XMills =&

M3 Y tyrosinase B2 Pawelek 52 WH[14]15
HEsto] ARRSIGITE A S5 7F $ 48 h Eb vijekE Al
= PBSZ 33] AM|3&la. PRO-PREP Solution (iNtRON
Biotechnology, Korea)s #H7Fst th& A2 olA 30
min &% SEUA AEE §3lst ok, dAEEska
AolH A EZLNE AFE35F] tyrosinase S A3}
Stk AlXE U tyrosinase B #2492 AlE o A5k
= tyrosinased 223 A== T=ohF =9 H]AH
of &3l SAsIAth TZFe] WA Z4zte] 0.1 M potas-
sium phosphate buffer (pH 6.8) 2} 10 mM L-DOPAE
Z33sl & 37 C 7oA 30 min ¢ WH-EA]Z T}
Hh-g-of Zoﬂ AdE TiF =S 490 nmollA FEEE
=7d3F3ltt. Tyrosinase®] 273 X1 &2 sk7]e] Ao wf
2} Aitsksic.

_L4

=X
-

o gkebdEetel A, Al 35 Al 2 %, 2009

1.2

Absorbance
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o

Corn BE
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Figure 2. UV absorbance spectra of Corn BE and HCADs
from corn bran (1.0 x 107 %).

Table 2. UV Absorbance Spectra of Corn BE and HCADs
from Corn Bran

Material Amax (nm)

Corn BE 319.0
CFP 312.0
DFP 318.0
CA 3135
FA 323.0

EHMC 310.5

3. Z=; o nF
3.1. Corn BE, HCADsS| AteM &4 AHEZ 5 HPLC
=
S Ao, A SFFAE dEET &Aoo F
Zotal CHCLE 83 SFTFAFZEZTY 5=
== w8 - GAlsl] SFFARSEH doixl ke

(HCADs) CFP. DFP= Niwa 5[8]9] X112 & 11540]
UV, IR, NMR, FABMS spectral datag &E38}o] &3}
Sk (Figure 1)[7].

Figure 29} Table 2= Corn BE % S5 &3
HCADs®] AFe)A B4 A EY dl 2194 55 Hujab
2 JeRgich Ethylhexyl methoxycinnamate (EHMC)
T UEAA AR ARG A ZA 290 ~ 320 nm]
UV-B g9elA zAd Fads zte otk
Corn BE ¥ HCADs+= EHMC® 53t 571044
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Figure 3. HPLC chromatogram of CA (1), FA (2), DCP
(3), CFP (4) and DFP (5) in Corn BE.

e

Table 3. DPPH Scavenging Effect of HCADs from Corn
Bran

Material *1Cs0 (ug/mL)
Corn BE 350 = 03
CFP 343 £ 10
DFP 305 + 1.0
CA -
FA 82 + 0.1
DL- @ -tocopherol 183 + 0.1

BHT 3889 £ 0.0

*ICs0 : Concentration of the sample required for 50 % the
radical or the reactive oxygen to be scavenged.

A UV-B GolA fAMSE S35 %
A UV-A FolA] zpelde &
S Qi) o]# e A= Corn BE W S77
el HCADs7F Hd #peldatd A=A 8] &8 7hs
AR 7ML USE B Tt
SFFEAZRE FE3 Corn BEE HPLC 23} CA,
FA, DCP, CFP, DFPE 717} 1.81 + 0.13 %, 1.56 * 0.05
%, 132 + 017 %, 5.84 = 0.06 %, 2511 * 0.81 % &3t
At} FEEo] &3 HCADse HPLC AZntE 1
< Figure 39 e

N

3.2. gitst ot
DPPHE 35& Wl A4 49 gtz = Zejgi)z
o] kg ¥ welojt}, wepA] ¥hg F DPPHE] 7ha= 2
] ze] aATSo] R ES & da @ itkst
o] 7o) AAFEE AS5E 5 Ut
aE dotrr] 9
shith A

a -tocopherol

3 DPPHE o|&3}0] &213) ans =34
dzErert @us &¥7h 92l DL-

AL ekl A As) a3t 147
oo 0 10 pM forskolin
1 O 10 uM forskolin + 10 pg/mL B 10 pM forskolin + 50 pgimL
120 | | @ 10 uM forskolin + 100 pgimL
E 100
£
= 80 |
-fﬁu
2 60
K]
O 40 |
20 +

]

Com BE CFP DFP FA CA Arbutin
Figure 4. Cell viability of HCADs and forskolin on B16-F1
melanoma cells by MTT assay. The cells were treated with
various concentration of HCADs for 48 h. The cell viability
was measured by the MTT method. Results were means +
S.D. from 3 separate experiments.

(1000 IU/g), &4 Akspx]#|<l butylated hydrox-
ytoluene (BHT) & o]&3lo] 4ks}l a¥& v w sk
71 43} CFP, DFPY Al 23 50 % 2AE 4= =

&5 (ICs0) 7F 242 34.3 £ 1.0 ug/mL, 305 + 0.7 ug/mL =
DL- & -tocopherol B.t}= At 2 © 2 = o &alsl g )
£ el o, BHTO vlzl 108 o]¢2] 2Hfehc]z
27 &35 YeERtH(Table 3). 184 xanthine/
xanthine oxidase &AREgol &t E94H4 WHAAAE
o] g3ste] Akl 23k NBTY Abste] o3t 3%
W32 =43 superoxide radical 2AEA & T A
© 1 EAo] AL YERA sk

33. S 7l A

3.3.1. HCADs2| M|z MEof| D|x|= L&t

HCADs®| Addel AHE-E sLrl9lE Adsh] <1l
MTT assay s A3ttt Al25dS 5793 2} for-
skoline *1#] %t Corn BE, CFP, DFP+ 50 ug/mL, FA,
CA¥ 100 pg/mLe] 557HA] B16-F1 S4F Al|azolA
80 % o132l AIEE LS FRISIT o] T Ajelx =
50 pg/mL ©]3t] sE= AYS WA Figure 4).

3.3.2. Forskolindil 2lslf R== B16-F1 S
el MY X =1
HCADse®ll thgt forskoling *2]3t B16-F1 2% Al
oA 9] Hehd A A B35 S % A%E Figure
5 YJeRfISItE. &7 gt HCADs?! CFP,
DFPi= 242F 50 ug/mL2] 555 A2sHS ul, 44.7 +
6.0 %, 585 * 3.1 %°] Aehd B A &35 e

T HZ W
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oo
8 10 pM forskolin + 0.1 pg/mL
B 10 uM forskolin + |DEQ.'mL

O 10 uM forskolin
B 10 uM forskelin + 1 pg/mL
W 10 pM forskolin + 50 pg/mL

Melanin content (%)
@
=1

Corn BE CFP DFP FA CA Arbutin

Figure 5. The effect of HCADs on melanin synthesis in
murine B16-F1 melanoma cells treated with forskolin. The
cells were treated with forskolin and HCADs at indicated
concentration for 48 h. The absorbance was measured at 490
nm and the corresponding total protein content was used to
normalize absorbance. The data was expressed as mean val-
ues (£ S.D.) of the three independent experiments.

o] 582 + 10.8 %2 Wehd A oA aytE vepd &
Fela fARE 23915 B

3.3.3. Forskolinol| 2|5l F==!
Tyrosinase & Xolf T2t

Forskolin 10 uyM#Z #ehd AFH}FS FAAAE
B16-F1 SAF Alaze] S35 4 2 gk HCADs 50
pg/mL FEZ 2]sto] AL U tyrosinase A& S
EX 3515 tHFigure 6). G582 A¥E U tyrosinase &
A Asfgol 111 £ 189 %% 3 AE FxodE= A9
2 Asjans ®olA okt vbd, CFP, DFP+= 7t
7y 425 + 146 %, 9.0 + 4.4 %2 MXE Y tyrosinase &4
A avz R ¢t gyE 2tk

4

>~

=
—

slo] == Al AlLb o4 = -f- 5= 4] (hydroxycinnamic acid
derivatives, HCADs)&= %2 28] x3kE o] glom,
p-coumaric acid (CA), ferulic acid (FA), caffeic acid
(CaA) g} & HCADst 743t 3Hiksl avhsl 22 thef
sk A= gt e Zo® deA gtk o]d &
AT A=) el AFtellM, A 9 CFP, DFP&
] - ARSI ol & el A= HCADsS! FA,
CaA, 557 & CFP, DFP, 181 o]& st &
TTAFEEY st 9 v g ol tialf dofr gttt
ST TAFEFES HCADsE &skar slglomn, S5

A el HCADse= ti324] Q1 71 Aol dAbdAl = def

o gkebdEetel A, Al 35 Al 2 %, 2009

£ 100
>
=
= 80 [
&
60 |
3
£ 40 |
¢
= 20
0 . " " "
0 [ 0 ComBE‘ CFP I DFP ‘ CA ‘Albutin
10 pM forskolin

Figure 6. The effect of HCADs on tyrosinase activity in
murin B16-F1 melanoma cells treated with forskolin. The
cells were cultured with forskolin and HCADs at indicated
concentration for 48 h. The data was expressed as mean
values (£ S.D.) of the three independent experiments.

EHMCS} frAFSE UV-B @elA A9l &+ ads
vepd Wk olujel UV-A Gooll = 2ol dS F53t

 Exo

°
v 548 Ze AS g8t kst a3 FrtelA
£4A F8 CFP, DFP= 34 AtshdAAl 2 &zl
BHTell vl 108] oo Afeitzd 27 avdE et
Witk 22y xanthine/xanthine oxidase & AWHS-o
ol gt Eakh WAAIE o] 83 superoxide radical 2~
A adelr= 2 4ol ALY JERA fskth
B16-F1 SA41% A3 vk 535+ CFP9} DFPE] ety
A A adele s JEF oz Wl Y-S
AASFATE 50 ug/mLe w55 Alatale ), 44.7 +
6.0 %. 585 + 3.1 %2 Wepd A4 oA a3tE e
Stk B16-F1 A% A o] £A)8}+= tyrosinase?]
S 50 pug/mL FxollA CFP9} DFP 7H2} 425 +
146 %. 9.0 + 44 %°] AN S Hehdo] tlxE4<l
AHFE(111 £ 189 %) BY =2 Adl&a HERgith
o], HCADs= #ehd /43S X8k forskolinel 9]
& FrEEIA AIE U tyrosinase B2 AT O EH
Aoz AEE depd o o] aAZ S-S 9
njgtt) oo AxE B, $5574 2l HCADs+
ojm] &z bzt m¥ tjEo] UV-A % UV-B 99
o A o] e F4ehs A AL dAe 9w A )
2A48 2 7FsAE 7HA AL Sl AR gkt

|

= A= 2008
(107096-3) 2] &1--8]
Qo ZA=H YT}
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