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oF : s|4H 2 (Hesperidin, HD)> thefet AEAlo] EAste, 4% d4itat 7152 71 dia
flavonoid9] g&o|ct. & AFoA= 84 HDQl Hesperidin glucoside(HDG)7t 7= AlZEL&AF &
TAT JAAA B melanin B AA] S Al EZpEolA Blastlt. HDGE HDof| g3do] a4k
o7 AzEgom, HDoJ =] 20,0008 oA 287} Z715 2t HaCaT Al EZ0] gt N T =4
HDG7} HDeJl Hlsl ¥-55] Wtrh HDoF HDG= 2% 24 AR HaCaT AlZolA] Az/Es
SEGE Herglot E3t HDQ} HDGE Ay 454 (NO), 4 TAIRI- o (TNF-a) @ Qe £3]
-6(IL-6)7} Z2 A5 wiZiAl H cytokines #FAAIZ W, HD Hrh= HDGO| a77} tha 9s5H3ieh
Melanoma B16F10 MZFE ]85t melanin @453 tyrosinase &S SASH A3, HD< HDG
B s yeiliglen HDGZF ofth 43t 7544‘“ BHeld, 28202, HDY ‘jﬂoliﬂo] HDG=
HDej Hlal s-5olde] Al 21, A58 Al % cytokine $AIS melanin B/ Al5= HEh
o, HDGY| &2 484 W2 Azs4 59 542 ot foplA o] 85 EH/\V.:J T U
Ao HIrt

o

e

jgll rlo o[o

FAJof : gAmE]d FEIAOIE, &, AEEYGE FHE melaninY A

Abstract : Hesperidin(HD) is a a potent antioxidant flavonoid found in various plants. In this study,
the recovery of cell death, anti-inflammatory, and melanogenesis inhibitory activities of Hesperidin
glucoside (HDG), a water—soluble HD, were compared with HD in vitro. HDG was prepared by an
enzymatic glycosylation reaction from HD, and the water solubility of HDG was increased by more
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than 20,000 times compared to HD. Cell toxicity was significantly lower for HDG than HD. Both HD
and HDG increase cell viability in UV damaged HaCaT cells. HD and HDG also reduced an
inflammatory mediator such as nitric oxide (NO), and pro—inflammatory cytokines such as tumor
necrosis factor-a (TNF-a) and interleukin-6 (IL-6) in the cells irradiated with UV, and the
reducing effect of HDG was slightly higher than that of HD. In the melanogenesis inhibition assay
using the Melanoma B16F10 cells, HDG showed a superior inhibitory activity compared to HD. In
conclusion, HDG, a glucosylated product of HD with high water solubility showed more than equal
ability of cell recovery and anti—inflammatory potential, and higher melanogenesis inhibition activity
compared to HD in vitro.
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1. M E =] QATH13,14].

miEs QA A 449 BHE LuE

Flavonoid= ©Hefgh A= de] #xH & Agst] Fag 44 Ho] I st M
H=F 22 tAHES] dEoltHl]. slawed Z AA Z1oloh webA, QIZEe] mRE= W
(Hesperidin, HD)-> B|ZA¢] Hesperetini}  a Aet ~EF AL gFo] ddH ol WA e
—L-rhamnosyl-D—glucose (rutinoside)® 4% 2 &4 & glon, 59| AYHS toft &
flavanone glycosideZA], #H&, =td, <2 zx]<} A4t A (reactive oxygen species, ROS)e] 7=t

2o PR BUolH BRep] wAEL HDYt  AEAARA R 42 48 Ay, v
I thAMHERQD Hesperetin®] &<, #0148 % =3 @ ke §e 4 Q15,16 ol2F A

oF5sty EAe oA B2 A7t S3E o ol &4ge] A, ArE Qo thger FitEt
gom, olgt e dAlA AT HFAH 3 Ateba &4go] elmel dist A7t Zlesof
HD7F AU u|BE &40 28] rutinoside”} A| gith tjmAQl A& flavonoid)! HDE AFH
AE & v Hesperetin®] FH= S4E 1, o5 gats}, FAZ 7% 5 yepdttE Ao
Hesperetini= TFA] glucuronidated E& sulfated A= on, HREx SJeiAE o7t F
metabolites® ALHTH= Z-S HoJFATH2,3]. o] Uetd & Qe ALoR AFEHIIH17,18]. &
HDS¢} 1 giAHA|, SEAEL d9% F7F, I3 Oq?"’ﬂ/ﬂ“ +84Q SarEds dgder 4
A 2 glob AL Telst Ol oFa|sta E 240] =Z7lE o ]zﬂ°1 HDGE A|=xs}a,
Ao Zte How ByEglon oo F=i} HDG7} 7]'1]% Az 2155, 3495 2
Hpolg| Ao igt AT ATEHTH4A-10]. melanin FAAASs 5= HDSF HWStY in

18y HDE @e &3 EH—.—Oﬂ Aok AE 9 vitroo| Al ZARSEIEE 2 AT Wi AR
PR 2ok 4tgA $8S SHot=d AT HD¢} HDGO] F%+= Fig. 1o YehHich
pom, olzfgt We foir g ety BE5HH

BIE FIA717] SleiA ot A7 siE

of gtk A=A, SudRet S HDoA 2. 4
T84 E e &9 JfAde] HuEglon

(11], HDE et ofet Ui 4x7F HD9 2.1, MEx=z

Bl @ Aol 8ES FEAI717] s AlxE HDG AZRE 3t HDO9IS%)+= FAZA
AUTH12]. E HDO| fxoA 4T 29 ® IBT®RM, 3)oA g4stelen, #& HDE=
Sl w2 aapr FEYsH AFEeH, E5] Sigma—Aldrich Co.(St. Louis, MO, USA)®fA]
g0l (glycosylation) W 84 @ AA0lg  FYstAth. HDG AXE g FHo|aad
B2 771 a849 U F SR 94 cyclodextrin glucanotransferase(CGTase, Toruzyme)
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(@)

(b)

Fig. 1. Structure of hesperidin and hesperidin glucoside.

(a) Hesperidin

I JteRSEAd glucoamylase(AMG)E
Novozymes*HGladsaxe, Denmark)of|4] 59155
o} Dextrin2 Sigma—Aldrich Co.(St. Louis,
MO USA)oA, o84 resin(Amberlite XAD-7)

2 Dow Chem.(Midland, MI, USA) A& At
8 }9&131'. MZAEg  Dulbecco’s  modified
eagle’s medium(DMEM) ¥ fetal bovine serum
(FBS)-& CytivarHLogan, UT, USA)ollA S35}
Aot 3-(4,5-Dimethylthiazol-2-y)-2,5-
diphenyltrazolium  bromideMTT), penicillin/
streptomycin 88 dimethyl sulfoxide(DMSO),
melanocyte  stimulating  hormone(a ~MSH),
L-3,4-dihydroxyphenylalanine(L-DOPA) &2
Sigma Chemical Co.(St. Louis, MO, USA)®JA|
Tkt AR ANO) HE 7IEE iNtRON
Biotechnology (3=, Ad)<] A&l tumor
necrosis factor alpha(TNF-«) and interleukin—
6(L-6)ol gt ELISA 7]E+= Thermo Fisher
Scientificoll A YIS 71BF RE AoF2 15
= ol AleFE ARgsHAITh

2.2, H%

I]9..

ey

2.2.1. HDG2] Az

HDERY Txold HDGE Choi %—[19]_4
Aol e Tl wheh A=A &,
42 0.1 N NaOH 8Hof 1%(w/v) %E_EL
LHA71 A% pHE 7.022 9= § dextrine
HD2] 4] v] &2 H7}6t CGTase 5%(w/v)<}
glucoamylase 1%(w/v)& TAEZ {351
HDGE Alzstldh. ¥e&2 F2rA= Az
Adol| 295t 60% olge= &2 & A

(b) Hesperidin glucoside

o
filo

SFAZIL YAAA I FHES st

AZAZH.

2.2.2. HPLC B4

HD¥ HDG B4 HPLCe| 95 EA45t%
o} BMAg o2 Amide AH(TSKgel Amide-
80, Tosoh Corp., Tokyo, Japan)= AH8oIHS
o, o]FAMS acetonitrile:water®] gradient®= A,
05(80%:20%), 158(65%:35%), 30%(60%:40%),
378(80%:20%), 508(80%:20%)°1}1L. &2
0.8 mL/min, ZY 2= 25C=2 {2 =Y A
Z w2 280 nmollA A5kt

2.2.3. LC-MS9] 9J3t B4

ax §¥EE B9 92 HDGx LC-MS
spectra©ll41€] fragmentationg EAste] &lsk
Ak, 71<e¥ HPLC £A He]  7]4kste]
HPLC A]28(LC-20AD, Shimadzu, Japan)ollAl
P om, LC/MS HEL positive modeo Al
Q-TOF Premierometer(Waters, Milford, MA,
USA) A|A"loA] 4=3=] 9t

224. &= &3
Sl HAEE 25298 K)ollA 4=a4=3ict
[20]. #Fe] HD EE HDGE F75 491417
i 0.2 um ZEE Foff oot ofd-g HPLC
2 2Astgh 7183t A4(SCo)E B ArtH
% HDY] ool i3k HDGO] Fo g AXrstqirh.

2~

-
2~
=B

22,5 AlZ wigzd 9 AE &35 57
Mz=Ed 2 AFA cytokined] o A2
keratinocyte§l HaCaT ANZE Gt ZA oo A
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2opirol =it A2 10% FBS ¥ 1%
penicillin/streptomycin 84-& E3FeH= DMEM
oA HiFEoH, AEZEALS MTT assay[21]
o o8 ZA4=Uct. HD 9 HDGe] 3t 43
& SIsh7]9sl, AEE 96-wellol A oF 4x10*
cell/well9] w22 EFS o2 5% CO, QI
olElofl A 2447t FRF HikRt & 2] oE T
o] HD ¥ HDGE wello] ¥7¥sta 37°ColA
24170 B9t HiFstlt. ®iAE AAT T
MTT €9 100 xzLE ZF wello] A7}sta 37C
oA 247 Fet KASHA olejA DMSOE
Z7}okal microplate reader(Epoch2, Bio Tek,
Winousski, VT, USA)E AF&3te] 540 nmollA]
TFEE ST Ax BEE2 dxT A
F e 3= ApolE WEER AL
HE = 2Qld &4 fitt AzgEs 3E
4719t F4T 234 HD % HDGE 37t
2] ZAI(UV  Crosslinker CL-
1000M, UVP, Upland, CA, USA)E o]g3d}o]
302nme] ZFQJA-E 70 m]/cm? Al7|2 FASEL
37CoNA 24A17F Bt wieFste] Zgatact.

Mo T af o

3 7,

2.2.6. NO9| Higt 93 A

HD 9 HDG= Ag/A2=7] 942 AlaEofA
A= NO levelg A5 AEZE 96—well
oA} 2x10% cell/well®] &2 APA #jeFstu
ohFet w=o HD 9 HDGE A5ttt 249
Aol ogt JF2 A FAP|E o8t 7
914& 10 mJ/em® AI7|2 FAFSEL 37TCeA
24X Bt Hiekeldth. ABAEE NO  level>
NO #HZ kitE ARgsto] A xAp] mgEZ
w2t Aot &4 E= microplate readers
AHaste] 540 nmol|A ZA stk

227 TNF-a 9 IL-69] i3t 9&F =4

TNF-o¢ 9 IL-6 E49 tfgt Alx wjef F
AY 218 NO B4 AHgH 217 5ot
th = AEE 96-wello]Al 2x10* cell/well?]
FEZ AR wigela ottt sxe] HD ¥
HDG=Z Ae]stict. zpe]Ao olgt JFe 219
A ZAPIE ol8ste] 302nme] #Ae]AES 10
mJ/cm’ A|I712 ZAFSEIL 37°CoA 24413 B4t
vieFatdet. A4H TNF-a 9 IL-69] %2
TNF-« 9 IL-6 7% ELISA kit AMgsto] 7+
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Zto] mZrEZo] ot S4sinh. 3=
microplate reader& AFHE5t] 450 nmoflA =

shert

ox I

2.2.8. Melanin A4 AS =4

Melanin g4Jo njxl= HD ¥ HDGO| 43
2 Melanoma B16F10A|ZFE A ZF 23

=, A2)ollA st SAstdt. Alxze
10% FBS ¥ 1% penicillin/streptomycin= I3}
sH= DMEMOIA 37C, 5% CO, Z7istolAl 8
o5ttt Melanin AT =42 Hosoi 5[22]
o] HhHS UdRE ®Hste] AMESHATE BI6F10
HRE 5%10* cell/well?] &7t HE2 B3s)
AL 24N B ARE HjdRt SO 10 uM
5E9l ¢-MSHe HD = HDGE & H=Z
Agotint. 72 AR ¢ AY ¥ HiRE AA
5t PBSE A & 1 N X9 NaOH &
o 100 pxLE At 60T, 2 AlRF Bt
melanine §3A]7]1 microplate readerg A&
St FFEMA05 nm)E Sk FdtRT
o2 100 pg/mLe arbuting AHESFITH
Melanin A9 A A= o -MSH Az
oA Alm Ao melanin JAHFS HAE
2 mAsk,

2.2.9. Tyrosinase A3} &4 =3

Tyrosinase A3 &4 915 Az 7]
melanin YA AA ST FASH 2702 438514
o &, AEZE i T PBSE AHSIL 1%
Triton X-100°] 272 PBSE H7Isto AZE
SoAFEE. AsdE FLst 10 mMo
L-DOPAZ} 71l PBSE H7kste] 37TCelA 1
AZE FQF BRSAIZ] H 475 nmollA SRS =
Aottt Tyrosinase Adhs2 Al=gHe] A7t
FoF T S0 AAERE YERHQIT

rOll

2.2.10. BAEA

RE] AY HEx= 3§tEoz L9Yr|glo
H, S B + FE HEAE B
YYPEAEH(ANOVA)L  SPSS AZE
(version 22, SPSS Inc., Chicago, IL, USA)E A}
got] FPE Ty APt 7] {23t ztol=
Duncan’s multiple range test® AME3Sle] p (
0.05 & p < 0.01°4 HA= 3t
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[
2
gl
x

3.1. HDG2| H|

3.1.1. HDGY] a4 ©do] W BHX

HDG9 844 AL dextring ZEd 3o
A, Adde $842 Argste] 86
tH19]. CGTase®]| 23 287435 wre 9 A
A B3 dolxl 95% elgel uek HDGE
F5oto] ARgStinh. AR ol o] dof
71 HDGE LC/MS 248 Fal glstalct. &
FEZHo|N m/z 773014 HDGO| FAAtete 2
2} 0]2-8 glucoseE ol m/z 611914 THo]
€& BASHYI T m/z 303004 B o]l
Ay3skAct(Fig. 2).

3.1.2. HDGO] €35
w2 A4 flavonoide] &di=S
AL in viro B in vivo E%°] 271

]_

lo m‘U

Z7HA12
[e)
& 9

100

303.0870

JJG 3422

296.2583
~
2802628
127.9794
226.9510

3393449

449 1452

4851397 g1y 1967 7712352
’ ~

4711729

o] HIEtH23,24]. & Ago|A HDO &5f
L= 9F 14.05 wg/mL olou, FHOIARA
glucoseZt 2t HDGO &dl=+= 52435 371
&to] 300 mg/mL olAFe= 21,3528 o|Ato] &
=E UeErIth HDGE] ddid 7H83t Al
(SC) %2 Table 1o E7I5FH L)

3.2, HD ¥ HDG2| MZESS

3.2.1. HD ¥ HDG9] HZ=A4
HaCaT AlZo| tigt HD ¥ HDGO] AlZ=A
S yrigt Ay, HDGE HDef H|s| wf$ 52
Az 4L Yetfidet(Fig. 3). HDGE 500 ¢
FLANE Fou|gt AlEZ AMEE FEoHA
ro H}tﬂ;, HD2 200 ¢M sZoA AT Al
=4S el oebA o]2 o] FEF At
Ao HDI HDG 2% 100 zMeO] %77

T73.2474

T85.2322
P

7412248
627.1925

600 700 800 900 1000

Fig. 2. Mass spectrum of prepared HDG by LC-MS analysis.

Table 1. Solutility of HD and HDG in water

Sample Solubilization coefficient(SC)
Hesperidin 1.0 £ 0.04
Hesperidin glucoside 21,352 £ 0.35
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OHD
2 OHDG

2]
=]
L
#

%

Cell viability (%)

CTR 1 10 50 100 200 500
Concentration (uM)

Fig. 3. Cytotoxicity of HD and HDG on HaCaT cells.
Cells were treated with or without HD and HDG, respectively. Results were represented as mean
+ SD (n=3). Significant differences from the control(* p < 0.05; **p < 0.01). CTR; Control.

120

OHD
OHDG

Cell viability (%)
-

=
= W
HH
HH

Concentration (M)

Fig. 4. Effect of HD and HDG on HaCaT cell viability damaged by UV irradiation.
Cells were treated with HD and HDG, respectively, and treated with UV(70 m]/cm® UVB). Results
were represented as mean * SD (n=3). Significant differences from the negative control (#p <
0.01), Significant differences from the UV irradiated control(*p < 0.05). CTR-; Negative control,
UVB; UV irradiated control.

3.2.2. HD % HDGE| A4 &7 digt &% ey HD 2 HDGE A2|§t B9= 50 u

g Q] (UVB 302 nm)oll ZARE Aol M olgelA frouet BEE I7HE HAoH,
gt HD % HDGe| 8% &y HaCaT Al ojf HDGE A&gt o] HDE A3 dHt
oAl BrtetAck. 70 mJ/em’e] Al7|2 #RelA ofzt ¢Sl e Apol7t Al edskt(Fig. 4).
ZAPE Aol 73S 40% olste] LS e
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120 120
150 - OHDG _ 100 e
g im = g gt
. s
B £
E * H ¥ e
g g -
g - g’
] 5
E: = E m
R- VB 1 10 50 100 ETR- Vs ! e 30 1o
Concentration (M) Concentration (uM)
(@) (b)
120
- OHD
100 ——— {»{» OHDG
2 P
8 =0 N
£
E . a3
g o 4
‘? EEd
P -
5
& T

CTR-

1

Concentration {uh)

©

Fig. 5. Effect of HD and HDG on the production of nitric oxide(NO), tumor necrosis factor—a

(TNF-a) and interleukin 6(IL-6)

in HaCaT cells.

Cells were treated with HD and HDG, respectively, and treated with UV(10 m]/cm? UVB). Results

+

WEeEre represented as mean

levels, (c) Effect on IL-6 levels.

(a) Effect on NO levels

SD (n=3). Significant differences from the negative control (#p <
0.01), Significant differences from the UV irradiated control(*p < 0.05; **p < 0.01).
Negative control, UVB; UV irradiated control.

CTR-;

, (b) Effect on TNF-«

3.2.3. NO 4%l nA= 9% stelct. HD 9 HDGE A2eh A4 tha zo]
NO= # &&d |5 wizfiAlolH, o] < £ e 10 xMFE NO A4S AIsH] Al
A A5 HellA Fad dde & & ot Zstod, 50 uM olde] Fkold NO 44de &
[25]. & AdoAe Aol 93 244315 4 #stA FaAZtHFig 5. a).
dits FE AE ARFEO]l A NO Aol i
H= 279 10 mj/cm?] AI7|2 AF]AS A} 3.2.4. TNF-a 9 IL-6 A% v 9
St Arelde 2ARE MEE ?qalﬂll e TNF-a % IL-63 Z2 954 cytokined
223} Blmate] Ardah ool NO AJAS on Ao A Aegsstaley. S AR Alxs
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AesA) oo dzEa wLelel Ae

TNF-a 9 [L-6 AL $E519 E]-(Flg . b

c). HD ¥ HDGE A33t A% 50 M o]A49]

5ol TNF-o 9 [L-6 442 247 axs)

A ZAANFHLSH, T cytokine BRFIA HDGE]

Aaaazt HDo|| Hlsl o4 2 Z3FE Hich
X

7o
o

>iE mk?ﬂ rlo [> b rlot

g 4= ot Choi '5[19]4 Cﬂ:r“’ﬂ’ﬂ HD
HDGE= @4ttt 7153 74 RAW264.7 Ao
A AEA cytokineE & OEH HAAT|=
ZAo® HUEQOM keratinocytes ©]-&3F E
AfNME HD2 HDGE AlZEGS 35EA7]
I AFA cytokineS AAA7|E EIE e
Aot & HDGE= HD Hr} Al SA4o] & A
A2 W oo}, AF5A cytokine Sl WS oA
A= HDel Hs| tha Ees Ik
Flavonoid®} Z-2 =49 #A¢, %2 AFolA
Ao R hydrophilic B4 2= glycoside
Tz vl hydrophobic £53-& Zt= aglycone

|o

757} Azl goakgolt Eakyg So o
i AEEAo] &3 75HE B8 & Yk Ao
2 HuE9or2930], B AFelME HD7}

OHD

e
=)
c

OHDG

=
1=}
5]

m
=]

m
#
H

*x

Reltive Melnin content (3)

o
=1

CTR- o-MSH 1 10 50 100

Concentration [pM)

(a)
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S840l =& HDGY Hle] HEEAo] =& A
o= uehgth WA 434 cytokine Sl et
A SBLF}E HDGYE HDo|| H|8] thA =2 7o
= Yehden, ol Aasjgdeld HDGO| =
5] =o %Mo] FFE F F e Aoz F
A=W, hydrophobicity®} &2 Fx3 84 ]9
o gy orFAN e o7 Q47 a5
IFE F 5 Y2 Aor 7" vH31,32], 2
ot orekst =4 9 n owivooll A9 &% AUt
a3 Aoz AtzHh

3.2.5. Melanin 4 9A5 9 Tyrosinase
Al &4

B16F10 A=z HD % HDGe| <Js)
melanin M4 o] TAAEEAE LotE7] ¢
3l melanin MA AAHES %L,lﬁ]-?&q. a—-MSH
7t A AlazofA melam nHA JPFE
slst A3, HD ¥ HDGS A38g 4 melanin
A9 Agigo] dixgto] Hls) FAoHA FAHES
el 4= Qth(Fig. 6, a). HDG7} HDof| H]
3 oA =2 melanin Al HEoH 10 u
MolARE A 3t theht ol% 29 o
Ag7t S7ketdet. EERE Az FERE o]
235to] melanin A9 F9 ©AQl tyrosinase
gAo] AdE=AE =AstqchFig. 6, b).
melanin A Aet GASHA HDG7F tha &2

-
=)
5]

OHDG % 3%

*#
1#

s
——
,_l_.

o
=)

Relative Tyrosinase inhibition rate (%)

=
5]

rﬁﬁfﬁﬁm

Arbutin CTR- 1 10 50 100

Concentration (uM)

(b)

Fig. 6. Effect of HD and HDG on melanogenesis and tyrosinase inhibition.
B16F10 Cells were treated with « -MSH and HD or HDG. Results were represented as mean +
SD (n=3). Significant differences from the negative control (#p < 0.01). Significant differences
from the a-MSH(a) or Negative control(b) treated control(*p < 0.05, **p < 0.01). CTR-;
Negative control. (a) Effect on melanogenesis (b) Effect on tyrosinase inhibition
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AggdS HHew 10 yMAMTEE A
7F AFFEo] 50 4 M olAate] BrolA oFA thx
¢l arbutind]l £Hst= 943 Asjans v

Ehi 2t

4.

[N

2

71%5A4e 74 flavonoidolyr ?gAIQl HDOJ
A84 e Hsted, oF 20,0008 o]de] &
AL 7HAE gHEolAIl HDGE Alxshe] A
o9 okt Es= =ttt HDLF HDG
£ 25 #old AE]" HaCaT AlZEoA 2] Al
AZzE 38 9 AZFA cytokine2] AAAJA &
= yehglew, B16F10 AZo)A melanin
FAAAA Y tyrosinase EAAAS EIE YERY
ot Aol =3 AlEEAo] e HDGY
g/do] HDel Hl8| &5 oFeR 4ot
HDG7} Bt} tefstA 8ol 7 ALz 7]
T},

ATE F2MA7 AR} F47]7|EHR
Qo] “XAESTAGA+HR&D, $3370592)°
o] Z9e wop s A7AT.
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