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Abstract: In this study, we investigated the anti-oxidant, anti-aging, and skin whitening effects of Korean mistletoe (Viscum
album var. coloratum). The mistletoe fraction was composed of four types: hexane (HX), ethyl acetate (EA), butanol
(BU), and methylene chloride (MC). In total phenol content assay, HX showed the highest phenol content among four
fractions. In addition, EA significantly increased 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging and catalase-like
activities, and MC significantly increased superoxide dismutase (SOD)-like activity. When we compared ICsy value in
the hyaluronidase and elastase inhibition assay, MC had the lowest ICs. In addition, we also performed tyrosinase inhibition
assay to demonstrate the possibility of Korean mistletoe as a cosmetic component. HX showed the highest tyrosinase

inhibition rate among the fractions.
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Viscum album var. coloratum

(1 L. 80 °C. 640 APM, 12 h. 3 cycle)

lExtracted with MeOH

‘ MeOH extract

Extract with hexane Suspended in MeOH/H,0

‘ Hexane fraction

‘ (200 wL. 3 cycle) "(9:1, 200 mL)
-« R

MeOH suspended in H,0

(200 mL)
v
Extract [with CH,CI,; Extract [with EtOAc Extract with "BuOH
(200 mL| 3 cycle) (200 L) 3 cycle) (200 nL.| 3 cycle)
v
‘ CH,CI, fraction ‘ ‘ EtOAc fraction ‘ ‘ "BuOH fraction ‘

Figure 1. Flow diagram of extraction procedure for different Korean mistletoe fractions (Viscum album var. coloratum).

okt Ap AxE AeAo|(100 g FH= A A
(Korea), 7|55 o] Ax(2), &7], ol Heh
2 500 mL 71513, 80 C, 12 h 3 3] 3k &3}t o
A B oehe FEAS ot izt 9, AR w59}
P, WERE FEE 18 g2 Atk o]gA A2 HEke
FEE(18 g & 18%)= HIThES/= 9 1 1 HE2] 894200
mL)oj| FEFSE 3, SlliKhexane, 200 mL)S 715} 3 3] &
miEele Ak S 2 §ols A wEste] &
2 3ol TA|HA, 167 g & 1.7%)F A9tk o |
e/ SHolA] S A FFdto] Mg AlA
g &, £(200 mL)ol] FEAFITE HEE -GHof g
E2}o|=(CH(, 200 mL x 3), of[dobAH[o]| E(EOAC, 200
mL x 3), n-Ek&(n-BuOH, 200 mL x 3)9] $=0 2 gufji
& HABlat olgA A& FEHNES 9 H5d
HEHZZ2o|=(MC) #31=(1.74 g & 1.7%), oot
AEO|=(EA) 325121 mg 8 0.5%), n-HER(BU)
HIE(G39 g 58 34%)S ArkFigure 1).

23. & Iz & =%

A A 9A0] RIS meml) 40 uLE 40 uLo]
Folin-Denis A]fa} 4> 9 3 min ¥ESAIZTE ©]% 40 uL
9] 10% sodium carbonate solution (wW/v)2 713t} AJekS:
A2 3 A=A 1 h RESAIZITE Tannic acid= /d o
Ztog ARESEglem, 700 nmojlA| SFEE 57510
AliFsieic)

2.4, DPPH XFQ 2iCjzt A7 &4

1, -diphenyl-2-picrylhydrazyl (DPPH) #1§2tclzt 844&
Z4517] $15lo] Brand-Willims 5o] AAIGH e AMg-
SHATH24). A9Ado] H2HE 10 45 WRheo] ¢ 180
#LS] DPPH (02M)o]l E3H5E 5 4420l14] 30 min 233t
o vk A|ZTh HljeF 2 519 nmol|A] TR =S =A5Hc)
RLoTL ofATEHARS AMSIGTE AATALSL

et} vlalsto] g LERRIC,

2.5, SOD RAH &8 =H

Superoxide dismutase (SOD) -F-AF 2432 pyrogallol 2] 27|
SIS Aol Are Slsilh A9uo] HeEe 50
mM tris-HCl buffer (pH 8.2)2} 412 Th3- diethylenetriamine
pentaacetic acido]] =<1 25 mM pyrogallolS 100 uLZ 7}3F
£k 10 min A0 WABIAT, 01 FHES 405 mo]
A1 3 min 7 Sk

2.6, Catalase &4 =3

Catalase stock solution2> 10 mge] 45 1 mLY
potassium phosphate buffer (50 mM, pH 7.0)o]] &-3ljsto] qt
Stk 718 226 uL®] hydrogen peroxideZ 9.989 mL
phosphate. buffero]] 43310} PHESICE 2 AlolAh 50
mM potassium phosphate buffer (pH 7.0)0f] =91 2 mM
hydrogen peroxideE 50 yLE 50 uLQ] catalase 899 Fi=
AL A4to] HElE| 7Hick o]F 25 CellA] 5 min
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2.7. Hyaluronidase Xsls

20 mM sodium phosphate buffer (pH 7.0, 77 mM sodium
chloride, 0.1% BSA) 210l 9= hyaluronidase -2-9K(8 unit/mL)
< 50 uLe] ALAbo] FeET} 412 & 37 CoflA] 1 h W
|8}k ©]% 300 mM sodium phosphate (pH 5.35) <ol
9J= hyaluronic acid solution 100 yLZ 73t & 37 CojA]
45 min 7t WX)SIACE ASkE]A] Q- hyaluronic acid:= 1
mL acid albumin solution (0.1% BSA in 24 mM sodium
acetate, 79 mM acetic acid, pH 3.7)& 7}3l] AAAF L) =
L= 10 min 7F AR2olA W] 3 570 nmoflA SE =S
27g5hick. Apigening: QPHEFOE o] g1k

2.8. Elastase XNalls

0.33 M Tris-HCl buffer (pH 8.0) 170 uLo]] THEAF A9
Ao] BEE 20 yLE S T 20 min 7k ARLo] W]}
Stk 71 3 04 unitmL elastaseS 20 uL 7kl Ao T
TFA] 20 min 7k AF2of ®AZE & 405 nmollA| SFEE
45130t Ursolic acidEs /O = AMSSIGITE

2.9. Tyrosinase Xshis

Mushroom tyrosinase (Sigma, USA) 1 me (3,130 unit/mg)<
2 L phosphate buffered saline (PBS)S] 481X]7 mushroom
tyrosinase solution2 TFEIc} 7|22 tyrosine 3 mg 11
mL PBSe|| 5] TSItk 1.5 mL tubeo]] 60 uL2] A-$-aho]
e B PUETS Eal 2249 tubed] mushroom
tyrosinase solution 60 uLE 7}5}c) ARLolA 10 min =
2] &, tyrosine solutiong 120 L 7}5}aL 15 min 37 CojlA]
HESAIZITE o1% 492 nmojlA] FFES SIS A
22 ascorbic acidS ARESHAT

2.10. SAXz2|

A3} £7 #]2]i= GraphPad Prism (version 7.04)& AR
stom, Fok A5 One-way analysis of variance
(ANOVA) test@} Tukey multiple testo]] w2} 24151
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Figure 2. Total phenol content of different fractions of Korean
mistletoe (Viscum album var. coloratum). Folin-Denis method was
used to determine the total phenol content of Korean mistletoe
and tannic acid was used as a positive control. Each bar
represents the mean £ SD (N = 3). Different letters mean
significant difference according to ANOVA, Tukey test (p <
0.05). (TAE; tannic acid equivalent, HX; hexane fraction, EA;
ethylene acetate fraction, BU; butanol fraction, MC; methylene
chloride fraction).

pacs
w T

A

ehrios, ZhEEln 2he ahik} o]
SRS ek Aolch2526]) WS e
hydrowyl 15 7 T SRIEL i
o WA s SIS Tl
Ao Aol glom, 1 F Akt &
53 oju] YFEUCH2728). Wb 5 sl
SHe AL AAL ASAolo] Bk S 2T 4
£ 3 71K o] | ol & v SRS BB
dspon], HX Hel2e] /by W vl SRES st
%L, EA, BU, MC 8}250] 11 52 o|gickFigure 2).

oX

2
1o

e

1o N A
>
we frome e oo

&
5

o o
o

-

rr

9
N
N

A

g o

o oox

ok
0!
= o
B[\
30 o

d

3.2. DPPH XI& 2|zt &M 2l SOD-2f
Catalase—SAl 2t

_"

= O
A9A0] BEEES Srojzron A8 Brus 47
3 2 9190k 4 10 mgmLe] EEBA] & sl
3} DPPH 2fofz 47%50] Qe 28 4 gickFigwe
3A). A9ao] HelEo] DPPH 21§ ez SHEC)S

r



Table 1. ECsy of Different Fractions of Korean Mistletoe (Viscum
album var. coloratum)

Mistletoe ECso (mg/mL) + SD

fraction  DPPH radical scavenging SOD-like activity
HX 745 = 037 2530 + 1.27°
EA 2.09 + 0.11° 2124 + 1.06°
BU 11.15 = 0.56° 21.98 + 1.09
MC 50.01 + 2.50¢ 12.81 = 0.64°

The values are expressed as the means = SD (N = 3). Different
letters at same column mean significant difference according
to ANOVA, Tukey test (p < 0.05). Different letters next to
the data indicate significant differences between mean values.
(HX; hexane fraction, EA; ethylene acetate fraction, BU;
butanol fraction, MC; methylene chloride fraction).
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Figure 3B 79-4ko] H8]0] SOD-GARM%9 S Let
Witk DPPH 23 2feiz 471 e} 487, 794k

o] BIEEL FroEXORE SOD-FAF A4S S7HA
2tk MC 1@,301 7 WS BCsy 32 E.om, EAQ}

BU E8&-2 & WskE HolX]
7\z3t0] A AuR, & wlE PRk SOD-HAF &
3 Zhollis A BAPZE Holx] okglrk
A{bo] H2=9] catalase-+-AF 2gd(umol/min)-> Table
20] UERLE 2= =molEAHo|A] gy HE =%
oM MC E3E0] 71 W2 catalase A+ 24J(umol/min)
= Hglom Afto] #8E F EA H#8¥E0] 7MY 2
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Figure 3. (A) DPPH free radical scavenging activity and (B) SOD-like activity of different fractions of Korean mistletoe (Viscum album
var. coloratum). Vitamin C was used as a positive control. The values are expressed as the means £ SD (N = 3). (HX; hexane
fraction, EA; ethylene acetate fraction, BU; butanol fraction, MC; methylene chloride fraction).

Table 2. Catalase-like Activity (umol/min) of Different Fractions of Korean Mistletoe (Viscum album var. coloratum)

Concentration Catalase-like activity (umol/min) + SD
(mg/mL) HX EA BU MC
3.0 0.27 + 0.01° 2.87 + 0.14° 1.94 + 0.09° 023 + 0.01°
63 6.6 + 033 5.81 = 0.29° 6.66 = 0.33° 041 + 0.02°
12.5 N/A 8.01 + 0.40° 442 + 0220 0.16 + 0.08"
25.0 N/A 5.18 + 029 17.79 + 0.89° 0.15 + 0.08"

The values are expressed as the means = SD (N = 3). Different letters at same row mean significant difference according to
ANOVA, Tukey test (p < 0.05). Different letters next to the data indicate significant differences between mean values. Not applicable
(N/A) means the fraction did not show any activity. (HX: hexane fraction of Korean mistletoe, EA: ethylene acetate fraction of
Korean mistletoe, BU: butanol fraction of Korean mistletoe, MC: methylene chloride fraction of Korean mistletoe).
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3.3. Hyaluronidase?2} Elastase Xslis

Hyaluronic acid®} elastin 23}t 22| 4 Aw] 2] %4}
of AA de] wEEo] glom uRE FAsk=T Fa%t
o5k B3], =3} 2gollA] hyaluronic acid®} elastin
hyaluronidase®} elastase]] o3l wafiElct. wta] o] & &

‘r‘

Table 3. Hyaluronidase and Elastase Inhibition of Different Fractions
of Korean Mistletoe (Viscum album var. coloratum)

ICsp (mg/mL) + SD

Fractions
Hyaluronidase inhibition Elastase inhibition
HX 211 + 0.11° 6.18 + 0.31°
EA 11.97 + 0.59° 347 + 0.17°
BU 6236 + 3.124 591 + 0.29°
MC 0.99 + 0.05" 1.77 + 0.08°

The values are expressed as the means + SD (N = 3).
Different letters at same column mean significant difference
according to ANOVA, Tukey test (p < 0.05). Different letters
next to the data indicate significant differences between mean
values. (HX: hexane fraction of Korean mistletoe, EA:
ethylene acetate fraction of Korean mistletoe, BU: butanol
fraction of Korean mistletoe, MC: methylene chloride fraction
of Korean mistletoe).

2] oigt oA AvE SRe =M wlFE S thel &
Solut M AR oRAY Te = US4 itk
[32]. 3=AL AHLA o] BE1E-0] hyaluronidase®} elastase ]
Al Bss AEE, £2lE 5 MC #8E0] 7 3
2 IC5E YER|QIcH(Table 3). Hyaluronidase ©JA] assay 2]
oFA tZ2] apigenin®] ICsp= 600 ug/mLo]RATL, elastase
oA assayA P tix2] ursolic acid®] ICs= 924.8 ug/mL
ot AS HsfiEE, MC -cﬁ_.]gol hyaluronidase 2}
clastase = QA 2= Q= AA|F Q] TREAo] B 2= 9)

< Zojet Ak

3.4, Tyrosinase XNslls

SHHAE A9Akol0] na] f5-2: Slofiy] 9fso] s
inhibition assay S 4=sleick. WRO] AES AASH: B
2k QIAII melanin- 3] 7143-2] melanocytee}il %ﬂ—‘:—
Az H3Ee] melanosomed] ] AYFHEI, Wehle FH4ds)
L] GlojHe] FUBYL ofulieile] A tyrosineo]ck
[33]. Aol EelEo] T oA depd S| A
= RO R Aafid 4= Ql=A| ok 918to] tyrosinase
Asll 24L& SAskaich A 23, HX £¥E-2 500
ug/mLof|A] 46.64 + 2.33%, 1231 1,000 ug/mLoj|A] 54.28 +
271%9] tyrosinase A5 Holo], ALl 52 5
71 ot vl avks LEhfiiciTable 4). 71 FE o]
o] MC #&=°| ¥ T30

EAS} BU $9j2e ool wlsh 2 an} gisich
4.8 2

SH=tAE AQAbolo] §pitsl A3l hyaluronidase X elastase
Z{ﬁH _'§_jr_]r‘§_ E‘o‘]— oP},ﬁ]— _'gJ_]- la.L. tyrosmase Z10H 3}

Table 4. Tyrosinase Inhibition of Different Fractions of Korean Mistletoe (Viscum album var. coloratum)

Concentration Tyrosinase inhibition (%) £ SD
(ug/mL) HX BU MC
50 37.58 + 1.88 19.21 +0.96 18.54 + 0.93° NA
250 37.75 + 1.88° 17.28 + 0.86" 1728 + 0.86 31.70 + 1.58°
500 46.64 + 2.33° 16.75 + 0.84° NA 28.10 + 1.45°
1,000 5428 + 2.71° 33.98 + 1.69* NA 3447 £ 1.72¢

The values are expressed as the means + SD (N = 3). Different letters at same row mean significant difference according to
ANOVA, Tukey test (p < 0.05). Different letters next to the data indicate significant differences between mean values. Not
applicable (N/A) means the fraction did not show any activity. (HX: hexane fraction of Korean mistletoe, EA: ethylene acetate
fraction of Korean mistletoe, BU: butanol fraction of Korean mistletoe, MC: methylene chloride fraction of Korean mistletoe).
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