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ABSTRACT

Malus micromalus Makino is a native plant to Jeju Island. In order to
evaluate the usefulness of its extract as a functional biomaterial, we
investigated several biological activities using the ethanol extract and its
fractions from M. micromalus leaves. The ethanol extract showed strong
antioxidant activities, such as DPPH scavenging activity (IC50=16.1ug/ml),
nitric oxide (NO) scavenging activity (IC50=901.2xg/ml), superoxide
scavenging activity (IC50=42.5ug/ml), and xanthine oxidase inhibitory activity
(2.7pg/mb). Tts ethylacetate (EtOAc) fraction showed the strongest antioxidant
activities among several fractions. The ethanol extract and its EtOAc
fractions dose—dependently inhibited the NO production in a
lipopolysaccharide—stimulated murine macrophage RAW 264.7 cells. They
inhibited the expression of protein and mRNA of iINOS and COX-2 in a dose-—
dependent manner. Also, they inhibited tyrosinase activity and melanin
content in Melan—a cells, through inhibition of expression of protein and
mRNA of tyrosinase and TRP-1. These results suggest that extract of M.
micromalus could be used as functional biomaterial in developing a skin

whitening agent having the antioxidant and anti—inflammatory activity.

Key word : Malus micromalus , antioxidant activity, anti—-inflammatory,

melanogenesis.
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o7 AgHUAM A= FH7E, A Wo] 2 ANsdd, d3 g 59 2
ZF A HAGRZA st Ay 7 5S 7Y (Knowles &, 1992; Monacada
%, 1991; Nathan, 1992; Palmer &, 1988). NOSs+ =@l 3}st% Ao ute}
THY & a4=2 BFFIY. o] Fol neuronal NOS (nNOS)®} endothelial
NOS (eNOS )= Az A|&EHox EAsH7] wWiZo| constitutive NOSE -5+
H (Kawamata 5, 2000), Aoz M EZ, dHFSIAE, WIHAE 5
ol 41 lipopolysaccharide (LPS), interferon-y (INF-y) "% tumor necrosis

factor-a (TNF-@)%59 A=A =S ==H+= 9o 3% = inducible NOS

olo
o

(INOS)7F Stk iNOSell s #ite NO= g 344, 55 5o d5n

SN B oy A wWisiAle e HAste] dss ASATIE AL

4
o

Z 484 At (An 5, 2002 ; Lee %, 1998; Lee 5, 2000). 183 ¥4

A fafl st <88 YepAT (Cerutti, 1994; Scott &, 2000). 2+ FAJAE
(Keratinocyte)oll X UVell <f&l] A= NOZF %3 melanocyteS A= 3}
TANE7] Y4 FX8taL, cGMP A2E Aste] detd A4S wegvta
a8 A ot (Cals-Grierson &, 2004; Lassalle -5, 2003; Romero-Graillet
5, 1996 ).

TEY 224 9 I EAete depd A HAF A eumelanin® =

M3l B2 pheomelanin® F FF7F Jdoh. 2ym IR EAdte

melanocyte®] 4 ZpA|l= AAHo|ut QIFd WE Zol7f glon, 519 A9+
wiolo] Wlsle] fHHow ¢ @e #Agds Ay, s wEhde TR/
% eumelanin® ¥]&o| ¢ Eoh dWetde Fyo 7| AZSy Ry AHFe) &

A3k melanocyteol A tyrosinased 4 @42 o]&3te] AT Huh AXE
W olm|=2ke] A=<l tyrosine©] tyrosinaseo] &) M3l 7 E o]
3,4-dihydroxy-phenylalanine (DOPA)®} dapaquinonel ® H3& 1 o]

tyrosinase & @Al 5 6-dihydroxyindole-2-carboxylic acid oxidase



(TRP-1)¢} dopachrome tautomerase (TRP-2) Z}8-9] As4tstapAds Fa) =
ghdo] 34 ¥ o] melanosomeolet= Fgo] FAJETH (Hearing 5, 1976, 1987;

Prota ‘s, 1992). Ad¥ #Hehd AFAIGAER olgro] AL ol 93

rl

1993; Kaufman %, 1991; Weixiong %5, 1997). #&}ld = eumelanin®] <14
o] AA I 9o S3t A4t dQlEHEE 44 dvh 2elal oy
A B ¢t melanin®] A2 tyrosinase, TRP-1, TRP-2 ¥7F o}y
2}, a-melanocyte stimulating hormone (a-MSH)2} a-MSH®] AG-A]<1 pro-
opiomelanocortin (POMC)% melanocyte®] )+ melanocortin-1 (MC-1) 4
|Al Agstel cAMPEAES S7HAA HEgd AdS A7, NO =
cGMP (cyclic guanosine monophosphate)d =5 Ea 2ehd AAHS 727
t} (Romero-Graillet 5, 1997; Sungbin &, 1998). Z12]3 W&ld IS F=
3= QAo = interleukin-1B8 (IL-1B), IL-6, TNF-a®} %2 cytokine¥,
Endothelin-1 (ET-1), Basic fibroblast growth factor(bFGF)¢} #-& A=} 21z}
a8]3l 9% wj7RA} leukotriene, prostaglandin E» (PGEg2)7} @1t} (Morelli &,
1993).

Aot vl (Malus micromalus Makino)= 7)o} Lujub- Bi= Fol 1ulub-2f
A% s, AT FepibFol A A skE g dEolal 5~64d Jistste] 949
ezt el AEoltt (o] &, 20015 ©], 2003). BHFH 7HHAE &80 HiL
AL FAL s (M) A 8ol &7 Jvkar dE A e Aol 1 Aegd ol

g AT Hae gl AAolth 2 A= AlFolanizt 71 BE aAlEA

o
28 7hs Aol eAE Aekr] fske] AlFotan) FE ] g Adad=



1. A8y F=

Aol n] AxE 360 g& 7|2 ZolA 70% olE-=(EtOH) 3 Lol 4

Aol 24413 bt AT AEAIZ AIRE 7S oldeto] &

g & ofonks FHpdnh ook &

shAl 33] REE AAIESIT olZ A dolxl RS 40TAA IHEFHTE
&3kl 60.3 g& S5 2 AlFoln] 70% olghe

gs T 0.5 Lol dA¥gAlzl Fol, 247 @4t (n-Hexane, 0.5 L X 3), o|€o}

Al o] E (ethylacetate, 0.5 L X 3), F¥-& (n-Butanol, 0.5L X 3), & (H0)

(n
o FAol %o gulRH FHol B §ul £o2 LA Ful B 4

£

gl
],

>

il

OFO me

o]

MY BIYES dAAa, 4o EIES A AxRde] AR AT
(Figure 1). 2ty odolAHo]E I ELS 100% 22 wH1, Fersy
[e)

& R 35L& phosphate buffered saline (PBS)2 100% o+ H]& 1112
oA A 3skelrt

JH‘

2. AXE W%

up9-2 A A EZFQ] RAW 264.7 AlZe M| 27238 (Korean Cell Line
Bank) 2.2 FE FUstE. AX= 10% fetal bovine serum (FBS)Z 100
uint/ml  penicillin, 100 pug/ml streptomycin (GIBCO, USA)°o] X
Dulbecco™ s Modified Eagle Medium (DMEM, GIBCO, USA) HiA| & A}-&3}4
37C, 5% CO, &-27]o A wjeFalglet, wpg-2 dapbd A4 AxEQ] Melan-a Al
¥+ 10% FBS# 100 uint/ml penicillin, 100 pg/ml streptomycin (GIBCO,
USA)e] X3¢ RPMI 1640 (GIBCO, USA) wWix|& AR&3t7] A7de] 100 nM
Phorbol-12-myristate-13-acetate (TPA)E F7}ste] 37T, 10% CO, 7]
AN wlFeFA Tt



3. &g &4 SA

3-1. DPPH #7787 &A 84 53

A A#o] 5 (electron donating ability) S48 2 Blosis Wil gt DPPH A}
Fael7l 2AH we 430t (Blois, 1958). F, WEgd K2l oy &
o] A 8E 96well plateo] 100 ul¥ ¥ &1 0.4 mM DPPH &9% 53 #
7yete] Aol 1083 W3 F 517 nmolAd SHES SAHEI oy <%

A ET o 2= butylated hydroxy anisole (BHA), troloxZ AR&3l%t}.

O

DPPH AH-#el7] £ABHE obdjel 4oz el A& DPPHS F3=7t
50% &g W UEhbs AR FE(1C)R HAGow, 74 AnEz 39
W 49 5 BEgke Torath

DPPH Z}“IQI'%E]7] ,/f_7i :6:12‘}\(_)] (%) = (Acontrol & Asample)/Acontrr)l X 100

= = 3 ° N
Asamplo = }‘]E% 437}-@- I‘ﬂ__ggqp/] %%E

Acontml = )\]E—EH}L] Uﬂ]ﬂ-%% %7}'@- 1?_%0_]1-]‘(;] :EI:‘%E

NOE XA 3= E 22 sodium nitroprusside (SNP)E AF&3le] A]E9 NO
2A g-4& HAAEE (Green 5, 1982; Marcocci L 5, 1994). 10 mM
25 TEHEZ HU8lal 25T A 307 FeF WA H T
HE-S-o] Zut & ukg-olyl FA3 9 Griess A eF [2.5% (v/v) phosporic acid
ol 1% (w/v) sulfanilamide®} 0.1% (w/v) naphyl- ethylenediamine]S % 7}3}
Atk A2elA 102 F A F 540 nmollA FHEE FAHTR], IES
v oFEA A (nitrite)8] FoZ NO &4 A4S A=sglt. NO &4 42 &

o & ATt

27} 50% AT u e AR



3-3. Xanthine oxidase 9A| % superoxide &4 &4 =A

Xanthine/xanthine oxidase®l| ©]3t uric acid A4 290 nmolA S7Hd &
Fro o =Hs i (Noro &, 1983), superoxide® <2 nitroblue
tetrazolium (NBT) SHguIH o g 560 nmoll A =43ttt (Cheng %5, 1998).
HEg e 7F A5 9] o8 5%¢ 0.5 mM xanthine®t 1 mM EDTAE 200 mM
phosphate buffer (pH 7.5) 100 ulelAd H]3E 2 50 mU/ml xanthine
oxidaseE #F7}sto] uric acid®] A S =383t Superoxide 2AEAd L 9
Hkg-olo] 0.5 mM NBTZ H7}ste] ¥bgA]FH ). Xanthine oxidase A %
superoxide 2~ AL 7}z A E uric acid®t superoxide?] 3 =7} 50%

Zad u Jelys A8 5% (G2 EAISH .

4. AE 54 574

Alg7F AlXEe] AEL vx&= 9¢S 3-(4,5-dimehtylthia  zol)-2,5-
diphenyltetrazolium bromide (MTT)Wol| &Jste] AT A|Eu]Yd T af <k
Mg A A3l MTT (Sigma) £ 500 ng/mlS #71star 3A17F St &3t
o wjX|E A A the, dimethylsulfoxide (DMSO, Sigma) 200 pl& 7}381¢]
MTT9Y 3o 9oJ&] ABAFE formazan IAES &3 A1Z] F microplate
reader® AHE3le] 570 nmellA FFEE FAHSL 72 AR Fw=d g &
F= s Teidlen, e SHE i Hlaste] Alx 54 RS AMS
RTh A ZEALE v Aol 9] AEete] TCs gt H7bsilar, olu TCso
< 50%9 AEsdS YEplE sEolth

M E =4 (%) = (Control ODs;0 = Sample ODs70)/Control ODszo < 100

5. NO A oA &4

RAW264.7 AEXE 10% FBS7} H7l¥l DMEM HiA|E o]&3lo] 1.0x10°

cells/mlE FA3 & 48 well plateod] Y1 18A17F F¢F wjdkslgct. o] &



oel 7H4] w&Y ARE 1AZF 5 A A & LPS (100 ng/mDE 7}a}ked
24 A2 weFelsith. A E NOO| 42 Griess Al9FS o]§3sto] M vty
<ol EAStE nitrite®] PR SASATE AEY s 100 plet Griess
AleF 100 ul& =3+3te] 96 well platesollA 10% &<t wH-gA]71 3 540 nm
ol FHEE SAHs}IY. AAHE NO %& sodium nitrite (NaNO2)E

standard = ¥| a8} o},

AEZFE 1x10° cells/mlo] A FHl8ke] 2447 Sk vl & AEE =
w2 A3k 24412 vtk viAE WA FA ARE QXA 72
A7 wjkskinh. mjdE AlEZS PBSE 23] AlF3I F AFEE trypsin-
EDTAZ o]&3le] =538t em, 5000 rpmollA] FA e8] A% AHAES v
£t 1 N NaOH &9& 500 ulE H7tste] 56 ColA 1A%E &<t &3l
M, 475 nmo| A SFEE SHAT

7. Al ¥Y tyrosinase @A 4

AEZFE 1x10° cells/mlo] HA F0]8ke] 2441 59 Wl F, AEE 5%
A2 Atk 24407 it} wiAI S wAT s ARE A sPHA 72
AHE wgsklth. Mg AlEE PBSE 23] AlAHe & HEE trypsin-
EDTAE o]&3te] st en, =358 Az 0.1 mM phenylmethylsulfonyl
fluoride®} 1% Triton X-100& 3 67 mM sodium phosphate buffer (pH
6.8) 100 ul A sked 1Az 5k 4ToA BT 1A §, 4T A
15,000 rpmo. 2 1587F AR star, A5HS FHslo] M XY tyrosinase &
A B0 o] g3atg . 150 ule] 67 mM sodium phosphate buffer (pH 6.8)9l
712 A Zgsl= 5ule 1.5 mM L-tyrosine® 10 ul®] 25 mM L-DOPAE &
gk & Az & AT 40 ulE Adste] 37T 27l 301t ¥k

A Z T 475 nmoll A FHEE SAst &4 S Ttk



8. A719% % Western blot ¥4

o] Et MEE 2~33] PBSZE A& ¥ 100 pl9 lysis buffers #7}slaL,
O &< lysis AlZ1 # 12,000 rpmell A 20%-3F 4l akelch dild s
BSA (Bovine serum albumin)< 3£3}sle] Protein Assay Kit (Bio-Rad,
USA)E Ab&ate] AFskdty. 30~50 pgel 9¥AS 8~12% mini gel Poly
Acrylamide Gel Electrophoresis (SDS-PAGE)Z WA Egsla, o=

w

rr

polyvinylidene difluoride (PVDF) membrane (Bio—Rad, USA)el 15V= 1A]7+
E<t transferstith. 18] 32 membrane®] blocking< 5% skim milk7} %
TTBS (TBS (Tris-buffered saline) + 0.1% Tween 20) & A F2o|A 2
AZEERE AAjekleh. wkgo] &k Hell 1xF A (1: 500 - 1: 2000)7F £
T 5% skim milkoll Al 1A]7H25°C) E= 24A17HAC)EQE wHSAIZ1 &, TTBS
= 33 AHstar 22k A (10 10000)9F &=olA 142 vEgAIZL FHell TTBS
2 53] A& 3}o] enhanced chemiluminescence WH 22 7} band9 ¥4& &

ATt

9. RNA #g] ¥ RT-PCR
1) RNA £3g)

HjFo] Ed AIXE 2~33] PBSE MA F total RNA F%2 TRIzol-
reagent (Invitrogen, USA)E o|&3d}o] &2 3}3it}t. Ao TRIzol-reagentE
A7tete] wHste ¥, FREIES H7Fetel d4#21(12,000 rpm, 15min)s}
Atk el T olaXE3ES FHbste] UA4EE(12,000 rpm, 10min)
ko] RNAZS A AA 712 75%2] diethylpyrocarbonate (DEPC) &% ol €b2
2 AlFg F, 11x2AA DEPC A#® S/l 53tk 260 nme] F3=E 5
Aol RNAS A3 L, A260/A280 nme] H]&o] 1.6~1.9 W9l el #S

Z8= RNAS A 9ol ARS8l

il

il



2) RT-PCR

cDNA 4 < Improm-1T™ cDNA kit (Promega, USA)E ©]83}93L, 1 ng
9] total RNAZE oligo (dT) primer, dNTP (0.5 uM), 1 unit RNase inhibitor L
23 Improm-1 "™ reverse transcriptase (2 U)Z 25C 5%, 37C 60%, 1%
3L 70CANA 1087F heating Ao 2ZA WSS ZFX A7t} Polymerase chain
reaction (PCR) #4d%¥ cDNAZXH tyrosinase, TRP-1, TRP-2, iNOS,
COX-2, B-acting SZA|7]7] ¢3+e] 1 ul cDNA, 4 uM¢ 53 3’ primer,
10X buffer (10 mM Tris-HCI, pH 8.3, 50 mM KCI, 0.1% Triton X-100),
250 uM dNTP, 25 mM MgCl2, 1 unit Taq polymerase (Promega, USA)E 4]
3l 3z EHSE FF 25 nl2 @ S Perkin—Elmer Thermal CyclerZ ©]
&3te] PCRE AAIEH3Ath o]w) PCR %32 94T/30%, 50~55C/45%, 72C
/45% 20~253]o]H, PCRel ¢lste] A E AEL 1.2% agarose geldl A 7]
d5s AASL ethidium bromideZ fMste] 54 bands ZU3HSITH

RT-PCRo| A AF&% primere Table 19} 7t}

10. BASHH &4

=2

Al Ay 39 o] el ZE AR AY AyolH, o592 Hit (mean)y X
Q =} (standard error, SE)E AF&3}% 21 student's t-test®Z Z=A A H-9

e AZHoaT,

HN



Malus micromalus (360g)

1) Extraction with 70% EtOH for 1day
at room temperature (% 3)
2) Yacuum filtration

70% EtOH Ext. (60.39)

Suspension with water (10g/500mL)

Partition with Hexane Partition with EtOAC Partition with BUOH
500mL x 2 500mL x 3 H00mL x 3

Hexane fr. (0.5g) EtOAC fr. (3.259) BUuQH fr. (2.369) Water fr. (3.88g)

Figure. 1. The fractionation using solvent partition from the ethanol extract
of Malus micromalus.
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Table 1. The primer sequences of the genes used in RT-PCR analysis

and the expected size of their PCR products.

. Fragment
Gene Primer sequences .
size(bp)
Forward 5'-GGC CAG CTT TCA GGC AGA GGT-3°
Tyrosinase 510
Reverse 5'-TGG TGC TTC ATG GGC AAA ATC-3'
Forward 5'-GCT GCA GGA GCC TTC TTT CTC-3'
TRP-1 290
Reverse 5'-AAG ACG CTG CAC TGC TGG TCT-3'
Forward 5'-GGA TGA CCG TGA GCA ATG GCC-3'
TRP-2 1200
Reverse 5'-CGG TTG TGA CCA ATG GGT GGC-3'
Forward 5'-CCC TTC CGA AGT TTC TGG CAG CAG C-3'
iINOS 497
Reverse 5'-GGC TGT CAG AGC CTC GTG GCT TTG G-3'
Forward 5'-CAC TAC ATC CTG ACC CAC TT-3'
COX-2 696
Reverse 5'-ATG CTC CTG CTT GAG TAT GT-3'
Forward 5'-TGG AAT CCT GTG GCA TCC ATG AAA C-3
B-actin 350

Reverse

5'-TAA AAC GCA GCT CAG TAA CAG TCC G-3'

_11_



L. AFotaw F=E9 I3 &4

1) DPPH A+ #3871 &4 &

o

AlFot2ul] dets F=E 2 7o &l Z8ES AER AMESH
AHE7] AA 84S 54 AT, Gy w2 e FEE3 i B E,
ofolAH o E 8=, FEs #95, & 8=l 217 16.1 ng/ml¥ 541.2
pug/ml, 1.23 pg/ml, 12.2 ng/ml, 80.9 pg/mlS YERNATF (Table 2, Figure 2).
o] T JYolAMEHE FEEo] thFx <l butylated hydroxy anisole (BHA,

[Cs0=4.1 ng/mD <} Trolox (IC50=7.1 pg/ml) Bt} =& FAS H A (Table 2).

2) NO &7 &4

HolE BEEA Z+ZF 901.2 ug/ml¥t 861.5 ng/ml, 584.9 ng/mle Y
(Table 2, Figure 3), 5823 & F3 &4 NO £2A4 &4 1 mg/mlolA

20~30% AEZ et

iL
+

3) Xanthine oxidase 9 A 2 superoxide &7 A

=

3] 5-9] xanthine oxidase <JA|EA&

Al

Agolam ogs FE= 2 4

A

xanthine oxidase SGAAZ <& % allopurinols YA XTI o2 AL&351o] H]
tom, 21 A3= Table 20 YERHAT. AlFotan)] ogE 5

X5 xanthine oxidase AT S HFI, I FT AEHE F=E&

El
Oft
il
(fa
g
N

Al
‘1 0
i

_12_



(ICS()=42.6 llg/ml)iﬂr OﬂE]EO]—/H] Eﬂ O]E %Q% (IC5()=4.91 ug/ml)oﬂ/\i f’—i'Q‘ %]_}\OQ‘

10 A I

ul

BT} (Table 2, Figure 4). 718]3l superoxide AAZA 3k A|Fo}1u)] o
Be F25 (1C50=2.7 ng/ml) 2 7} B EA BF AALAHE Y 1 F

AdotElo]E  HEE (C5=0.61 ng/mDAANE ¥4 EE  allopurinol

(IC50=2.11 pg/ml) Bt} =2 &S BT (Table 2, Figure 5).
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Figure 2. The DPPH radical scavenging activity of the ethanol extract and its
fractions of Malus micromalus.

The data expressed as means = S.E. of three determinations. (@: 70% EtOH
extract, O: Hexane fraction, ¥: EtOAc fraction, A: BuOH fraction, ll: Water

fraction )
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Figure 3. The scavenging activity of the ethanol extract and its fractions of
Malus micromalus on nitrite production in sodium nitropusside solution.

The data expressed as means = S.E. of three determinations. (@: 70% EtOH
extract, O: Hexane fraction, ¥: EtOAc fraction, A: BuOH fraction, ll: Water

fraction )

_15_



140

- —@— EtOH
3 120 { —O— Hexane
B —W¥— EtOAc
& 100 { —© BuOH
8o —— Water
o 80 -
K2
52 w0
£
40 -
= >
< L
S 20 1
2
£ o]
'20 T T T T T T T T

0 16 31 63 125 250 500 1000

Concentration (pg/ml)

Figure 4. The xanthine oxidase inhibitory activity of the ethanol extract and
its fractions of Malus micromalus.

The data expressed as means £ S.E. of three determinations. (@: 70% EtOH
extract, O: Hexane fraction, ¥: EtOAc fraction, A: BuOH fraction, ll: Water

fraction )
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Figure 5. The superoxide radical scavenging activity of the ethanol extract
and its fractions of Malus micromalus.

The data expressed as means £ S.E. of three determinations. (@: 70% EtOH
extract, O: Hexane fraction, ¥: EtOAc fraction, A BuOH fraction, ll: Water

fraction )
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Table 2. Antioxidant activities of the ethanol extract and its fractions of

Malus micromalus.

ICs0 (ug/mD"

Xanthin oxidase inhibitory

DPPH radical Nitric oxide -
Treatment activity
scavenging scavenging Uric acid Superoxide
activity activity generation generation
inhibitory inhibitory

Ethanol extract 16.12 £ 1.67 901.18 £ 74.61 42.55 £ 11.51 2.73 £ 0.26

Hexane fraction 541.29 £ 34.20 861.49 £ 35.00 278.07 = 73.75 129.6 £ 5.76

EtOAc fraction 1.23 £ 0.26 584.95 % 88.71 491 £ 0.11 0.61 £ 0.08

BuOH fraction 15.24 £ 0.76 >1000 96.95 £ 5.18 3.31 £ 0.21
Water fraction 80.93 £ 1.49 >1000 >1000 16.59 = 0.47
Trolox 18 E 1.%0 >1000 N/A N/A
BHA” 7.03 £ 1.21 >1000 N/A N/A
Allopurinol N/A N/A 1.91 £ 0.21 2.11 £0.91

V' ICs values were calculated from regression lines using different concentration in
triplicate experiments.
Y Butylated hydroxyl anisole

N/A : Not assay
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2. AFolan) FE=9 NO A4 A 24

RAW 264.7 AEo|A AlFolaw] e =23 1
28] 1C50 at¥ 50%2] MESAHE YEW+= 552 TCs at=
AEslglom, 1 A3E Table 3o YERRITE 100 ng/mle] LPSe} A5+

ol ot FEEY 1 EFES 50pg/ml w2 AEsES u, LPS v&

o4 24

o

Aol NO  Ag#el 19.95 pM=  ABAENoY  AlFolan] oghs
FEEY oEoMEolE E&EolA 22 NO A=l 3.57 uM, 0.74 uM=
A3 #2d AL A 5 g (Figure 6). AlFolaw] e F&E3}
deotAEHolE REES wxHEE AYss W, &= oFEHeZ NO
BRZo] Fol=e Ae &I+ AT Figure 7). 22 w22 A&
W MESFS UERA FATh AFolan] s FEEI ol ol E
T EA ALY NO A GAIE gk ICso #= 27 16.7 pug/ml, 4.1 pg/ml
o]t} (Table 3).

3. AFolaw] :=E9 iINOS¢ COX-2 ©@#aA 3z mRNA & A 3]

AFolan] s FEE3 dEolMHoE #3152 NO A A3 &Ao]
iINOS¢} COX-2 walde] Fhioe o3k ZdS 21357 ¢ western blotd}
RT-PCRS o] &3dlo] #A3t}t. LPSS wEAg 39S o iNOS vz

W Fol Tt

_H
ol
rlr
P
o
L)
-0,
ol
ol
&
o
=)

Aot dEs  FEET
dqeolAHE FEES FLEEE AHHIEs # INOS wHHe

oJFEH o7 ZAstt (Figure 8). RT-PCRZ A3 iNOS9 COX-2¢]
mRNA 28 T3 v o9& #aE et (Figure 9). olEolAEolE
S 50 pg/ml& A g oA INOSS] mRNA @& <ol LPSTHS A2

=
Aol dlste] oF 80% Hxe] #HAE mRNA WSS BT
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Figure 6. Effects of solvent fractions of Malus micromalus on NO production
in LPS-stimulated RAW 264.7 cells. The productions of NO was assayed
from culture supernatant of RAW 264.7 cells (1.5 X 10° cells/ml) stimulated
by LPS (100 ng/ml) in the presence of testing samples (50 pg/ml). *, p<0.05;

% p<0.01; *#x p< 0.001 compared with LPS alone—treated cell.
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Table 3. Cell toxicity and the effects on LPS-induced NO production of the

ethanol extract and its fractions of Malus micromalus in RAW 264.7 cells.

Malus micromalusin TCso®” (ug/ml)

IC502) (ng/ ml)

Selectivity index®

EtOH extract

Hexane fraction

EtOAc fraction

BuOH fraction

Water fraction

>50

>50

>50

>50

>50

16.7 £ 0.5

>50

4.1 £ 0.8

>50

>50

>2.9

>1

>12.2

>1

>1

V' TCs is the concentration producing 50% toxicity in RAW 264.7 cells.

9 1Cs0 is the concentration producing 50% inhibition of NO production in RAW 264.7 cells.

Y Selectivity Index=TCso / ICso
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El) [ 1 Nitrite
—@— MTT reduction
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?g)s 60 | - 15 é
é 40 - 10 2
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b) 7 Nitrite
—@— MTT reduction
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Figure 7. Effects of Malus micromalus on the NO production in
LPS-stimulated RAW 264.7 cells. (a) Cells were treated with LPS (100 ng/ml)
alone or LPS plus the indicated concentration of EtOH extract for 24h. (b)
Cells were treated with LPS (100 ng/ml) alone or LPS plus the indicated
concentration of EtOAc fraction for 24h. *, p<0.05; **, p<0.01; ***, p< 0.001

compared with LPS alone-treated cell.
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a) EtOH 0 0 6 13 25 50 ug/ml
LPS - + + + + +
iNOS D G S e s
COX‘Z S N W a— -
B—actin M
b) EtOAc 0 0 6 13 25 50 ug/ml
LPS - + + + + +
iNOS - ey —
COX-2 [ Y= F W W
B-actin b—-—

Figure 8. Effects of Malus micromalus on iINOS and COX-2 protein

expression in LPS-stimulated RAW 264.7 cells. (a) Cells were pretreated
with EtOH extract on for 1 h, and EtOH extract or control untreated cells
were incubated with LPS (100 ng/ml) for 24 h. (b) Cells were pretreated with
EtOAc fraction on for 1 h, and EtOAc fraction or control untreated cells were
incubated with LPS (100 ng/ml) for 24 h. The cells were lysed, and the

lysates were analyzed by western blot using an anti—iINOS or anti—-COX-2

antibodies.
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a) EtOH O 0 6 13 25 50 pg/ml
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|
cox-2 [
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b) EtOAc 0O O 6 13 25 50 ug/ml
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e AN R
oo T
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Figure 9. Effects of Malus micromalus on the iINOS and COX-2 mRNA
expression in LPS-stimulated RAW 264.7 cells. (a) Cells were pretreated
with EtOH extract for 1 h, and EtOH extract or control untreated cells were
incubated with LPS (100 ng/ml) for 24 h. (b) Cells were pretreated with
EtOAc fraction for 1 h, and EtOAc fraction or control untreated cells were
incubated with LPS (100 ng/ml) for 24 h. Total RNA was subjected to
RT-PCR.
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4. AEZ U9 Ad AT tyrosinase A3l &4

Melan-a AEZA =AS HolA| e FkolA AlFotan) deE FEE3
AqdotAHOlE FE & Wehd oA anE At 1y B A2
tyrosinase /49 a3z <eto] depd A AAH o HF A= dekd A
Aol JAE Felstr] 9k Aoty WA A o depd A4 AAE 27
A AFotn) CdEE: FEEF CHoMAEHOE EY=S wREE A5t
Fe W, & oFHoR dAghd Ao Fo=s s ¥ A
(Figure 10). cEolAlHO|E FdEoA Hepd A A& et ICso #h>
38.2 pg/ml oAt Hgk A 9] tyrosinase®] Al S B7] H 99
T3 FHE AP S W, v oEX o7 MAEY tyrosinase Ao &

oux= AL sFold ¢ AT} (Figure 11). AFolan) oElLe F=E 1}

2

g0}

ARl E Z8l =0l A 9] tyrosinase &4 Al tigh IG5 #< 244 22.8 u

g/ml, 17.9 pg/ml ©] It}

Melan-a AMXA FAE& HolA] Ee= LA A

N
_&
r
2
"
ey
e
)

o eolAE|o]E FEEo] Wl A gyl gl uky Ao 23k 21X
£ dolHgiry. dHgpd A Fa3% gh= d#HZ tyrosinase, TRP-1,

TRP-2 ©de] 2§ Hds B7] 8l western blots AAlsith 1 A3}

O

ZE| tyrosinase, TRP-1 @z o] w3oko] s o&

]_

(Figure 12). AlFol1ul oleha FE&0 8= T oDopAH ol E E2

¢

adry

_ir
Al HAE HY. a3y TRP-29 @dde d3e vAA R

Ot

4t
o 0
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6. dzhd A #FH3= mRNA &Hd A5 A

AlFotiv] oghs FE=3 odopAlHolE FEEo Wepd A3 &40
tyrosinase, TRP-1 mRNA2] 7Aoo 23t Z#AAS 2lstr] 93 RT-PCRS A
A8+ A3} tyrosinase, TRP-1 mRNAS] w&oko] Ex o&AHQ 7AE HS
t}. T3l tyrosinase, TRP-1 mRNA®9] w3 ok Aekslsle] B3 Ay o€
oAl Ol E &S 50 ng/mls Ad 2> AEE AgsA & o3 v
39S W tyrosinasex ¢F 10%, TRP-1 <F 25% o]3&le] w3 &S HJTE o
W3} vkd7A 2 TRP-2 mRNAS] Edd= JaFs vAA Sskddt (Figure
13).
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Figure 10. Effects of Malus micromalus on the melanin content in Melan-a
cells. Melan—a cells were cultured for 72hrs inducing melanogenesis with
TPA 100 nM. When it passed for 24 hrs, media were exchanged and (a) EtOH
extract and (b) EtOAc fractions were retreated. Melanin content is quantified
by absorption at 475nm. Results are means * S.D. from 3 separate
experiments. *, p<0.05; **, p<0.01; ***, p< 0.001 compared with control.
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Figure 11. Effects of Malus micromalus on the tyrosinase activity in Melan-a
cells. Melan—a cells were cultured for 72hrs inducing melanogenesis with
TPA 100 nM. When it passed for 24 hrs, media were exchanged and (a) EtOH
extract and (b) EtOAc fractions were retreated. Ttyrosinase activity is
quantified by absorption at 475nm. Results are means £ S.D. from 3 separate

experiments. *, p<0.05; **, p<0.01; #**, p< 0.001 compared with control.
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a) 0 13 25 50 100 pg/ml

Tyrosinase D S o w— —
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B-actin EEY s e — W
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Figure 12. Effects of Malus micromalus on the tyrosinase and TRP-1, TRP-2
protein expression in Melan-a cells. Melan-a cells were cultured for 72hrs
inducing melanogenesis with TPA 100 nM. When it passed for 24hrs, media
were exchanged and (a) EtOH extract and (b) EtOAc fractions were

retreated.
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B-actin
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TRP-1

TRP-2
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Figure 13. Effects of Malus micromalus on the tyrosinase and TRP-1, TRP-2
mRNA expression in Melan—-a cells. Melan—a cells were cultured for 72hrs
inducing melanogenesis with TPA 100 nM. When it passed for 24 hrs, media
were exchanged and (a) EtOH extract and (b) EtOAc fractions were
retreated. Total RNA was subjected to RT-PCR.
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V. . %

(
-~

HoAgE AlFo] AL e AFolanle e, & It &
o &y, ded A A ans ol uat =)

AFobalel Fikst #4S FHskua DPPH AHfrel7] 34, NO 27

%

s}

0.

e

A, xanthine oxidase 24| % superoxide &7 A4S e FEE3 1

i

oA Blal £48th. AlFeln) Clge F+E& (DPPH &7127d 1Cs 4,

16.1 pg/ml; NO &A 24 1Cso 3k, 901.2 ng/ml; superoxide 2724 2 Xanthine

oxidase A A ICso &k, 42.5 ng/ml, 2.7 ng/m)S £& i3zt dAS B R,
O #8E FoAAME dEoAHOE & Eo] kst 4 Ag EFA =&

2AEAE YEdSlt 53] DPPH #2171 24 &4 (1C5=1.23 ng/mb)ell
A Fd xSl BHA (ICs50=4.1 ng/mD%} Trolox (IC50=7.1 yg/mDEY =

d4d& By, E3 superoxide &~A &4 (IC5=0.61 pg/mhHxE ¥4 d=x

M

allopurinol (ICs0 =2.11pg/ml) Ht} L& A4S HT

FAkel 715 S 7HA A e HA9 EZEFE (polyphenol) A, ASFEE
(curcumin), =218 (rosemary:Rosmarinus officinalis Linn)s©°] 9<dH&&
AA et FLASAHAR AT, ol FESHAlT doHteS o 4L

£ A2AAZI71%E St} (Parahad &, 1998; Al-Sereiti 5, 1999; Kuttan %,
1987). webA 3Akst ddo] & AlFolwle FEEY T aHE B4
st7] fete] thAAE EUlS o] &St LPS®E A3k mhg-2 A A EQ]
RAW 264.7 A|XZ]A N
o|-g3sfto] TAZ A I

2
7P =2 A NO A4 A &4+ Belth 29al NO A4 oal&ol tigh

rxl ©
4>«
r
i
H
o
i}
o,
B
o
I
Al
b
i
o,

[Cso #€ 717 16.7 ug/ml, 4.1 ng/ml 2 vpebdeh o]&l Ashs 7|22 39
AL NO BHel wolt elabel FupAAE B8t NOSe 2w
WEHE NO 243 v wstgict.
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RAW 264.7 A|EZA NO A2 COX-25 A 3}5te] PGE¢F 22 95 1
A B3PS Fxlete] AFS A= e d#A Uk (Lee T,
1998; Bennett &, 1977). AlFol1ujo] o ghe FEHES T HZ X3S
o fold oz COX-2 Ay} mRNA Tdo] vk oFEH oz AA3H. &

g ToM= NO 43 Alx54dzke dd mlaAsel deixert 249

7V B 2 A4S YEsith

5o HAHE dgitas depd A AA dofste] dAdbd d48& S
At mebA ibsiAl= detd JAS STV AR Biad SRS
2AA7E 7I5E B3 Afd S gHHoR AT F Y& HAo=Z A7
o] gtk datksl 2H8-o] 9l ascorbic acid®t a-tocopherol T YA
A zpelAdol oa Ry e S3AAS JAstE AowE A vk (Tobin

5, 1998; Bernadette %, 1998). #&#lde dH| w4 <¢FA3 &2l tyrosines 7]

d
o2

A2 ddel giantgS AA FAAHH, o] I F tyrosinase

ol
sy
H
N

)
ol
it

(rate-limiting enzyme)Z 359 MAAAH S A= W A9 tiEo]
tyrosinase®] &A% ZHo| ZFo] wFojx Ut} A= kojic acid, arbutin
59 =42 tyrosinase A&f|2HE3 FAFst zHgol o5 dotd A A
Z1ttar HaE ¥l 9t} (Sandra 5, 2001; Sakuma 5, 1999; Chakrabortys,
1998). ¥ A4dS Edvi= AlFotau]e] oehd FEE2 Wehd 44 As] &4
S ol 7] fa dAetd A AEQ] Melan-a MXE o83t FA & et

kal

i
A

& By Aed Ao 4 g4h2 283 tyrosinasel] S B
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UTh o] A3 kst &4 W FY 43 v E dibd §E
tyrosinase?] &Ao] T ojEH o g 7HAsAT)

ARG EAA APdE NOZF cGMP A=E Foto] detd AdS S7HA7]
a1, Tyrosinase®} TRP-1& S 7FAl 713l Tyrosinase €79 mRNA @Hd S F=3)
= B #oste AoRE Hiawo Utk (Romero-Graillet &, 1996, 1997;
Sasaki 5, 2000). @&hd A3 @37} tyrosinase?} TRP-1 @& o] 7Hio] 9]

3 Aeds eld Ay, v oE&Hor 745 tE T3 tyrosinase®t TRP-1

L
=
i
1o,
12
-
A\
)
=)
=
Z
>
i3
['h?{d
o
>.
fr
‘0,
rot
PO
o
)
mim

ZAbetazb, RT-PCRE &
3 AR A3 dA ) xR A AdS B AT

Azl 3 HAHoA TRP-2% dopachromes carboxylated derivative$!
5,6-dihydroxyindole-2-carboxylic acid (DHICA)Z &A7]= 7]5< o
(Solano F %, 1992). TRP-2 w¥ &3} mRNA w&S 3kelslt Ayt TRP-2 ©
MA7 mRNA o] skeo] A glol dAs T e uR AlFotan) =
& TRP-29F F#§lo] tyrosinase®t TRP-1¢] mRNA &S 7aA7|E2A
Agbd A4S Aslste Aoz & 5 k. 283 AlFolan] FEE] £8
T dEoAHOIE £ 50| dEs FEEH F2 43S UEAT. °f

A B FHLS Adehs Bdo] oHolHolE ¥R Y Aoz A

T ATE Foko] AFolan] FEEC] 4N T A1 o8

=
WA R = o] wgdd T AdATIAL Yot dideks Vs A=
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B e AFro AAYEE= AlFotivl (Malus micromalus Makino)
o] At &8 75 S Frkslr] sk AlFrot ) o FEE Ay EAd S A
SEATE AlFol vl o ghs FEES vlg- =2 ks €44 (DPPH &2A €4 1Cso

Zk, 16.1 pg/ml; NO &2AEA 1Cso 3k, 901.2 pg/ml; superoxide A~A&A 9

A

xanthine oxidase A &4 ICso 3k, 42.5 pg/ml, 2.7 ng/mDS JeRHAL. AF

(
-~

of1H] dgs FE=9 BHETNAE A-EMAHCIE L8zl M

M

oS
-

0.

At3l A4S JERQITE LPSE &3k RAW 264.7 Ao A AlFol1rl o gk
& FZE3 JEoHE BIELS NO S % oF2 o= oA s

E& iNOS ¢F COX-29 v Ay mRNA 23S gz o2 oA 39}

X
i)
K
=
)
ey
ox
ox
=
Rl

(]

o] Melan—-a Al|3¥olA AlFol1w] o Ee FEE3 9
EolA o] E B3 E-L tyrosinase?t TRP-19 @iz 3 mRNA &d AAE =
TE oEHOE AASIGY. B AT A= ATFolan) F

=°| &3t % FET S 7= v B4 Ve A=A 2E87HA7F
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