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ABSTRACT

Background: Previously, studies have observed that the leaf extract of Cotoneaster wilsonii
Nakai has potent antioxidant and anti-inflammatory activites. Therefore, further research was
conducted to separate the active antioxidant and anti-inflammatory compounds in the leaf of the
C. wilsonii.

Methods and Results: The anti-oxidant effects were evaluated by analyzing the 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical scavenging activity, estimating the totla phenolic content (TPC) and
total flavonoid content (TFC), and using reducing power assay method. The ethyl acetate (EtOAc)
fraction demonstrated the highest DPPH radical scavenging activity (ICso; 9.69 1g/ml), and the
highest TPC and TFC (345.98 mg-GAE/g, and 74.23 mg-QE/g). Moreover, it indicated the highest
effects on nitric oxide production. Therefore, the active compound was separated using the EtOAc
fraction, determined on the basis of spectral data, and identified as (+)-catechin.

Conclusions: The first compound separated was made from the leaf of C. wilsonii was (+)-cate-
chin, which produced potent anti-oxidant and anti-inflammatory effects.

Key Words: Cotoneaster wilsonii Nakai, Anti-oxidant, Anti-inflammatory, Catechin
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U 2cm - 4 cm Fo] ZolE 7R EIY, @48 Ee=
ARE A Gy el mofolty, YRFEE= Zolr) 2.5 mm FE0|
] "ol gt} (Kim er al, 2002).

el Aella] A okdubre] o, gl 7] Wee &
Eo| ghrtsl 9 g B4 WL (Yoo er al, 2019) & F5
o] ghatsl 9 e Tt T 1S RIS webA
Ao U] e A ditshAl 2 FE EE-E AR 7L
S 2AE nhdatar, ks 2 ol AEE 22S 2
staak 711 s Fassit.
ME W u

1. ADjoRUS o FE % 29

Aol ARg-S AU (C. multiflorus)3-2 739 = A}
A ATY (Hongcheon, Korea)ollA] MeOH ZFEE-S A

o} 2leo] ARE-E}9ItE. n-hexane, ethyl acetate (EtOAc),

n-butanol, aqueous TOZ FA ZolE FiL EEIIS UL
MeOH Z FEE 43.5 g2 SFF9 g2s F, n-hexane

2 B3t 7.7 g AATE HF> E SOl ethyl acetate

[
(EtOAC)E H33lo] 94 g& Ao, oA Fe & Zo| -
butanolZ #-F3l] 8.6 g AU HFTHLE P2 aqueous
2 174 goldth ZF 8 &2 7SHES7I(N-1200A.

Eyela Co., Ltd., Tokyo, Japan)Z ©]-&3to] 40ColA w=3}
AT

2. N & P

1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,6-di-tert-butyl-4-
methylphenol (BHT), 3-tert-butyl-4-hydroxyanisole (BHA),
a-tocopherol, ascorbic acid, gallic acid, sodium carbonate,
quercetin, aluminium chloride, potassium acetate, trichloroacetic
acid, 1-(4,5-dimethylthiazol-2-yl)-3,5-diphenyl-formazan (MTT),
methanol-d¢= Sigma-Aldrich (St. Louis, MO, USAW} A&
= AREsidinh 2 ool ks 9 SA Rl ARE Aok
Deajung (Siheung, Korea)A} 2 Junsei (Tokyo, Japan)A}<]
Z2v|Y F AFS ARESITE. HPLC-MS/MS 4 ollx =
HPLC grade &3} acetonitrile2 Avantor (Delaware, PA,
USAYL oA Frafate] ARE-313

Ao AME 717]= UV/VIS spectrophotometer (V530,
Jasco Co., Tokyo, Japan), ELISA (Model 680, Bio-Rad
Inc., Hercules, CA, USA) 52 AREEI{o™, 'HNMR %
BCNMR2 FTNMR 600 MHz Spectrometer (Bruker
Avance Neo 600, Bruker Co., Ltd., Billerica, MA, USA)E
ARl 2469tk LC-MS/MSE SCLEX  (Cunningham,
MA, USAFS] QTRAP 45002 #2331t

ot
0
10
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3.1 DPPH free radical 271 &

DPPH free radical 227 €42 Blois (1958)°] WS W
ol AFstt. FHANWZRTOZE ascorbic acid, BHT,
BHA, a-tocopherolE AFE-3I32™, 0.1 me] A2 T2 &=
o] Alge] 0.15 mM F=2 DPPH €9 0.1 & &% 3t
T A2oA 30 2 o AIFTE o] ¥R S ELISA
(Model 680, Bio-Rad, Hercules, CA, USA)YE ©]-&3} 517
m 2 FFEE S0 A dde wRol mE A%
o] 50%7}F Hl&= AlEEEE T8l ICs, po= YT

DPPH radical scavenging activity (%)

)><

sample — sample blank 100

= (1-

control — control blank

3.2
Ao U Qo) el FA2 Oyaizu (1986)°] WS
Waste] 248k 0.1 me o] Al82 0.1 m o] 02 M
sodium phosphate buffer (pH 6.6), 0.1 m¢ 2] 1% potassium
ferricyanide, 0.1 m¢ 2] 10% trichloroacetic acid®} 0.4 m{ 2]
ZHTFE 4 2, 0.05 ml ferric chlorideE® ¥& =4

J
o = 71 o

UV/VIS spectrophotometer (V530, Jasco Co., Tokyo, Japan)
=2 700 nm Oﬂ SN2 _%_zé]—s]_o}i]:]_.

H o1-=

slo
EHA=

=
N

4. 3 Y= ¢ & FIEL0|I=E =

ARobd T 99 = Singleton®} Rossi
(1965)¢] Folin-Ciocalteau - W sl AA3IATE A=
0.1 m¢E Folin-Ciocalteu A°F 0.05 me2} &3 5 2204 3
E7F ePg8lE AIZ1 Foll, 20% sodium carbonateE 0.3 mé
HolFATh 15 & Wk Foll S/ 1 mlE EFst] Uv/
VIS spectrophotometer (V530, Jasco Co., Tokyo, Japan)=
725 nm oA FAEE ST AR B dE dEe o
&l T2 gallic acidE A% A% X zHEH
E3EES AHdt FEE g F gallic acid equivalence
(mg-GAE/g)= YERY AT

F ZTHRxo]= RS Nieva Moreno 5 (2000)9] =
S HYPsl] 24351 Al 0.1 m¢, 10% aluminum nitrate
0.02 m¢ £} 1 M potassium acetate 0.02 ml & TXH o=
¥, 80% ethanol 0.86 mt & F7lsto] oA 40 #2F
SA1Z1 & UV/VIS spectrophotometer (V530, Jasco Co.,
Tokyo, Japan)Z 415 nmollX S-3=5 =430 A5 &
ZgtH ol ke opkel FE9] querceting =73
A FHoETE Eeticol= SHE-S A st
3 quercetin equivalence (mg-QE/g)2 WERSITE
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5. MTT assay oA st
AR S FEE 2 23 Ed dis Alx 542
Mosmann (1983)2] MTT RS M sle] A3 Al Zy o pE
=298 RAW2647 AZZ H7t 9t AZE 96 well
plated] 1x10* cells/well2 3 3 24 A7k B9k 37C, 1. AHORUR Y FE2 U 22I29| shiilst &
5% CO, incubatorol| 4] vjS¥alar AbE S A7 gl Fof F& 1.1 DPPH radical & &

¥ (10, 50, 100, 200 xg/mO)E 0.1 ml 22 3HA A 7F
Wl & wR]E A|ASIL phosphate-buffered saline (PBS)l]
MTTE 500 pg/mle] 52 2a|sle] 4 A7} S0 Al AS
A A3 DMSO 0.1 md 2 =23}t 10 & Fol ELISA
(Model 680, Bio-Rad Inc., Hercules, CA, USA)S o]&3}]
540 nm o] 4813t

=X

-

)

o

6. Nitrite oxide (N )

Ao < ol tigk NO A
Green 5 (1982)9] griess reagent systems HEdlo] =73}
ATt RAW264.7 AEE 1 x10° cells/wellZ 96 well plate
o] BF3 & 24 A7+ =<k 37C, 5% CO, incubatorel] 4]
HjFelal S A& AAS Fo LPS7F H7FE S (10,
50, 100, 200 wg/mH)Z 0.1 md XZ|SIAT}E 24 A7 9j%F &
5N 0.05 ml 9} griess reagent [A reagent: 5% phosphoric
acidoll =91 1% sulfanilamide + B reagent: E°| =1 0.1%
n-(1-naphthyl)-ethylenediamine dihydrochloride] 0.05 Ml & &
sl ¥ke- Al71 & ELISA (Model 680, Bio-Rad, Hercules,
CA, USA)E ©]&3}e] 540 nm oA SAIATh

0

.
=

5 e 3t
3}‘}313]-. Slllca gel (Merck Co., Darmstadt,
Germany, 0.2 mm -0.5 mm) column®Z £wlE CHCL :
MeOH = 8 : 22 £ZAIAA 11 /e &EF (CW-1 -
CW-1NeZ YTt} o] 5 CW-2 Z5S thHA] silica gel
(Merck, Darmstadt, Germany, 02 mm - 0.5 mm) column®. =
4v|E CHCl; : MeOH = 282 BZAAX 4 7] AR

(CW-2-1 - CW-2-4)% EME} CW-2-2 Z1E28 A
ODS (YMC gel, Yawata, Japan, ODS-A, 75 /m) column®.
=2 J%HE MeOH : H,O = 4 : 692 &ZAAA 4 719

=

B3 (CW-2-2-1 - CW-2-2-4y% AUt} o] 5 CW-2-2-2
01]*1 SIRHE 1 (20 mg)S AUk
8. Statistical analysis method

Z}z}e] ZA7ke 3 3] o)A} BAlsle] HE +3 AR o}

BRI, AEAS} 7ke] f2)xF 492 IBM SPSS Statistic

24 Software (Armonk, NY, USA)E ©]&3}] One-way
ANOVAS®} Duncan's LSR testg AAISI] p<0.052] 24
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AN IE- (C. multiflorus) & FE2E 2 8 & U
3t DPPH radical 227 842 =243 o= o Hgks xF

EE 2274 + 0.16 1g/ml, n-hexane 8 & 3846 + 0.69
ug/ml, EtOAc #8 & 9.69 + 045 ug/ml, n-BuOH 3
£ 14.60 £ 020 pg/ml, aqueous & 32.35 + 0.35 ug/ml 2
ICso 4= UERHRITH (Table 1). ©] ¥ EtOAc &8 &°] 7}
A Ee s aFE Helon, ISR 22ol= BHT
(12746 pg/ml), BHA (16.09 ng/ml), a-tocopherol (12.33
pgmBTH =& BdS Uehlin. ool w2} dtsiAl 2o
o]& 7FsdE I F AU

Kicel 5 (20197} B33k A7fedUS- (C. integerrimus)
o FE59] ECsoite] 23.8 = 1.20 ug/ml & ZH=Ths Hale}
Hlawsted £ wf, Blssg 24s 7RIS 8kld 4 dih

1.2 &0l =5

el A FEE 9 18
1,000 pg/mé = ﬂrﬂomt}. EtOAc #3) =0
AL e, the 2 2% #-BuOH #8 & sl
HE5 UERASITE EtOAc 8 &9 749 500, 1,000 xg/ml
FEZ AP W= positive control?] ascorbic acid9}t
Hlseh 24 eIt (Fig 1), o= 4 2¥3 DPPH
radical 227 &4 Ags) SAe Axlzy ksl gao] =

3T

L=} Zyz+

o
—

100,
3
o £&

500,

r_{

ﬂm{n

Cl]/\

Table 1. DPPH radical scavenging activity of extraction and

fractions from C. wilsonii Nakai leaf.

DPPH radical scavenging activity

Extraction ICso” (1g/m0)
MeOH 22.74+0.16°
n-Hexane 38.46%+0.69¢
EtOAC 9.69+0.45°
n-BuOH 14.60+0.20°
Aqueous 32.35+0.35¢
Ascrobic acid 2.85+0.02
BHA 16.09+0.41
a-Tocopherol 12.33+0.14
BHT 127.46+0.84

MICs0; concentration causing 50% inhibition of DPPH at 30 min after
starting the reaction. Each data value is means = standard deviation
of three replicate experiments. ‘The all data were analyzed
statistically through Duncan's LSR test. And significant differences
were evaluated at 5% level of probability (p < 0.05).
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Fig. 1. Reducing OPower of extraction and fractions from C. wilsonii Nakai leaf. AA; ascorbic acid. Each data value is means =

standard

eviation of three replicate experiments. “The all data were analyzed statistically through Duncan's LSR test. And

significant differences were evaluated at 5% level of probability (p < 0.05).

oM FUYE T

AT} fAteI

F3%E 7KIYE Kim 5 (2005)2] <

==9

2. }5'7“0%”—?— (-):-I T=2=
Lol szt
AMokbre] 52 2 F8E9 total phenol
EtOAc £3% & (34598+ 198 mg-GAE/g)>n-BuOH 3
& (258.07+4.03 mg-GAE/g)>MeOH F=5 (17047 +0.46
mg-GAE/g) > aqueous 8 & (130.43 £2.47 mg-GAE/g) >
n-hexane %3 & (81.48+4.94 mg-GAE/g-o 2 =7 Uel
Wom total flavonoid &% 3+ EtOAc #3 EolA 74.23
+ 2.67 mg-QE/gE 7F4 =A YUEhith (Table 2). 123 2
= TE 9 FgExolE RS w2 s S 7

el
s A

bl
HI

2=9|

Op

Y=

=ciE

bl

o

o o

=]
R

Table 2. The total phenolic, flavonoid contents of extraction and
fractions from C. wilsonii Nakai leaf.

Extraction Total phenolic Total flavonoid
(mg-GAE"/g) (mg-QE”/g)
MeOH 170.47+0.46° 34.99+2.64°
n-Hexane 81.48+4.94¢ ND
EtOAC 345.98+1.98 74.23%2.67°
n-BuOH 258.07+4.03" 68.58+3.14°
Aqueous 130.43+2.47¢ 11.31+2.16¢

GAE; gallic acid equivalent, ?QE; quercetin equivalent, ND; not
detected. Each data value is means = standard deviation of three
replicate experiments. ‘The all data were analyzed statistically
through Duncan's LSR test. And significant differences were evaluated
at 5% level of probability (p < 0.05).
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A7 A7} (Shahidi er al., 1992)2 ¥ wj, Arjokd
o] Fe sl AL B vE ZEiHeo|=9)
3t Asjets vhdkEo] o),

RS

L= o] |

AMME =X £ A

3. Nitric oxide (NO) MMd= A
FES U 2239 2 =Hd
g 2kl FoshA TASHA

UsIA HHA dFel

0z

o

JHOEZH

[SRE)8

ok &k} (Wiseman, 1996).
AR o FEE 3 EYE]
Slated thAAEQ] RAW264.72 ARE3le] AF

42 245 95l

50, 100, 200 pg/mh)E A A WG ZFEE2
200 pg/ml oA 74%°] A EZAYEE, n-hexane 3 Eol|A]

56%2] AEES HYow, g
AEES 1A (Fig. 2).
RAW264.7 A|Eol| 25 2
50, 100, 200 pg/mb)= T8},
S 7o NO 8BS S48t 1 25,
=

==1

=

A= 7S FRISAY (Fig. 3). A7loFh
RAW264.7 AZHlA NO S oA
AE5S oA @ 22T e AAELEH
]

SRl

)

al,
o
=



S - 2T - BUYD - OJFS - TS| - SEE - FGl - SN - FoIX| - 2T

100 A

Cell viability ( % of control)

10 50 100 200
ug/me

EMeOH 0On-Hexane BEtOAc n-BuOH @Aqueous

Fig. 2. Inhibitory effect of extraction and fractions from C. wilsonii Nakai on cytotoxicity of RAW264.7 cell. Each data value is
means + standard deviation of three replicate experiments. "The all data were analyzed statistically through Duncan's LSR test.
And significant differences were evaluated at 5% level of probability (p < 0.05).

100 A

50 -

NO generation ( % )

10 50 100 200
ug/me
EMeOH n-Hexane DO EtOAc n-BuOH @D Aqueous

Fig. 3. The effect of C. wilsonii Nakai leaf extraction and fractions on LPS-induced NO production in RAW264.7 cell. Each data
value is means = standard deviation of three replicate experiments. "The all data were analyzed statistically through Duncan's
LSR test. And significant differences were evaluated at 5% level of probability (p < 0.05).

4, 2od otk SE9| P 3 OH
Open columng F3l E2|¥ 33HE 19 +x S 23l

'H-NMR, *C-NMR, LC-MS/MSE E4313t}h. LC-MS/MS HO O =

(negative mode) m/z 289 [M-H], 'H NMR (600 MHs, ' OH

Methanol-d¢) 8: 6.85 (1 H, d, J=1.8 Hz, H-2'), 6.78 (1
H, d, J=8.1 Hz, H-5), 6.73 (1 H, dd, J=6.3 and 1.8 Hz,
H-6"), 594 (1 H, d, =22 Hz, H-8), 587 (1 H, d, J=2.2 OH
Hz, H-6), 458 (1 H, d, J=7.5 Hz, H-2), 399 (1 H, m, Fig. 4. The structures of compound 1.

OH
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HoRILIT o =22 Y 2EE2 MleM Tt ¢ 2N =2 22
H-3), 286 (1 H, dd, J=10.6 and 54 Hz, H-4b), 2.52 (1  7jopgi}it 2lo] =0 ahalsl w 3lade] ZAZ gelslgloe
H, dd, J=82 and 7.9 Hz, H-4a) “C NMR (600 MHz, W, (+)-cateching H2|5}c}. wehd, Ao o 33
methanol-ds) &: 156.45 (C-8), 156.18 (C-6), 155.52 (C-10), o] A ksl 2 FA=A= o|&slr] 93 7|28
144.85 (C-4), 144.83 (C-3"), 130.83 (C-1), 118.63 (C-6), A 3kAT}
11467 (C-2)), 113.86 (C-5), 99.41 (C-5), 94.88 (C-7),
94.10 (C-9), 81.46 (C-2), 6742 (C-3), 27.12 (C-4). = A ZHAle] 2
7}, 313HE 1S (+)-catechin® & FAH U} (Fig. 4).
2 A7 20199 SRR QAN EHATRIRY 22

2 =

ANoRRRT ol gt ksl S AR 2 3 &4 H
AE 33l Akt A el o]& Thsd HA EEEA 21
5171 918l DPPH free radical 27 84 74, 3 =74,
% phenol & flavonoid & 42 AAEI9oH, 22 £
£ X33t 2 A3 e AEoA EtOAc 8 EolA

7P =& ksl @48 Bt DPPH free radical 427
ZAolA 9.69 + 0.69 pg/ml 2] 1Cs, FOE MBI Z o]
F= BHT, BHA Hr} =& @42 EIOH, g-tocopherol
Bt} 58 &4S HATh F phenol# flavonoid= 2+t
345.98 +1.98 mg-GAE/g, 74.23:|:2.67 mg-QE/go] ™, g
ZA oM ascrobic acid®} H|S=3 €75 H T

LPSZ s}d 2EYAE F2AZ] RAW264.7 AlEo]

1 NO Ad3E 34 A5 o 55 4 19
Eol|A] =5 negative controldl H]3] F= 2]£XoF NOQ|
Ag7Fo] sl Ae ER1T F UUTE 53] EtOAc 8
EollA= 200 pg/ml oAl NO AAo] 40%7FA] 7H4xst3d
(Fig. 4). ©& Lee S} Cho (2015)7} B33t 34 Aazos
sl WA AshA 2EH 27 gAkskAle] SJal ApdEH o
H-3-o] —Jﬂﬂ% Aol dR|ghtt. weba] 7o
B2 3} o= ob Bsk Aok
AkstEo) 71Q1ghvtar AztE]o] Xt

o] 7HE w2 EtOAc w8 &5 33l 1 719
Balafilem (+)-catechin®® S4H3IATH (Fig.
5). (H)-Catechin> ¢ (Serafini er al, 2010) 2 &4ts)
(Yang et al, 2001)°] &3} Aot LR Zgfieol= 4
go] =Zolt}. o]l W} (+)-catechin®] FiHEHEES H7le}7|
$18l DPPH radical &4 A& 233 A3} ICs ol
16.05+0.20 umolZ &<l o1 19.98+0.07 umol2] ICs,
S 7KAE= o-tocopherol2Th =2 g4t 7= AL &
AsATE Tt RAW264.7 MEE o]83sle] AxE 54 2
NO &S &213 A=} 200 pmolS A E3IRS wl 83.62
+ 3.11%°] AEAEES BeH NO AdE2 4508 =+
3.59% AT} (data not shown). o] Al7foRdilie] =2 3
2kt 4 3 adE S st

2 A7dIe AoRdur 9o fadE wElE Bl A

=onr

S E49

==

d

==

[¢}

Mr
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ae] A0 sl FAHYer olo] FA=HLE,
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