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AN (Cudrania tricuspidatay= U532+ (Moraceae)l] T AMlEe] A EX3 g I35 xF

Extracts of Cudrania tricuspidata leaves

Kyoung In Lee!’, Young Seung Yoon?, and Chul Hee Choi®

ABSTRACT

Background: The 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay is the most commonly used for
measuring antioxidant activity. Recently, research on measuring DPPH radical scavenging ability
using liquid chromatography (LC) analysis has been increasing. In addition, active compound anal-
ysis can be effectively performed using mass spectrometer (MS).

Methods and Results: The antioxidant compounds present in the extracts of Cudrania tricuspi-
data leaves were analyzed using using an online LC-DPPH radical scavenging activity measure-
ment system and MS. The results showed that the DPPH radical scavenging active compound in C.
tricuspidata leaves was 6,8-diprenylorobol, a prenylated isoflavonoid. As a result of a comparative
analysis of extracts by ethanol concentration, 6,8-diprenylorobol content of the 95% ethanol extract
was found to be the highest at 210.63 + 2.09 ug/md, while the hot water extract showed the lowest
content at 0.06 £ 0.01 ug/mq.

Conclusions: 6,8-Diprenylorobol exhibits various physiological activities, including anti-inflam-
matory activity, therefore, it can be used as an important marker compound for C. tricuspidata
leaves. Additionally, to extract 6,8-diprenylorobol from C. tricuspidata leaves, an ethanol concen-
tration of 40% or higher should be used.

Key Words: Cudrania tricuspidata, 1,1-Diphenyl-2-picrylhydrazyl Radical Scavenging Activity, 6,8-
Diprenylorobol, Liquid Chromatography, Liquid Chromatography-Mass Spectrometer
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2020a), L oAMESH FF XE #HE &3 (Song er dl,
2018) 5°] Har= ).

TSk oEkE 552 AHAE £33} A g3 (Do et al.,
2011; Choi er al, 2023), S¥|T+ &3} (Park er al., 2021),
lipase €4 <A @3ol g gk X5 &3 (Kim ef al.,
2012b), 7154 &sbEsF dxle] A 523 €8} (Shin er al,
2021), Asha] 2EHAR Q13 7F &4 tig B 3 AR
&3} (Kim et al, 2012a; Cho et al, 2019) 5 Z5& 43}
7] Agtol} vigky} #AHE 3T HAEHITH

o8k = tyrosinase A3 &3} angiotensin converting
enzyme A3 4 (Lee et al, 2011), F= Al 213+ Helico-
bacter pyloridl ™t G 3} (Lee et al, 2023b)\} Listeria
monocytogeness Y1738} (Woo et al., 2019)9} 722 &4d0]
AU QoA Yehbe 02 B E

o]¢} Zre Alg|gA el Heske AR A s B
Q, UF4d, 271 9 gnEg x3se PRABUFA =
xanthone, flavonoid, §714F 2 Thd-R-E H|ES kst A&
o] EAlske AR 1At 53,

o] FEINE YAF, s}, AFTY,
Nk 5o aE Yefe Zlo=
al., 2017).

TR BEol|A] Ee]E 4O 2A] cudratricusxanthone
9} cudraxanthone™ 5 TFJFSH xanthone A4EE3} kuwanon C
o} 7E2 flavonoid AEE°] HEHQ &4 RO T BIFY
I} (Quang et al., 2015; Park et al., 2019; Ko et al., 2020).

TR Gujjol] EAjshe T8 Ao
lorobol, 6,8-diprenylgenistein@} 7+¢| prenyl”] & *23}3h=
isoflavonoid’t &#1#4 At} (Jeon et al, 2012; Lee et al.,
2023a).

AU Qlo] AE AFollA deoxynojirimycin®] L rutin
(Do et al., 2011), kaempferol 2 kaempferol B3| (Park
et al, 1992), quercetin 2! quercetin HIGA] (Seo et al, 2022)
5o ¥ &7 6,8-diprenylorobol®|Y} cudraisoflavone L3}
78 prenyl’|E X3S isoflavonoid’} Yol A5 AL
Z ZRIFY} (Tuan Anh ef al., 2017).
ikt S S F BAE AAelA P durE e
2 Z853 A& 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical
oA B A= wEt Yehs AHEE 3 7]
712 =g S8 5 oA vFe g e st &
24 Aol 2853 Atk (Im and Lee, 2014; Kim, 2014;
Kim et al., 2014; Cha, 2015; Li and Jeong, 2015).

FZ gkttt Aol AR z2etE2# = (liquid chroma-
tography, LC)2t ¢17lste] LC 43 3tst &4 S84S5
Aol F83k= Al2dle] &8o] 7k At (Jeon er al.,
2009; Hong er al., 2014; Zhang et al., 2015, Im et dl.,

xanthone, flavonoid &
FHS A7 HE Y
RIE3 9} (Xin et

= 6,8-dipreny-
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2017). o]} &A A7) (mass spectrometer, MS)E ")
aiA gt ksl Y AR FH] BIEE =Y T
Al B} (Lee ef al., 2022; Lee, 2023; Lee et al., 2023c).
£ AFoA= DPPH radical &7 €4S LCY columndl|
A B2E geldo] HEVZ olF sk 7 radical §3}
HRSAIZ § SA ek Al S E8sto] FAELU
Eol| ZA5k= radical 227 4] Al Rl ik
Atk BR1E radical &7 4 AdE peak?]

[e}
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3o 2R AU Q9] radical &7
o

ek 2849 F= 212 F7IE Al
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1. A2ZME Y Ak

TRV (Cudrania tricuspidata) & AN &= 2023 69
o A v Aol AAsk= A 400 g2 A7 8H
ARESIGATE AlEE 40Te] 7AZ7]eIA 2 d7F 71xsilom,
274 2 mm o]&tZ 33t RS 4T WHRAsHA AMS-S)
Atk

FE3 Ao AH8-E 8vl= LC grade®] Duksan Pure
Korea) A& AFESIS O™, 6,8-dipreny-
lorobol 5% BIOSYNTH international (Louisville, KY,
USAPIA TYs AL ARESIATE Ascorbic acid®} catechin
€ Sigma-Aldrich (St. Louis, MO, USA)IA +43F A&
ARE-SFAT

Chemical (Seoul,

2. FESE NX

NehE T AWMU 9l FEEL B3 A 10 ¢
10%, 20%, 40%, 60%, 80%, 95% o&-e 200 ml = &3t
T 2 180 39 £=E HE3le] 24 A7 FRE AelA
e F2& AANEIT

4 FE2EL B4 AlE 10 goll A 200 b & £33t

o 100CelA 2 AIZF B9t 37 FE22 AT 74
AL 045 um syringe filter (Whatman, Maidstone, England)
2 AE AAS F 4T oletE W BAsias] Ao A
8313t

3. Online LC-DPPH radical 2Hs A

TR o] FEE AR AR B8 21 A8s A%
LC profile 42 93] LC-30A (Shimadzu, Kyoto, Japan)

dAZZrET 9} column®ZA] Kinetex C18 (4.6 mm x
150 mm, 3 gm, Phenomenex, Torrance, CA, USA)S 2%-83)
A5 AAE
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FAHEE 5 1, column ovend 40CE FA81F oM,

Ol FACZ 0.1% formic acidE 33 & (A)Z} acetonitrile (B)
ARl F4-2 0.6 ml/ming A-E3199tE HE71E LC
profile &A1ollA 7Hd dRbA o2 ARE-E &= SPD-10Avp
(Shimadzu, Kyoto, Japan) AF&]A (ultraviolet; UV) A&E71&
AMgsIR o, S-S 254 nm 2 A ST

o]5A4 HlEHE LC profileS Hlw3d A3} Table 134 7+
o5/ A FAERTE Q) FEES] T8 A peakE©l
FoaA HElEe S SRIE

Online LC-DPPH radical £&~7% $3l4 Table 12
o5/ 2148 A&t LCoA EEH 8597 1,1-diphenyl-
2-picrylhydrazyl (DPPH) radical &4¢] ¥-3-8 f=sl= Al
28-S 239} (Lee ef al., 2022). DPPH radical 89¢]
FTES H3lA F7F2 LC-20AD pump (Shimadzu, Kyoto,
Japan)E ©]-8-3}%1. 21, radical o] 3% ©|F radical &~
A ¥8-8 918 o] 1 me| reaction tubingS X3

Methanol®ll 50 pM=Z £-3A]71 DPPH radical %2 A&
slgom, 458 02 m/min®® FAsPHA AZ7] (SPD-
10Avp, Shimadzu, Kyoto, Japan)= 517 nm 2 A% 3} o)
DPPH radical 2271 &4 A& peake] UV spectrume DPPH

A&

=

= e}
S4<

radical &8 FX]e AefZ 200 nm - 400 nm FNA =
A3t
4. Radical 21 &4 ME2| LC-MSMS &4

TR Q) 358 5 DPPH radical &7 84 AR
peakol] thet H#EALE online LC-DPPH radical &A%
A T4 7171 2 w8 x3do] AHLH LC Al&HH

LCMS-8050 (Shimadzu, Kyoto, Japan) Z&¥247] (mass
spectrometer, MS)E AMg-3to] AT

MS #41& 918 717] Al 272 Table 29} 2o] 243}
%32, positive?} negative mode®llAl 100 m/z - 1,000 m/z
o] M1 MS scan w4 AAIsISIT

Table 1. Mobile phase conditions for separation of major peaks
in leaf extracts of C. tricuspidata.

Gradient (%)

Time — Flow
(min) ~ Water containing 0.1% o iiile  (md/min)
formic acid
0.0 50 50
3.0 50 50
30.0 27 73
32.0 0 100 0.6
38.0 100
38.5 50 50
45.0 50 50
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Table 2. Mass spectrometer parameters for analysis of major
active peak in leaf extracts of C. tricuspidata.

MS parameters

Interface Electro-spray ionization (ESI)
Nebulizing gas flow 3 ¢ /min
Drying gas flow 10 € /min
Heating gas flow 10 € /min
Interface temperature 300°C
Desolvation line temperature 250°C
Heat block temperature 350°C
Collision-induced dissociation gas Ar, 270 kPa
5. &M MFO| DPPH radical 2Hs &3
Radical 227 8/ Aol kst 245 alshr] <lsl 7i
¥ %] DPPH radical 275% 5783Ith

Methanol®l]
4312171 DPPH &% 180 1«0

FEEE ga)r7] AN 20 09} 200 pME
g Tl 2087 FAdlA
H-3-A]Z1 ¥ Eon microplate reader (BioTek Instru-ments,
Winooski, VT, USA)YE A3l 517 oA F3ES 574
3Tt
2O 2 ascorbic acid®} cateching ARE-31$ .01,
ol thAl methanolS AHE-3F blanke] S3=8 7|50 =
T2 ALk

o=

Al

=3
AA

&4
£ online LC-DPPH
22 270 AgH

R

radical 22715
LC AJ2=Hol| A .

&g 4Ee A 213+ 6,8-diprenylorobol ¥F% &
Mo 1000 ug/ml, 200 pgmlb, 40 pgml, 10 pgml FE=Z
A8t EA o AREE e, UV HE7] 32 68-
diprenylorobol®] UV spectrum 548 718t} 265 m=E A
=

L

RLS

o D

21

1. Online LC-DPPH radical 2HMs

oFgAET} 72 HAES] Ak & SAYY T shul
DPPH radical 427152 DPPH radical®} &ts} &4 A&
A3sle] radical A7} WsIHA] YERE @ANES-S £33
&4 7)71004 S sk= WhHoltt (Blois, 1958). ol8g 574

EXe ¢ BEAHC AAIZRETHE (liquid chromat-
ography, LC)¢] AZ712 Aeld 78 AZE7]M = &4
o] 7Fs3gtoll wet LCot AEd Al2dlS &8st FEE9
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Fig. 1. Online LC-DPPH radical scavenging effect and major active peak in leaf extracts of C. tricuspidata. (A) LC profile
chromatogram at 254 nm, (B) DPPH radical scavenging activity profile. The arrow indicates the major active peak.

EE ARe] sl S ST 5 A H
Tk (Jeon et al, 2009; Hong et al., 2014; Zhang et al., 2015;
Im et al., 2017).

olg gt Al2ElS

FZENA

Online LC-DPPH radical &71% %
A FEE2 F9 AE peakEo] U
HESGOH, Table 13 72 o8/ Z70A Fig. 1(A)}
o] 2 AE peakEe] YER}= LC profiles 2 F
o} 53 2] 278 483 online LC-DPPH radical
55 =243 Aol Fig. 1(B)SF 2ol HEEAIZF 19
— 19.5 & AtolollA] 7}3F radical 27 AL TR= A
peak”}t

Yepste.

y5 8

L3

=
1=
RL

Ar AT by

2. Radical &2 &4 peak®| Z2HZA

AW E Q) FZE o] DPPH radical &4 4 A&
peakell et FAF 5 71243 A% S4S A=) 218l

ul

=

2] LC profile ¥4 online LC-DPPH radical &~7% 3

A s e 208 A8 A7) (mass spectro-
meter, MS) E—’ﬁ.% AN AT}

LC profile ¥4 % online LC-DPPH radical &~4% =74
Z ol A 2(?_11:"]_ g A& peake] HFEAIZE 19 & — 195
B ARloll A Fig. 2(A) 7o) = A2 A4 MS peak
E ERIE 5 Sk
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Scan mode®] MS ¥4 A= AAIE Fig. 2B, C)olA
positive mode} negative modellA ZFz} [M+H]®} [M-H]

o] el 423.1 m/z9F 421.1 m/z7b ER1EN LM, positive
modedIME F7I2 [M+Na]” FEl2 F4E= 4451 miz7}t
YERsTH

Positive mode spectradllA+= EEAFQ] 423.1 m/zolA] 56
m/z7} A 3671 miz27F eSS, ThA] 367.1 m/zollA
56 m/z7} 7H2E 3111 m/zZ} YERdt ol &4 #2095

U3t el functional group F 7I7F EF IS YE=
Ao},
3% radical 24 B4 AR peake] F7HAQ ARE 3}

B3}7] 9&te] alF peake] UV spectrum =411, Fig.
3ARF 2 AE 1T F AN, radical &2A 243
3 peak®] UV spectrumo] FAIEUHE Gufjol] EAsh= 5
2 AEEZ 48X 6,8-diprenylorobol, 6,8-diprenylgenistein,
4'-O-methylalpinumisoflavones} 7+o] £} 29l prenyl group
X33l= isoflavonoid®} FAFES: ERISHIT} (Jeon et dl.,

E

2012).

ol¢} A MS H4 Azg FlHE positive modeolA
Rt 27 jon 5495 AES A%, FAETE e R &
= 71&9 OWOM Hisll e AEE F Fig 3B)et 2

o] isoflavone F+Z° 270€] prenyl groupg X&H3l= 6,8-
diprenylorobol®l 4] retro Diels Alder (RDA) W3-l 2Js] <=
202 prenyl groupe] - (-CuHgy’t ZZP A Uep)=
FeAS AT 5 AATH (Buckett et al., 2020).

LC B LC-MS ¥4 A3 npgoez HAAg &

Z 3T
\_.E
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Fig. 2. LC-MS analysis results of the major active peak in leaf extracts of C. tricuspidata. (A) total ion chromatograms, (B) positive

mode MS spectra of active peaks identified at 423.1 m/z (M+H]") and 455.1 m/z ((M+Na]®), (C) negative mode MS spectra of
active peak identified at 421.1 m/z ((M-HI").

(A) (B)

Absorbance(aU)

R o e e e LB I mn s e S s
200 250 300 350 400
‘WL{nm)

M= 3111 m

Fig. 3. UV spectrum (A) and chemical structure (B) of 6,8-diprenylorobol. Gray dashed arrow is the positive mode LC-MS ionization
fragmentation point shown in Fig. 2(B), 56 m/z (-C4Hs) that are part of the prenyl groups included in 6,8-diprenylorobol are
sequentially fragmented (423.1 m/z — 367.1 m/z = 311.1 m/z).

24 Ao radical &A B4 AJE peak’t Fig. 3(B)ell nitric oxide A3/3<S ¢A|s= &3 (Tuan Anh et al., 2017)
AAIE A3} 7o) 6,8-diprenylorobold©] FF Flw] Qo). 9} 3 9% 3 #HEE xanthine oxidasedl] gt 7F& st

6,8-Diprenylorobol 33Fst prenyls} flavonoid /32| & A &35 Uehlle 2oz RIFEAY (Kim ef al., 2020).
Al Aoz FAS & tist Bavk ok (Lv e¢ ESH A B g3 g 2359 dHdE &4 Yepe
al., 2023). £3] 6,8-diprenylorobol> &% A1zt FHHA 2o WyEY JOom (Xin e al., 2017), AZWEE A
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Table 3. DPPH radical scavenging activities of active compounds.

Compounds SCso"” (ng/mQ) Relatve activity” (%)
6,8-Diprenylorobol 99.26+2.88 62.28
Ascorbic acid 73.29+2.91 84.35
Catechin 61.49+1.72 100.00

DSCs0; concentration of each compounds for scavenging 50% of
DPPH radical. ?Relatve activity; values are expressed as percentages
based on SCjs, of catechin. SCs, values are means =+ standard deviation
(n = 3).

= &=
2022).
FARUYTE Q) FE2E9] radical 27 84 HEo=
6,8-diprenylorobol®] radical &S 11571 H3)
grdo] Holk Ao =Z U3 ascorbic acid, catechinS T3
92 &) DPPH radical 227%S B3t} Table 39
AX & A} 7+o] DPPH radicale: 50%9] $502 AAst
=4l 223t F% (50% scavenging concentration; SCsp) 3
ZJellA] 6,8-diprenylorobol> 99.26 rg/ml 2] SC5 02 7J& st
Garsl FAS 7HA]E catechin®] SCs2) 61.49 pg/ml 9} ¥

el e Aoz gz

o)
AR

(Song

ol
3z

ato] 6228% g UERTh T3 HERl CE= 4l
ascorbic acid®] SCsy (73.29 pg/md)Zte BT FFE9]
DPPH radical 27159< & < AUtk
3. Radical H & 4o MM

6,8-Diprenylorobol EFEF2] #=H £AS ZAt X
b o] FEE B 20 sYs 24 248 AA
3 5 293 N JHEE Table 40 A2

Table 59 A F= 2749 e vl 8B4 Aol

95% ethanol F&E2| 6,8-diprenylorobol o] 210.63 +
209 pgmb &2 717 A vERem, Aofolut ofgzHEe] <l
A ALS 98l Bel AEEHE d7 F& oAM= 0.06 +
0.01 pgml 2 7Pg w2 3§32 H3At. Ethanol F&=7} Sto}
Ao we} Fego] Hap Hop om, 20% ©l5ke] ethanol %
M= FAE v S e

ol¢} 7+ F= EAL Fig. 3(B)ol AAE 6,8-dipreny-
lorobol®] 318} 7£x% EAJO=E Q| AhF oz FAJo] T

=
57

ethanolZ} 7+ {7]8w oJEHQ & o] BigH
Aoz FEh

SHH, 95% ethanol F&&2] 6,8-diprenylorobol 2 7|
FO=Z 20% ©]3Fe] ethanol F=oNA = 03%0 %= vIX= &

she w2 A FEFS B3O, 40% ethanol F+Z0A

=8|

g Aq

o

HI

Table 5. Contents of 6,8-diprenylorobol in leaf extracts of C.
tricuspidata by extraction solvent.

6,8-Diprenylorobol

Extracts (ug/m0) Relative contents" (%)
Hot water 0.06+0.01 0.03?
10% 0.29+0.07 0.14
20% 0.58+0.08 0.27
Ehanol 40% 55.38+3.52 26.29
60% 107.56+2.44 51.06
80% 132.35+4.82 62.83
95% 210.63+2.09 100.00

Values are means = standard deviation (n = 3). "Relative contents;
values are expressed as percentages based on content of 95% ethanol
extract.

26.29%% F43] F71=EE A &S JeRiYh
60%<} 80% ethanol FEMX 27} 51.06%2} 62.83%<2
A SO E ethanol =7 EoE4E 6,8-diprenylorobol

o] FEol F2SAT TR 915S TElsof she A
&

AR SR 40% o132 ethanol T FEL 7IES
232 TS Aow AdtESITh

z70 AEd
TR o FEE EAlsks st 24 A7 S
$3l online LC-DPPH radical £7% &4 A|&®3 MSE
43 $492 AAg A3, DPPH radical 27 €79 230
AJE-21 6,8-diprenylorobold©] 1AL},

A F= 9 dEE FEE FEE9 Hw 74 ZAFlA
95% ethanol FZE2] 6,8-diprenylorobol $F&Fo] 210.63 +
2.09 pgmb Z 7 =4 Uepter, ¢ FEE14 0.06 +
0.01 pgml 2 7P W& ks BT 95% ethanol FE2&
9] 6,8-diprenylorobol 32 7|02 H|wdl AJrhel &3k
oA ethanol F%= ©]&AR T AFE veRdol weh 4]

prenylS} isoflavonoid

MR Qlof| A 6,8-diprenylorobol AH-2] FES EZZ o7 3}
T 7490l 40% o139 ethanol FEE FEl AEshs A
o] frelgt Zle® et

SHH | 6,8-diprenylorobol> 95 &4, AAR S g3} ¥
- HS #5235 oFs A8 s Uelle 22 B
JE Joerg PP ¢lo] FQa3 A FEA &8E
NS Ao, B AA ethanol FE9| &3 A2 =
Qo 718 FEolv 2Fu F= T UF FF Wil o
sk F7HQ HEZ 28 s Aog A

Table 4. Calibration curve information of 6,8-diprenylorobol in leaf extracts of C. tricuspidata.

Compound Equation

Coefficient of determination (r)

6,8-Diprenylorobol

y=0.0000048x-3.0557124

0.999898

149



REFERENCES

Blois MS. (1958). Antioxidant determinations by the use of a
stable free radical. Nature. 181:1199-1200.

Buckett L, Schinko S, Urmann C, Riepl H and Rychlik M.
(2020). Stable isotope dilution analysis of the major prenylated
flavonoids found in beer, hop tea, and hops. Frontiers in
Nutrition. 7:619921. https://www.frontiersin.org/articles/10.3389/
fnut.2020.619921/full (cited by 2023 Dec 27).

Byun EB, Jang BS, Sung NY and Byun EH. (2016).
Immunomodulatory activity of crude polysaccharide separated
from Cudrania tricuspidata leaf. Journal of the Korean Society
of Food Science and Nutrition. 45:1099-1106.

Cha BC. (2015). Changes in the constituents and antioxidant
activity in accordance with the processing conditions of Citrus
unshiu Markovich. Korean Journal of Pharmacognosy. 46:23-
30.

Cha JY, Kim HJ, Chung CH and Cho YS. (1999). Antioxidative
activities and contents of polyphenolic compound of Cudrania
tricuspidata. Journal of the Korean Society of Food Science
and Nutrition. 28:1310-1315.

Cho SS, Yang JH, Seo KH, Shin SM, Park EY, Cho SS, Jo
GU, Eo JH, Park JS, Oh DS, Kim JB, Na CS, Ku SK, Cho
IJ and Ki SH. (2019). Cudrania tricuspidata extract and its
major constituents inhibit oxidative stress-induced liver injury.
Journal of Medicinal Food. 22:602-613.

Choi SY, Yoo GJ, Hur JY and Choi IW. (2023). Analysis of the
contents of Morus alba L. and Cudrania tricuspidata leaves
and inhibitory effects on adipocyte differentiation. Journal of
the Korean Society of Food Science and Nutrition. 52:426-430.

Do GP, Lee HJ, Do JR and Kim HK. (2011). Inhibition of
adipogenesis in 3T3-Ll adipocytes with water and ethanol
extracts of Cudrania tricuspidata leaves. Korean Journal of
Food Preservation. 18:244-249.

Hong JS, Kang BG, Jang YS, Kim SH, Wang Z, Park YH,
Park JH and Lim SS. (2014). Studies on standardization of
licorice based on its active components with on-line HPLC
bioassay system. Korean Journal of Plant Resources. 27:401-
414.

Hwang MS, Choi JY, Kim KM and Song ID. (2023). Biological
effects of C. tricuspidata extract in normal rodents. Journal of
Life Science, 33:363-370.

Im DY and Lee KI. (2014). Antioxidative activity and tyrosinase
inhibitory activity of the extract and fractions from Arctium
lappa roots and analysis of phenolic compounds. Korean
Journal of Pharmacognosy. 45:141-146.

Im DY, Pyo BS, Kim SM and Lee KI. (2017). Measurement of
the anti-oxidative properties of extract from medicinal plants
using an on-line HPLC-DPPH assay. Journal of Life Science.
27:44-49.

Jeon JS, Kim SM, Lee HJ, Um BH, Kim HK and Kim CY.
(2012). Preparative isolation and purification of prenylated
isoflavonoids from Cudrania tricuspidata fruits using centrifugal
partition chromatography. Journal of Liquid Chromatography
and Related Technologies. 35:1607-1615.

Jeon YE, Lee YS, Lim SS, Kim SJ, Jung SH, Bae YS, Yi JS
and Kang 1J. (2009). Evaluation of the antioxidant activity of

Ho
0
of>

150

[val

|7‘:—|
=

o

the fruiting body of Phellinus linteus using the on-line HPLC-
DPPH method. Journal of the Korean Society for Applied
Biological Chemistry. 52:472-479.

Jung GT, Ju 10, Choi SR, Yoo DH and Noh JJ. (2013). Food
nutritional characteristics of fruit of Cudrania tricuspidata in its
various maturation stages. Korean Journal of Food Preservation.
20:330-335.

Kang YK, Lee EA and Park HR. (2012). Neuroprotective effect
according to reactive oxygen species scavenging activity from
extracts of Cudrania tricuspidata leaves. Korean Journal of
Food and Cookery Science. 28:821-828.

Kim JS. (2014). Antioxidant, a-glucosidase inhibitory and antimicrobial
activities of extracts from Maesa japonica(Thunb.). Korean
Journal of Medicinal Crop Science. 22:289-294.

Kim JW, Cho NJ, Kim EM, Park KS, Kang YW, Nam JH,
Nam MS and Kim KK. (2020a). Cudrania tricuspidata leaf
extracts and its components, chlorogenic acid, kaempferol, and
quercetin, increase claudin 1 expression in human keratinocytes,
enhancing intercellular tight junction capacity. Applied Biological
Chemistry. 63:23. https://applbiolchem.springeropen.com/articles/
10.1186/513765-020-00505-1 (cited by 2024 Feb 23).

Kim JY, Kim SY, Kwon HM, Kim CH, Lee SJ, Park SC and
Kim KH. (2014). Comparison of antioxidant and anti-
inflammatory activity on chestnut, chestnut shell and leaves of
Castanea crenata extracts. Korean Journal of Medicinal Crop
Science. 22:8-16.

Kim JY, Wang Y, Li ZP, Baiseitova A, Ban YJ and Park KH.
(2020b). Xanthine oxidase inhibition and anti-LDL oxidation by
prenylated isoflavones from Flemingia philippinensis root.
Molecules. 25:3074. https://www.mdpi.com/1420-3049/25/13/3074
(cited by 2023 Dec 27).

Kim KY, Ha MA and Shin YW. (2019). Comparison on anti-
allergic activities of leaves from domestic and Chinese species
of Cudrania tricuspidata. Korea Journal of Herbology, 34:9-17.

Kim OK, Ho JN, Nam DE, Jun WJ, Hwang KT, Kang JE,
Chae OS and Lee JM. (2012a). Hepatoprotective effect of
Curdrania tricuspidata extracts against oxidative damage.
Journal of the Korean Society of Food Science and Nutrition.
41:7-13.

Kim YS, Lee YS, Kim JH, Sohn EJ, Kim CS, Lee YM, Jo
KH, Shin SD, Song YJ, Kim JH and Kim JS. (2012b).
Inhibitory activities of Cudrania tricuspidata leaves on
pancreatic lipase in vitro and lipolysis in vivo. Evidence-Based
Complementary and Alternative Medicine. 2012:878365. https://
www.hindawi.com/journals/ecam/2012/878365/ (cited by 2023
Dec 27).

Ko WM, Kim NY, Lee H, Woo ER, Kim YC, Oh HC and Lee
DS. (2021). Anti-inflammatory effects of compounds from
Cudrania  tricuspidata  in HaCaT human keratinocytes.
International Journal of Molecular Sciences. 22:7472. https://
www.mdpi.com/1422-0067/22/14/7472 (cited by 2023 Dec 27).

Ko WM, Yoon CS, Kim KW, Lee H, Kim NY, Woo ER, Kim
YC, Kang DG, Lee HS, Oh HC and Lee DS. (2020).
Neuroprotective and anti-inflammatory effects of kuwanon C
from Cudrania tricuspidata are mediated by heme oxygenase-1
in HT22 hippocampal cells, RAW264.7 macrophage, and BV2
microglia. International Journal of Molecular Sciences. 21:4839.



FXELF 22| DPPH Radical A4 &4 M&

https://www.mdpi.com/1422-0067/21/14/4839 (cited by 2023
Dec 27).

Lee DH, Son YH, Jang JH, Lee SY and Kim HJ. (2023a). The
growth characteristics and the active compounds of Cudrania
tricuspidata fruits in different cultivation environments in South
Korea. Plants. 112:2107. https://www.mdpi.com/2223-7747/12/
11/2107 (cited by 2023 Dec 27).

Lee HJ, Do JR, Kwon JH and Kim HK. (2011). Physiological
activities of extracts from different parts of Cudrania
tricuspidata. Journal of the Korean Society of Food Science
and Nutrition. 40:942-948.

Lee HJ, Park SE and Kim S. (2019). Cudrania tricuspidata fruit
extract ameliorates free fatty acid-induced lipid accumulation in
HepG2 cells. Journal of Life Science. 29:1144-1151.

Lee JY, Son HG, Koo Y, Jung SH, Park SD, Shim JJ, Lee JL
and Lee YH. (2023b). Protective effects of Cudrania
tricuspidata against Helicobacter pylori-induced inflammation
in C57BL/6 mice. Journal of Medicinal Food. 26:224-231.

Lee KI, Back JH, Pyo BS and Choi CH. (2023c). Radical
scavenging active compound analysis in extract of coffee silver
skin. Korean Journal of Medicinal Crop Science. 31:211-221.

Lee KI, Pyo BS, Choi CH and Cha SW. (2022). Radical
scavenging active compound screening analysis in extract of
Coffea arabica L. leaves. Korean Journal of Medicinal Crop
Science. 30:264-277.

Lee KI. (2023). Radical scavenging active compound analysis in
extract of Humulus japonicus using an online LC-DPPH assay.
Korean Journal of Pharmacognosy. 54:184-190.

Li H and Jeong JM. (2015). Antioxidant activities of various
berries ethanolic extract. Korean Journal of Medicinal Crop
Science. 23:49-56.

Lv HW, Wang QL, Luo M, Zhu MD, Liang HM, Li WJ, Cai
H, Zhou ZB, Wang H, Tong SQ and Li XN. (2023).
Phytochemistry and pharmacology of natural prenylated
flavonoids. Archives of Pharmacal Research 46:207-272.

Oh SS, Seo EJ, Kim HY, Ryu YB, Lee JH, Gal SW and Park
KH. (2007). Tyrosinase inhibitory xanthones from Cudrania
tricuspidata. Journal of Life Science, 17:476-481.

Park JC, Young HS and Choi JS. (1992). Constituents of
Cudrania tricuspidata in Korea. Yakhak hoeji 36:40-45.

Park JH, Guo L, Kang HM, Son BG, Kang JS, Lee YJ, Park
YH, Je BI and Choi YW. (2021). Leaves of Cudrania
tricuspidata on the shoot positional sequence show different
inhibition of adipogenesis activity in 3T3-L1 cells. Journal of
Life Science. 31:209-218.

Park SY, Kim EN and Jeong GS. (2019). Isolation and quantitative
analysis of cudratricusxanthone A and cudraxanthone D from
roots of Cudrania tricuspidata Bureau. Korean Journal of

151

Pharmacognosy. 50:59-64.

Quang TH, Ngan NTT, Yoon CS, Cho KH, Kang DG, Lee HS,
Kim YC and Oh HC. (2015). Protein tyrosine phosphatase 1B
inhibitors from the roots of Cudrania tricuspidata. Molecules.
20:11173-11183.

Seo JI, Yu JS, Lee EK, Park KB and Yoo HH. (2022).
Molecular networking-guided strategy for the pharmacokinetic
study of herbal medicines: Cudrania tricuspidata leaf extracts.
Biomedicine and Pharmacotherapy. 149:112895. https://www.
sciencedirect.com/science/article/pii/S0753332222002840?via
%?3Dihub (cited by 2023 Dec 27).

Shin JY, Oh TH, Kim JY, Shim JJ and Lee JL. (2021).
Efficacy and safety of the Cudrania tricuspidata extract on
functional dyspepsia: A randomized double-blind placebo-controlled
multicenter study. Journal of Clinical Medicine. 10:5323. https:/
/www.mdpi.com/2077-0383/10/22/5323 (cited by 2024 Feb 23).

Song JS, Song GH, Park SW and Lim WS. (2022). Inhibitory
effects of 6,8-diprenylorobol on endometriosis progression in
humans by disrupting calcium homeostasis and mitochondrial
function. Antioxidants. 11:171. https:/www.mdpi.com/2076-
3921/11/1/171 (cited by 2024 Feb 23).

Song SH, Park DH, Bae MS, Choi CY, Shim JH, Yoon G, Cho
YC, Oh DS, Yoon IS and Cho SS. (2018). Ethanol extract of
Cudrania tricuspidata leaf ameliorates hyperuricemia in mice
via inhibition of hepatic and serum xanthine oxidase activity.
Evidence-Based Complementary and Alternative Medicine. 2018:
8037925. https://www.hindawi.com/journals/ecam/2018/8037925/
(cited by 2024 Feb 23).

Tuan Anh HL, Tuan DT, Trang DT, Tai BH, Nhiem NX, Yen
PH, Kiem PV, Minh CV, Duc TM, Kang HK, Kim YC and
Kim YH. (2017). Prenylated isoflavones from Cudrania
tricuspidata inhibit NO production in RAW 264.7 macrophages
and suppress HL-60 cells proliferation. Journal of Asian Natural
Products Research. 19:510-518.

Woo HJ, Kang JH, Lee CH and Song KB. (2019). Application
of Cudrania tricuspidata leaf extract as a washing agent to
inactivate Listeria monocytogenes on fresh-cut romaine lettuce
and kale. International Journal of Food Science & Technology.
55:276-282.

Xin LT, Yue SJ, Fan YC, Wu JS, Yan D, Guan HS and Wang
CY. (2017). Cudrania tricuspidata: an updated review on
ethnomedicine, phytochemistry and pharmacology. RSC Advances.
7:31807-31832.

Zhang H, Xi W, Yang Y, Zhou X, Liu X, Yin S, Zhang J and
Zhou Z. (2015). An on-line HPLC-FRSD system for rapid
evaluation of the total antioxidant capacity of Citrus fruits.
Food Chemistry. 172:622-629.



	꾸지뽕나무 잎 추출물의 1,1-Diphenyl-2-picrylhydrazyl Radical 소거 활성 성분 분석
	ABSTRACT
	서언
	재료 및 방법
	결과 및 고찰
	REFERENCES


