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Phytochemical analysis and biological activity of

Daphne jejudoensis

Ji-veon Lee

Department of Advanced Convergence Technology & Science
The Graduate School

Jeju National University

Abstract

Daphne jejudoensis 1s a worldwide distributed plant belonging to the
genus Daphne. Because of their various physiological benefits, Daphne
species had been used as folk medicines in ancient times. Studies show
that the Daphne species has anti-rheumatism, wound healing,
anti-inflammatory, anti-cancer, anti—carcinogenic, anti—diabetic, and
anti—aging effects. It has been proven that phenolic compounds and
coumarin derivatives are directly involved in its physiological activities.

D. jejudoensis was classified as morphologically different from
Daphne  kiusiana, which was an accepted identity previously'.
Therefore, more studies can determine its physiological and
pharmacological potential in a proper way. In this study, we compared

the antioxidant efficacy of each plant part and seasonal extract in leaf.



We found that it was the highest in flowers followed by buds, roots,
leaves, and then in branches. At the seasonal extract, the highest in
spring(May) followed by summer, fall, winter. In addition, to identify
their chemical components, the leaves of D. jejudoensis were extracted
with 70% EtOH and different fractions were prepared. Based on the
HPLC profile, Daphnetin and daphnin were separated from the ethyl
acetate and water fraction respectively. The isolated compounds were
identified through UV spectrum and UPLC-Q-ToF MS/MS.

From the extracts of flowers, buds, branches, roots, and leaves
UPLC-Q-ToF-MS/MS  was performed, and internal chemical
substances 1n each plant part were tentative identified. With these
findings, we can figure out the responsible metabolites for the
biological effects, and new pharmaceutical interventions may be

designed in the future.

_Xi_



FH=, 905 oo 4

& %3

}

o

L F2 FopAlote] g
w1l 2ofe] A sy

mﬁ

o

N

=0

s

olF< HAFE v

-
1

o}, ‘Daphne’ @}
dom FH3 gdo]d =7bolA Daphnedtal E#th D, gnidiums S

o
gl

X

NJo

=y

22 AR A

Ok &
-

Q
A2 o] &5

s

1214

°H4 s, WAGE

El 7)ol A w1gke]

-
1

o}, w3 D. sericea

bt

e x ALE3S

?;51_

‘(H

Z=3) €7

o

gk ofle} ofAlo}, of

HH
LN

1Z0] Av¥. D. gnidium, D. sericeas

27 R frell A wzke) ka2 A ARG T,

= 7

Ay

Nl

D. gnidium, D. sericea ¥ D. genkwa®l* 2

10 2 Phenolic compound$®} coumarin Al <€ o1tV D. kiusiana

7

F=
o A H 1% = phenolic compounds®] A2 &A

o
o

=]
=

A A

[ex]
H,

5}

coumarin ¥} diterpenoid+

ol

shA &4
anti-HIV, antifertility, neurotrophic, 1231 Z# 2 H]

ol
T

D. genkwa®l A

)

—
fite)

9l &ol Qo] gri, 53

A E

MDA-MB-2319} ] ¢r

A7 A7} ol

-
1

T3k Al

EE=A

US7-MG ol A Al

712 e gAY HE2L(COPD) mh

=2 FE=ol 718A el EHlE

B
e

%

B

]:]_7,8.9

A D. kiusiana® %5

o

__A_u
st

or
R
=

™

o
N

)

Al
2

AT AR D, jejudoens

A A TNF-a, IL-1 , IL-6, iNOS<}

-
1

mucin SACE &A1 #A COPD =A< ¢3lstgdct



=Re 2o guky

P s =

ro

o},
20213 D. kiusiana FZ%°] LPSE 5% HAZ AFES BV-2 cellol A
NO AAEH 954 AoE

‘IN

7kl iINOS, TNF-a, IL-1 % IL-6°] mRNA <&

A wEo] AAFHYSS Bttt F712, D, kiusianaol A E2 s A
Aol = 38E<Q (-)-acutissimalignan®] in vivo®t in vitro EFolA HAF

S Asst=del a3 dAvE A Qojl? WMags A Eo] wAy X
BAZA ] 75l AdaS AlAMSEA T
A 5= W A 3F(Daphne jejudoensis M. Kim)& &% 53 (Thymelaeaceae) 2]

ks 2Bt} A|FWMAEe 1A WA Daphne kiusiana)®t L3 Fo =

i

JE

AFUA G BAGe B F]) o] gla, TAeln U wi flE 5
e ARAT 2o AolAe 2o ArwolA WA e Aot Wit 73 cm

o Aolde 2o FalNE UEbu, féule] olrh AT uA

0.5 mm, MM &S F3t 1 mmoloH

rlo
o
4l

A #de HPLC A 2AP %S Faste] A8 Ax AFYAFe F2 33
2% daphnin® daphnetin®l & & 4= AT} o]= wWAjgks

Eo]| 4 daphnin°o] F& 3=z FAHJTE 7|E B A+4
& 43S B IJoH Daphnine 34324 CisHy00, 2 %3k 340.1 g/mols

7} = coumarin AlE Q] B WXL A B A EalA SALT &=



Z =
) =

17}2] ¢l coumarin A€ <] 3§

178.14 g/molZ, daphnin®l]A] o] do]

T2 33 =2 daphnetin® =, daphnin?} v}

2 3heh 2 CoHgOs, 2 7L

e

)

il
0

A

KN
T

<]

_

W
<

TR
of
ﬁo
=
T

jant
I

"o

Njo

N
NJo
%

=3

Gl
o
Him

%0

JJo

o

A3

=
[€)

& 7H AR

=
[€)

A, A AL 7]

I

JK

FTEHAAG? 2L e H ~Ee

s A Al e ol

2]

B

I~

g

oF

2~(Oxidative Stress)+= A}

\A
o

s AR, At

o= wrg o= 9

=K

)

il

= 373

o

i
—
fite)
7

el

B

Daphne kiusiana= 95-A 132 Aot}

u A ake] v

= AT,

]

tol
ol A positive

fite)

d7tsk7] <l

o -
= %

Uz

T
Rt

7}

757

2021 WA o)

2
ALY AR o

)

A

[e)
IT

L-ascorbic acid®}

-
1

controlZ AF-£ 5

AAe® D,

ki3

A A

ek

%

_ZTI

l

kiusiana®

SERE

AL o

A&

o} mEla] B oA ool= AF

[e)
IT

L-ascorbic acid¢} &=l w2k

=
[¢)

]

= °o
=

FohA| 249 o] 7HA]

Ar



—
fite)

amo

b1 9

§ Ed A

22X 7he

=3
a

A

| 9%

tol =3 = A

S



I 47 1 AFHAFS JE8H A7

1. AdAQs 2 vy

) AE A=

2
N
1=
>,
o
4z
do
{149
oX,
M
)
2
rO
-
=2
>
>
oo
)
T
.
8,
oy
Q.
@)
[
I
Y
2.
lo,

)3

i

’

;
o
fr
4z
v
N
o
iz
2
)
=

i)
c
5
@
=

1=
>,
o
1o,
o,
e
e,
1>
(il
oty
e
(il
o
o
o
do
:?L_“
=)
i
ol
Al
12
oo
1>
(il
o,
2,
>,

H o AMs FESgth AASE AR Ant oFsgst Agerd nw
(Herbarium of the College of Pharmacy, Jeju National University)oll X3
o] .

bl

ro

ol



Table 1. A list of D. jejudoensis plant part from Jeju island of South Korea

Code Collection parts Collection date
JNUP-2021-46 leaf 2021.07
JNUP-2021-03 flower 2021.02

JNUP-2021-274 branch 2021.07
JNUP-2021-275 root 2021.07
JNUP-2022-68 flower bud 2022.12




Table 2. A list of D. jejudoensis leaf from Jeju island of South Korea

Code Collection date
JNUP-2022-13 2022.04
JNUP-2022-14 2022.05
JNUP-2022-18 2022.06
JNUP-2022-19 2022.07
JNUP-2022-20 2022.08
JNUP-2022-26 2022.09
JNUP-2022-38 2022.10
JNUP-2022-61 2022.11
JNUP-2022-65 2022.12
JNUP-2023-05 2023.01
JNUP-2023-06 2023.02
JNUP-2023-17 2023.03




Figure 1. Picture of D. jejudoensis plant parts; flower(A), flower bud(B),

branch(C), root(D), and leaf(E). Scale bar represents 1 cm.
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Figure 2. Morphological differences between D. kiusiana (A) and D.
jejudoensis. (B).



2. Ak ¥ 7]7]

(1) Alef

sty dATE SR Awe FEcls HPLC S wEhE(Fisher
Scientific Korea. Ltd., Korea)¥} 70% ol €F-2(Samchun chemicals, Korea)<
ARE-3FAth Liquid chromatogram 4]0 AF&3 A9k 25 HPLC grade
oS AMgsAT. AlgH Sul= B3 acetonitrile(Merck, EMD Co.,

Germany), Formic acid MS-grade(Optima, fisher Chemical Co, UK)©]t}.

(2) 7171

HPLC: Agilent 1260 infinity series, Chemstation Software (Agilent
Technologies, Santa Clara, CA, USA)

UHPLC-Q-ToF-MS/MS: Agilent 6500 series Q-ToF LC/MS series

Column: J'sphere ODS H80 (4.5 x 250 mm, 4 ym, S-8 nm, YMC, Tokyo,
Japan) for HPLC; Agilent Zorbax SB-CI18 (9.4 x 50mm, 5um)
for Prep-LC; Eclipse Plus Cig RRHD 1.8 ym, 2.1 x 100 mm
(Agilent Technologies) for LC-Q-ToF

MPLC: Isolera (Biotage, NC, USA)

Germany)
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Leaves of D. jejudoensis
(798.0g)

’ Sonication with MeOH (Three times)
Total Extract
(46.6g)

Suspension in H,0
Fractionation with n-Hexane (two times)

[ |

Hexane fr. Residue
(11.7g)

Fractionation with CH,Cl, (two times)

B
CH,CI, fr. Residue
(1.652)

Fractionation with EtOAc (two times)

| \
EtOAc fr. Residue
(6.42g)

Fractionation with Water-saturated BuOH (two times)

|

BuOH ft. Aqueous fr
(7.08g) (18.3g)

Scheme 1. Fractionation from the Leaf extract of D. jejudoensis
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2) Daphnin® £

570 AT o EEE st HPLCE A2AS A3 water &2
7} ethyl acetate &+2]¢] HPLC AZvtEIHoA FQ I A7} EA5t= A
= Stk Water 28 E25F FoAES &Edst7] flal Prep-LCE
o] &t At

Water 3 Eol 3} acetonitrile?} &5 H7]& =2 Prep-HPLCE 2
Alste] 2719 AR FE(AB)S A tH(Scheme 2). Prep-HPLCY Al 5 -2
D. jejudoensis water &85 50 mg/mL F%=2 HPLCE& MeOHol 34 %
0.45 um PTFE syringe filter= o 3}3}o] FH] 3} T},

Prep~-HPLC column- Agilent Zorbax SB-Cis (9.4 x 50 mm, 5 ym)<
AREE R A, 48 20 mL/mine 2 FA s e HE3FS 280 nmi ).

2] Z7A4L Table 39 #Zt}l Prep-HPLCE AA|sle] 42 2719 ARYE

= Ao 2EIFE AZ reference® 9] HPLC HEFEA17F UV spectrum®]
dx)eto 2 daphnin® 2 5433t}
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3) Daphnetin® #3
EtOAc +8EZHH FoAAES wEst7] s =218 7] 93 uYd

3l gvj =Ao® Thin Layer Chromatogram(TLC)S 2 Alstgdth AH&4

o

m] =712 Methylene Chloride @ Methanol = 5 : 1, Chloroform

Methanol : Water = 7 : 3 : 0.5, Chloroform : Methanol : Water = 8 : 2 :
0.25, Chloroform : Ethyl Acetate : Methanol : Water = 8 : 15 : 4 © 1,
Chloroform : Ethyl Acetate : Methanol : Water = 8 : 15 : 2 : 0.5, 18] 1L
Chloroform : Ethyl Acetate : Methanol : Water = 6 : 10 : 4 : 1 o]t} ¢
o] o] Al 7FA &wl %A = Chloroform : Ethyl Acetate : Methanol : Water

D10 04019 2] P skl 2 2007 wikel e v

I
[@p}

Y
e

SAEE 7Hx &l CHClL9 MeOH (90 @ 10 — 0 @ 100)E 748

[

3l Medium Pressure Liquid Chromatography(MPLC)S 2 A 8} ¢t}
6712 AEIFEArl-r.86) & AEIE 1.22-399 dtisle] L3 F

Z710% MPLCE AAste] 2719 A8 3 &< Ea, EbE 9 AtHScheme

ne
rlo

1%

2). Aojx A2EIFE EaZ reference®te] HPLC W FEA|7F, UV spectrum

o] dxgto 2 daphnetin®Z 5743} t}.
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Table 3. Analysis conditions of PREP-LC

Preparative Liquid chromatography system (Agilent 1260 infinity II)

Pump

Detector

Column

Mobile phase
Total run time
Flow rate
Fraction collector
Sampler

Injection volume

Agilent 1260 Prep Bin Pump

Agilent 1260 UV Detector(280 nm)

Agilent Zorbax SB-Cis (9.4 x 50 mm, 5 ym)
A: water B: acetonitrile

10 min

20 mL/min

Agilent 1260 FC-PS G1364E

Agilent Prep Auto sampler G7157A

Gradient profile

30 uL

Time(min) B(%)
0 1

2 95

7 80

10 70

_‘]5_



Water fr. (147mg) EtOAc fr. (878.4 mg)

PREP-liguid chromatography Medium pressure liquid chromatography
{water: ACN=09: | water: ACN=70:30} (CH,CLy:MeOH=100:0— MeOH 100}
C D E F
A B (244.1 mg)
g
=%
25
Daphnin(l) i
(10.1 mg) »

i

jes]
o

Ea

]

Daphnetin(2)
(54.4 mg)

Scheme 2. Isolation of main compounds from D. jejudoensis fractions;
compound 1 was isolated from water fraction by Prep—-HPLC, compound 2
was isolated from EtOAc fraction by MPLC.
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3. Liquid Chromatography & ©] &3 A|FYA ] HgH HE HA

)
_{
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o
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M
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(il
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s
s
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AC)
rol
o,
S

=
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o
(o]

=
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D

g
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ftlo
kel
oot
rol
)

D A &g Az
A Fw A ske] 7t B3 ES LC-MS grade methanols &w& 3l 1
0.2 ym PTFE A ¢¥x] ¥z o]3}319th o 73k
FZ9S LC ulo]do] ol HPLCE ARE AZxsa olF FA 39

UHPLC-Q-ToF MS/MSE $]a A&l #lx3t9tt.

mg/mLE =2 A 23 &

2) B9 A=
AFM ] main compoundsS! daphnin®t daphnetine -] &

LC-MS Grade¥® MeOH®| 10 pug/mL == A 23} T}

A
ay

i

3) HPLC-DADE o] &% A &4
HPLCY] F&d+ 14422 Jsphere ODS H80 (250 x 45 mm, 4 um,

S-8 nm, YMC, Japan) Column$ A}F-83F% o™, o] 5o 2+ formic acid’f
01% 3749 32 FFFE A &vl2 33, formic acid’} 0.1% &F4¥
acetonitrile® B €12 &4 Table 49} £ 7]€7] 2Ho=2 B4

Diode Array Detector A& 34S 280 nm, AP >5xE 25CTE A8tk

4) UHPLC-Q-ToF MS/MSE o] 83 AE9HE &4
UHPLC® +%5ox= 1Ao7 Eclipse Plus Cis RRHD 1.8 ym 2.1 x
100 mm Column(Agilent Technologies)S Al&3ton olFAog=
formic acid’} 0.1% &% 32 THFTE A Swl2 3}3l, formic acid’t

0.1% g% acetonitriles BEWE dFo] Table 59 & 7|87 o=
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=AsAdth AEFdFS 2 bz e §52 0.3 mL/mine 2 ## 5
2t} Mass rangex m/z 100-1100 o2 A A3l Parametere] A4k
gas temperature 300C, gas flow 8 L/min, nebulizer 40 psig, sheath gas
temperature 350C, sheath gas flow 11 L/min® 2 AAs G}t o] =1
Lol A B3t} scan source parameter:= Vcap 3500V, nozzle
voltage 1000V, fragmentor 150, skimmer 65, collision energy 02 = 743}

At olet 2 HRE Table 6o E7]3FSAT

Liquid chromatography & #213}7] 3t AZEd o= ZZ HPLC

s

Lab adviser (Agilent Technologies)), UHPLC-Q-ToF MS/MS+
MassHunter ver. 10.1 (Agilent Technologies)S AF-& 3} ]t}
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Table 4. A gradient elution method for HPLC-DAD

Time A(%) B(%)
0 99 11
5) 90 10
15 30 20
25 70 30
45 60 40
95 40 60
501 99 1
60 99 1

Solvent A: 0.1% formic acid in water, solvent B: 0.196 formic acid in acetonitrile.
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Table 5. A gradient elution method for UHPLC-Q-ToF MS/MS

Time A(%) B(%)
0 95 5)
4 40 60
7 2 98
10 2 98
15 95 5)

Solvent A: 0.19% formic acid in water, solvent B: 0.19 formic acid in acetonitrile
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Table 6. Analysis conditions for UHPLC-Q-ToF MS/MS

Instrument Agilent 6500 series
Column EclipsPlus Cis RRHD 1.8 ym(2.1 x 100 mm)
Flow rate 0.3 mL/min

A: water with 0.196 formic acid
Solvent system o _ _ _
B: acetonitrile with 0.1%6 formic acid

A: 95% to 40% for 4 min, 40% to 2% for 3 mi

fime table n, 2% for 3 min, 2% to 95% for 5 min
Min Range (m/z) 100

Mas Range (m/z) 1100

Parameter

Gas Temp (TC) 300

Gas flow (L/min) 8

Nebulizer 40

Sheath Gas Temp 350

Sheath Gas Flow 11

Mode Negative mode

Scan source Parameters

Vcap 3500

Nozzle Voltage(V) 1000

Fragmentor 150

Skimmerl 65

Octopole RF Peak 750

Collision energy 0

Sample concentration 1 mg/mL in methanol
Injection volume 2 ul
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4. HPLC-DADZE ] € 3% daphnin ¥ daphnetin® €4¥ A%

A FwM e oo A daphnin® daphnetin®] 99 = WIS #2317

gstel e g AN ARSI FRWE AT

'}
o
HS
ftlo
o
&
oy
@
Q
=
ey}
oL
¢}

A2 FEES HPLCE o] 839] daphnin® daphnetin®] €3 3shaks
ALt B4 =4S liquid chromatography S ©] &3 A FuA]dko] H9
WO EE XMoo 7]9)e HPLCY T%& 2 wakt}l daphnin® calibration
curveE 18]7] f138te] 6719 F%(1000 pg/mL, 100 pg/mL, 50 upg/mL, 25
ug/mL, 125 ug/mL, 223 06 upg/mL)Z A|2stA 3L,  daphnetin®]
calibration curveg 37| ¢1ste] 771¢] F%X(1000 pg/mL, 500 pg/mL, 250
ug/mL, 100 ug/mL, 50 ug/mL, 25 ug/mL, 12]3 10 pug/mL)Z |23} T},
AZFAE Axer] o1 AP gke Al | ke AAsto] ek ith
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I A7 2: AFYA ] AHEH AT

1. A8gA =

1) AJeF € 717]

(1) AleF

2,2-Diphenyl-1-picrylhydrazyl(free radical) powder 95% (Thermo
Fisher  Science, Co,, USA), Methanol(Samchun, Co, Korea.),
BHT (2,6-Di-tert-butyl-4-methylphenol)(Sigma, Co. USA), L-ascorbic
acid(Sigma,Co.,USA.), Trolox(Aldrich, Co. USA), ABTS(2,
2 " —azinobis(3-ethylbenzothiazoline-6-sulphonic acid diammonium
salt)(Aldrich, Co. USA), Hydrochloric acid(DEAJUNG, Korea), Iron(IIl)
chloride(Aldrich, USA), Folin & Ciocalteu’s phenol reagent(Aldrich, USA),
Sodium Carbonate(TCI, Tokyo, Japan), Gallic acid hydrate(TCI, Tokyo,
Japan), Aluminum chloride(Aldrich, USA), Potassium acetate(Aldrich,

USA)

(2) 7171

Microplate reader(Tecan, Spark, ,Autria), centrifuge(Labogene, Korea)
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2) DPPH radical scavenging activity

AZ gARENA AT BAHd AEds edomyE
Aferigel AAHEN, BAME AssUe A4 BA pxE
ERAA AE A% AR FusAU ALE AEAL. E7E
Ager e A Weld As sEdss ZAA7D 9, wa, A3

)
o
28 g oAy A8S Fuste] dAge] £AE oplstrE AAAE

=
Afuds 278 AL FeEth? DPPH assay & 43S

—

AgslE gigdela tust Wyoz Ad A Aoz e

B4 wrgshd A4S dol @BUstel LfY weNS A wTNL
Wl Afetze] 27%5S 517 imol A FREE 2Fete] £A35 & &
g7,

(1) Aleke] Az

2,2-Diphenyl-1-picrylhydrazyl(free radical)S ethanol o ¢ 200 uM
se2 AR 253 Agste] #AdstA AZE DPPH 200 uM
N ZpF-g 7)o wol 4ToNA HustArth. A =42 stock solution &
1 mg/mL ¢ L= %59 AL 34100 pg/ml, 50 pg/ml, 25 ug/mL,
125 ug/mL, 6.25 ug/mL, 3.12 ug/mL, 156 pg/mL)3}S3 T,

op

(2) N=e A=
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==<l

e
f

, 594,
77, Be, o FEEOITh ZFE A L-Ascorbic acid(LAA)TE  stock

0 pug/mL 2 A% 3410 yg/mL, 5 ug/mlL, 2.5 ug/mL,
1.25 pg/mL, 0.6 ug/mL, 0.3 pg/mL)3tF e = & #FE2< butylated
hydroxytoluene(BHT)= %7|5%=E 100 ug/mL 2 3l oI5 314(100
ug/mL, 50 upg/mL, 25 pug/mL, 125 pug/mL, 6.25 ug/mL, 3.12 ug/mL, 1.56

pg/mL)sAT A4 AE FHE BAL A FdT HE 9

"

AR APELe AFUAT B R

A

methanol ¥ DPPH reagent & 4}o] A4F&llt}.
(3) Radical 2A%5 =4
200 uM DPPH &3} A& 3Asle] #x]3k AMES 96 well plate ol

Hj x| 3Fe] e A 30 #7F A X A7l ¥ microplate reader & 517 nm °l A

FAEE 4ot BE A9e A W wEao] G @S TarATh
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3) ABTS" radical scavenging activity

ABTS" assay © radical 255 Ast= EAQ Ae F U= A,
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid ; ABTS)+ 1
AAZ AFret S 7EA A A @AW potassium persulfate ©F RF-§-3}o]

gozs AT AstE ABTS & ABTS #@gz2 77)8y ol &

I
Lal7F =7] vt tdd AFEAY FAkst S ol &HTh E AFEE
P. Anath et al, (1999)®¢ WWS FxHsto] FissS BHuA e
AEQl AT 9 FZE7 radical ATl dve FEA HET

E 9] FAA1Q] trolox & W7o & AFE3FSI T}
(1) Aleke] Az

ABTS(2,2-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) 10 mg &
26 mL 2 245 mM potassium persulfate £Ho =o HF FE7F 7
mM 7} M=% ste] geol 16 AE Agsdrh AP mBE ABTS

solution < 238 A 734 nm oA FF =7l 0790 YeE FEZZ Ethanol =
o] &3fo] =A3FA T}

(2) N=e A=

-
o,
Y,
ol
2
ftlo
&)
wQ
c
=
D
w
=2,
2
N
ol
ol
3
T
ot
1%
ot
off
k1
rlr
DO
(@)
(@)
=
©
8
—
—
(@)
(@)
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ug/mL, 50 ug/mL, 25 pug/mL, 125 ug/mL, 0.6 ug/mL, 0.3 yg/mL Z12]3L 0
pg/mL(Blank)o]th. AM&E FEE° F%E+ 1000 ug/mL, 500 ug/mL o=

248310,
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Figure 3. Calibration curve of trolox as positive control for ABTS" radical

scavenging activity
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4) Total Flavonoid Contents assay

TFC(Total Flavonoid Contents) assay & @4+3lsS 7}3 flavonoid 7}
ddele} gl FMoz wWIst= dElE ol&ste] tdE Aol

T2 o]& 5= standard flavonoid & catechin, naringin %=+ quercetin &2,

o

A g A= quercetin & ol&ste] AHFHES I8 AR T quercetin

gaFs Aakstgdth 2 Ad e TFC assay ¥ Yuan, Liu et al, (1996)%¢]
WS st A AT

(1) Aleke] Az

AF23F quercetin @ BEE AEAS 87 Yste ogd we=
AZstAth WMESo] 10 mg/mL %= A 23 solution & stock &2 1]
200 pg/mL, 100 ug/mlL, 50 ug/mL, 25 ug/mL, 125 pg/mL, 6.25 ug/mL,
312 pg/mL = serial dilution 3sted 415 nmelA FFEE St

49

LHER 2L

e
E[o{t

FEE o]gdte] ¥ Quercetin © A #AS Figure 49

(2) N= A=

A=}
=9l

i
bl

AFEE AREAS AFUAge] AE FedE FE , e,
7HA, B, ¢ FEEoth 4 AEY wx=v dEEe] 1000 ug/mL =

’

A =5k,

(3) Total flavonoid contents
0 uL 2 %31 300 uL 9
95% ethanol, 560 ulL °] 3 FT#FF, Als 100 pfL & %o & 1 mL 9

A A ZretAch F=rje AEL 3083 45T 2+¥(Jeio tech, Dry

“

il
o

cabinet DC-11) oA ¥F-gAH T wj kst 2+ M &2 96-well plate ol %] g+

5 415 nm el A FHEE FASAY. 7 A2 3W whEsto] skl
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0.35 ..
03
= v = 0.0018x + GE-05
T 025 R? = 0,9909
2 0.2 .-
= -
f: 0,15
_E
- 0.1 _
0.05 L
-
p o2
0 50 100 150 200 250

Figure 4. Calibration

contents.

Concentrate (pg/mlL)

curve of quercetin for calculate total flavonoid
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5) Total Phenolic Contents assay

Total Phenolic Contents(TPC) assay &+ phosphomolybdic  acid ¢+
phosphotungstic acid 7} €3 % o9+ Folin-Ciocalteu’s(F-C)A] &S 0] &3} ¢]
Az S+ F de FHE HHste WHoe=R, dHesd sSEEe

ANEA dy BExHololE olx tAREo|th #HEA F3EES phenolic

(1) Aleke] Az

AHEEE gallic acid ®] sRv ARAAS 287 sl BF F3=(200
ug/mL, 100 pg/mL, 50 ug/mL, 25 ug/mL, 125 ug/mL, 6.25 ug/mL, 3.12
pg/mL % 0 pug/mL)Z A Zste] 765 nm oA FFEE SAHIT SHE
FHEE o]gste] ¥ gallic acid ¢ A @4 Figure 5o YEMY AT

(2) N= A=

AbgE APAgRE AFHAGE] AE Bl FEHEQ Z ZRod 7HA,

(3) Total Phenolic Contents assay

Microtube ol 7331z} st Al& 100 ul 2F 500 uL ¢] Folin-Cio calteu’s
AoFS YW 400 ul 9 sodium carbonate 2 H7Fdte] = 1 mL Y2
AMES AFstAth 2A12F &k bl A=A sto] A ofgo] ThEkeks

A% HAF Fol AUEANE ol g3l FFAW Askel 765 nm oA

;
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Figure 5. Calibration curve of gallic

contents
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6) FRAP assay

FRAP(Ferric Reducing Antioxidant Power) assay i= colored Ferrous
tripyridyltriazine complex o ]38 ferric ion ©] ferrous & A3 &= FAHS
B35t = ot v pHolA Ao o & 47 < tripyridyltriazine
BakA 7} o]7} Al ferrous tripyridyltriazine (TPTZ) & ¥ A9 =
3 £ F vk AVHE oS wWle ME WA FAINE gkelo] Hof
ol7baR & HuA YL Wk o] AP Liet al, (2000 & x5}

(1) Aleke] Az
FRAP reagent = pHE 36 &2 ZA3% 300 mM sodium acetate (NaAc)
25 mLeol 40 mM HClol 10 mM TPTZ & 52 €9& 25 mL #7bstx
20 mM FeCl; & 25 mLE H7lste] #Azetdoh. Ze &dL2 34
2

ZHFol  mo FMEAY. FRAP reagent+ 23 A AAdHA

Ao AEd HAPEELS AFUAGg AE FogE FEFEA E,
Z&edg, 7HA, B, 4 FEFEo|vh 4 AFEHAL2 10 mg/mL £ stock

o2 3o 1000 pug/mL = sttt dH3FAS 287 A8 AHgd EdS
trolox o] F%+ 1000 ug/mL, 750 ug/mL, 500 pg/mL, 250 ug/mL, 125
pg/mL 2 A< s|Alste] 19 HHFA S Figure 6 9 3E A8 T

(3) Ferric reducing antioxidant power
Microtube®l] FRAP reagent 900 ug/mL<} 100 ug/mLe] v A3 &4,
FeSO, 7 H)O & 4o & HyE 1 mLE TEAL. 2447 5 96-well

plateol] ¥Jx]&}e] 595 nmol A FF=E SAHSA T
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[
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=
h
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Figure 6. Calibration curve of trolox for calculate ferric reducing antioxidant

power.
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IV. 49 23 2 1%

1. Liquid chromatography & ©] &3 A|FW A ] A& 4

1) HPLC-DADE o] &3 A Edd &4

HPLCE &3 AlFUA el Fod AR Agds A& F98 F=E(Figure
7 AFWAgE Q) MeOH FE=52 #3E(Figure 8)° YeERAATH 2] &E 59
W E2EES fFooA & 29SS BT 3 25 odAE EHoR

1589 9=(a)7} YErse™ UV spectrum ¥l A3 daphnetin®} A}k
coumarinAl g 9] wGA Y Folgts HARE AL F ANT JHA 9} HPoA =
26t (b) ¥, 3BEWH IA(c)7F SHASE Ueton, 7|& &3 Bist UV
spectrum E S & daphnodorin A%} CY Ao =m gAHATE a, b, ¢ I UV
spectrume®l] ™3t A HE Figure 9o YEFHATH
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Figure 7. HPLC profiles of D. jejudoensis plant parts extract in 280nm; stan
dard mix 2(daphnin, daphnetin)(A), leaves extract(B), branch extract(C), root

extract(D), flower extract(E) and flower bud extract(F).
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Figure 8. HPLC profiles of D. jejudoensis fractions at 280 nm; standard mix
-2(A), hexane fraction(B), methylene chloride fraction(C), ethyl acetate fractio

n(D), butanol fraction(E), water fraction(F).
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“DADA, 14.713 (350 mAU, - ) Ref=14.525 & 15.132 of JNUP-202268.0
“DAD1, 14.654 {58.5 mAll, - ) Ref=14.494 & 14 574 of JNUP-2021-3.0

20 240 280 280 300 320 340 /0 W0 om

“DAD1, 37.887 (344 mAU, -) Ref=36.387 & 38.233 of JNUP-2021-275.0

“DAD1, 37.887 (344 mAU., -} Ref=36.987 & 38.233 of JNUP-2021-275.0
“DAD1, 37.873 (T8.2 mAU, -) Ref=37.607 & 38.220 of JNUP-2021-274.D

“DAD1, 37.873 (78.2 mAU, -} Ref=37.607 & 38.220 of JNUP-2021-274.D
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2&0 2A|w 2«‘30 z,éo 3&0 31‘»0 3‘;0 3éu 3éo nm IZZI’IJ‘ 2'||0 2:'11 Zéll 3&!} 325 340 3(‘1] :n;u nm

Figure 9. UV spectrum of unidentified peaks in HPLC. UV spectrum of
flower and flower bud extract’'s common peak in 15 min(a). UV spectrum of

branch and root extract’s common peak in 26 min(b), 35 min(c).
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2 -Q- = 3
) UHPLC-Q-ToF MS/MSZE o] &3 AFHYAgge B HEAYE £

Daphne < 2=l A oln] &2zl stgh=e] UHPLC-Q-ToF MS/MS ma
e e w 53k dHolEHlojagt Al A2 dHeolHE Bl 733;”8

| ) st A=
Figure 109 XAt & FEEo|A daphnetin  8-glucoside, daphnin
daphnetin, umbelliferone, daphnodorin C/A, apigenin, marinolic acidE 4 1;
o TAY 4 AJx A FEFEA] daphnetin 8-glucoside da;h:ﬁ—]
daphnetin, daphnolin, daphnodorin B/I, daphnodorin A/D Z, g izr%% o /:
daphnin, daphnetin, daphnodorin A/C, daphnoretin, gnidicin, gnidilatiding, %

FEEAA i i i
| 4 daphnetin, rutin, daphnin, luteolin-7-glucoside, daphnolinS #+*
= A= e}

T
o 1o = 5
19 22 A= WM B FE2ES EE HPLC Z2Z oA
— ) =

daphnin?} daphnetin®] 1% a1, 2t F9¥ FE=Eo| FostA tE& H

[
fru
k%)
e
ftlo
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R
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rlr
il
i)
o,
>
A
oX,
ftlo
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Figure 10. UHPLC-Q-ToF MS/MS chromatograpram of D. jejudoensis plant parts

%107 -ESI TCC Scan Frag=150.0V NEG_JNUF-2021-204 [Flower]
! 2 4
2 3 7 13
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! 1 g 10 12
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0l
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3
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1 6 g 10
1
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=] ¥ 4 [Root]
2 3
101 “ 15
‘ |
ol
7 -ESI TCC S¢ Frag=150.0V JNUP-2021-287_NEG_220225.d
wor o frea NEe Courts vs. Acquistion Time {rin) [Leaves]
3
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N ¥
s 1 %5 & 25 § 35 4 45 5 55 & 65 7 75 4 85 § 95 10 w05 1 M5 12 125 13 135 1@ 145

Figure 10. UHPLC-Q-ToF-MS/MS profile of plant part extract of D.jejudoen
sis; daphnetin 8-O-B-D-glucopyranoside(1l), daphnin(2), rutin(3), daphnetin(4),
luteolin—7-glucoside(5), daphnodorin B/I(6), umbelliferone(7), daphnolin(8), dap
hnodorin A/C(9), daphnodorin A/C(10), daphnoretin(11), marinolic acid(12), 3/4,
5-Tri(2,3-dihydroxypropoxy)benzoic acid dodecyl ester(13), gnidicin(14), gnidil
atidin(15).
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2. HPLC-DADE 5% €4 AFIYANZF ¢ FEEAAY F2 JFE A
2%

1) HPLC-DADE °]-& 3% daphnin® %

AFuAgy 9 9 F48 FEE daphnin® =S AAEsH7] 98t 6
7he] FX(1000 pg/mL, 100 ug/mL, 50 pug/mL, 25 ug/mL, 12.5 ug/mL, 1]l
0.6 ug/mL)el tigt AFde F+3 A7E Figure 119 YERN ST daphnin 7
FAE y = 0.8102x - 24681 L R* gL 099772 AT = e FAS

[e)

H A HFigure 11 ¥ Table 7). ZE A5 A3k 4
FE A Qbe] HFol A 1T
1

AZUAGE 9 9

HS
i
A
iy
(e
o
3
(o]
=
=]
o]
o

daphnin®] %2 59 <ol FEE 6368 + 2.33 ug/g
Dried weight(DW) 2 714 =1 694196 + 500 ug/g DW), 8¥4(317.8 +
2.08 ug/g DW), 9€(3056 + 1.98 ug/g DW), 11€(284.0 + 0.41 ug/g DW),
1092251 + 446 ug/g DW), 29€(1855 = 340 ug/DW), 49(160.8 + 3.06
pg/g DW), 791398 + 1.34 ug/g DW), 19(1330 + 246 ug/g DW), 34
(1260 + 4.28 pg/g DW) 28] 129(70.2 + 253 ug/g DW) £o& =4
E} 5k tH(Table 9).
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Figure 11. Calibration curve of daphnin standard solution
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Table 7.

HPLC calibration curve of daphnin in siX concentration ranges.

concentration ) ) )
RSD(%) calibration curve R
(ug/mL)
25 0.8
50 0.6
100 1.1 y =
0.8102x 0.9977
250 2.0 94681
500 14
1000 0.2
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2) HPLC-DADZE o]&3% daphnetin® #

AFuwAgy 4 o A48 FEEC daphnetin®] =S AASH7] 18k
7h9 §X=(1000 pg/mL, 500 pg/mL, 250 ug/mL, 100 ug/mL, 50 ug/mL, 25
pg/mL 123l 10 pg/mL)el theh AFHS 73 ZA3}E Figure 120] ERY
2 th. daphnetin A &A1& v = 1.6069x + 86374 il R* #2 0.9998% A1

B

BE AFaMg o 9 =559 daphnetin 352 @4

A ERlE AT AT o) Y daphnetin®] $ES 109
5

1431 +

©

o

=
-

o

o]

N

Ho.
ri
i

67 ug/e DWo.z 7b4 =9km 991111 + 149 ug/g DW), 39
(101.2 = 4.46 pug/g DW), 8€(69.0 = 3.16 ug/g DW), 2€(62.2 + 6.13 ug/g
DW), 49€(54.3 + 1.45 pug/g DW), 5€(50.8 = 5.27 ug/g DW), 6€(40.0 £ 9.84
ug/e DW), 119(329 + 1.07 ug/g DW), 79311 + 3.14 ug/g DW), 19(82
+ 0.72 ug/g DW) 18] 12€(62.2 + 117 ug/g DW) +2o=2 =4 e
(Table 9).
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Figure 12. Calibration curve of daphnetin standard solution in seven concentra

tion.
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Table 8.

HPLC calibration curve of daphnetin in seven concentration ranges.

concentration

RSD(%) calibration curve R?
(ug/mL)

10 6.7

25 9.1

50 8.3 )

y =

100 7.6 1.6069x 0.9998
950 35 + 8.6374

500 6.5
1000 7.6
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Table 9.
HPLC Quantitative analysis of main compounds in D. jejudoensis monthly

leaves sample.

daphnin daphnetin
Month
ug/g DW extract ug/g DW extract
1 133.0 £ 2.46 82 + 0.72
2 185.5 £ 3.40 62.2 + 6.13
3 126.0 £ 4.28 101.2 + 4.46
4 160.8 £ 3.06 543 + 1.45
5 636.8 + 2.33 50.8 + 5.27
6 419.6 + 5.00 40.0 + 9.84
7 139.8 = 1.34 31.1 + 3.14
8 317.8 = 2.08 69.0 + 3.16
9 305.6 £ 1.98 111.1 + 1.49
10 225.1 £ 4.46 143.1 + 5.68
11 284.0 £ 041 329 + 1.07
12 70.2 + 253 622 + 1.17

*Data were expressed as amount g of compound in 1 g of dried leaf weight.

_47_



3. A8gA Hrt: Fikst 523
1) DPPH radical scavenging activity

D. jejudoensis A& FE&% F9¥ g8 S FAZ ndg S table
100, Al Q) FE=9 dtssE S table 119, 5= +8¥ ikstsd
= Table 120 Ztzt Fds. A= 79 F55¢9 DPPH radical
scavenging activity 50% inhibition concentrate(ICs)#ts -3+ A= 3H4ks}
o] =2 TAURE 2522323 + 09 pg/mL), £47.3 £ 28 pg/mL), 7}
(933 £ 1.9 pg/mL), €(144.8 + 3.2 pg/mL) 28] #2](1538 + 1.3 pg/mL)
ojtt. XFEHRE AMET BHTY ICs #-2 510 + 15 pg/mL, LAA®] ICs#
2 69 + 22 pg/mLE D. jejudoensis® %23, & positive control®!
BHT Xt} &

AAE AFHAEE o FE2E0 st 24 Ades Fol AFA A9 1Cs
o] 781 + 0.9 pg/mL = 7F& =%al, o534 £ 1.7 ng/mL), 7F=(186 =+
2.3 ug/mL), A&(416 + 03 pg/mL) £22 FAikstso] EUTh

D. jejudoensis®] +8W¥ &At3slsS &1t Ay} hexane oA+ 9
gk gatstsES g 7 glAA T ethyl acetate =& ol A+ ICs #ko] 7.8
+ 09 pg/mL=z, 714 =2 dikstsS Bt 1 H 2+ methylene chloride
w8395 £ 0.09 ug/mL), butanol &8 (1277 £ 0.6 ng/mL) 123l water
(1499 + 0.1 pg/mL) o2 =& 23 S48 B

oldel AFE D. sericea © NE7] AFH FEES DPPH radical
scavenging activity® ICs¥ D. jejudoensis®] ICss W]ustAS W, D.
sericea 9] 1Cs3kS 506.8 ug/mL, D. jejudoensis® ICsy #+< 47.3 pg/mLO =2

D. jejudoensis 2 FZ%0°] D. sericea®l £ FE=EHT A =& 323 7
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2) ABTS" radical scavenging activity

D. jejudoensis F$1¥ methanol F=%° ABTS' radical scavenging
activity & Table 10 o] YEeEFH AT ABTS' radical scavenging activity & %
T2 6350 + 34 ng/mL & 7HE =& FAstes BT 1 HE,
(1135.0 = 1.6 pg/mL), 7}F#(1531.4 + 0.8 pg/mL), ¥2](1540.0 + 22.2 pg/mL),
(29776 + 2.2 ng/ml) vl = = ik S B

T3 AT dS AMER Qs FdAs S4e E 23 table
11 el vepfivh. DPPH A¥e} np7bA 2 ol Ae o F=&0] 1.9692
+ 2.7 ng/mL ¢ 1C5 o2 7V =2 dtst d4& BQln 1 FAEs oF
(24879 * 25 pg/mL), 7F=(25915 + 2.3 pg/mL), 7849014 + 2.2 pug/mL)

o8 w& isteEs BATh

bl

== dstes 54 2y}, DPPH 9 Aot vp7EA 2 hexane

Jo| A= Fongt A3E =34 Xakadth Ethyl acetate &2l A 402.0

i

I+

0.5 pg/mL °] ICx #oZ 7HE =2 FArskss RS, methylene
chloride %% (454.0 + 0.9 pg/mL), butanol #¥(1135.0 + 1.0 pg/mL), water
9(2063.0 £ 0.8 pg/mL)e]l & Wkt o9 & AEE table 12 0] Y
i At

ABTS" A&l A D. jejudoensis ] 91 FEE89 Iitses2 7|E& o
7% D. kiusiana F-$1'¥ Methanol 75% F%%<2 DPPH radical scavenging
activity 7} &, B, 7Fx £ow Egtds 7EY dF A3t D
mucronate Royle ¢ methanol & F&EA 75 £ 055 % o F4kst =38 &
PGP = Baeks g2 A4S Wrh 3 o] AgAFE oo D
kiusiana §-91¥ methanol 75% F&==2 ABTS' radical scavenging activity
7F 4, , M o w2 =gttte A7 A3%° 9 D. mucronate Royle 9

methanol & F=Eo|A ABTS' radical scavenging activity & ZA3}7} 72%

ASS w3l A7 A= 8528 WA D, jejudoensis ¢ WMEHE 9 FEE
B g2 GAS Bk =3 D, sericea ¢ methanol 2 F&E9 ABTS'

_49_



radical scavenging ICs ko]l 114 pg/mL ¢ o= 2 Aol H3| D.

bl

2508 FEE9 ABTS' radical scavenging activity
ICsx #k°] Z+ZF 6350 pg/mL, 11349 pg/mL g 714 7189 AF9F ke
ZA3%E YebdtH. DPPH radical scavenging activity @8 ABTS' radical

jejudonesis %= &

scavenging activity © A3 EZ 9 FA zolE HIAAT 2 FAZ 4
A

SFREUAE At 232

2
N
1=
o)
o
M
ot
o

9] DPPH radical scavenging activity @ ABTS" radical

scavenging activity @4HstsS SASE A3 hexane 8 TAAE F A3
25 fons dakskss gl 3 4 gldoh SshAINE 7 AF B ethyl

acetate T8 olA AY =L It sS HPY oW DPPH radical scavenging

i

ul

activity ol A ethyl acetate ¥ 32, water 3, butanol #3 <o 2 3A3}l5 9]
=93 ABTS' radical scavenging activity 4] ethyl acetate +3¥, butanol
3 water 8 oz dakslzo] =A e

ZH o Ho AAA A FEFE 2 ethyl acetate F3 oA =2 IAks)
TS Btk ol d4teteE S 71 daphnin o o] A EoldE A

A3 (Table 9) ¢ vl HdS Bk webA daphnin & & &0 =&

BN
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3) Total flavonoid contents

Total flavonoid contents(TFC)®] ZA#gk& Table 13 o] YeER AT TFC
#%522(2045 £ 38 mg QE/g DW), #(1264 + 0.1 mg QE/g DW),
°(681 + 1 mg QE/g DW), *&(425 + 36 mg QE/g DW), z1#x
7FA1(22.2 + 28 mg QE/g DW) £o 2 =94t}

AR AFHAEE ) FEE FAtstsS HUEeE A3, AFUAG
oJFol 211 £+ 24 mg QE/g DW 2 7}Fg =<k3 7F5(189 + 2.0 mg QE/g
DW), A&(172 £ 1.0 mg QE/g DW), (148 + 22 mg QE/g DW) 2=
Ao = ey
3 kst A3d A3 EE methylene chloride #3804 387.7 + 0.01

mg QE/g DW= 7} %<& flavonoid %S H 3 ethyl acetate

s

ro

1o,
rlo

=0
w2 W

i

e

3 (364.8 £ 0.01 mg QE/g DW), hexane #3%(330.2 + 0.01 mg QE/g DW),
butanol &2 (1284 + 0.08 mg QE/g DW), water &8 (405 + 0.01 mg QE/g
DW)7} A d 2 =& bl s Bt

D. jejudoensis 4 ¢ TFC & D. gnidium 9 3Z%%9¢] antioxidant activity
2 3913l Chaabane Fadwa, (2012)% 9] zt3} w23k ghs Bl =3 e
%9 D. mucronata ME-E ¢ FEEA TFC7F 61 + 0.05 mg/g QE
DW o #S AHE3 7€ EaA¥ wet D jejudoensis ¢ Aol TE
WA gE AZE v 2d 759 total flavonoid contents & 7HA 1 Y&
& g AATH

D. sericea 9 D. gnidioides ] methanol F&E92 TFCZE 3<l3t
Tougur, T et al.(2018)* ¢] A3} D. sericea oA+ 121.3 + 197 mg QE/g
DW, D. gnidioides oA+ 2445 + 195 mg QE/g DW 9 A#HZS
7HRt s Aol M uES uwl D, jejudoensis ] methanol F& %2 TFC
#rol d53 =4 dsit
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4) Total phenolic contents(TPC)

D. jejudoensis 2= HF91¥ FFE <2 Total phenolic contents(TPC) 23}
£ Table 139 YEIRT TPC & %#(126.4 = 0.8 mg GAE/g DW), £&2
2](1175 + 09 mg GAE/g DW), 81098 * 1.7 mg GAE/g DW), 7}A
(83.0 + 0.8 mg GAE/g DW), 183 €(636 £ 1.6 mg GAE/g DW) T2 =2

=% #3849 total phenolic contents A= #k2 Table 15 o YEeERH AT

"

#39 total phenolic contents & hexane #3olA 768 + 0.8 mg GAE/g

rlo

DW o] 7} %<& 7S X993 methylene chloride ¥8(657 + 1.0 mg
GAE/g DW), butanol #+8(61.2 + 1.7 mg GAE/g DW), ethyl acetate + ¥
(46.8 £ 0.8 mg GAE/g DW), Z128]3 water 8 (33.3 + 1.7 mg GAE/g DW)
ToR 2 AdHES BAth

Total phenolic contents = D. gnidium % F=%2| antioxidant activity

e
2 g3 7)E B P n£=d gallic acid BEHS HYrd ®dk D,

= b B S B

N

mucronata & FZ%° TPC 7} 61 mg/GAE g ¢ S HSl 7|E9 3z
Al szeh e BAT®. AW D. kiusiana 75% WErEo] ¥-9)d FEE|
A <4359 mg GAE/g DW), 23694 mg GAE/g DW), =
GAE/g DW) <=2 & phenolic contents ¢ dr#o] =ktls= A2 ue} Al
He AdE BHAGS

w5k 2 D. sericea ¥ D. gnidioides ¢ phenolic contents o thgF -+
Ao A, D. sericea 14 6024 mg GAE/g DW ¢ TPC %<& 7FXa D
gnidioide 91’1 1219.3 mg GAE/g DW & 7Fthe= A3t gop™,
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5) Ferric reducing antioxidant power

D. jejudoensis ¢ &4t3%5S FRAP assay & 3H¢ldk Ay 9(957.0 =+
0.3 mg TE/g DW), 2% 2 2(948.1 + 0.9 mg TE/g DW), 2(919.0 + 1.0 mg
TE/g DW), 7FA(374.1 = 0.2 mg TE/g DW), 18|31 ¥2](291.0 + 0.6 mg
TE/g DW) 22 & Ptstss BAYtHTable 13). A4 Pitsts wsh
£ FRAP o= QI3 Axz= G AP o F=
o] 4896 + 0.04 mg TE/g DW & 7} =4 YElWY. B oz es A&
(415.0 £ 0.09 mg TE/g DW), 7}=(401.8 + 0.05 mg TE/g DW), 7-2(330.9
+ 0.06 mg TE/g DW) 22 %2 3isss HAT

s

)

23y galslsS 8¢13% A3} hexane 8|4 9544 + 0.04 mg TE/g
DW 2 7} =2 3k3lsS H I ethyl acetate(937. 8 £ 0.05 mg TE/g

DW), butanol(887.4 + 0.06 mg TE/g DW), water(562.4 + 0.01 mg TE/g
DW), methyl chloride(169.9 + 0.09 mg TE/g DW) <o & =& 3435S
B A (Table 15).

ol= D. kiusiana & "¥E F=E2| Ferric reducing antioxidant power
7} ABTS' % DPPH radical scavenging activity ¢F 2@ 984 34k3t%
S Holx et vE A0 e} Aolvt 9l

T
.
8,
2
S
]
3
%
o
i
(il
-z
do
{149
o
N
(il
lo
s
S
N
N
)
ot
r>~
ot
olr
L)
ol
N
N
1t
jaii)
=2
o)

89 Qo] 14 B FUFFHL BT AFUAG 9 FEBY £

FRAP o4 ethyl acetate 7} &% 8oz 714 %& 3a3lsS HIO

TFC ol 5l = methyl chloride 80| 7} £ S EATh

D. kiusiana ®] FE=&v % FE5FH wE FdsteHs 24T
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Table 10.
Radical scavenging activity of D. jejudoensis plant part by DPPH and ABTS"

DPPH ICs" (ug/mL) ABTS ICs”(ng/mL)
flower bud 323 £ 09 635.0 + 3.4
flower 437 £ 2.8 11350 + 1.6
branch 933 £ 19 15314 + 0.8
root 1538 + 1.3 15400 + 2.2
leaf 144.8 + 32 20776 + 2.2
LAA 6.9 + 2.2 -
BHT 51.0 = 15 -
Trolox - 25 0.1

U DPPH 50% inhibition concentration. 2 ABTS' 50% inhibition concentration

_55_



Table 11.

Radical scavenging activity of D. jejudoensis seasonal leaf extracts by DPPH

and ABTS"
DPPH ICs" (ng/mL) ABTS ICs”(ng/mL)

Spring(May) 781 + 0.9 1969.2 + 2.7
Summer(Jul) 134 + 1.7 24879 + 25
Fall(Oct) 186 + 2.3 25015 + 2.3
Winter(Feb) 416 £ 0.3 49014 + 2.2

LAA 7.8 £ 09 -

BHT 706 + 1.6 -
Trolox - 706 + 2.6

U DPPH 50% inhibition concentration. 2 ABTS' 50% inhibition concentration
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Table 12.

Radical scavenging activity of D. jejudoensis fractions by DPPH and ABTS

+

DPPH ICs" (ug/mL)

ABTS" ICs” (ng/mL)

HE fr. 10000>
MC fr. 395 + 09
EA fr. 79 + 2.3
BuOH fr. 1275 £ 0.6
Water fr. 499 + 0.1
LAA 73 £ 08
BHT 856 + 2.6
Trolox -

10000>
454.0 £ 09
402.0 £ 0.5

I+

1135.0 £ 1.0

I+

2063.0 £ 0.8

35 £ 0.2

U DPPH 50% inhibition concentration. 2 ABTS' 50% inhibition concentration. HE; hexane

fraction, MC; methylene chloride fraction, EA; ethyl acetate fraction, BuOH; butanol fraction,

Water;, water fraction from D. jejudonsis methanol extract of leaf.
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Table 13.
Antioxidant activity of D. jejudoensis plant parts extract as determined by

TFC, TPC, FRAP

mg QE/g DWV mg GAE/g DW?  ug TE/mL DW?
Extract
TEFC TPC FRAP

flower bud 113.8 £ 134 65.7 £ 1.0 246.1 £ 0.8
flower 1037 £ 1.7 76.8 £ 0.8 836.9 £ 0.8
branch 20.7 £ 04 46.8 £ 0.8 2344 £ 04
root 91 £ 15 6l1.2 £ 1.7 190.2 £ 0.9
leaf 34.0 £ 57 33.3 £ 1.7 4406 £ 05

Ymg QE/g DW is quercetin equivalent/mg Drided weight of extract. ?mg GAE/g DW is gallic
acid equivalent/mg Drided weight of extract. ug TE/mL DW is trolox equivalent/mL of

extract. Data were represented as the mean * SD of triplicate determinations.
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Table 14.

Antioxidant activity of D. jejudoensis seasonal leaf extract as determined by

TFC, TPC, FRAP

mg QE/g DWY mg GAE/g DW?  pg TE/mL DW?
Extract
TEFC FRAP
Spring(May) 148 £ 2.2 1143 £ 1.6 4896 = 0.04
Summer(Jul) 21.1 £ 24 415.0 = 0.09
Fall(Oct) 180 £ 2.0 401.8 £ 0.05
Winter(Feb) 172 £ 1.0 3309 + 0.06

Ymg QE/g DW is quercetin equivalent/mg Drided weight of extract. ’mg GAE/g DW is gallic

acid equivalent/mg Drided weight of extract. Yug TE/mL DW is trolox equivalent/mL of

extract. Data were represented as the mean * SD of triplicate determinations.



Table 15.
Antioxidant activity of D. jejudoensis fractions extract as determined by

TFC, TPC, FRAP.

mg QE/g DWV mg GAE/g DW? g TE/mL Dw?
Fraction
TEFC TPC FRAP

HE 330.2 £ 0.01 76.8 £ 0.8 246.1 £ 0.8

MC 387.7 £ 0.01 65.7 £ 1.0 836.9 £ 0.8

EA 364.8 £ 0.01 46.8 £ 0.8 2344 + 04
BuOH 1284 £ 0.08 6l.2 £ 1.7 190.2 £ 0.9
Water 405 = 0.01 333 + 1.7 4406 + 05

Ymg QE/g DW is quercetin equivalent/mg Drided weight of extract. ?mg GAE/g DW is gallic
acid equivalent/mg Drided weight of extract. Yug TE/mL DW is trolox equivalent/mL of
extract. Data were represented as the mean = SD of triplicate determinations. HE; hexane
fraction, MC; methylene chloride fraction, EA; ethyl acetate fraction, BuOH,; butanol fraction,

Water; water fraction from D. jejudonsis methanol extract of leaf
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V.

48

D. jejudoensis ¢ ¥olA 2|3t daphnin ¥} daphnetin & &<,
gl tste] Ews Fu IEER, 2EUS S WAgE A EdA EY
Hausgloh Hg

ethyl acetate, butanol “12]3 water 8 < water w84 daphnin <,

oot

i

o|N

o

FEE9 tA7IAl £ 3 F2 hexane, methyl chloride,

ethyl acetate & 94 daphnetin & +3] 3%t}

w3 S3FES ZF:ws THEtel HPLC 9 Y E AIRF 3 UV
spectrum ©]  AAFS  &elste]  FAHSAY. HPLCE o] &38to] D.
Jjejudoensis ©] & - E rZEads glst 47, AE FE=E
FoeA g =ZE3d  Fgs  mioy, FEHOoZ  daphnin 3

daphnetin ©] 8 3EdS g2l

)
2
A
o

D. jejudoensis ] daphnin @ daphnetin & A|e3F A& K
AEgetd B4 918te] UHPLC-Q-ToF-MS/MS & AAlgtadch #
FEE° Q-ToF MS/MS Z3¥ daphnetin 8-O-D-glucopyranoside, daphnin,
daphnetin, umbelliferone, daphnodorin A or C, apigenin, marinolic acid &
A FAS ¢ JdAqa 7HA FEE A daphnetin 8- O-D-glucopyranoside,
daphnin, daphnetin, daphnolin, daphnodorin B/I, daphnodorin A/C &,
F=5| A daphnin, daphnetin, daphnodorin A/C, daphnoretin, gnidicin,
gnidilatidin & g &4 At 4 FEF=ol4 & daphnin, daphnetin, rutin,
luteolin 7-glucoside, daphnolin & A4 o= 543}

AFwMae ool U FHLE FQ 3}3E2 daphnin ¥ daphnetin ¢
Agke AL ZAI daphnin = 5 €A I =2 S HAL
sHANE 59, 69,89, 99, 11¢,109, 79,29, 44¢, 149,34, 124¢
07 =2 daphnin %S B}

Daphnetin & A2 10€, 9€9,3€9,8%9, 29, 4¥,5¢9,6¥, 11 ¥,
79,14,

23 2 edle HPLC ZA¥yes EE ¥3EY HEE Ao

=35 o1} daphnodorin C/A & ZAA A o2 S peak 7} 282 gl A

—_
\]

4 For w2 FqFS BA
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