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ABSTRACT

Evaluation of physiological activity of Castanopsis cuspidata
var. sieboldii leaves extract and identification of polyphenol com-
pounds thereof

Nain Kim.
Advisor: Prof. Hyun-Jae Shin, Ph.D.
Department of Chemical Engineering

Graduate School of Chosun University

Adequate amounts of reactive oxygen species(ROS) play a beneficial role in the hu-
man body by inactivating various pathogens. However, excessive secretion of ROS in
the body causes intracellular damage and various diseases. In order to suppress oxida-
tive damage caused by free radicals, cells must secrete enzymes that inhibit the accu-
mulation of ROS or remove free radicals through antioxidants to maintain homeostasis
in the body. Polyphenol compounds, which are representative antioxidants, provide
health benefits by inducing reducing properties, acting as antioxidants and free radical
scavengers. Accordingly, research on the development of various useful materials using
natural products containing antioxidants is being actively conducted. Castanopsis cuspida-
ta var. sieboldii (CCS) is a warm-temperate species inhabiting the Korean Peninsula,
Japan, China, and Taiwan, and has been traditionally used for medicinal purposes.
Several researchers have confirmed that the bioactive components produced in the aerial
parts of CCS have anti-inflammatory, antioxidant and whitening effects. However, iso-
lation and identification studies of compounds centered on antioxidant activity in CCS
leaves have not been investigated. In this study, 1.5 kg of CCS leaves (CSL) were ex-

tracted with 15L of 70% ethanol and used as a crude extract. CSL was divided into

v
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five fractions using n-hexane, chloroform, ethyl acetate, n-butanol and water, and the
yields of each fraction were 13.03g, 5.27g, 51.22g, 44.74g, and 15.93g. Also, the anti-
oxidant activity of sub-fraction was determined with DPPH free radical scavenging ac-
tivity assay and ABTS cation radical scavenging activity assay. The antioxidant contents
was confirmed by total polyphenol contents (TPC) and total flavonoid contents (TFC).
Of these, the ethyl acetate fraction which has the highest antioxidant activity was sepa-
rated and purified using medium liquid chromatogram (MPLC) equipped with a C18
column. Through the HPLC qualitative analysis, it was confirmed that CSL and
CSL-EA contained various polyphenols. Finally the polyphenol compound 1 present in
the highest antioxidant activity fraction was isolated. The chemical structure of com-
pound 1 isolated from CSL-EA was described based on NMR and LC-MS/MS spectrum
analysis. Based on these results, we suggest that extracts, fractions and compounds iso-
lated from CSL provide promising antioxidant capabilities and suggest potential natural

substances in pharmaceutical and cosmetic industries.
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2. TAARMY 5 (Castanopsis cuspidata var. sieboldii)

T AR5 (Castanopsis  cuspidata var. sieboldii)%f -7 (Fagaceae), &=d 5wk
U %(Castanopsm)oﬂ Lote AEEPFuEozA FIeh st Tgla dE F
=, divk Foll FxEo] gk Az L‘)r*?‘% F=017F 15m, A|F°] Imol o]=H,
LA 713% 3ol a 9le o tuAl 2& = wiEstH Y, By e
FJEHdE o R £ B4 Yo 547 = Aol EAolth(Figure 1).

ojde] AT mEw FHAATUYT FZE| A galloyl shikimic acids[2], hydro-
lyzable tannins, terpenoids[3], Castanopsinins, ellagitannins[4], dehydrodiallic acid, creta-
nin, chesnatin, chestanin[5], galloyl ester triterpenoid, hexahydorxydiphenic acid con-
jugated triterpenoid[6] & ol AS=ZE HUHQThH F3k aksh &9k AT
2 5y o g A &S 7 AHH79].
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Figure 1. Pictures of Castanopsis cuspidata var. sieboldii.
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3. 34F3}(Antioxidation)

El

e T A Tl A del Eolek theFE tiAg ol o] &E Y, tiArA
ANA ol &H= AtA F 13% v sl SAEA Kste] SAAATF (reactive
oxgen species, ROS)S. &2 W3} HATH10]. ST 7P A FEid As3dita
Coy7t o] APEH Al &3S vAE oAl SANFEFTNE super-
oxide anion ( * Oy), hydroxyl radical ( * OH), hydrogen peroxide (H,O,), singlet oxygen
('0y) Tol Ut} ol9f e fa AT N A Z@HZ (free radical) &
Bz S, A oA A &2 AAES A9 dAsete= 2T 24
A w iz f71A A AA free radical WS Ao 7ITH11]. Wt A GE

= = —
st a3t A7l= 92

12
18 o
el ox

O
Mt old HAAs W e sto] QAo fro
& AW, Adel BANLT AmaA Bulsh) AW Ax del A D,
DNA, A%, 9l 59 &4 So| dojus] Hvf wah, AuTH AT, W 59

m;Eru
>,
N

= =0 o
Z}o ;g%]ae T

21 CH(Figure 2)[12-14].
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Fruits & Vegetables
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Oxygen (0,)

Membrane damage
(e.g.. Lipid peroxidation. Peroxides. MDA)
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Antioxidant Polyphenols —|

Figure 2. Anti-oxidative system inside human body.
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o,

AR RS AFs S-S Al A8 AlEs AAHew &
A4 XS AdAEtE a4 E Y5t free radicalS AASHHA Aol At
S A slokst15,16]. ol et Aol a4A FASHA| 2= superoxide dismutase
(SOD), gluthione reductase (GRD), glutathione peroxidase (GPx), catalase, uric acid, bi-
lirwbin 5O = <A JrH17]. AR AU aaE AbstA Sl Ok e
& g oy FHEF AbshA AE R w=FHo] e ddijle] AbshA &S
8] AAs = FwEeHA &t AdF7E et o
APehAl B g atebAl o] dart Srkskal ATHI8]. A @tskAl= AA poly-

phenol, terpenoid, vitamin 5 37} AEIZ EAs=H, o5 TERHYSE con-

o,

fol
%
2
o
[
o
N
o
Y
Q,
o

2

jugated double bond = aromatic ringS 7}A|™ electron donor®] & T}
[19,20]. <A 3H4FE}AIQ] polyphenol, carotenoids, terpenes, L-ascorbic acid (vitamin
C), a-tocopherol (vitamin E), arginine 5= 415 Al free radical®] /S <A st
AEL E£4S5 HAAZA = AH21,22]. T3 A 43R phenol Al 9] butylated
hydroxytoluene (BHT), butylated hydroxyanisole (BHA) %<& $-=3F avleo} A g3 7}

Aoz Qg del ALgHw Ak AT FY P

o] 7% Somg/kg/day ©] &
FE AT A A a2 AFAWGE Qlste] Wk HAo] fukEe] 5§
<t de ¥t e A

el oigk EA7E EA geh23]. o)l whet dHAatkst &

43 o] 7HA fEE AT A 2] 73 2
A AAHolm gt 5 HA FaksiAl sdel] oist A7t
3l Q) TH(Figure 3)[24,25].
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[ Antioxidants ]

[ Enzymatic antioxidants ] [ Non-enzymatic antioxidants ]

SOD (Superoxide dismutase)
Catalase, Glutathione peroxidase
Glutathione reductase

[ Natural ] [ Synthetic

BHA, BHT
PG, TBHQ, CoQ10

[ Polyphenols ] [ Terpenoid ] [Minerals &Vitamjns]

Phenolic acids Carotenoid ‘ Organosulfur compounds ‘
Coumarins Iridoids
Flavonoids Terpenes
Stilbenes Phytosterols
Lignans

Figure 3. Classification of antioxidants.
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Gus} L S A HAEE R AR e GFE £t 4F
AR AF, BARY FEBA O 27 Gk AET GusAe] B4 B
behe e BlE B8 W meh $a 94 AREAT) 2 B A% A

(SET) ®Eg 7IRF Wi o] F 7k W2 v oi2e6).

T ARt A AGS £33 £ HAEMHATSEDE dubgoz kgl
dHA TRl DPPH  (1,1-diphenyl-2-picrylhydrazyl) free radical 2 ABTS (2,2'-azi-

-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt) cation radical A|AE 7]
gEo g ghu27]. o] AW 3t wkeg 7o R &M UV-Vis =AY S
d EFT el EA4 & WAs kst S A xw Sei

DPPH free radical scavenging assay®ll A}-8-% = DPPHT wAF Ul @2 A7} de-
localization¥l JEj® EA|eke] B]LA QEAHTE free radical® Lol QAvH[28]. Hg
DPPH radical> 7] &vlellwt &3] o] 74 shgtee] kst s8s ST &
Atk DPPH 9] 3}k 517nmell A Hdl 534S 7HA™ 22 U] free radical®]
st BHE FE ARE A HW BepdoA @ o s A Wolrl dAHT)
(Figure 4).

|—|

ABTS cation radical scavenging assay™ % IUAFst 58S SAShs o AEH =
Zbastar Al sk WH o2 Aleko] AREE] = ABTST AFshA|o] ]3| radical Yol
2l ABTS «+ 2 2t3lsw] H=Zxoz ZaiA gl T3 ABTS radical> =3}
Fr7] ool &3Eol I B AR sE=e dts sEEs SAHE
[29]. ABTS 9] #}8h0hg-2 730nmoll A Hdl &33kS 7HA™ radical Fol&o] 3t
st E42 Y AAE QA HH FZAoA T Moz Al wolrt dAE T
[30] (Figure 5).

2 AT A= UV-Vis 33 EAE o83t DPPH free radical scavenging assay<}

ABTS cation radical scavenging assayS &3 4tsl 24 AdS st
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0,N 05N

. H
N—N NO, ————— N—N NO,
O,N O,N

DPPH + H-A DPPH-H +A

Yellow

Figure 4. DPPH (1,1-diphenyl-2-picrylhidrazyl) free radical scavenging mechanism.
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/f OH
Anhoxldant material

0 K2S,03 0]
3!5{ N—< m 0 (potassmmpersulfate) 3 N—< m
0 >—N 0

ABTS ABTS™

T

Figure 5. ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium

salt) cation radical scavenging mechanism.
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[ Polyphenols ]

| | |

Phenollc acids ] Coumarins [ Flavonoids [ Stilbenes ] [ Lignans

E‘ W P o0 UL

[ Flavonol ][ Flavone ][ Flavanone H Isoflavone ][ Chalcone H Anthocyanin

Figure 6. Polyphenol classification including phenolic acids, coumarins, flavonoids and

their subgroups, stilbenes and lignans.
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33

iy

phenolic acidi= 7] carboxylic acid(-COOH) 7]s¥ #H& igl& *x&s})
Wk Ab9] A Folt}, hydroxybenzoic acids (C6-C1 backbone) <} hydroxycinnamic
acids (C6—C3 backbone)> A4 o2 ®ASI= phenolic acid®] 2 7FA] Z HE o]
T}, phenolic acids group®lli= benzoic acids (gallic acid, vanillic acid, syringic acid),
cinnamic acids (caffeic acid, p-coumaric acid, ferulic acid) ¥%F o}zl 23] curcu-
min¥} & E38 2% ¥ ESHH39]. phenolic acide= &AFsF, &9F 2 gHE 7]
=S ol ©]i phenolic acids®] T8 T2 WIS 1E, B

free hydroxyl group2] <<} ¢l 7]<1gkr}[40-42].

e
o

r U

>

>
()
s

coumarin< A Al dE] FAEH o] & 2H-1-be
12219} a-pyroned] &3 TFE XEgsl= l$- T3 lactone?
coumarin FE=A= AWS oWl A =53t AR 9TS 7HA|H, dake) g

= -1
d, Gt B BHYL T Y Ao AU

flavonoid groupS HE AEoll o Hol S wW m=wAE HH e ApefAd
owHY Husly] fa AdFom whEozl HAE 5
flavonoid<= 270 ¢] phenyl 112]2} 17]¢] heterocyclic L&
propanoids T-%E 7FTE flavonoid= T34 Tl A4 31g]e] BHheof BE¥EE
2 kst e wel 6714 FEIQ flavonol, flavone, flavanone, isoflavone, chalcones,
anthocyanidine & 2. % 7% tH46](Figure 7). flavonoid= 2 &4 A% RE #H=

F 5 % 232 AXst= B £33 Alsm IEEEZA o] £ flavonold} flavone
quercetin, kaempferol, hesperitin, naringenin ¥} 2 SAMSAlE X ESHCH47]. fla-

A
vonol?} flavone= 3&H4ts), shof, &, w5 AA o {83 o

=l

[48,49].
stilbene> =9} 9fQlol]l EA|st= Wk Bl A9l resveratrol? -2 7= 3Hgt
=& X&) stilbene?] %+ Coumaroyl-Co A2} malony-Co A7} stilbene synthase
gh= ol os] A= 371A] HEIQl trans-form, cis-form, piceid = &3}

o
2
o
S

e 245 7HxIH50,51].

lignan< 27112] monolignol ©¢12] 4F3}4 coupling HH&-o.2 FAdH 3}gEo|rh

ol gt 7|E Wol= AEAA gladS dAs= o] &H ) lignane sesamin, ses-

aminol glucose, sesamolin 5©] A2, ©] F sesamin®| 7} @o] Ex|str}[52].
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Flavonol Flavone Flavanone ] [ Isoflavone ] [ Chalcone ] [Anthocyanin]

e o # OH
o OH
| | | | | |

* Quercetin L * Hespentin « Genistin S 2
» R * Apigenin Capt g s * Phloretin * Cyanidin
’ti\l-lnceun « Tai : . b‘I\Eamgm .Gu?ste':n 5 2 « Mahvidin
- + Baicalein g Plailznin » Phlioridzin * Delphinidin
* Morin + Rooffolin » Eriodictyol = Glycitein « Chal g + Peonidi
» Kaempferol * Hesperidin * Daidzin

Figure 7. Flavonoid subclasses.
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5. Dereplication
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2§ dereplication 7]% = molecular networking®] 7l¥E] 2Th61,62]. ©] 7Id-2> A g
Zo]l W2 open access 1 71WF HFF EA] O 2 GNPS(Global Natural Product Social)
ALl E  (http://gnps.ucsd.edu) ©] molecular networking Z &S A4 o2 F3y of
tandem MS data®] 3|52 80|87 St} molecular networkingS ARE8FH L X
ste=o] Ay deAA R A2 gL AEo] JheetH, o2 Tl

B FAME S Hlalshe= Y55 AREste] AR ste 7 2E 7R shekE

F s dolEl S AlZtstetal 9Hst | o] &S cluster® 183} & 5 . ol
gl tandem MS 7|HF molecular networking®] A3} 7} 318 Aol AAIS} FEE
YUebdATth(Figure 8). HAA  molecular networking<  Penicillium  canescens®l| 4]
Penicanesones A—C2] 713} Selaginella tamariscina | 4] selaginpulvilins M-T2] =71
o} ZE]__O] AA FadolA =& /‘gﬂ 474 sEs Hdete v AeAHoRE A}

£

ol

ﬁ

B 7&4 7}% Ol%ﬁ} a8 % ol 04%11—3:
31 [65-67]. Wk olelgh FAE 2
eplication ©] T},

MS¢t 22 NMRE A2 2 4RE AlFat
eplication® %% fARdo] & oA o
7HA =3 Al2d" 548 AE3AL unknown SHEEC] digh 4] Sz
Ashs sEo] Egaith(Table 1). ZL2Jth 'H NMR 7|9 BHE A EApelA

ATAZ F OB E unknown T4 S5
de

_.,
[¢]
=i
o
=4
<)
=
1o
1>i
LJ
rlo
J
i)
_?L
(o
oo
il
filo
)
Wi
2
(o,
)
ox
o
b

3 A= Ohsﬂ 2D NMR H|o]H = A}ﬁoPoq TEE] AHS 7] 9g o
ZHFo] A= ATHT71](Table 2).
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e O
| — — @
= § b @ ® o
= [
&
LC-MS/MS RawLC-MS Molecular
analysis data networking

Figure 8. Tandem mass spectrometry based molecular network.
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Table 1. Main advantages and disadvantages of MS and NMR based dereplication

methods

LC-MS based dereplication

Advantages

Disadvantages

- Higher sensitivity to the minor
constituents in the dereplicated sample

- Relatively short run time for data
acquisition
- Requires small sample amounts

_ - Suitable for high-throughput screen-
ing

- Potential for co-elution of com-
pounds in complex samples.
+ Relies upon the ionization effi-

ciency of compounds and interpretation
of the resulting ion.

- Limited differentiation between
1somers.

* High instrument-to-instrument
variations.

- Relies largely on in-house devel-
oped databases.

- Provides limited structural in-
formation for unknown compounds.

NMR-based

dereplication

Advantages

Disadvantages

- Higher differentiation capacity be-
tween isomers and compounds with high
structural similarity.

+ No instrument-to-instrument

+ Less sensitive to the minor con-
stituents in the dereplicated sample.

+ Long run time for data acquisition

variations. and processing.
- Non-destructive technique. " Requires higher sample
concentration.
- Ability to identify spin system fea-
tures and determine core structural ele-
ments for unknown compounds.
18
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Table 2. Overview of 2D NMR Metabolomics and Dereplication Utilities

Analysis MetaboMi COLMAR SMART DEREP-N MADByT
ner 2.0 P E
targete targete targete targete untargete
type geted geted geted geted geted
designed
for mixtures 0 0 X X 0
J;Eﬁ;;gge required required required required optional
m?tabohte I° 1° 9° 2° >
ype
single single complex
sample biofluids ~ biofluids .
ype compounds  compounds mixtures
batch X X X X 0
comparison
bioactivity
integration X X X X 0
multiple
data in- X @) X o O
tegration
required buffered buffered _ . .
solvent sys- various various various
tem D,O D,0/CDCl;
19

Collection @ chosun



A4Sl oJAlZ SMART 2.0(Small Molecule Accurate Recognition Technology) &

23 (http://smart.ucsd.edu)> HSQC A EZH I A3 B ALke diqtR gtolH g &
H| 1.3} 7] 913l convolutional neural networks 7|WF <t WA& AMg3te] FxA o=
FrAFEE 212 A Eit72]. ol d AFolA SMART 2.0 HAEA A& 25000
el HSQC Z=HEFE Fal x4 HAoH, o] ZHFL =9 FH %
E AFste] o]dd ¢#x ExE HA A8 9 unknown SHFHECl g ;A
= JRE AFste oS 543 skl[73-74]. AAE Al MSM
7] GA A ALEER o, HFHOoE NMRS T3 4 7271 AW HA7] o
woll MS/MSSF NMR 7He] Zg 4o oy Ant. A Aol F £4& &
AF83}od Tris lactea var. chinensis | SFoll A 14719 stilbenoidsZ annotation &F%1 .2 ™
F714 e %W AHAAE E3) Viral Neuraminidase &4 @3= 712 10709] stilbe-
noidsE 2'H3ste] Al &4 shtEs dste d AeAom AR ATHTS]

5]
.-
P

# <t Phyton 7]¥F NMR dereplication =% MADByTE(Metabolomics and
Dereplication by Two-Dimensional Experiments)7} 7% ¢l o, E31&E2 NMR d|o]
HE 7Hte =z 3lo] tARAES]  F/HE annotation St Ao Zhedxith
MADByTE®] 34 752 WE EFENA spin A1=F 75 AHsto] A& 11
spin A|Z=8l 7]5S AAAI7|= Aoty Hdk o setEeA AA 24 AT
wHE 98 A gAo W 59 % =3
EE v 24 ﬁJrO]:E}OJ% HSQC 2 EHI} TOCSY

=

=3 7}t spin A]2=El Q] ‘Zrﬁ% = Atk o]# @ spin A|LF V]S
Aists 'H 2 BC AEE Alest o3 spin
7

A
(ol BE A5 Astel e eyl

(o

20
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Bioactivity
Evaluation

—;

Fractionation

C. cuspidata var. sieboldii Subfractions Antioxidant activity evaluation
leaves extract

Data acquisition & analysis

0 _— )
U/Q/K\‘-)LOH Purification 5 Chemical profiling LC-MS
ammm— A— or
. & NMR data
Compound 1 Molecular networking analysis
Antioxidant activity polyphenol Node Annotation & Structure Elucidation

Figure 9. General workflow of dereplication guided isolation process in C. cuspidata

var. sieboldii leaves (CSL) extracts.
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A2 As R

A1 d AY A=

2 AT AEE FARNIS (Castanopsis cuspidata var. sieboldii) 2 20201 %=

,1:1

Ao}

447 AHAHNoH, HdepdE FEFE2 (Wando, Korea) 22 H-EH Fgirol A
2 T AdF Adxste] Bagh $of Fagte] AREERltE B Aol AR &
o B3 2 2 AR Bl Algd SrEe gakekE 9 ocre] AES AMgS

$Th HPLC 4] % LC-MSMS 418 &ml+= Fisher® HPLC grade & &vi&
o]
I=]

sto] AR&stgltt. datkst &4 37 Aol AFSE A2FE2 Sigma aldrichol A
Tt ARgERdn EElE SRbEe 72 A4S 98 AFeEE NMR 54 80
i Sigma aldrich®] NMR -8 £vlZ Dimethyl sulfoxide-dg(DMSO-ds) & AFH&3}3A

o
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TR ol FEE B & B Fitst B4 sy 9 dx §
9 AU ol 1.5 kg2 70% EtOH (v/v) 15.0 Lol @i Ao 2537F
AA ate] FZsAeh A A7) AlgE 79t o3 F2]9) Whatman No. 1S o] &
3 oAt &, A o FEe Ak fiste] 13] wHE AAjEkqict o ¥
T A2 AAE 37T~40ToNA 3] 7HF 557] (rotary vacuum evaporator)E ©]-&
st w5 & TAUXE ALE P?iu} 70% EtOH =% 269.03gS T &
g A7 2 Z2urE o) &ete] S4 Aol wel EAA R E88ke] n-hex-

ane (n-Hex), chloroform (Ch), ethyl acetate (EtoAc), n-butanol (n-BuOH), water (H,O)
fractions 27} 13.03g, 5.27g, 51.22g, 44.74g, 15.93g At} 7z} & 9o} e
HHos 5 §F sddxste] ARgeien, AR &2 ofgio] Aol o8 A
ﬁé}ﬁiq(Figure 10).

Yield (%) = (64 Az F A8 T / 7% A A= FA(g) x 100
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Castanopsis cuspidata var. sieboldii leaves (CSL) W
(1.5 kg)

70% EtOH at BT for 2 weeks, 151

CSL 70% EtOH extract
(269.03 g) (17.94 %)

Liquid-Liquid partition

n-Hex Fr. ChFr. EtoAc Fr. n-BuOH Fr. H,O Fr.
(13.03 g) (5.27 g) (51.22 g) (44.74 g) (15.93 g)
(4.84 %) (1.96 %) (19.04 %) (16.63 %) (5.92 %)

Figure 10. Extraction and liquid-liquid partition diagram of C. cuspidata var. sieboldii

leaves (CSL).
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2. Ethyl acetate =8 E9 &

H3l=
%UH 'EQTE

MPLC (medium pressure liquid chromatography)E

il
el ko sk 9ls)
113t} EtOAc B8 % 2022 g

o} E
S MeOH 20 mLo| 9] 0.45 pum syringe filter= ©¥}3+ & ODS columne ©]-&3}
°

o] 10 mL/min®] %3 280nme] 533 b Z7loA] 2

JEsty. g =4

1] &)
=

< isocratic =71 9.2 H,0:MeOH (10-100% MeOH, 570 min), MeOH (100%, 20 min)

o] guj H|&E MeOH HI &S 5%%

)=
LE5Y = EEE

=
(MP.1-MP.19) & 43
w2} = 3709] fraction (Fr.1-Fr.3)
% gradient =122 MPLCE ©]
(Figure 11). MPLC fractions % H]
(Fr.2, Fr.1-b, Fr.l-a-4)> 53 3t FrA

1ttt TLCE

z+z} 300mLA

GaH oz FolwA EHs Azl met

LFAA ZF 19719 fraction
3}

Q1 F s BAol

H,O0:MeOH (10—100% MeOH, 80

min), MeOH (100%, 20 min)e] &v] =712 MPLC & F33 & Prep-LCE &3l

Compound 1 (47 mg) =

Collection @ chosun

2] 3} S th(Figure 12).
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EtoAc Fr.
(51.22 g)
Using 20.22g  MPLC with ODS cohmn,

‘ Solvent : H,O, MeOH

Frl Fr.2 Fr.3
{ (MeOH 10%,15%) ‘ (MeOH 20%-30%) J ‘ (MeOH 35%-100%) J
(10.40 g) (2.06 g) (2.82 g)

Fr.1l-a Fr.1-b Fr.l-c Fr.1-d
{ (7.63 g) ]L (1.11g) ]‘ (1.03 g) H (0.21 g) J

Using 5 g  MPLC with ODS column
‘ ‘ ‘ ‘ ‘ Solvent : H,O, MeOH

[Fr.l-a-l Fr.1-a-2 ‘ Fr.1-a-3 ‘ ‘ Fr.i-a-4 | ‘ Fr.1-a-5
(3.01 g) (0.41 g) (0.24 g) (0.422) (0.38 g)

Figure 11. Isolation diagram of C. cuspidata var. sieboldii leaves EtoAc fraction

(CSL-EA).
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Fr.A
(3.59 )

MPLC with ODS column, Solvent - H.O. MeOH

( FrA-1 H Fr.A-2 Fr.A-3
(3.01g) (0.25 g) (0.07 g) J

MPLC with ODS column, Solvent : H,O, MeOH

[ Fr.A-1-a M Fr.A-1-b H FrA-lc ]‘ Fr.A-1-d J

(1.25 g) (0.13 g) (1.43 g) (0.07 g
Using 400 mg . Prep-LC with ODS column

Compound 1 Solvent : H,O. MeOH
(47 mg)

Figure 12. Isolation diagram of Compound 1 from C. cuspidata var. sieboldii leaves

EtoAc fraction A (CSL-EA-Fr.A).
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A3 A FARIUR A 28 BY B 24
1. High performance liquid chromatography (HPLC)

FadE FA4S St 1897HA EYdE 2 EgRxolE EFEE (1) nic-
otinic acid; (2) gallic acid; (3) catechin hydrate; (4) caffeic acid; (5) epigallocatechin
gallate; (6) epicatechin; (7) ethyl gallate; (8) p-coumaric acid; (9) chlorogenic acid; (10)
4-hydroxycinnamic acid; (11) ferulic acid; (12) naringin; (13) protocatechuic acid ethyl
ester; (14) rutin hydrate; (15) benzoic acid; (16) quercetin hydrate;(17) kaempferol; (18)
biochanin A)S AAsle] AFS FPslglon, HPLC w47 33 ok
Column<> Shimpack GIS-ODS (Cjs, 4.6x250 mm, 5.0 pm, Shimadzu Co., Japan), flow
ratex= 0.7 mL/min, Temperature 30C, injection volume 10 pL, UV detector®] wave-
length™= 280 nm= =43} T} Mobile phaseZ 0.1% Acetic acid in water (solvent
A)2} 0.1% Acetic acid in methanol (solvent B)E AF-&3}o] F&= FFul 7oA &4

S} TH(Table 3). 410 AF-&3 BE 892 045 um filter2 o 73} ALE-3}SI T}

29
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Table 3. Gradient method of high performance liquid chromatography (HPLC).

Mobile phase

Time (min)
A%) B(%)
0 90 10
5 90 10
15 60 40
45 40 60
55 20 80
60 0 100
65 0 100
70 90 10
75 90 10
30
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37}

1. DPPH free radical scavenging assay

DPPH free radical &7 2% Blois?] WS W33t AA5HTH76]. DPPH
(1,1-diphenyl-2-picrylhydrazyl) A]¢F> MeOHE A}&3l] 1 mM s L2 At o]
E 05 mM == 3¢ ¥ Ao AREsgith 7 & M A|EE EP tubeol
200 pL Y31 0.5 mM DPPH -89-S 800 puL 7}8}o] voltexing 3FaL, hA oAl 15483+
A 7T o] % wb-go] ik ZSHES 96 well plateo] 200 pL# F-53}] Biotek
Synergy HT multi-detection microplate reader “JH| & &85} 517 nm IFol|A 3

T5 439t YA dlE T (positive control)<> gallic acidE AFE-3lgiom =E 2
Ao 33 wE APS AN BERE FAAT radical £7FE ThE Aol e
8 Atste] WMEE2 Jepdilon ZF Al59 radical A% WEEC] 50%Y Ul

o] A= FE(ICs)E T
Radical scavenging activity (%) = (AbSconrol = AbSsampic) / AbSconwor X 100

AbSeonrol : 517 nmoll 4] DPPH A] 2k &%=

AbSgmpe : 517 nmol A A]£.9} DPPH ¥hg-olo] &1

31
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2. ABTS cation radical scavenging assay

ABTS %] radical ~2A %5 28 Re 59 WHS 583t HAAAT77]. 14
mM ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt) A|<F
2 THTE AFESY] 7.0 mM =2 AF3$ F 245 mM potassium persulfate2}
1:1 H&2 &35k & P Al 18A]7F &9F WHE-AlA ABTS cation radicalS 34
SFATE ABTS+ €912 730 nmoll X 533 4ko] 090 £ 0.01°] HE= FTHFE 34
sto] Ao A&t ZF w5 8 A|SE EP tbedl] 200 uL Wil 108] 343
ABTS+ €4S 1,000 uL 7}8}4] voltexing 3}z, Aol A 1587F WESA| AT o] %
3o £ EFES 96 well plated] 200 pL® +5-3}9] Biotek Synergy HT mul-
ti-detection microplate reader FH]E &-83}le] 730 nm IFoA FHEE SN
o} A Ul Z=T(positive control) querceting AFE35F o RE A2 33 HEE

S AAsEY HA S ST radical 2A TS o Aol olE AXtsie] W)
2 Yehisle ZF Al89 radical 27T WEE0] 50%Y weo ABE X
(ICs)E T3kt

Radical scavenging activity (%) = (AbSconrol — AbSsampie) / AbScontrot X 100

i

AbSconrol : 730 nmol| 4] ABTS A|oFe] &%

Absgmple : 730 nmol A A|E.9} ABTS HE&-9o] 53 %

32
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3. Total polyphenol contents (TPC)

F ZE9E % 542 Folin-Ciocalten WS 3a1ste] A A5 TH78]. 2
S fgk i+ A7 2F4(standard calibration curve)< gallic acid&

shith. s=H 2 843k gallic acid i €99 1 mgml §%2 ARE

0.2 M Folin-Ciocalteu’s phenol A]2F 500 pL, 2% sodium carbonate

T8 (w/v) 500 uLE F7tE EFete] d2olA 308 FF vhSAI AT o] Wk

o] ¥ E3ES 96 well plateo] 200 pL*® ¥3}o] Biotek Synergy HT multi-de-

tection microplate reader JH|E 283} 750 nm FHAA SFHEE FHST)

SAE 27 A FAo A8l Al 1 g & Frshal & gallic acid®] SO =
gatslgd o ¥ A A9 R? ZE2 0.99 o] 4ol A th(Figure 13).
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1.8 -

ol v =13.25x+ 0.0337
R2=10.999

Absorbance (750 nm)

0.0 T T T T 1
.00 0.02 0.04 0.0 0.03 010

Gallic acid concentration (mg/mL)

Figure 13. Calibration curve of standard gallic acid for determination of total poly-

phenol contents.
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4. Total flavonoid contents (TFC)

T PR EolE T S Park T WS WAkl AAsIT79]. kR
wol= RS 913 % 4 274 (standard calibration curve)< querceting Y&
A2 Aot s=ER 3438 quercetin i SN 1 mgmL 29 ARE

500 uL A #H 3k —"? methanol 1.5 mL, 10% aluminium chloride 100 pL, 1M potassium
acetate 100 pL, =7 2.8 mLE TAU=ZE &3sto] AF2olA 40 &<F HHSAI A
o} o]% HbSo] B &35S 96 well plated]] 200 uLA F5-3F¢] Biotek Synergy
HT multi-detection microplate reader JH|E &-&3}0] 415 nm FFoA FHEE
Aottt SAMS T AR A diddste] A= 1 g @ skl = querce-

tine] oz Fatsilom qF HA FAe R 42 0.99 o]0l A th(Figure 14).

e
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¥ =3.1736x + 0.0397
RI=0.999

Absorbance (415 nm)

0.0 3 T T T T 1
0.0 0.2 0.4 0.6 0.3 1.0

Quercetin concentration {mg/mL)

Figure 14. Calibration curve of standard quercetin for determination of total flavonoid

contents.
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A5 A R HgEe 54 2 PR
1. HPLC-Mass/Mass spectrometry (LC-MS/MS)

HE A vl EAS gk AEs Adgsile
Y FrE 34 F 045 um filter= o 7}3}o] A}-§-3}

At LC-MS/MS #417]7]%= AB SCIEX 4000 Q Trap LC/MS/MS System (Shimadzu

LC 20A System)E ©]-83}31 2™ Mobile phaseZ+ 0.1% Formic acid in water

(solvent A)¢} 0.1% Formic acid in acetonitrile (solvent B)E A}83}o] isocratic 2271

(35% B)AA AT MS/MSE X712 Turbo lon Spray WA S = Negative

modeZ w215 71333} (Table 4).

37
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Table 4. Analysis conditions of HPLC-Mass/Mass(LC-MS/MS) spectrometry.

Analysis condition

Explanation

LC system
Column

Column temp
Injection volume
Flow rate

Mobile phase

Mass spectrometry
Scan type

Source Temperature
Spray voltage

Shimadzu LC 20A System
Gemini 3 m, Cigs 110A (50 mm x 2.0 mm)

Gemini C;5(4.0 mm x 2.0 mm) guard cartridge
40C

10 pL

0.25 ml/min

0.1% Formic acid in water (solvent A)

0.1% Formic acid in acetonitrile (solvent B)
AB SCIEX 4000 Q Trap LC/MS/MS System
MRM

400C

-4000V (negative)

Collection @ chosun

38



2. Nuclear Magnetic Resonance (NMR)

HY¥ 3FEe] 72 E4S 98 AFEE NMR (nuclear magnetic resonance)
spectrometeri= AVANCE III HD 400 (FT-NMR system, 400 MHz, BRUKER)= ©]-&
3o NMR =74 &vli Sigma aldrich®] NMR -8 &vl2 Dimethyl sulf-
oxide-dg(DMSO-ds) & AH-&3}3] T}
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A3 Ay 2 ug

Al d FAZEYE A FEE R 239 84 AE

=]

B2
TAFEE 9l 70% EtOH FZE(CSL)e] HPLC &4 Z3te 18719 Zgjd=

ETELAE T EE ETEAS XS JSS AAEAS FE gelsin

(Figure 15).

18719 ZY¥HE EFEZE T epigallocatechin gallate (66.64 + 0.25), p-coumaric
acid (37.68 £ 0.01), catechin hydrate (29.48 + 0.12), caffeic acid (16.62 + 0.33) <] &+
F =2 S YehdH, CSLell 9 47HA] ZEldlEo] gEFew FaEHY oS
gl st elth(Table 5).

TAZRE 2l 70% EtOH F&% EtOAc ¥ 3/(CSL-EA)2] HPLC #4] A=
18709 Z& s ETEEE S protocatechuic acid ethyl esterES A3k & 1771<]
FrEds X das AAEAE T3l F15H th(Figure 16).

187119 ZE|ds ETEZE T epigallocatechin gallate (275.63 + 0.17), caffeic

+ 0.31), ethyl gallate (60.98 £ 0.46), p-coumaric acid (57.86 = 0.14) ¢] 3}
Fe E2 @S UERT, CSL-EAC 9 4714 Z8dlEo] oz sl &
o

40
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(CSL)

a4
Ul [
A" AL IR L
IS A8 17 18
T

| - N ———
- I 10 :
(STDMIX)

. N

15
| B

g 1112
4 17
- 14
AN
0N 1

B | T ! J\U? . - : Ll\—
0 20

40 60
R. Time (min)

Figure 15. HPLC profile of the CSL and standard mixture using diode array de-
tection at 280 nm. Numbers indicate the following : (1) nicotinic acid; (2) gallic acid,
(3) catechin hydrate; (4) caffeic acid; (5) epigallocatechin gallate; (6) epicatechin; (7)
ethyl gallate; (8) p-coumaric acid; (9) chlorogenic acid; (10) 4-hydroxycinnamic acid;
(11) ferulic acid; (12) naringin; (13) protocatechuic acid ethyl ester; (14) rutin hydrate;
(15) benzoic acid; (16) quercetin hydrate; (17) kaempferol; (18) biochanin A.
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Table 5. Phenolic compounds identified in CSL quantified by UV-HPLC using diode

array detection at 280 nm. The results are the mean + S.D from three independent

experiments.
(Unit : mg/g)
No. Standard CSL
1 nicotinic acid 3.58 + 0.16
2 gallic acid 1.08 £ 0.25
3 catechin hydrate 29.48 + 0.12
4 caffeic acid 16.62 + 0.33
5 epigallocatechin gallate 66.64 + 0.25
6 epicatechin 6.28 + 0.02
7 ethyl gallate 13.15 £ 0.34
8 p-coumaric acid 37.68 + 0.01
9 chlorogenic acid 2.11 £ 0.05
10 4-hydroxycinnamic acid 0.01 + 0.15
11 ferulic acid 0.24 + 0.09
12 naringin 0.12 = 0.01
13 protocatechuic acid ethyl ester 1.38 + 0.50
14 rutin hydrate 7.89 + 0.03
15 benzoic acid 0.92 + 0.31
16 quercetin hydrate 9.44 + 0.43
17 kaempferol 0.79 = 0.08
18 biochanin A 049 + 0.12
Total 197.91 + 0.02
42

Collection @ chosun



] (CSL-EA)

7
W) J{ Uﬁi 1EEPMLzMJIIUJS

10

(STDMIX)

15

4
3

[ MG L_

0 20 40 &0
R. Time {min)

L=

Figure 16. HPLC profile of the CSL-EA and standard mixture using diode array de-
tection at 280 nm. Numbers indicate the following : (1) nicotinic acid; (2) gallic acid;
(3) catechin hydrate; (4) caffeic acid; (5) epigallocatechin gallate; (6) epicatechin; (7)
ethyl gallate; (8) p-coumaric acid; (9) chlorogenic acid; (10) 4-hydroxycinnamic acid;
(11) ferulic acid; (12) naringin; (13) protocatechuic acid ethyl ester; (14) rutin hydrate;
(15) benzoic acid; (16) quercetin hydrate; (17) kaempferol; (18) biochanin A.

43

Collection @ chosun



Table 6. Phenolic compounds identified in CSL-EA quantified by UV-HPLC using di-

ode array detection at 280 nm. The results are the mean + S.D from three independent

experiments.
(Unit : mg/g)

No. Standard CSL-EA

1 nicotinic acid 1.00 = 0.44
2 gallic acid 9.20 £ 0.15
3 catechin hydrate 41.14 + 0.20
4 caffeic acid 61.24 = 0.31
5 epigallocatechin gallate 275.63 £ 0.17
6 epicatechin 12.55 = 0.17
7 ethyl gallate 60.98 = 0.46
8 p-coumaric acid 57.86 £ 0.14
9 chlorogenic acid 2.83 + 0.51
10 4-hydroxycinnamic acid 0.63 = 0.07
11 ferulic acid 14.57 + 0.74
12 naringin 490 £ 0.16
13 protocatechuic acid ethyl ester -

14 rutin hydrate 17.69 + 0.04
15 benzoic acid 2.86 + 0.58
16 quercetin hydrate 18.94 + 0.82
17 kaempferol 2.72 £ 0.55
18 biochanin A 0.12 + 0.07

Total 584.84 + 0.17
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1. DPPH free radical scavenging assay

TAZGE 9] 70% EtOH F3&(CSL) % 7} &w) ¥ 3= tjste] DPPH
free radical A7 A4S FAHSNT. BT EEAS ALY AR FTEe

g/mLe] == Psiglom Ztzte] ik ICssk= AlAtelaith 2+ € DPPH
free radical A~ €] ethyl acetate, chloroform, n-butanol, water, n-hexane =%
UEFS O, ethyl acetate w8 =9] ICs #k<= 72} 87.58 pg/mL = 53+ DPPH

radical 2~A 84S YEFY A tH(Figure 17, Table 7).
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Figure 17. DPPH free radical scavenging activities of extract and solvent fractions
from C. cuspidata var. sieboldii leaves (CSL). The results are the mean + S.D from

three independent experiments.
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Table 7. ICso values of DPPH free radical scavenging activities of extract and solvent
fractions from C. cuspidata var. sieboldii leaves (CSL). The results are the mean + S.D

from three independent experiments.

No. Sample ICsp value (ng/mL)
1 Extract 138.21 + 10.66
2 n-Hexane >200
3 Chloroform 93.92 + 1.96
4 Ethyl Acetate 87.58 + 4.61
5 n-Butanol 169.18 + 1.36
6 Water >200
7 Gallic acid 22.73 £ 2.04
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2. ABTS cation radical scavenging assay

TSP 9l 70% EtOH F&&(CSL) R 7F 8wl 2 8=l skl ABTS
cation radical 2~ = =5 &

g/mLe] == Jgstglon Zpzbe] et ICsaka Albsiith. 7t
242 ehtyl acetate, chloroform, n-butanol, water, n-hexane =22 WE}SE O™, ehtyl
acetate?] ICso%k< 71.45 pg/mL= -3+ ABTS cation radical 2~AEAdS YEUS]
C}(Figure 18, Table 8).
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Figure 18. ABTS cation radical scavenging activities of extract and solvent fractions
from C. cuspidata var. sieboldii leaves (CSL). The results are the mean + S.D from

three independent experiments.
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Table 8. ICsy values of ABTS cation radical scavenging activities of extract and sol-
vent fractions from C. cuspidata var. sieboldii leaves (CSL). The results are the mean

+ S.D from three independent experiments.

No. Sample ICso value (ug/mL)
1 Extract 169.83 = 0.30

2 n-Hexane >200

3 Chloroform 79.33 £ 1.19

4 Ethyl Acetate 71.45 £ 1.42

5 n-Butanol 136.71 + 1.69

6 Water >200

7 Quercetin 22.73 £ 2.04
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3. Total polyphenol contents (TPC)

Q
=N
=
8
2.
Ll
5
MN
i
i
fetl
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oX,
QL
k1
—
11t
>4
i
W

3kl & gallic acid®] (gallic acid
o YeY. 574 Z3= Figure 197 21, EtoAc
= + 5.82 GAE mg/g) < YER A tH(Table
9).
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Figure 19. Total polyphenol contents of extract and solvent fractions from C. cuspi-

data var. sieboldii leaves (CSL).
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Table 9. Total polyphenol contents of extract and solvent fractions from C. cuspidata

var. sieboldii leaves (CSL). The results are the mean = S.D from three independent

experiments.

No. Sample TPC (GAE mg/g)
1 Extract 84.28 + 1.87
2 n-Hexane 38.59 £ 1.25

3 Chloroform 138.21 + 4.25
4 Ethyl Acetate 14448 + 5.82
5 n-Butanol 111.37 +£ 0.74
6 Water 20.17 £ 0.33
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4. Total flavonoid contents (TFC)

Quercetins AT

il
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—
file)
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3kl A+ quercetin®] % (quercetin

bl EhloT 2%
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TR

=1

Figure 209} #9™, EtoAc

At

equivalent (QUE)Z 3k

PRt

KN
=

g (37.79 + 2.39 QUE mg/g)

Y H o=

el

i

(Table 10).
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Figure 20. Total flavonoid contents of extract and solvent fractions from C. cuspidata

var. sieboldii leaves (CSL).
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Table 10. Total flavonoid contents of extract and solvent fractions from C. cuspidata

var. sieboldii leaves (CSL). The results are the mean + S.D from three independent

experiments.

No. Sample TFC (QUE mg/g)
1 Extract 19.34 + 2.19

2 n-Hexane 7.33 £ 0.36

3 Chloroform 25.40 = 0.63

4 Ethyl Acetate 37.79 + 2.39

5 n-Butanol 14.47 + 0.36

6 Water 6.07 + 0.36

56

Collection @ chosun



1. LC-MS/MS A% 4 A3

TS 9l EtoAc £ 8=(CSL-EA)A ZEd 3tgEe] 24 el
ethyl gallate ¢} Hl1 +41S 918} LC-MS/MS A A4S AASHTE mass
rangeE 2004 2007k A &R1gH A3 ethyl gallate 9 AFS 197 [M-H]-=
FIE A0, compound 19 A HFF FUI Zom 1HU

pound 1 S 2XHE 49, 64.8 78, 79, 105.8, 124.2, 125, 197.8, 169.02] product ion=
gkelstgl o, o]#st A= compound 13} ethyl gallate”} &Lt 3}5HE<US LEL

W Ch(Figure 21,22).
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Figure 21. LC-MS/MS profile of the ethyl gallate.
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Figure 22. LC-MS/MS profile of the compound 1.
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2. NMR Spectral data

compound 1< ester carbonyl group= 2t HiA) Bub 9 ¥E 3gERA B
AT} compound 1] "C-NMR A~FE# (DMSO-ds, 100 MHz) ¥4 23 F 7719
MNEE EstetE 9l g4 AEE YeERAY 8¢ 16631 (C-7)914 32 ester”]
2 ol s dom, §c 108.92 (C-2,6), Sc 120.03 (C-1), Sc 138.82 (C-4), 8¢
146.02 (C-3,5) & X &t W ugls gl ¢ ATk §c 14.72 (C-9)°lA
3<alkyl 712 Q1AL 6c 60.48 (C-8)°lA ether 7]1S 13kt 'H-NMR
(DMSO-ds, 400 MHz) 2] &y 6.88 (2H, singlet, H-2,6)° A 17]2] symmetry peakE 2F
ZA3}S1 AL, ethyl 7] Sy 4.16 (2H, quartet, J = 7.0Hz, H-8), &y 1.22 (3H, triplet, J =
7.0Hz, H-9)° A 3.4 5-trisubstitued pattern®] =4S eI webA o&S 5§
st =E[801% Hlugk A compound 19] F-F+= ethyl gallate® 1 H ST}
(Figure 23-25, Table 11).
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Figure 23. Chemical structure of compound 1.
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Table 11. 'H NMR and "C NMR data of compound 1 (400 MHz and 100 MHz,

DMSO-dp).
compound 1
No.
Ou 6c
6.8791
1 ) 166.31 (C-7)
(2H, singlet, H-2.,6)
4.1597
2 146.02 (C-3,5)
(2H, quartet, H-8)
4.1413 138.82 (C-4)
4 4.1243 120.03 (C-1)
4.1063 108.92 (C-2,6)
1.2168
6 ) 60.48 (C-8)
(3H, triplet, H-9)
7 1.1989 14.72 (C-9)
1.1813
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Figure 24. '"H-NMR spectrum of compound 1 in DMSO-ds.
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Figure 25. "C-NMR spectrum of compound 1 in DMSO-ds.
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Yoz u Re) T2 P MG 4P /15 HPE, dE 2 A
ANSAE B AD 2ARA AT 0§ A4S dolrnz) shelt

T A AU 9 70% EtOH FE&2 771 &vlE o]&3sto] &vf &
815 Z138)3st & DPPH free radical scavenging assay, ABTS cation radical scavenging

assay, Total polyphenol contents (TPC), Total flavonoid contents (TFC) 52| th&3h &
st &4 B7HE F3 EtoAc 8 E0] 7HE Hojd ks TS RS gSldt
Aot 538 FASRRE Qo] &uf E¥=9] TPCS TFC Z¥3E vl g Ay,

flavonoid 725 7MA& 3= HEUY phenolic acid T35 MR 3tEE2Q ol

g g5s 752 & A
3k HPLCE AFg3te] AR ¢ 70% EtOH 3% =3 EtoAc #3 &9 %
gdiE 24 A BAS 1Y st B4 A18d ZgdE X7 242 F 18

7} ((1) nicotinic acid; (2) gallic acid; (3) catechin hydrate; (4) caffeic acid; (5) epi-

gallocatechin gallate; (6) epicatechin; (7) ethyl gallate; (8) p-coumaric acid; (9) chloro-

genic acid; (10) 4-hydroxycinnamic acid; (11) ferulic acid; (12) naringin; (13) proto-

catechuic acid ethyl ester; (14) rutin hydrate; (15) benzoic acid; (16) quercetin hy-

drate;(17) kaempferol; (18) biochanin A) & A13s}o] AgS 235t AA HA

23} 70% EtoH FE&E2 18709 E8jds #5848 & 5 35848 X3¢

™, 1 <5 epigallocatechin gallate (66.64 + 0.25), p-coumaric acid (37.68 £ 0

echin hydrate (29.48 + 0.12), caffeic acid (16.62 + 0.33) 2] HFLE =& S

k. TS EtOAc w89 B4 A= 18979 ZgdlE XFEZE S proto-
0o o 3

catechuic acid ethyl ester® A|2]3F & 17719 EF2AS F33l YSS g2s%
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t}. 21 = epigallocatechin gallate (275.63 + 0.17), caffeic acid (61.24 + 0.31), ethyl

gallate (60.98 + 0.46), p-coumaric acid (57.86 + 0.14) ¢] 3=
o} HPLC Z3= &v £38%

szl FE=ol

Zo9=
tre] sEre
0] 83} EtoAc & E-of A

A==
T

ester carbonyl group= 4

o
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gEo] T4 W FREALS LC-MS/MSS NMR specturm<
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