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Abstract

Saururus chinesis (Lour.) Baill. has been used in Korea as a folk
medicine for the treatment of diuretic action. Gynostemma pentaphyllum
(THUNB.) MAKINO is also one of the commonly used traditional medical
herb for the prevention of various diseases.

In our continuing efforts to find biologically active compounds from
plants in Jeju Island, we became interested in the extracts of S. chinesis
and G. pentaphyllum. Repeated column chromatography of ethyl acetate
and butanol-soluble fractions in the extract led to the isolation six
compounds such as quercitrin (1), quercetin (2), catechin (3),
(6S,9S)-roseoside (4), quercetin 3—-O-glucuronide 6"-O-methly ester (5),
ombuine 3-O-Rutinoside (6). Compounds 4 and 6 were isolated for the
first time from S. chinesis and G. pentaphyllum respectively.

The total phenolic contents for the extract and solvent layers (Hex,
CHCls, EtOAc, BuOH, water) were estimated as 30.3, 8.2, 11.4, 49.2, 32.9
and 7.7 mg (GAE/100 mg) respectively. In addition, the total flavonoid
contents were measures as 17.2, 7.7, 26.6 and 18.2 (quercetin/100 mg)
respectively for the extract, CHCls;, EtOAc and BuOH fractions.

For the anti-oxidation activity test, compounds 1, 2, 3 and 5 showed
DPPH radical scavenging activity with SCso of 37.5, 15.8, 9.6, 25.2 pg/mL
respectively, whose activities were comparable to a positive control
vitamin C (SCso : 6.9 pg/mL). In addition, compounds 1, 2, 3, 5 and 6
showed ABTS" radical scavenging activities with SCsy of 64.6, 12.5, 23.4,
19.2 and 78.4 pg/mL respectively, showing comparable activity to vitamin
C (SCso : 11.9 pg/mL).

Based on these results, S. chinesis and G. pentaphyllum extracts could

be potentially applicable as anti-oxiant cosmeceutical ingredient.
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I. M8

w3Haging)= -4, AstetH, A, P HE LI BE A W
ASE oledk AAe] WMl T, 2377, 4 T B A
53 A% 7|53 FxrHow WMo w3E AdHoR

Ehflojt), w3 =3} BAolA g As), vAPA 7 2]
23, FEAA, 7IW, F2 T 54& ®Aoh? vRs

haaoh FSskar Apeldel mEE o] glo] @A TOl o7t vjRo FitahH

P>

ArtarE o g AEAY vt Ao 2 S AT B H o] aksiiko] A ¢
o] #3o] AAW Z+¥E Aghe] Yhglo] Ay

FalAtAR 4 x Jde FAAEAQ superoxide anion radicals (+Os),
hydrogen peroxide (H,0,), hydroxyl radical (:OH), singlet oxygen (*0,) %
& 7HF et dk AElel Ak A(triplet oxygen, ‘02)7F L E WA A4 H o
AW, olglgk &4 s whgAdo] wlg Aol o5l oldte] oFr]E = free
radical ¥H-g& AETA il A4, @i o 2 DNA F5 HAE A, v 7}
o wkgol osle] muFh? wakA, o) FPNLES AAEY] Y3 Faks}
Ao &= butylated hydroxytoluene(BHT), butylated hydroxyanisol(BHA),
propyl gallate(PG) 53 #Z2 A 34FstAl, tocopherolir, flavonoids, ¥4
¥, ascorbic acid, carotenoids, glutathione T3 £ < &abksiAl 2 SOD
o2& kst mart Ao (Figure 1). 136 94 4rsbAl¢l BHTSF BHA
o Y it maet AAA wEol AE7hA EE AR Eo gtot, b
Htf, 7+ % microsomal £4224 F7F AW FT=49 =43t 2 29 7
s wol WAL AT &Y AFolu AREEl dAs] AREI
t}%7 ®3k tocopherol} ascorbic acid e HA FAsHAE FHAL Ex U
=8

EOoRE AL Adukg AX FEo] vra 4ol wagk @] gIrh? oleld
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I. Az % 9

Alme] F&, SulEd 2 22 AeH &mE2 Merck Co. ¥ Jusei Co.9
A =& A8 T} Vacuum liquid chromatography®l+= silica
2el(0.0020-0.025 mm, Sigma Co.), normal-phased silica gel column
chromatographyel| &= silica gel 60(0.040-0.063 mm, Merck Co.)°] AFH&-%]%]
t}, B HAHolA AFE¥ TLC(Thin layer chromatography)s= precoated
silica gel aluminium sheet(Silicagel 60 Fas4, 2.0 mm, Merck Co.)E& A}F&3}
Attt TLC Aol A spote] &ele UV lamp(254 nm)E AFE3A Y, visualizing
agento] IAAIZ]l ¥ heat guns ©|83ste] X A|Z Y. Visualizing agent=+
3% KMnOs, 20% KoCOs % 0.25% NaOHE &3¢t 8-S A833ich
dakst &4 AMe) AREE UV/Vis spectrophotometer™ Thermo Electron
CorporationAle]  Multiskan Ex(ELISA reader), Biochrom Libra s22
(cambridge Inc., England)E AF-&3}9it}.

Az g EORRE ks FEx7 AHEE &= Fisher Co.ol HPLC
= methanols AF&3F3 T HPLC(High Performance Liquid Chromatography)
+© Waters Co.9] 600 controllerg& A}-§-3}3ith HPLCE= B2, Ad 23, A5
471, PDA AZ7] (996 photodiode array detector, Waters Co.)=

gon ZAHA AHL Fortis Co.9 UniverSil Cigs (Bum, 150 X 4.6

TxEAe  o]8&%¥  NMR(Nuclear Magnetic Resonance)< JNM-LA
400(FT-NMR system, JEOL Co.)#} JNM-ECX 400(FT-NMR system, JEOL
Co)s, NMR 54 &= CIL, Inc.®] NMR A& &= CD;OD, DMSO-ds&
AH-g-sE 3T



AL 20129 293 2012 9 AFLaHIt d5x

=
el PASKAG =@, Aol A8 E9 dxE 20129 99 AF

A9 HE AGATRAA TASAG TR ANE o % B ARE AL

< 0%, 20%, 40%, 60%, 80%, 100% ethanol 10 mLel|l A slo], ALoAf 2

7t FEELS YAEY7I(DAIHAN Science Co., CF-10)E o]&3}e] 13,500
rpmo A 10 &<t YA §, 0.45 um TAH7] ZE(Advantec Toyo Roshi
Kai¥ Ltd., DISMIC"-134p)®& of3}slel Ag3Iglth. FFE2 HPLC(Waters
Co., 600 controller, 717 plus auto sampler), UniverSil Ciz A= (5mm, 150 X
4,

6 mm), 20 pl. FYFY, AY % 35TE FAHste] EAAL. gy

27y 0.1% formic acid/Z2FF9 MeOHE A& 3L, 1.0 mL/min 522
404 T FEES A8 (Table 1).
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rpmoll A 108 FoF dAEY 3 0.45 um FAH7] ZE(Advantec Toyo Roshi
Kai¥ Ltd., DISMIC"-13up)® ©f3}sle] AE3Iglth FZFE2 HPLC(Waters
Co., 600 controller, 717 plus auto sampler), UniverSil Ciz A= (5m, 150 X
4.6 mm), 10 pL F4F¥, A7 2% 40CTE FA s £4s3AT. A2
7t 2599t MeOHE ARES1S AL, 1.0 mL/min 522 407 &9 F5&55

A& THTable 2).

quL N

Table 1. Gradient elution condition for HPLC separation. (S. chinesis)

Time (min) Flow (mL/min) Water (%) MeOH (%)
0 1.0 65 35
5 1.0 60 40
40 1.0 50 50

Table 2. Gradient elution condition for HPLC separation. (G. pentaphyllum)

Time (min) Flow (mL/min) Water (%) MeOH (%)
0 1.0 100 0
40 1.0 0 100




AzxE AWz 9l 150 g 40% ethanol 2.0 L o] A3}e], Ao 29

T HAE: AAT HE A AREE T FHAHTE o] &St AT HEkS]
o ofysle] o oM 40T FEA4AA rotary vacuum evaporator=

o]

o] 40% ethanol &= 15 g& ¥Ath

% 40 % ethanol F+EES H,0 1 L o &g A71a FA4EA 0] wet &=
2t 0 2 F-8sle] n-hexane, chloroform, ethyl acetate, n-butanol, H:O

fractione YA TH(scheme 1).

S. Chinensis (Lour.) Baill. (Leaf 150 g)
l 40% EtOH, 1.4L x 2

Extract 32 g

l

v
n-Hexane fr. H,O
1742 mg
v
Chloroform fr. H,O
368.2mg
v
Ethyl acetate fr. H,O
9484 mg
v
n-Butanol fr. water fr.
569 156¢g

Scheme 1. Procedure of first solvent fractionation from S. chinesis.



4-2. Compound 13} compound 22 & #4

Ao

B
He

FEER FFS AAFe d& EtOAcE (381.0 mg)S normal
phased silica gelZ2 ZFXH FE&EE  glass  columnd A 7]-E&w]
(CHCIs/MeOH=2:1)2 HMWAIA 10709] fractionS AAe™, 1 F Fr.7914
compound 1(67.5 mg)¥} Fr.4ol4 compound 2(9.3 mg)S LA (Scheme 2).

4-3. Compound 39 &&]34A

315 AAbste] f& EtOAcE (500.0 mg)< Sephadex
LH-20o.% X% E3ES glass columnel] HANEm(100% MeOH)= H7HA]
A ZF 4719 fractionS ¥, I = Fr.2(135.5 mg)E THA] Sephadex
LH-20%.2 HA7]&v(CHCls/MeOH=2:1)2 #7] AlA 570¢] fractions AAL
™, 71 <% Fr.3°lA compound 1(98.4 mg)¥ Fr.49]l4 compound 3(9.8 mg)<S
A HScheme 3).

4-4. VLCE o] &3 &4 AE Eg

| - dojxl 7} 855 FolA BuOHT (2.5 9= #+938H7] flsto
vacuum liquid chromatography(VLC)E 383t} VLC(10x5 cm, silica
gel, 20~40 mash)olAl Hex-EtOAc(0~100%), EtOAc-MeOH(0~50%)E AH&
Z gule] wigh S 5, 10%% el S48 wol= WHes 74 300
mL¥ §&% -, 7 fractiones TLCE &<Slste] spot #j{®o] H|d AES &

ol & 20709 fractionS At}

ut

4-5. Compound 49 &7 344

VLCol A EEE Fr.15(110.0 mg)E Sephadex LH-20°2.% X% EIES
glass column®] A7]&"(CHCl3/MeOH=2:1)= ZH/NAA & 10719 fractionS

_10_



A3, 71 F Fr.89A compound 4(16.8 mg)S AATHScheme 4).
4-6. Compound 59 &2 #A

Al x ol FEEFE IS AAste] & BuOHSF (500.0 mg)S Sephadex
LH-200.%2 Z34% B35S glass columno] AL (100% MeOH)ZE A 7|A]
7 % 5709 fractiong YA, 7T F Fr.3(97.5 mg)E tHA] Sephadex LH-20
o2 F/ME&w(CHCI/MeOH=2:D& A7/ A|A 770 fractions AA2H, 1

= Fr.39 4] compound 5(5.7 mg)S A THScheme 5).

EtOAcfr.
381 mg
Silica gel CC
CHCl3:MeOH (2:1)
v v v v v
v
E4 E7
‘l’ W
Compound 2 Compound 1
9.3 mg 67.5 mg

Scheme 2. Isolation of compounds 1 and 2.
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EtOAc fr.

500 mg
Sephadex LH-20
MeOH
{ R v
E1 E3 E4

E2

CHCl;:MeOH (2:1)

I !

Compound 1 Compound 3
984 mg 9.8 mg

J’Sephadex LH-20

Scheme 3. Isolation of compounds 1 and 3.

BuOH fr.
25 ¢

VLC (vacuum liquid chromatography)
n-Hex-EtOAc(0~100%)
EtOAc-MeQH(0~50%)

Step gradient(5%), 300 mL each

v v v v
BV1 ; BV20
BV15
110 mg

Sephadex LH-20
CHCl;:MeOH (2:1)

Compound 4
16.8 mg

Scheme 4. Isolation of compounds 4.
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BuOH fr.

500 mg
Sephadex LH-20
MeOH
v v
BS1 BSS
BS3
97.5 mg

Sephadex LH-20
CHCl3:MeOH (2: 1)

Compound 5
5.7 mg

Scheme 5. Isolation of compounds 5.
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AzxE =9 170.0 g¢& 80% ethanol 1.7 L o HA sk, A2oA 2¢ &<

A= AR A= AN AEE 2 FAoAA7E ol &ste] ofdgrt 3o,
o #}alo] Pojz oJME 40T F=&A o| A rotary vacuum evaporator® &= 3d}f
o] 80% ethanol &% 25 g& Alrh.

dolx 80% ethanol FEES H.0 1 L o A Al7|ar SFATA o wet o

24 o7 B3ste] p-hexane, chloroform, ethyl acetate, n-butanol, H:O

fractions YA (scheme 6).

G. pentaphyllum ( 170 g)
l 80% EtOH, 17 L x 2
Extract 25 gl
v
n-Hexane fr. H,0

10g l

v

Chloroform fr. H,0
16 g
v
Ethyl acetate fr. H,0
12 g
v
n-Butanol fr. water fr.
54¢ 1n9g

Scheme 6. Procedure of solvent fractionation from G. pentaphyllum.
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5-2. VLCE o83 24 4% =7

SuEg ¢ dojRl 7+ FETE FolA EtOAcHE S (1.2 g9& Az i}

2 2337 9%t vacuum liquid chromatography(VLC)E 433}
At VLC(10x5 cm, silica gel, 20~40 mash)olA Hex-EtOAc(0~100%),
EtOAc-MeOH(0~50%)E Ah&-sted, 7F &wlel vistu] = 5, 10%% S48t =
Ae Fole WHoeRE 7 100 mLA &&3% %, 7 fractions TLCS &<lste]

)
= 3 i=]
spot WEHo] H|SE=3 AEE Fol & 20719 fractione AUAT}.
5-3. Compound 6¢] &34+

VLColA #3E Fr.15(137.1 mg)S Sephadex LH-200.% Z3¥ EIES
glass columnel A7§-&v(CHCl3/MeOH=2.5:1)2 H/NAIA 7719 fractione &

Qa1 71 % Fr.2o0 A4 compound 6(3.6 mg)S AU Scheme 7).
EtOAc fr.
12g
VLC

n-Hex-EtOAc(0~100%)
EtOAc-MeOH(0~50%)
Step gradient(5%), 100 mL each

EV1 EV20

v

EVS
110.0 mg

Sephadex LH-20 CC
CHCl;: MeOH =25:1

Y

Compound 6
3.6 mg

Scheme 7. Isolation of compound 6.
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ZaH| = 33Ee =S Folin-Denis®?VS o7k wigste] AAstgict. W
A gallic acid FF&qS AH&ste] E8jdle stEE9 AFS ST FF=74L
2 ol g3ttt AEFAE FAs7] 98l gallic acid 1 mgs DMSO:EtOH=1:1
£ 1 mLol =9 stock solutionS A|F3staL, o] 0, 31.25, 62.5, 125, 250

2 500 pg/mL7F HEE &3 UV-Visible spectrophotometer® 750 nmol A4
FHEE 545 2TFHE AAsY 4 AlEES Img/mL w22 &)

=9l e, o] &9 100 pLE micro tubeel| FHstal FF9F 900 plLE 7}shed
total volumeo] 1 mLe] %% A5ttt o 7]e] 100 pl Folin-ciocalteu's
phenol reagents F7bste] 2 &gk § Ao 3&ZF WA s o] &9
7% NaxCO3 &9 200 pL&
volume©] 2 mLo] H&=% 3]4sto] A2 1AF WA 5, Feds 78
of 918 FdE WHeR 750 nmolA FFEE A, EHYvE FHoR

@4t shark.

N
-~
ol
o
&
[fot
ek
ol
o
K
ofN
=
J
(@)
(@)
=
—
|
N
-~
O
o
£
)
=

F EopRwol= e Davis®e wEste] AAsignh 7 NEES 1
mg/mL= &wjjol] <l T3, micro tubeel] A& & 15 pl.9} ethylene glycol
150 pL& #7Fste] &3k = thA] 0.1 N NaOH 15 pL& il 37T g-=2=0
UV-Visible sectrophotometer& ©]-83to] 420 nmol A

x
—
>
N
offl

o
rII
olo
o

FHEE AT EEFNE querceting o]t At o] 2RE F
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6-3. DPPH radical scavenging test

1,1-Diphenyl-2-picrylhydrazyl(DPPH) A 288 FRSIsA 2rol= Hd
3k gHAksl AWk o 2 E35| phenold}t aromatic amines® d4F3} Aol =H
o @Wol| Al&sl= WHolt dF 9 959l diphenylpicrylhydrazyls ApAlo] 7}
A3 Pde =59 AR} wjzol 515 ~ 517 nmollA A3t 4 wE Bt 1
# Y phenol? 22 Fay HAAE AT 5 A& FAAL S A H
H FAAZFE AAY hydrogen radicals AAdstAl €t} oju] &5 Wk A}
A I PR EAE dnh EE wojd dAke Hte Ao ® Ajtety, Lo
of ml#ste] Xweke] DPPH Mol A3 @oAA Hil, F3=% Fa4sHA &

o gl so] nm@dom Wat AL FHEY o SAFonA

O

radical 2AE4 S & 4 AtHFigure 2).

DPPH #t]Z 24 &4 238 & BloisH*s $83te] thga) o] Aas}
Ak,

WA A|82E 2 mg/mL ¢ %2 DMSO-ds =+ DMSO-ds¢} 50 % EtOHS
g2 &to] =olth, DPPH Aok 2 mMeo] &2 503 7 o] 7}x|aL 3
Mg wreEr, g4 9Le F 50 mLE WHE W 95% EtOH 50 mLE Yo &%

E7F 0.94014 0.97°] === stao] ARgsigiv. StHXI DPPH &< 0.180
mLel %7} Z+7Z} 100 pg/mL, 50 pg/mL, 25 pg/mL, 12.5 pg/mL, 6.25 u
g/mL, °o] HE= 3X3 A8E 0.02 mLE H7Fste] dolA 1087F Wk
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Scavenging effect (%) = (1 - ——— ) X< 100

A : DPPHe| &3 %

@ ) [

DPPH radical (violet, 525 nm)

N—-N NO +
@ oz
Diphenylpicrylhydrazine Phenoxy
(yellow) (radical)

Figure 2. Scavenging of the DPPH radical by phenol
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6-4. ABTS radical scavenging test

ABTS[2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)] radical %
A A AFE total antioxidant activity(TAC)e] AW F9] 3 7[x 2 F
B3l

Aol ghelel ABTS7E Abstsl 5449 F54E& 5= ABTS' radicalol

o

= s Wolt). o] FEAN9] ABTS' radical 4tstd + = 54
i o 4 ABTS® ¥ 19 whg3k =4 o] 4strh Aot
Al Ho] FFEe] FAa7E dojuA =W kst eEs SA4E = ok(Figure 3).

ABTS radical cation 27 #4& Re & Pellegrin 59 %28 <4319
3, AEe gS3} 2ok ABTS radical cations THs7] 918t 7.0 mM
ABTS(in D.W) €93 2.45 mM potassuim persulfate(in D.W) £S5 1112
=3teto] 16A17FE)E bAoA HhEA 7T W3 AJZ1 ABTS &
1:600.2 3A43ate] 700 nmolA FFE7F 0.7840.0027F HES ZHse] A3
o AR&3FATH

96 well plated] xR 3143 sample €9 20 uL(in EtOH)$} ABTS &
o 180 uLE E3ste] 1587 oA wkgAIZ] % ELISA reader® ©]-83}
o] 700 nmolA FFE=E SAHIAH

gz AAE(%)S T Aol s ARtEA e, ZF Alge AAgd W
&0l 50% o WY AR FXZ(SCso)E 7okt tiE(positive control) &=

+ vitamin CE A5t}

1
s

m
ftllo
o

]

o

2
T
=

5=
7} ul

olt

O
o

lo
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Scavenging effect (%) = (1 - — ) X< 100

A 1 ABTSY &3
B : ABTS9} A]g@Hk-g-alo] &3

C AR A Y] FE e

( -
HO3S —<N:©\
S N=
’ \©: >:N/ S SO3H + AH

ABTS" radical
(blue green, 700 nm)

HO3S s N= D\
—_— +>—N SO3H Ae

ABTS"
(colorless)

Figure 3. Scavenging of the ABTS' radical by an anti-oxidant.
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7. HPLC #4]

Az 9 E9] FEE] compoundo] I AA EAS sk WA A
W %= += HPLC(Waters Co., 600 controller, 717 plus auto sampler), UniverSil
Cis A7 (5m, 150 X 4.6 mm), 20 pL FY+#¥, 350 nm, A7 &% 35CE
FA &) BEA skt &8 de ZH2F 0.1% formic acid/Z+=79 MeOHE AME
&t31aL, 1.0 mL/min 522 402 &% FE=< B8 tHTable 3). E3,
=9]+= HPLC(Waters Co., 600 controller, 717 plus auto sampler), UniverSil
Cis AHGm, 150 X 4.6 mm), 10 pL FJF3], 254 nm, 23 %= 40CE
Ak EAeAT. & 747 29t MeOHE  ARESaL, 1.0

mL/min 422 40% & FEES 93t (Table 4).

Table 3. Gradient elution condition for HPLC separation. (S. chinesis)

Time (min) Flow (mL/min) Water (%) MeOH (%)
0 1.0 65 35
5 1.0 60 40
40 1.0 50 50

Table 4. Gradient elution condition for HPLC separation. (G. pentaphyllum)

Time (min) Flow (mL/min) Water (%) MeOH (%)
0 1.0 100 0
40 1.0 0 100
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40% ethanol® A}-&
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=
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slo

=ERS

A3E B 5719

10~15). I < 80% ethanol

min * e 337} 7}

o]

A A-(Crr)= ©]
4~9). 71 ¥ 40% ethanol
I AH(Ci)S o] &

<A Azt 7HE w2
v}, HPLC A ZvlE1%

stith HPLC A=ZvtEs A3E HW 3779 34
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AU

‘I,40;
‘I.20;
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Figure 4. HPLC chromatogram of 0% aq. ethanol from S. chinesis.
'I.40;
I,20;
‘I,OO: o
4 o
i [ee)
] =
0.80 1
] l
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Minutes

Figure 5. HPLC chromatogram of 20% aq. ethanol from S. chinesis.
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Figure 6. HPLC chromatogram of 40% aq. ethanol from S. chinesis.
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Figure 7. HPLC chromatogram of 60% aq. ethanol from S. chinesis.
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] © -
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Minutes
Figure 8. HPLC chromatogram of 80% aq. ethanol from S. chinesis.
'I.40—_
'I.20—_
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0.20i E 2 g
] o S5 =
4 52 [e0] (o))
pie————— e
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Minutes

Figure 9. HPLC chromatogram of 100% ethanol from S. chinesis.
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Figure 10. HPLC chromatogram of 0% aq. ethanol from G. pentaphyllum.
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Figure 11. HPLC chromatogram of 20% aq. ethanol from G. pentaphyllum.
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Figure 12. HPLC chromatogram of 40% aq. ethanol from G. pentaphyllum.
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Figure 13. HPLC chromatogram of 60% aq. ethanol from G. pentaphyllum.
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Figure 14. HPLC chromatogram of 80% aq. ethanol from G. pentaphyllum.
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Figure 15. HPLC chromatogram of 100% ethanol from G. pentaphyllum.

_28_



2. Az QoM Zed sgE = 24,

2-1. Compound 1¢] -2=3}4]

Compound 1= "“C-NMR spectrumdl] 2]3] 21719 €12z FAHH 33129
S & F dglen § 179.7914 carbonyl”|E& E@3sle] 15719 sp® ©Aa(8
165.9~94.8) signalE°] #2&% o] compound 1+ flavonoidE 3$H73F 3tst&EY
Zlolebal o sttt
"H-NMR spectrumo|A= § 7.33, 7.30, 6.90, 6.36, 6.199] signalE°] sp”
2ols oaE 4 ddem o]=9] coupling constant(J ) E3te] F 719

meta coupling(J = 2.0, 2.1 Hz)3} 3 7§9] ortho coupling(J = 8.2 Hz)o] 3%

.

HAh, w2k compound 1+ quercetin(3,3',4',5,7-pentahydroxyflavone)<
ok =Y Aolgt o3-S Sl

w3k 'H-NMR spectrum®| A& § 5.35~3.70014 #+#5 = signal ¥ 0.94
ol #E 3HO signal, § 5.352] anomeric protom signal(1H, d)2] &A=

- 122ke] Fo] gt deede o ¢ JNAL £l Bard datash Hlal

J

3 A3 quercitrin(quercetin 3-O-a-L-rhamnopyranoside)$] & 3018

4 I H(Figure 16, 17, 18).

Figure 16. Chemical structure of compound 1.
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Table 5. NMR spectroscopic data® for compound 1 (400 MHz CD3;0D)

compound 1

No.
&u (int, multi, J Hz)  &. (ppm)

2 158.3
3 135.2
4 178.6
5 162.1
6 6.18 (1H, d, 2.1) 98.9
7 164.9
8 6.34 (1H, d, 2.1) 93.8
9 157.5
10 104.9
1 122.0
2' 7.33 (1H, d, 2.1) 116.0
3' 145.4
4' 148.8
5' 6.91 (1H, d, 8.2) 1154
6' 7.29 (1H, dd, 2.1, 8.2) 122.0
1" 5.34 (1H, d, 1.6) 102.6
2" 4.23 (1H, dd, 1.6, 3.1) 72.2
3" 3.76 (1H, dd, 3.2, 9.3) 72.1
4" 3.40 ~ 3.45 (1H, m) 72.3
5" 3.36 ~ 3.40 (1H, m) 70.9
6" 0.94 (3H, d, 6.2) 16.7

* 14, C NMR spectra were recorded in CDs;OD solution at 400 and 100

MHz, respectively.
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Figure 17. 'H-NMR spectrum of compound 1 in CD3;0D
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Figure 18. "C-NMR spectrum of compound 1 in CD3;0D
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2-2. Compound 29| F-33}4]

Compound 29 F+%& &9l35}7] 93] 'H-NMR 2 “C-NMRS =439t}
"H-NMR spectrum®l|A] aromatic field?] signalo] &= el § 6.40
(1H, d, J = 2.0 Hz), 6.18 (1H, d, J = 2.0 Hz)°llA4] phloroglucinol A-ring
o] A& A2l meta couplingdt: proton signale] #TZEEJQoew § 7.67 (1H,
d, J= 2.2 Hz), 7.53 (1H, dd, J = 8.5, 2.2 Hz), 6.88 (1H, d, J = 8.5 Hz)
ol -] B-ringoll 7|93+ signal® meta coupling®} ortho couplingstal 5

S coupling constant(J )2 2183t o] st A3 = B-ring®] catechol -

rU

29SS g2 & 4 JAaL, C-ringd}t #FHE proton signalS H2EA] oFo}

flavonol AlE &= o %slit.
sd PC-NMR spectrum 2AeA= 6§ 136.37 147.99 signald 7zt
C-33 C-2& flavonol &3t=9 SAolth. 6§ 147.7¥% 145.32 B-ring9
C-4'#} C-3'Z hydroxyl group®] A%t¥ o] 9l catechol &Y & F A
Atk A-ring ¢ C-83 C-6-2 77t § 93.57 98.3¢14 WEFH, hydroxyl
groupe] Ag® C-5, C-73 C-9%= Z47F & 157.3, 164.73 161.6°14 e}
Ho M @A phloroglucinol A-ring® 2 FAEHo] JS5
w3lo] B
1

A tH(Figure

PN
T A

e,

o

]_

Oft

2]
= data9} v 23 A3 compound 2% quercetin® @ FA

9, 20, 21).

Figure 19. Chemical structure of compound 2.
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Table 6. NMR spectroscopic data® for compound 2 (400 MHz CD3;0D)

compound 2

No. &u (int, multi, J Hz)  &. (ppm)
5 147.9
3 136.3
4 176.4
5) 157.3
6 6.17 (1H, d, 2.1) 98.3
7 164.7
8 6.38 (1H, d, 2.1) 93.5
9 161.6
10 103.6
1 123.2
2' 7.73 (1H, d, 2.3) 115.1
3' 145.3
4' 147.7
5' 7.53 (1H, dd, 8.5, 2.3) 115.3
6' 6.88 (1H, d, 8.5) 120.8

* 14, C NMR spectra were recorded in CDsOD solution at 400 and 100

MHz, respectively.
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Figure 20. 'H-NMR spectrum of compound 2 in CDs;0D
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Figure 21. C-NMR spectrum of compound 2 in CD;0D
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2-3. Compound 3¢] =34

Compound 3¢ %= Felsty] 93 'H, “C NMRS =438tk PC-NMR
specrtum®l Al § 100~160 99| carbon signal®} 'H-NMR spectrumel A &
5.85~6.839 41 9] signalel] 2]&l] aromatic ring®] U2 & G Ao, 1749
methylene 47} #5H Utk £ § 6.83 (1H, d, J = 1.8 Hz), 6.76 (1H, d,
J = 8.1 Hz), 6.71 (1H, dd, J = 2.0, 8.2 Hz), 5.92 (1H, d, J = 2.2 Hz),
5.85 (1H, d, J = 2.2 Hz)ollA4] coupling constant(J )& Ho} 27+ ortho

coupling, 3701 meta couplingS 3t= Zoz #=xgow, Y“C-NMR

spectrumC ZHE 15709 ©AE 7HX|al Q= AoRE Hol o= A9l
flavonoiddS & 4= ) o]5 'H, PC-NMR dataEs 233 wws 2z

compound 3 catechin®S ¢ 4 AU Figure 22, 23, 24).

Figure 22. Chemical structure of compound 3.
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Table 7. NMR spectroscopic data® for compound 3 (400 MHz CDs0OD)

Compound 3
No. X
Sy (int, mult, J Hz) Sc

2 4.56 (1H, d, 7.3) 83.0
3 3.97 (1H, ddd, 6.7, 6.7, 5.4) 68.9

2.84 (1H, dd, 16.1, 5.3) 98 6

2.50 (1H, dd, 16.1, 8.0)
5 157.7
6 5.85 (1H, d, 2.2) 96.4
7 157.0
8 5.92 (1H, d, 2.2) 95.6
9 157.9
10 100.9
1 132.3
2' 6.83 (1H, d, 1.8) 115.4
3' 146.3
4' 146.3
5' 6.77 (1H, d, 8.1) 116.2
6' 6.71 (1H, dd, 8.1, 2.0) 120.1

* 'H, C NMR spectra were recorded in CDsOD solution at 400 and 100

MHz, respectively.
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Figure 23. 'H-NMR spectrum of compound 3 in CDs;0D
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Figure 24. "C-NMR spectrum of compound 3 in CD3;0D
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2-4. Compound 4¢] -2=3}4]

Compound 49 F%& #2137 93 'H-NMR ¥ “C-NMRS =435}¢lt}.
"H-NMR spectrum@l A= zZre}d o] singlet®. & YEF}E methyl signalo] ZF
ZF § 1.03 (38H, s), 1.04 (3H, s), 1.92 (3H, )4l 3717} #&A=HIoH, §
1.9291 4 YEFt methyl peak® 7% down field shiftdl= Y-S Hol= A
© & Ho} allylic methyl signal® oJ3at3ivh. B3 doubleto & Zebs] 4
S WERE methyl signale] & 1.28 (3H, d, J = 6.4 Hz)ollA 1AL
Geminal coupling® 3= A LS ® Ho|:E= methylene signale] § 2.16 (1H, d,
J =17.0 Hz), 2.54 (1H, d, J = 17.0 Hz)olA #AHAE § 4.53914%= 'He
multiplet*] ¥ H.©]3= methine signale] #2Z%Ja1, § 5.85 (1H, dd, J = 6.8,
15.8 Hz), 5.87 (1H, d, J = 15.8 Hz)ollA+ trans °]lFZd%< olefinic
proton®.2 dE = signale] FHEHAT I § 5.86 (1H, 9)ddA=
olefinic proton®. = A% += signale] F&EEHAT. o]Lo %  anomeric
proton® & W0 Ho} B forme & 4% = T signale] ZH7F § 3.16 (1H,
m), 3.21 (1H, m), 3.24 (1H, m), 3.26 (1H, m), 3.64 (1H, dd, J = 5.0,
11.6 Hz), 3.86 (1H, dd, J = 2.0, 11.6 Hz), 4.35 (1H, d, J = 7.8 Hz)ol 4|
A

YC-NMR spectrumel A& % 19709 carbon peak’} #EHom,
ketonel. & A% = carbonyl peak”} § 201.3914 &Aoo, olefinic
carnon®] Zt7F § 167.4, 135.4, 131.6, 127.394 #AZHAYy, 3+
BC-NMR spectrum®] & 80.1, 77.4914 oxygenated carbon signal 27]&
gl & 5 %=, o5 shvbe B RS carbono® FIWATE G
§ 102.8°14 anomeric carbon % 78.3, 78.2, 75.4, 71.8, 62.9914 Z<]
carbon peakE &<l & 4 AUt

S vigow F3ste] & o o] 33ES norsesquiterpene? iononol
Eldolgl o= e, HMBC correlatione &3 (6S,9S)-roseosideS 2
gl B3 £39) NMR Blol8 95" A5 2918tk (Figure 25~30).
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Table 8. NMR spectroscopic data® for compound 4 (400 MHz CDs;0OD)

No. Compound 4
Sy (int, mult, J Hz) Sc
1 42.5
2.16 (1H, d, 17.0)
2 50.9
2.54 (1H, d, 17.0)
3 201.3
4 5.86 (1H, s) 127.3
5 167.4
6 80.1
7 5.87 (1H, d, 15.8) 131.6
8 5.85 (1H, dd, 6.8, 15.8) 135.4
9 4.53 (1H, m) 77.4
10 1.28 (3H, d, 6.4) 23.5
11 1.04 (3H, s) 24.8
12 1.03 (3H, s) 21.3
13 1.92 (3H, s) 19.7
1 4.35 (1H, d, 7.8) 102.8
2' 3.16 (1H, m) 75.4
3' 3.21 (1H, m) 78.2
4' 3.24 (1H, m) 71.8
5' 3.26 (1H, m) 78.3
3.64 (1H, dd, 5.0, 11.6)
6' 62.9

3.86 (1H, dd, 2.0, 11.6)

* 'H, C NMR spectra were recorded in CDsOD solution at 400 and 100

MHz, respectively.
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Figure 25. Chemical structure of compound 4.
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Figure 26. H-NMR spectrum of compound 4 in CD3OD
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Figure 28. 'H-'H COSY NMR spectrum of compound 4 in CDsOD.
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Figure 30. HMBC NMR spectrum of compound 4 in CD30D.
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2-5. Compound 59| =34

Compound 5= "C-NMR spectrumdl] 2]3] 2271¢] €12z FAHE 3329
& 4 5 oAdglen § 177.5904 carbonyl7] & EgHeke] 15719 sp® EA(S
164.4~93.7) signalE°| ## %o compound 5+= flavonoidE 3+ 3=
Zlolekal o sttt
H-NMR spectrumd A= § 7.38, 6.82, 6.40, 6.20, 5.589] signalEo] sp”
298 A4 7 Ao o2 coupling constant(J )& E3t F 79
meta coupling(J = 2.0, 2.0 Hz)3} 3+ 71¢] ortho coupling(J = 8.4 Hz)o] &%
HAh, w2k compound 5% quercetin(3,3',4',5,7-pentahydroxyflavone) <
ohirshe =4 Blolgt ot sklvh

T3 'H-NMR spectrumol A= § 3.44~3.250 4] ##5 %= signal 2@ 3.16
ol #&=E 3HS methoxy signal, § 5.292] anomeric protom signal(1H, d)
7 BC-NMR spectrumo A § 171.39] carbonyl?] &AZHFE 1819 o
ester7b S8 FAFEYS & £ AL EFo] BHuH datast wlmdd A
quercetin  3—-O-B-D-glucuronide-6"-methyl esterd]S elgd 4 3

(Figure 31, 32, 33).

Figure 31. Chemical structure of compound 5.
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Table 9. NMR spectroscopic data® for compound 5 (400 MHz, DMSO-ds).

Compound 5
No. ;
Sy (int, mult, J Hz) Sc
2 157.3
3 133.8
4 177.5
5 161.0
6 6.20 (1H, d, 2.0 Hz) 98.8
7 164.4
8 6.40 (1H, d, 2.0 Hz) 93.7
9 156.4
10 103.7
1 120.5
2' 5.58 (1H, d, 2.0 Hz) 117.6
3' 144.8
4' 148.9
5' 6.82 (1H, d, 8.4 Hz) 115.3
6' 7.38 (1H, dd, 1.8, 8.4 Hz) 120.7
1" 5.29 (1H, d, 6.6 Hz) 102.5
2" 71.6
3" 74.1
4" 74.5
5" 76.4
6" 171.3
-0OCHs 3.16 (3H, s) 52.1

* 'H, ¥C NMR spectra were recorded in DMSO solution at 400 and 100

MHz, respectively.
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Figure 32. '"H-NMR spectrum of compound 5 in DMSO-ds
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3. EoollA #ed stekE 7 x 24
3-1. Compound 6°] T-Z3}4]

Compound 6= "“C-NMR spectrumdl] 2]3] 2971¢] exz2 FAH%E 33129
& 4 ANen § 179.7°04 carbonyl7lE EFEA 15709 sp® BA(§
177.5~92.2) signalE°| ## %o compound 6+= flavonoidE 3+ 3=
Aolgtar of sl

'H-NMR spectrumd] A& 6§ 55.6, 56.0914 YEFE methyl peaks] 7%
down field shiftdl= S Role AR Hol AVSAAETF & AbAh9r A%
H methoxy groupE BRI} At}t. § 7.72, 7.55, 7.24, 6.69, 6.372] signalE9]
sp” FA2AS A4 £ 9gom o]59 coupling constant(J )& E3] T 7))
9] meta coupling(J = 2.0, 2.0 Hz)3} 3+ 7§2] ortho coupling(J = 8.5 Hz)9]
2 E S

T3, 'H-NMR spectrumel| A= § 5.38 (1H, d, J = 7.3 Hz)¥} 4.39 (1H, d,
J = 0.9 Hz)ol A glucose®t rhamnose®] aromeric proton signal®] #&E 0
™, § 0.97 (3H, d, J = 6.18 Hz)2 rhamnose®] angular methyl® F4 % +=
peak”} #&H ST}

BC-NMR spectrum®l A% & 101.1, 100.7914 2712 anomeric carbon
signal® FA % += peak’} #zE o] 282} o] Adlty o] ¢leS 2l &
AT} E3k methoxy group?l $1XE &<elstr] 98] HM
A3te] ombuine 3-O-Rutinoside©.@ 3¢l =13 #3o] NMR Ho]E] 9=

& %3} o} (Figure 34, 35, 36).

4

=

BC correlationg 5
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Table 10. 'H and "C NMR data of compound 6 (400 and 100 MHz, DMSO-ds).

Compound 6
No. X
Sy (int, mult, J Hz) Sc
2 156.4
3 133.8
4 177.5
5 160.9
6 6.37 (1H, d, 2.0 Hz) 97.9
7 165.1
8 6.69 (1H, d, 2.0 Hz) 92.2
9 156.7
10 105.0
1 121.4
2' 7.55 (1H, d, 2.0 Hz) 111.3
3' 145.9
4' 150.1
5' 7.04 (1H, d, 8.5 Hz) 115.7
6' 7.72 (1H, dd, 2.0, 8.5 Hz) 122.4
1" 5.38 (1H, d, 7.3 Hz) 101.1
2" 74.0
3" 76.3
4" 69.8
5" 75.8
6" 66.8
I 4.39 (1H, d, 0.9 Hz) 100.8
2" 70.3
3" 70.5
4" 71.8
5" 68.2
6" 0.97 (3H, d, 6.1 Hz) 17.7
-OCH3 56.0
_OCH, 3.87 (6H, s) 55 6

* 'H, ¥C NMR spectra were recorded in DMSO solution at 400 and 100

MHz, respectively.
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Figure 34. Chemical structure of compound 6.
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Figure 35. 'H-NMR spectrum of compound 6 in DMSO-ds
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= stgEe AEA de FExHo] Sl 23 AES] R v
Sk o} #AES 7R g B2 Wlell 27 ©]/d9] phenolic hydroxyl7] & 7}
A 7] W] whuia 2 7} A ExE 4TS st A 742 gror
arsl gatel g g Aed 75e e Ao dEA g

Gallic acid EFE NS ALE3 AAH 2 M (Figure 37)S ZAJste] Azl =

9] FEE 2 T¥=Y F ZYds FFS SAGeH, FEE 2 2=
=% 100 mg 9 3t A+ gallic acide] ¥H(GAE; Gallic acid equivalents)
o= gtste] Yt 23 A, Az 5 21 F 402 dEE FEE

oA 30.3 mg GAE/100 mg, #38& < EtOAc % BuOH layerol A Z+Z} 49.2,
32.9 mg GAE/100 mgo = HluZd & Zds IdFS e A (Figure
38, 39). k3t =9 F= =7 F 80% ¥t FE=EIA 19.2 mg GAE/100
mg, 8% T EtOAc layerolA 22.9 mg GAE/100 m =
H= dFS et A (Figure 40, 41). ol v& 3itst AdAdete #edo]
U= Blolgt o FH ATt

Calibration Curve (Gallic acid)

Q.35

_,_.-""'-'—F‘

202 ,4’/ v=0.0718x-0.0054
[ z

e / R®=0.0996

< 0.1

T T T T T T

0 1 2 3 a 5 & 7
Concentration (pg/ml.)

204

Figure 37. Calibration curve for quantification of total phenolic compounds.
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Figure 39. Total polyphenolic compounds of solvent layers. (S. chinesis)
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it

2

THSAT, FE ulol A FEANDFUE FaTh G- Prioldx g
Gele] @ g BHS AU, B4 A9 e g Aow nauw

AN

00 mg & ¥frstal &= quercetin® Fo= FAtsh
ZzA4 T 40% NS FEEAM 17.2 mg quercetin/100
EtOAc % BuOH layerol A Z+Z} 26.6, 18.2 mg quercetin/100

mgOo R WA & SHH-olE s YEl itk (Figure 43, 44). B3 =

3
%
M
M B
O{N

9 F& 24 F 80% JErE FEEA 7.3 mg quercetin/100 mg, 8 E F
EtOAc layerol4 12.8 mg quercetin/100 mgl 2 Hln % & ZPHL-ol=
S-S e It (Figure 45, 46).
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Figure 42. Calibration curve for quantification of total flavonoids.
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4-3. DPPH radical scavenging test

FAoR 12 AAT WS A By Fxo] GRBRA,

AR olate] gelElo] grido] 2AHW Sfe] mepae] flojAWA 515 ~

517 nmel A Hol| F5ubgo] Alebxs Hrh ¥ ANt FEEE DPPH
z]

radical A~2AEAHE 5431 SCsp #hoZ AT SCs #tol 25 &4

F4_4
L
EN

Al % 2lo]l 40% ethanol F=w % #8E&ES Zt31 DPPH radical &4
q& AAsGl Alse F%7F 100 pg/mLY W 40% EtOH FEE2 72.3%,
Hex fr. 68.3%, CHCly fr. 42.3, EtOAc fr. 85.7%, BuOH fr. 84.2%, H.O fr.
30.5%° AALAEE HAoH SCsos 5437l #18) 50 ng/mL, 25 ng/mlL,
12.5 pug/mL, 6.25 pg/mLe L2 A2AGHS AA s HFigure 47). 1 24
3} EtOAc fr. 15.1 pg/mL, BuOH fr. 27.5 pg/mLZ thZw+< HEFT C2] SCso
9l 7.5 pg/mLell 7MHA = &AW £& radical A4S UL st 4= U
tHFigure 48).

=2 80% ethanol F=& 2

Aot #4¢ A A @

3 &S z'3a DPPH radical &7 &4S 3

Aoz AUt

rir

rlo
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Figure 47. DPPH radical scavenging activities of extracts from S.
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Figure 48. SCsp value of DPPH radical scavenging activities of EtOAc fr.

and BuOH fr. from S. chinesis leaves.
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EtOAc fr.¥} BuOH fr.olA #2l¥ compounds 1-62 DPPH radical &7
S AT Compounds 4, 694&= €4S 7HA AL A &2 A= 3
AQa, =& oz £2AS5HESE Hol:E compounds 1, 2, 3, 59 SC50S =

Asl7] Y& 100 pg/mL, 50 pg/mL, 25 pg/ml, 12.5 pg/ml, 6.25 pg/mlL,
3.13 pg/mL 9 ErHwz 2AAHS AXNSYHFigure 49). 1 AT

[JO
i)

compound 1, compound 2, compound 3, compound 52| SCso%ke] 2z} 37.5
ug/mL, 15.8 ug/mlL, 9.6 pg/mL, 25.2 ng/mLE compound 22} compound 3¢!
A5 mEpd Co AAFEE SCsodk(6.9 ng/mL)S 7FAW, compound 13

compound 5 ThA @& radical 2AEAHES 7HAS &9 kgt

SCsoltig/mL)
400
h I I
[ X l .
Wit. C Compound 1 Compound 2 Compound 3 Compound 5

Figure 49. SCso value of DPPH radical scavenging activities of compounds

1, 2, 3 and 5.
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4-4. ABTS radical scavenging test

A % 9lo]l 40% ethanol &% % F3ES zta1 ABTS radical &7 &

e AASY. A5 F%=7F 100 pg/mLY W 40% EtOH FEE2 72.3%,
9

Hex fr. 42.6%, CHCl3 fr. 41.4, EtOAc fr. 93.9%, BuOH fr. 74.4%, H.0O fr.

SA438t7] 918 50 pg/ml, 25 npg/mlL,
%

g5 A5 H(Figure 50). 2 4

21.2%2 AAEAHALE BHP o SCiHpS
12.5 pg/mL, 6.25 pg/mLe sEHZ A7
I} EtOAc fr. 28.1 pg/mLE thF<l H

A= AUt £& radical 27%5S B9

9l C9 SCs0%] 11.6 pg/mLel 7

£
gkl 4= A (Figure 51).
35S zra ABTS radical &7 &4

S AAEAT. A2 FE7F 100 pg/mLY W 80% EtOH FEE& 70.9%,

TE=ET

il

5t =9 80% ethanol FE& %

=

0{1
i

Hex fr. 12.5%, CHCl3 fr. 27.4, EtOAc fr. 70.7%, BuOH fr. 22.6%, H20 fr.

13.9%°] 2AZES H{om SCshs A8 #¢l 50 ng/ml, 25 pg/ml,
i

84S A A5G H(Figure 52). L A
I} EtOAc fr. 59.1 pg/mL= thx<] HlEFT C9 SCs0%) 11.6 pg/mLel 71zt

A= AW L radical 2A%SE RIS dd = 99 (Figure 53).

12.5 pg/mL, 6.25 pg/mLe] sEHZE 47
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Figure 50. ABTS radical scavenging activities of extracts from S.
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Figure 51. SCso value of ABTS radical scavenging activities of EtOAc fr.

from S. chinesis leaves.
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Figure 54. SCso value of ABTS radical scavenging activities of compounds

1, 2, 3, 5 and 6.
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5. HPLC #41 A3}
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Figure 55. HPLC chromatogram of 40% ethanol and compound 5 from

S. chinesis.
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Figure 56. HPLC chromatogram of compound 3 from S. chinesis.
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Figure 57. HPLC chromatogram of compound 1 from S. chinesis.

_69_



i
[s2]
N

0.10+

11.393
13.469

0.08+

28.921

0.06

AU

19.338

0.04+

] o ” | r,\/ w”' I { ‘\"\x\ )
DA VNE (P A W l N

0.004—*-

|
s | ‘ i
0.02+ ; A |
] | | ﬂ |
I

T L e e B N B S s B ey T T L B e e L
5.00 10.00 15.00 20.00 25 DO 30.00 35.00 40.00
Minutes

1.00

A0 oo
j=peiere

0.80+

0.60+

AU

0.40

0.20+

g A N
0.00d—A— s — e NN I

T s e e e e L e e e e
5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
Minutes

Figure 58. HPLC chromatogram of 80% ethanol and compound 6 from

G. pentaphyllum.
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n-butanol, H:O 02 SR 3 S 3lo] EIES A} ol F 59 F3&
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Hol= EtOAc #3E vacuum liquid chromatography(VLC), sephadex
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