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Abstract

Study of bioactive compounds from the extracts
of Cornus officinalis fruits

Kang, Ju-Yeon
Advisor: Prof. Choi, Young-Bok, Ph.D

Depar tment of Biology,

Graduate School of Chosun University

Cornus officinalis (C. officinalis) Sieb. et Zucc. Cornaceae, which is
commonly called Japanes cornel, is widely distributed in China and Korea. The
fruit without the seed, is called sanshuyu and has been used for at least 2,000
years in Chinese herbal medicine. The total iridoid glycoside content of C.
officinalis, including loganin, morroniside and other minor constituents,
possesses a number of pharmacological activities such as mitigating the vascular
complications of diabetes, depressing immunity, rheumatoid arthritis, cerebral
ischemiar eperfusion injury through multiple action mechanisms, and against dia
betic metabolism. It is used principally to reduce unusually active secretions,
including copious sweating and excessive urine. |t is known that C. officinalis
hot water extract has an antibacterial action, anti-histamaine, and anti-acetylc

holine activity in the small intestine of the guinea pig.



This study was carried out to investigate biological activities of C.
officinalis fruits. Fruit extracts were prepared by ethanol extraction method
and then fractionated with hexane, ethylacetate (EtOAc), butanol (BuOH) extract
to get active compounds. The antioxidant activities of extracts were assayed by
total polyphenolics content, DPPH radical scavenging, superoxide dismutase (SOD)
-like, and catalase (CAT) activities. The DPPH radical scavenging activity of
the fruits extracts showed a considerable RCso value, 234.51 (ethanol extract),
140.60 (hexane extract), 25.60 (EtOAc extract), 110,0 (BuOHextract), 500,00 (wat
er extract) ug/me, respectively. Ethylacetate extract showed higher activity tha
n that of BHT standard antioxidant (RCso 101.00 #g/m¢). The total SOD-Iike enzym
e activity was found to be 17.80 U/mg and CAT activity was 13.90 U/mg and the co
ntents of total polyphenolics was 27.17 mg/kg. Moreover, five compounds were is
olated from EtOAc fraction of Cornus officinalis fruits and them were identified
with galic acid, cornuside, (7S)-O-methyl morroniside, and (7R)-O-methylImorronis
ide, loganin, which have antioxidant activity. These results suggested that C. o
fficinalis fruits would be an alternative antioxidant source, based on natural p

lant resources.
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22 8=22=2= loganin, morroniside®?t Z& iridoid BHEXI 2 sweroside%t
&2 secoiridoid BHE X, ursolic acid, oleanolic acidS2l triterpenoid=, gallic
acid, malic acid, tartaric acid S0l U1, tannin®Ql tellimagrandin 1,
tellimagrandin 2, isoterchebin (cornus tannin 1), 1,2,3-tri-O-galloyl B
—glucose, 1,2,6-tri-O-gal loyl-B -D-glucose, 1,2,3,6-tetra-O-gal loy |- B -D—-glucose
@t gemin D, cornusiin A, B, C ¥ 2,3-di-O-galloyl-D-glucose, D, E% F,
1,7-di-O-gal loyl-D-sedoheptul lose € &Ra5t1D UACH (Guilian et a/ ., 2000).
AZ2E Melgtd 222 Hsd stat2s R Il AL etEez 40|
H EcHEL0ERI =2 0I20 (Azuma ef a/ ., 1999). &4tst SE FHot= &
Holl= POV (peroxide value), AV (acid value), COV (caronyl value), IV (irodin
value)E Fot= Y- Dt OPPHOl B4 S 0I85t0 ot 28 S0l ACH (Bindol i
1997). SODE (Superoxide dismutase) SRAIZAH A& S00Jt superoxide radicalOfl
MBS AMote BEE in vitro 8 EXote AEO0ICH. SO RAES
pyrogal lol& 20 =XH5t= superoxide radical Ol 2ol At=satatdt 0L ZMEE
S g4ot=l 01 22T = =40+, superoxide ZEEH0 A= 2EH0 &
Al pyrogallol2l &tst=5EIF ZO0tX= R2IE OIS0t superoxide ZEHESHS 2t
2 QUCH (Colr, 1974 and Haumann, 1990). DPPH=E EAE FAC=Z
OHEE etllZ2r XE St A=, 515-517mm0lA = E+5 UEHUHCHO &R0l

T radicalE AASHH ZH =H HIEUHAN S=IF SHXH ZIB2 Al22 &&

& 37|, 2O MAZHES X7 EZ2% 2t HlWotY HES2 LHEHHCEH.
MERol MY HARZE SIF O & (Yamahara, 1981 and Park, 1995), &
=l

HESAEZ (Dai et al ., 1992), EEAHMEE (Won et a/ ., 1996), &&tats0f
S0l sR= sSASEO MM L EH (Kim et al .,

A (Kim et al ., 2004), &k

2004), A2 A0HS e 20 AX0 HE sl E4 (Lee et al ., 1992),

_10_
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2. ANeF 2 J|D|
ShAtSIEtS 242 A2 DPPH (1, 1-Diphenyl-2-picrylhydarzyl, D-9132, sigma),
BHT (2,6-Di-tert—butyl-4-methy|-phenol, B1378, sigma), Vitamin C (Ascorbic acid

A5960, sigma), DMSO (Dimethy! sulfoxide, D5879, sigma) & AI25I¥SH, =& ¢

00

ZEE ANYY 2EZe2lS Silica gel (Merck, 63-200un particle size)2 122 Al
St 1), TLC chromatographyE 9I6t0 TLC plate (silica gel 60 F254, Merck, Korea)
£ ME5HALE.

Z48%8 J|Jl= HPLC (Gilson, Korea), RP-C18 column (10X 250mm, 54m particle
size, RS Tech Optima Pak C18 colum, Korea), UV/Vis spectrophotometer (Shimadzu,
Japan), microplate reader (Moecular Devices, USA), NMR (KBSI, Gwangju Center,

Korea) SS AI=Z56ISULEH.
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fH 2clg =2 0.1 gl methanol 1

mg/ml2 SHSHAM ALESHRUCH. BH 50 w0l SF= 650 K4S €2 = Folin-Denisre
agentE 50 4 Jiotd 3202t A20AH BFEAIZI = 10 % NaxC03 ZStEMHS 100 we
£ Fototd, 2B 282 1 L2 XFI| ol EF== 150 @2 €0 & SAAL
37°C water bathOIM 1AIZ2+ BFSAIZ2I = UV-Vis spectrophotometer& ALEGHO 725 nm
HA EZEE =THOIYULH. SAIE2 Alg 8% &l methanol s S26HA Hel
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3-2-3. SOD-FAIEE 24

2t2t0] MIIAZE extraction buffer (50 mM phosphate buffer, pH 7.0;1% Trito
x X=100; 1% PVP-40)0ll 1:42| Hlgx =&s & &3 A2 12000 rpmOlA 202
o AAZ2E S ASHE Foto atst 24 =H0| AFSotALCH. SHHE HSH2
albuming HEESZ 2 AHEGH0 BCA protein assay Z& 0O et SEGHACEH. SO
A2 Beauchamp and Fridovich (1971)2 22 S&0t0d S&SIRUCEH. 50 mM carbonic
buffer (pH 10.2), 0.1 mM EDTA, 0.1mM Xanthine, 0.025 mM nitroblue tetrazolium
(NBT), SAM0| ZEE BHS 25° COHlA 1022t B+S8 = Xanthine oxidase (3.3x

10-6 MM)E &II6t0d BtE8s =EOIACH. S0 & EF 2 550 nm0ll 30= &2 582

nfor
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Cornus officinalis (900g)

Extract with
50% EtOH 2 £*2time

Crude Extract(307.590)

Hexane ext.(24q) 90% MeOH

| Dissolve by water

EtOAcext.(78.3g) HO ext.
Extract ext n—-BuOH

n -BuOHext.(919) HoO ext.(111g)

Figure 2. Extraction and fractionation procedures
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3-3-2. Et0Ac =& =29 Silica column chromatography
ot lica gel colum

Z2 Et0Ac =& (78.3g)0l CHOH CH.Clo:MeOH E0HE 0l Si
2ACH (Fig. 3).

S 72 & 2ES

J

n chromatography (30:1 ~ 0:1)5 &l Alo}

3-3-3. 42822 Sephadex LH-20 column chromatography
at,

x
o
1

M
(S

o
Mo
gl

2lEl 70 Fraction=0l CHOId &HALS)
Column chromatographyE Ol

tol

40| JFE =H LIEFY  Fraction 55 Sephadex LH-20
o2 10 % ~ 100 %X

10012 =8s 2ULCt.

25t MeOH:Water (1:9 ~ 1:0)2 x=A

OII

= A

3-3-4. Compound® HPLC profile &4

7S 222 & 40| Jt& £ HPLC system, RP-C18 (20x 250mm, 4
SCotct. =2& S 5

rir

tOd Compound 52
ol €2 50 % E& 2 HPLC system=2

OII

% Formic acid)E 0|=

um MeCN/H.04+0. 1

Sephadex LH-20 column chromatography&
, 60 %A=

0l25t Compound 12 Z2clot™A Compound 22+ Compound 3, 70 %0IAl=

Compound 42 &2 == UL,
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Cornus officinalis EtOAc ext.(78g)
OP-CC
‘ CH,Cl, : MeOH (30:1-1:1)

Frac.1 Frac.2 Frac.3 Frac.4 Frac.5 Frac.6 Frac.7
(67.8mg) (432.2mg) (2.420) (2.45mg) (1.17g) (6.52g) (5.22¢)

Sephadex LH-20
Compound 5 MeOH : Water (1:9-1:0)

F.5-1 F.5-2 F.5-3 F.5-4 F.5-5 F.5-6 F.5-7 F.5-8 F.5-9F.5-10

|ﬁ
A2 Compound 4
Al Compound 3

Compound 1 Compound 2

A : Gilson HPLC system, RP-C18(20x 250mm, 4u4mn MeCN/H.0+0.1% Formic acid)
A1 ; MeCN:Water 5:5 A2 ; MeCN:Water 6:4 A3 ; MeCN:Water 7:3

Figure 3. Isolation of compounds from EtOAc fraction in Cornus officinalis
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10% ~ 100%DHAlI 100X S2E =22 20 22D 0E& 50% === 0lsd =0
MeCN:Water (35:65)2 HPLCS compound 25 UL,

- Compound 32| 22l

EtOAc == 2 silica gel column chromatographyE O|&3dlH L= 702 222 =
581 2= =22 MeOH:Water S0HE 0lE0tH Sephadex LH-20 column= AI&3IKHLCH. OI=
10% ~ 100%DHAlI 100K 222 20 22D 0E 50% === 0lsd S0l

MeCN:Water (35:65)2 HPLCE compound 35 2 ULt.
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Table 1. DPPH radical scavenging activity of ethanol extracts from Cornus

officinalis.

DPPH radical scavenging activity

Sample Part of use RCso ¥ (ug/mL)
Cornus officinalis. Flower > 800
Fruit 234.51 + 2.8
Vitamin C 6.8+ 1.3
BHT 101 £ 0.9

T Extract concentrations, which show 50% DPPH radical scavenging activity, were
determined by interpolation.
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Table 2. CAT, SOD activity and Total polyphenol of ethanol
extract from Cornus officinalis
CAT activity SOD activity Total phenol
Sample
(U/mg) (ug/ml)
Cornus officinalis
Flower 59 + 0.6 +
Fruit 13.9 £ 1.2 +
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Figure 4. DPPH radical scavenging activity of Cornus officinalis extracts by

various organic solvents.
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Table 3. DPPH radical scavenging activity of Cornus officinalis extracts by

various organic solvents.

DPPH radical scavenging activity

Solvent Treat RCso ¥ (ug/mL)
Hexane Crude 140.6 £+ 2.2
EtOAc Crude 25.6 £+ 3.4
BuOH Crude 110 £ 3.2
Water Crude 500 + 5.1
Vitamin C 6.8 £ 1.3

control
BHT 101 £ 0.9

T Extract concentrations, which show 50% DPPH radical scavenging activity, were
determined by interpolation.
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Ir

4. Compound 2| DPPH radical AHS

S S0 40IK 20 =22 & IS =2 OPPH &1 42 X ethyl acetat

D
Ol
Ul
1
Iy
HI
x
o

A5 2 B 5IHXIS 22E SHOIAL. sHE 22 ks &t
E Hlw 2A56H| <16 OPPH radical 2AHSES ZAGIACH (Table 4).

48 2, gallic acid (15.63 ug/ml), cornuside (33.82 ug/ml), (7R)-0-Methyl
morroniside (250 ug/ml), (7S)-O-Methyl morroniside (250 ug/ml), Z2lX) loganin
(308 ug/ml)8l =22 LIEISICE gallic acid®t cornuside It & =2 SHS LIEHWY
=0 X222 AF=E &4 HIERIQN BHTSl AN SOl HIWotH ES6l =8 &Htst
242 B0HFULCH.

SAME MOl= cisplatin 2 MIXE S&0| gallic acidIt SOD =AH &S SIHAIDI
SIS vitamin EQF HQ ZH LIEHSCHD

D otY=Ed 0l 2 AEgZnes LXIGHACH (Lim 2009).

OPPH-radical scavenging activityS =&0otJ| ?Iot0 80 uMt 120 uMel s&2 ga

Ilic acidIt Z&tE AIRE 248 Z1 80uM2 gallic acid2 MelUM= &40l 22

2% (p<0.05)Z LIEFLE BHH | 120 uMel gallic acid MelW A= 57.6% (p<0.01)& Lt

EtwtC. =36l, 120 uMel gallic acidel &2 HIWZ2Z AFE8H 30 uMel  vitaminE

2401 58.8% (p<0.01)2t H SASH 4o x LIEHSCHD 206HACH (Seo et al .,

ne

S L2 JISH ATRANS Y JISHS M5 s BN 22 et
DUD 2 ABUNE AR L0 FES22E FMS 550 HoL 825
A

OlIS2 ME=Z ot 2Y)Isd AS & AAHS HES <ok
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Table 4. DPPH radical scavenging activity of compounds in Cornus officinalis

extracts
OPPH radical scavenging activity

Fraction RCso* (ug/mL)

Loganin 308 £ 2.1
(7S)-0-Methy| morroniside 278 £+ 1.9
(7R)-0-Methy| morroniside 250 + 3.2
cornuside 33.82 £ 1.4
gallic acid 15.63 £ 0.9
Vitamin C 6.8 £ 1.3

control

BHT 101 £ 0.9

T Extract concentrations, which show 50% DPPH radical scavenging activity, were
determined by interpolation.
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5. HPLC profile of Compounds

HPLC, RP-C18 (20x 250mm, 4umn)ol 2 UV 254nmitZ, 2 me/minS S=0A
Compound 12 ACN:Water2 33:672 Ols&= 0/E¢8t gradient systemOld & A
HES Z 1 Total lunning time 5320 A 19=2C0H0I TI2JF 22l= HsS 2E SIQULH

=

(Figure 5). Compound 2232 ACN:Water2l 35:65% Total lunning time 45 0IA 282t
Compound 211t 381 I3t 2620t 2720l 2ele AS 2& & = UCH (Figureb).
Compound 4= MeOH:Water 2l 43:572 Total lunning time 50201lAM 292 CHOI L=t 2
cle s 2E otUCH (Figure 7).

Compound 5= ACN:Water2| 9:922 Total lunning time 3220IA 13Z2CH0I LI2Jt 2l

= g 2= SIYCH (Figure 8).

[

]

_31_



App: galw, Rum: 4382011 %:23:41 @ 4/38/2001 0:2:52 AM, Method: Y, In: 2

== —
= =
e =
=

1

e

=

=

=1

=

=

1

Compound 1~

E 100000
ik A A

.

=

=
1

S
t

2 Malkile Phasae
=y
=
=
, | I T |
N

—
=
L
s
=
=
=
=
=

Hinutas

= DataChannel] = DataChanmel2

Figure 5. HPLC profile of compound 1
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Figure 6. HPLC profile of compound 2 & 3
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Figure 7. HPLC profile of compound 4
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6. Compound 21X Z23H

=1

6-1. Compound 12| &=

Loganin(3,4,5-Trihydroxybenzoic acid; loganic acid)
spectrumOllAl & 7.42 (1H, s)UHA SEXQl iridoid 222 H-3 peak &
Soll C-112] carboxyl

"H-NMRspectrumOil Al & 4.67
100.8, 79.3, 78.8,

"H-NM
OIGIA D, & 3.70 (3H, s) I "“C-NMR spectrum® & 52.45
B AJF methyl D12 XL ASS € = UAUCH. E&F
(1H, d, J =8.0Hz)t "C-NMR spectrum2 glucose singnal &
gs & = UJUCH (Fig.9). Ol&el B 28Xt
[alo -83 (H. 0). FABMS m/z

72.3, 63.522E glucose HBHE A
HIWSHO Loganin@Z2 =&&HCH (Fig. 10) (Prasada et a/., 2000).

CiH26010, White amorphous powder, m.p (C) 235-240,
413 [WMNal* IR vmx (KBr, cm™ ) 3460, 3300, 1710, 1650, 1430

'H-NMR (500 MHz, Acetone-d6) : & 1.12 (3H, d, J = 6.8 Hz, H-10), 1.65 (1H, m,

H-6 ). 1.90 (1H, m, H-8), 2.06 (1H, m, H-6ax ), 2.25 (1H, m, H-9), 3.15 (1H, m,

H-5), 3.20-3.42 (4H, m, H-2, 3, 4, &), 3.68 (1H, dd, J = 11.0, 5.2 Hz, H-E

a), 3.70 (3H, s, 0CHs ), 3.93 (1H, dd, ~ 11.0, 5.2Hz, H-6" b), 4.06 (1H, t, J =

4.8 Hz, H-7, 4.67 (1H, d, J = 8.0 Hz, H-1 ), 5.30 (HH, d, J = 4.4 Hz, H-1)

& 170.3 (C-11), 152.9 (C-3), 114.8 (C-4), 100.8

75.8 (C-7), 75.5 (C-2'), 72.3 (C-4

47.3 (C-9), 41.6 (C-6), 40.7 (C-8), 32.9 (C-5),

7.42(1H, s, H-3)
78.8 (C-3)

BC-NMR (125MHz, Acetone-d6)
(C-1), 98.5 (C-1), 79.3 (C-5),
'), 63.5 (C-6'), 52.4 (OCHs; ),
14.2 (C-10)
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l
|
J_T,J, - J\‘ Li«_)—dlk,-ydt};\ AAL

Figure 9. 'H-NMR (500 MHz, Acetone-d6) and "“C-NMR (125 MHz, Acetone-d6)

spectrum of compound 1
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Figure 10. Structure of Loganin(3,4,5-Trihydroxybenzoic acid; loganic acid)
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Loganine iridoid glycoside SIEISZ M, F=Z2 Flos lonicerae, =8 SN,
ni

)

1]
or

.

0

oz
=]

|U
I

Strychonos nux vomicalll =IHotHH, HAZX

ok

H, gh

O B0 Z/JACH (Mathad et a/., 1998, Wang et a/., 1999 ,Guo et al., 2001).

220l loganinOl OIRXAMA scopolamine2 |SE= I impairmentE |KANOZE &
AMAIZ FZ0HotL| 2t reverse AIZIM, hippocampus@t frontal cortexOl A acetylchol

inesterase 42 MOHSIHCHD SIA2M (Kwon et a/., 2009), AIZMIEZQI SH-SYSYOHl
A UNK2H p38, ERK 1/2 MAPKs2 QIASES AMIGIEZ M tatst=A 2 S EE apopotos
iIS2EE MAMEE 255ts 2022 LIEFRCH (Kwon et al., 2011).

E8t loganin2 OtA A& WA hepatic injury?t BIEAEQl CHAFAEHRE &H2te
diabetic complications@ &tatd AEHAN 2o == ZS0 ot 2=t
UOD BNEASCHM (Yamabe et al/., 2010) loganing 0tRA ZSHEUH X
M MIZE=3 EXICIXtC! alkaline phosphatase2l &S ZIHAIZI0H, St type [t

osteocalcin S&HS ZIIAIIIl= A0 2 LIEFGCH (Li et al/., 2010). Ol& 20| Ct

2ot MM 2dsS I As =R loganin2 &, oA AES S
ot0l St A0l LUSEUH &F QqAUMATHZE ML IIXIDF /U2 222 MZELCH.
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ds BU2H,

6-2. Compound 29| #ZX

o

ol2=
MMae =

1

tOd

o
<«

42 (1H, t

ol
H- NMR spectrumOl Al & 3.59 (3H,s)2l methoxy! groupOl C-70il XI& %l O]
X2 H

ol

(7S)-0-Methylmorroniside
BC-NMR SpectrumOil Al morroniside®t SAMSH S

=<

"H- NMR spectrum

1
2ANE 28 X2 HlWatH (7S)-0-MethyImorron

Olatel

OIGIACH. 'H-NMR spectrumOilAl & 4.65 (1H, d, J=2.8Hz H-7)2 1.
3.6 Hz, H6.), 1.82 (HH, dd, J = 14.0, 4.4 Hz, H-6eq)S

N

0,

sele =oIEACH (Fig. 11)

iside2 SHGIYUCH (Fig. 12) (Zhang et al., 2009).
(C) 103-104, FABMS m/z 443 [MNa],

~

CigHog011, Yellowish oil, m.p
(KBr, cm')3395, 2939, 1705, 1638, 1077
. 1.42 (HH, td , J

IR Vinax

'H- NMR (500 MHz, CD:0D): & 1.25 (3H, d, J = 6.8 Hz, H-10)
= 12.0, 3.6 Hz, H-6x). 1.72 (1H, m, H-9), 1.82 (1H, dd, J = 14.0, 4.4 Hz ,H-6e).

2.95 (1H, dt, J = 12.4, 4.4 Hz H-5), 3.25 (3H, s, OCHs), 3.10-3.30 (4H, m, H-2
5.80 (1H, d, J = 9.2 Hz,

3, 4, 5), 3.59 (3H, s, OCHs), 3.79 (HH, m, H-6), 4.19 (1H, m, H-8), 4.65 (1H,

d, J=28Hz, H7), 4.70 (HH, d, J=8.0 Hz, H-T1)
153.0 (C-3), 110.2 (C-4), 98.7 (C-7)

H-1, d, J=9.2 Hz, H-1), 7.41 (1H, s, H-3)

BC-NMR (125 MHz, CDs0D): & 167.3 (C-11)

, 98,1 (C-1), 94.2 (C-1), 77.2 (C-5), 76.6(C-3), 73.7 (C-3), 70.3 (C-4), 64.9
53.6 (7-0CHs), 50.3 (11-0CHs), 39.0 (C-9), 32.4 (C-6), 26.6

(C-8), 61.4(C-¢6),
(C-5), 18,2 (C-10)
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Figure 11. H-NMR (500MHz,CDs0D) and "C-NMR (125MHz,CD50D)

spectrum of compound 2
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COOCHS3;

gic

Figure 12. Structure of (7S)-O-Methylmorroniside
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6-3. Compound 32| &=

(7R)-0-MethylImorroniside

'H- NMR spectrum 2 *C-NMR SpectrumOlAl morroniside®t RAISH SES EA2H,
'H- NMR spectrumOlAl & 3.59 (3H,s)2l methoxyl groupOl C-70l XI&Z0f ASS &
oI5t Ct. 'H-NMR spectrumOil Al & 4.65 (1H, d, J =8.5Hz H-7)2 1.07 (1H, td, J =13
.1 Hz, H-64), 1.91 (1H, dd, J = 11.5 Hz, H-6eq)E 28X HIWotH 7R ES =0l
StACH (Fig. 13). Ol&2ol ZIE 2SI X2 HIWSHH (7R)-0-Methylmorroniside® &

AL (Fig. 14) (Wang et a/., 2008).

-

i

CigHesO11, Yellowish oil, m.p (C) 144-145, FABMS m/z 443 [M4Nal®, 443
IR Vmx (KBr, om')3396, 2923, 1702, 1640, 1407

'H- NMR (500 MHz, CDs0D): & 1.07 (1H, g, J = 13.1Hz, H-6x). 1.31 (H, d, J
= 7.0, Hz, H-10), 1.70 (1H, m, H-9), 1.91 (H, d, J= 11.5, Hz, H-6x),2.73 (1H,
dt, J=13.0, 4.0 Hz H-5), 3.10-3.30 (4H, m, H-2,3, 4, &), 3.40 (3H, s, OCHs),
3.60 (3H, s, OCHs), 3.79 (MH, d, J = 11.0 Hz, H-6), 3.86 (1H, d, J = 5.0 Hz,
H-8), 4.40 (H, d, J = 8.5 Hz, H-7), 4.70 (1H, d, J = 8.0 Hz, H-1), 5.70
(HH, d, J=29.0Hz, H-1), 7.41 (1H, s, H3)

“C-NMR (125 MHz, CD,0D): & 169.4 (C-11), 153.3 (C-3), 111.5 (C-4), 105.5 (C-7
), 100.7 (C-1), 96.5 (C-1), 73.9 (C-5), 78.8(C-3), 75.9 (C-2), 75.0 (C-4),
72.5(C-8), 63.7(C-6), 57.7 (7-0CHs), 52.6 (11-0CHs), 41.0 (C-9), 36.5 (C-6),
32.5 (C-5), 20,5 (C-10)
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Figure 13.

"H-NMR (500MHz,COCI. ) and ™C-NMR (125MHz,CDs0D)

spectrum of compound 3
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COOCHSs3;

glc

Figure 14. Structure of (7R)-O-Methylmorroniside
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Carbocyclic iridoid glycosideZ2 A&l morroniside= iridoid & Q& 4=
&2 cornaceae, caprifoliaceae, sarraceniaceae, hydrangeaceae? && AZ20 Ol
ZMot=d E06l &R0 RN U= = 2LHLEZ20IH IJtE 328 iridoid
glycosideF 0l =8HCH. 0] SISIE2 Satgtaryd,

a-
S UEIHEH, HHESAMEZN HotHT &Est dilss 20l Az 210 HUL

=

(Zhirui et al., 2011).

Morroniside= 181t 28 E % 0lA hepatic injury & renal injuryE 23o6tH, K&
I FESESE2 Sot 2t MEN RSt A2 ot Az 10 U2 loganin

o OF&EDFAIZ morronisideE 0IRA ZSMHZENH MelHE2 M MEES ZE XX
alkaline phosphatasel &4dE ZIJIAIZI0H, 22kl type |1} osteocalcin &2 &

JbAIDl= 24192 LIEHSWCH (Li et al/., 2010).
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6-4. Compound 42| &=

Cornuside (7-galloylsecologanol)

'H-NMR spectrumOilAl & 7.39 (1H, s)OlAl SEEQl iridoid 222 H-3 peakE &0l
S, & 4.62 (1H, d, J=8.0 Hz, H-1)2l anomeric protonelt "C-NMR spectrum2l
glucose singnal 22 F glucose BHIZHAUS & £ UAAUCH. E3t H-NMR spect rumOil Al
8 7.03 (2H, s, H2, 6)2 galloyl moeity?t & 1.91 (1H, da, J = 14.0, 6.5 Hz,
H-6a), 2.00 (1H, da, J = 14.0, 7.0 Hz, H-6b), 4.16 (2H, m, H-7)2 -0-CHx~CH.— sy
stem2 EQIE £ AUR/UCH (Fig. 15). 0l&e ZWE 28X} HlWHK cornuside=

SEGHACH (Fig. 16) (YASUHIKO et a/., 2007).

-

CoaHagO14 White amorphous powder, [alp 9T (MeOH), FABMS m/z 565 [MtNal®, IR Vpax
(KBr,cm') 3394, 1693, 1624, 1315, 1240, 1076

'H-NMR (500 MHz, CD0D) : & 1,91 (1H, da, J = 14.0, 6.5 Hz, H-6a), 2.00 (1H,
da, J= 14.0, 7.0 Hz, H-6b), 2.58(1H,dt, J = 8.5, 6.5 Hz, H-9), 2.86 (1H, q, J=
6.5, 4.9 Hz, H-5), 3.10 (1H, dd, J = 9.0, 8.0 Hz, H-2"), 3.17 (1H, dd, J = 9.5,
9.0 Hz, H-4"), 3.24 (1H, overlapped by the solvent signal, H-5"), 3.29 (1H, t, J
= 9.0 Hz, H3’), 3.52 (3H, s, CHs), 3.58 (1H, dd, J = 12.0, 6.0 Hz, H-6",a),
3.81 (1H, dd, J = 12.0, 2.0 Hz H-6"d), 4.16 (2H, m, H-7), 4.62 (1H, d, J = 8.0
Hz,H-1"), 5.17 (1H, d, J = 10.5 Hz, H-10), 5.20 (1H, d, J = 17.5 Hz, H-10), 5.48
(H, d, J=6.5Hz, H-1), 5.72 (1H, ddd, J = 17.5, 10.5, 8.5 Hz, H-8), 7.03 (2H,
s, H2, 6), 7.39 (HH, s, H-3)
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“C-NMR (125 MHz, CDs0D) : & 31.0 (C-6), 32.4 (C-5), 46.1 (C-9), 52.5 (OCHs),
63.5 (C-6"), 65.1 (C-7), 72.3 (C-4), 75.4(C-2"), 78.7 (C-3"), 79.1 (C-5"), 98.4
(C-1), 100.9(C-17), 110.9 (C-2/, &), 112.2 (C-4), 120.4 (C-10), 112.4 (C-1), 13
6. 4 (C-8), 140.5 (C-4), 147.2 (C-3, &), 154.5 (C-3), 169.2 (C-7), 170.0 (COOC
Ha)
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