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Antioxidative Compounds in Extracts of Eleutherococcus senticosus Max. Plantlets

Myong Jo Kim*', Yong Soo Kwon**, and Chang Yeon Yu*

*Division of Bio-resources Technology, Kangwon National University, Chuncheon 200-701, Korea.
**College of Pharmacy, Kangwon National University, Chuncheon 200-701, Korea.

ABSTRACT : Two antioxidative compounds were isolated from the methanolic extract of Eleutherococcus senticosus Max.
plantlets and identified as chlorogenic acid and 1,4-di-o-caffeoyl-quinic acid on the basis of mass spectroscopy, 'H-NMR and
BC-NMR data. The DPPH free radical scavenging activities of chlorogenic acid (RCsp : 1.2 yg) and 1,4-di-o-caffeoyl-quinic
acid (RCs : 0.4 ug) were more effective than these of a-tocopherol (RCsy : 12 ug). Of them, 1,4-di-o-caffeoyl-quinic acid

compound were isolated for the first time from this plant.

Key words: Chlorogenic acid, 1,4-di-o-caffeoyl-quinic acid, Eleutherococcus senticosus Max. DPPH free radical scavenging

activity
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204171 2HH ARE ojmdete] F11Fe WS dxw
FH FZ¥ o AEc=2 A Digitalis, Morphine,
Quinine¥} 72 ZFo|2-& ok 7HATE & ¥ ope) H=
=9 AGrFe] PFoz A7 AEE ook ARE &
AE T WHF Az, o FF35L e Aoy 2
AL HAY A AEALo 7R dody ks xmFo]
Az 1z Yot SR A APgollae] ke d#e)
WA dRAAE v R 2 AL T2 gen o)F A
& 259 AgSo] Fol @17 Be AES A
ol dF Aelgo] £33 A8 e A
B o PRSI S v 9

O

_?__
T ol =k
2R AFHSI ARgste] FRES ¥ AEAYe v
7EQ5L Stk S AE theky HE gopolehs nyoly)
A=AEE U FE7EXE SHsEE A AAEQ 34
of thelate] -ejafe] ADAES vl AYately (&
E4E Bk d2 w9 S8 dot. s edyE
(Eleutherococcus senticosus Max.) 21 BE-F8HA} F5L -0
&l 9 ohddl 293E0E T AZINTY Akte Gt
Ao} E FHA| Gl Siberian ginseng®]2} E&] 93
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1.

L.

= oA Eolt} (Lee, 1979). Brekhmansol 23] 7pr| Q2w
9] adatogen®FA2] dFo] A2o= FHE (Brekhman,
1960) ©1%F o7 7k A8 2ol WHEY eleuthe-
rosides A, B, C, D, I, K, M ¥ caffeic acidso] B &
AR e™ (Tang & Eisenbrand, 1992), Deyama (2001)%5<ll
osle] o=, FAEH A HAY F E P55 IR &
A= lignans? iridoidesE W7&H 3, ZLFH2EH B0l sk
g3} 3FUEZAR sesamin (Hirata ef of, 1996, Hibasami
et al. 2000), B5&X EZZE isofraxidin (Danielak er al,
1973), =1 9o the] Aiksl #lEE4E (Nishibe et al,
1990, Davydov & Kirkorian 2000y5°] $-f=o] 2ULo] B
I FHe] itk F2 Folde B AP0 24y #
2E 5L N AFez WE sk glovt iR
= 4 HAOlERE A7F $MES] oy T Ay
AEE FYst o83t U, FHA 72T E o]
Sshe 7 dAle Sageltt. 74T 7E Fule] Bel &
HAAEA ey} AstellA s Sl TR e T e F-
g FEo o8] dAle BF 9714 o] By A
Hof i) WEA 74N E e M4 e
A7t el FaEolA] gez Ashs Al2Eo] 7Y
AT} (Yu et al., 1986).
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2 AF= YW (Eleutherococcus senticosus Max.)]
WY M (Eleutherococcus senticosus Max./Embryogenic
cellsyE MS (Murashige and Skoog) HA|uixollA FHEMf
st} ARG S Fo) D FAEAE ALY
st 7 Aakela, o] f2EAe] F2E25E DPPHA
AHS A F2 sho] §u8EA Chlorogenic acid? 1,4-di-
O-caffeoyl-quinic acide #-2]3}51710l| ©o]& Bstara} gl

ME %
1. AR
B AP AEAgEYRo] AR FE MS AAA

oM WM FE Fehfdsle] e R A, o] AME ul
£ 10L stirrer-type FEje] whol . gde] &7]o] &A 30g/L
o] MBS H713E MS 71Ruixe)] 2142, 1687 U]
WAl A 1vvm (volume of air per volume of medium
min YO IS 243 40Y A= widste] 71A
47 FASAE A3, olE ddeE AHS S,

2. D1 3 M

§7%2 Fisher-Johns®] melting point apparatusE A3}
on HAEA &UTh UVE JASCO V-530 Spectropho-

tometerE AME-3F3ATE IR Bio-Rad FTS-7 spectrophotometer
AHEste] KBr diskd oz 243ttt 'H-NMR 2 PC-
NMRE Bruker DPX-400 (400 MHz)S AHg-3ked 2431530t
MS+ MicromassE ©]&3} FAB positive mode 3 EI
mode= Y3} TLC platet= Merck®] Precoated Kieselgel
60 Fasis (art. NO. 5715)9F RP-8 Fos (Art. NO. 15424)%
AREEIS 01 column chromatography?] B4l Kieselgel 60
(70-230 mesh  ASTM, Merck, Art. NO. 7734), Kieselgel
(230-400 mesh  ASTM, Merck, Art. NO. 9385), YMC gel
ODS-A (70-230 mesh, Art. NO. AA12SAS) % Sephadex
LH-20 (Pharmacia Biotech AB)E ARSIt} TLC #A7j&-
o % 7leR Aok AT 9 EFAIRE ARSI, &8
9 column chromatography& &m= FU-& AekS AE73)

of ARE-3isiTt.

=

=

E e
°

AL FAA AZAF T AT fAEA (113 g)F
Homogenizer (PH-91, AMT)Z "RIg o2 MeOHR 15
A 33 Wb W3 FEste] FE2AE SRl AEEste
MeOH ext. 484 g2 AAUTE MeOH extE FHFE AES
o] hexane® 2 B33} (1.07g), §& F25
335l EtOAc £3E (2.18g)2 AL, &

A

T

BuOHZ E-33lod BuOH ext. (433 gy dgiod
2 EEE 3592 A%
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Table 1. Antioxidative activities of methanol extracts from seedling
of Eeutherococcus senticosus and their solvent fractio—

nations
. . Antioxidative activi
Fractions Yeilds(g) (RCsy: 12/ ty
Hexane fraction 1.072 >50
EtOAc fraction 2.184 4
BuOH fraction 4326 6
H,O fraction 35.9 12

4. BUEH9| 22| - EX

7 RAEA FEERNE o2 §9Es F DPPH
datsl gRe ARE BPEEL #e - AA &

skt =
A3 48 W9l (Table 1) BuOH £3 4g& WEE=E
A2 o silica gele X AR /E ZEH (@ 5x70cm,
7734, MerckAh& ©]4-3ld toluene, acetone, MeOHS| &
Sz FHEDS §3AA TS AEEE At o] F &
Aol sl Bl A2EE 3 (0792 HAF2E 23 open
column chromatographyS 2418}t ODSE 8 Z¥E (O
1.6x100 cm)ell #7152 HPLCE HEE ©]83t9 H,0:
MeOH (1/9)°1 41 HO: MeOH (9/1)7+A] stepwise  chromatog-
raphyE A8t 10719] &8-S U o5 248 B
AR 8 (238mg)S AT AN Lol B 2EF 8
thA] sephadex (Sephadex LH-20, Pharmacia BiotechAh)E
FEAZH©@ 1.0x50 cmpell ST 60% MeOHZ EEAIA
FEHom 39 1 (106 mgye AU

T EtOAc #8< o R 84 E4& Fef At
EtOAc #3 2.1g% MeOHZE £3|A171 th silica gels %
ANZ 8] 2 (© 3x70cm, 7734, MerckAhS ©)8-3H
EtOAc: MeOH : H,O (7/2.7/0.3)8] E8-&m = stepwise chroma-
tographyS AA151e] o7jje] ARE d%on, o)F SA4E&
Ueh = 453 187mgS S Z thA] sephadex (Sephadex
LH-20, Pharmacia Biotech*AD& 2129 (0 1.0x50 cm)ol]
FABKL 40% MeOHZ 82A1A 24 £3 66mgS Gt

o o

HEHoR 47e &4 EEL 0DsSCI18 Zd™ (0
10x250mm, YMCAHS  #2+st HPLC (LC-10A  Series,

Shimadzu)®ll 0.1% Acetic acid’} Z31H 50% MeOHE UV
285mm &) FAF 4% 15m/minlE 88t FHFE 2
(28 mg)e E3IATh.

BHE 1-Yellow oil, mp: 211-213C, TR vy : KBr cm™
3470-3353 (OH), 2927, 1727 (>C=0), 1601 (aromatic),
1458 (cycloalkane), 1189 (phenol); UV: Ame (MeOH); 216,
242, 300 (sh) 326nm; 'H-NMR (400 MHz, MeOH-d4)
ppm: d7.67 (1H, d, J=159, H-7"), 7.05 (1H, d, J=2.0,
H-2), 694 (IH, dd, J=82, 2.0, H-6), 678 (IH, d,
J=82, H-5), 629 (IH, d, /=159, H-8"), 5.38 (1H, ddd,
J=112, 62, 50, H-3), 411 (1H, dd, J=62, 3.0 H-3),
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3.67 (1H, dd, J=10.0, 3.7, H-6), 2.15 (1H, dd, J=14.7,
3.1, H-2), 207 (1H, dd, J=14.7, 2.1, H-6ax), 2.01 (1H,
dd, J=14.7, 3.1, H-2eq), “C-NMR (400MHz, MeOH-d4)
ppm: 1810 (s, C-7), 1692 (s, C-9), 1495 (s, C-4"),
1469 (d, C-7, 3), 1279 (s, C-19, 1230 (s, C-6), 116.6
d, C-8), 1156 (d, C-2), 1152 d, C-5", 77.8 (s, C-1),
753 (d, C4), 732 (d, C-5), 72.7 (d, C-3), 40.7 (C-6),
39.3 (C-2), FAB-MS: m/z 354[M-H]"

BRE 2-White powder, mp: 200-201C, IR e KBr cm™
3200-3400 (OH), 1710-1680 (COO); UV: Ay (MeOH),
224, 241, 256mm; 'HANMR (500 MHz, MeOH-d4) ppm:
8759 (1H, d, J=159Mz, H-7"), 7.56 (1H, d, J=159 Mz,
H-7), 7.02(2H, s, H-2", 2'), 6.94 (1H, dd, J=8.0, 2.0Hz,
H-6"), 693 (IH, dd, J=8.0, 2.0Hz, H-6), 678 (14, d,
J=8.1Mz, H-5"), 6.76(1H, d, J=8.1Mz, H-5", 6.33(1H, d,
J=159Mz, H-8"), 630 (1H, d, J=159Mz, H-8), 544
(1H, ddd, J=43, 3.0, 43Mz, H-3), 422 (1H, ddd,
J=96, 34, 43Mz, H-5), 3.71 (1H, dd, J=3.5, 9.5Mz,
H-4), 2.69 (2H, m, H-2eq, 6eq), 225 (1H, dd, J=3.5,
15.6Mz, H-6ax), 2.0 (IH, m, H-2ax), 3C-NMR (500MHz,
MeOH-d4) ppm: 1803 (s, COOH), 169.2 (s, C-9"), 168.4
(s, C-9), 1498 (s, C-4"), 1494 (s, C-4), 1469 (d, C-3",
3), 1468 (s, C-7"), 1462 (s, C-7), 1283 (s, C-1"), 1279
(s, C-1, 1229 (s, C-6"), 1228 (s, C-6), 117.0 (s, C-5"),
116.6 (s, C-5), 1156 (d, C-2", 2), 1152 (s, C-8"), 115.1
(s, C-8), 84.1 (s, C-1), 74.7 (s, C-4), 719 (s, C-5), 712
(s, C-3), 385 (s, C-2), 369 (s, C-6), FAB-MS: m/z
515[M-H]"

5. DPPH Radical 2710l 2|st ShitolarM ZiA
RS 2ALel) k] AR ER] (Free radical)
91 1,1-diphenyl-2-picrylhydrazyl (DPPH)S Alg-3le] 3}atks)
24 =AW (Blois, 1958; Choi et al, 1993) 5O ZA}
3t
el Aol 4me o] HEE-g Wi AR HES T
B (1.5-30 mb)=2. H7HsE o %71 DPPH (0.15mM) &
AL 1ml H7Fste] ALoA 3087 BFEAIFI T 517 nmol| A
optical densityE Z-43I3rh kst Gxe dizadd oist
50% -3%e] ZHAE YEE A9 5 (RCx)E FAIS}
At ZF ABE 33] WHE Aajste] Hdslsitt.
{3

3 3

&t 3

1. thelE sigkEe] sisiex
3lgHE 12 IR spectrum®] 7-¢- 34717'¢A] OHoll <]gt
T 1720t B2 C=0, 1601 cm™'o A aromatic

AL

BT
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C=C 2% Yehle 57t Jelddsl, UV spectrum®]
216, 242, 300 (sh), 326 m oA T Foi7t veh s AL
2 Ho} o] 3¥HE-2 phenylpropanocidAle] 35E= FAHU
t} (Sakushima et al, 1985). 'H-NMR spectrum®| d 6.94
o} d 67894 J=82=2 Uehhe 747kl doublete caffeic
acid 289] 7 5 Bhho] EA3R= protonEel g+ A
de & F e, d 7.57% 629914 YEl= doublets
L 7 YXZ B ) caffeic acid & 8HF 7HE BrAd &
A= protonEe] T AYS & F Uy (Shimomura ez
al, 1987). B8, BCNMR spectrum®} d 123.0% 1152914
6T 58 A9 signalo] YERLL, d 146.99F 116.6°14 8
W 7 A signate FRIE § QUi o] ARE F
&sle] ZtE spectral data®E EHX (Jin er al, 2005;
Michel et al., 2005)} H]@38le] o] &FE-S chlorogenic
acid® 3ok 3E 29 FAB-MS: miz 515904 [M-
Hl'peakE el BAFFe] 5168S & & UL IR
spectrume B, 3353 cm ol OHoll 2|3 F<7, 1687 cm
ol C=0° 93 T4+ 2 1601 cm ')A aromatic C=C
AL e E7E YelTh UV spectrum®] 224,
256 el F5 Szt vERE AezRE £4F Well oo,
-OH % benzene®el EAE 4T 4 AT 'HNMR
spectrum®| ] trans olefinic proton®l] 3@ 3= J=15499)
coupling constant® 24 W] 79| double signale] #E =2
3, w3 2709] ABX spin system®] benzene ring®] EA|7t
w0} 9] caffeic acid 23S AFE F A%er, d
5.68, 5.129} 435004 quinic acid =] 53} 43} 3
o] 248t protonEC] % AAS & F UAJT
(Andree e al., 2000). “C-NMR spectrum®|A] quinic acid
9] quaternary C-42] chemical shift”} 5-o-caffeoylquinic
acid®] C-4¢t vlzs 2 wl downfield shift ¥ 7102 Kol
caffeoyl 2717} quinic acid®] C-13} C-49]xjol A=l AU
o = AAUTH (Byung et al., 2002). o] AAE F
g3ld Z+E spectral dataZ ¥ X (Chiang ef al., 2005;
Andree et al., 2000; Byung e al, 2002)%} W3l o] 3}
25 1,4-di-o-caffeoyl-quinic acidZ 574313t}

1
o

0O
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2. CiejE olakEo) ahiielard

7N 97 o) wjehAl M EE MS AAER oA Al gt
of AMZBAYAY LS B3l 2 HFAEA FEIZETH £
29 SHE-S tkes DPPH (1,1-diphenyl-2-picryl-hydrazyl)
radicate ©]8-3} free radical scavenging activity® 743 2
FHE Table 20 UERNRITE Table 2014 Hi2o] ilks} &4
& RIE 13 2004 EF dREZE AMEE a-tocoperol
(12 pg/ml)s+ BHA(Q pg/mb)Ret 72k 1.2 pgimh, 0.4 pg/ml &
2 suellA 1oule] w48 Uehiich ol Axes

e E Ager veld stEoln 3 w2 ¥
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Fig. 1. The structure of chlorogenic acid and 1,4-di-o-caffeoyl-quinic acid isolated from Eleutherococcus senticosus Max seedling.

Table 2. Antioxidative activities of compound 1 and compound 2
isolated from Eleutherococcus senticosus seedling

Samples Antioxidative activity (RCso:zg/ml)

Extract 12

Compound 1 1.2

Compound 2 0.4

a-tocoperol 12

BHA 2
st B4E Hof ey {AEA FEES ofokEw)
ofE}t AEFH/E, SEHVIE, FHEHIE, 2o 98 ¢
AuzdE 59 48500 H8E 5 Qoele AnEy &
29 TS e gokst Ao Bl Arn g as)

AbEEt

R

ez fAEAY FRAES Welw, FUE HPR
=& WIoE DPPHE )83 Ilaleds Zgsle] oA

SR CECRERT R
FAEANE MeOHZE 5%, ¥35}37 Hexane, EtOAc 2
BuOH 02 B3sle] A zkzre] B3l oz xghe]
gato]

o B
T

Toll Z8tH . 2 column chromatographyS ©)
*gig 2218 A3} FtOAc H3 o8 RE 150 FFPES
2Jstial, BuOH #3o2re 159 sigee 2usidl
o5 3tgtEel diste] UV, IR, Mass, 'H-NMR 2 13(:
NMR spectrumt FHX]E tizste] 1 228 4% 43
I &% Z}7+ Chlorogenic acid (1)3%} 1,4-di-O-caffeoyl-
quinic acid (2)°]1%th. DPPH (1,1-diphenyl-2-picryl-hydrazyl)
free radical scavenging activity® ©|-838}c] =4%F stakst
49l RCs values ZH2F 1.2 2 0.4 pg/ml k. o}Ake]
ANZHE 74T FXEA (Eleutherococcus senticosus
Max. ),_ ] o 5]')\}§}X'ﬂ§/“]—»] M7 sA o] = U AlE
"
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=E20] FRAE EM2T
COO
OH
HOOC
HO OH
CO0—
OH
(2)
NG A}
£ A7 i 2003 A dnkedtH] At &
gujo] @A AFAIE] Aol o8] FAW AT ko] 7
o, Au] Alglef] A=)
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