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Caffeic acids from roots of Arctium lappa and their neuroprotective activity
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Abstract: Objective To investigate the caffeic acid compounds from the roots of Arctium lappa and their neuroprotective activity.
Methods The compounds were isolated by column chromatography over silica gel, octadecylsilane (ODS) chemically bonded silica
gel, Sephadex LH-20, and AB-8 macroporous resin coupled with preparative HPLC. Their structures were elucidated by spectroscopic
analysis and their neuroprotective activity against glutamate-induced neurotoxicity was evaluated in SH-SYS5Y cells by MTT assay.
Results Eight caffeic acid compounds were isolated from the roots of A. lappa, which were identified as 1,5-O-dicaffeoyl-3-O-
(4-malic acid methyl ester)-quinicacid (1), 3,5-O-dicaffeoyl-quinic acid methyl ester (2), 3,4-O-dicaffeoyl-quinic acid methylester (3),
4,5-O-dicaffeoyl-quinic acid methyl ester (4), (2E)-1,4-dimethyl-2-[(4-hydroxyphenyl)methyl]-2-butenedioicacid (5), chlorogenic
acid methyl ester (6), caffeic acid mtheyl ester (7), and 3.,4,3',4'-tetrahydroxy-0-truxinate (8). In vitro, these compounds showed the
neuroprotective activity against glutamate-induced neurotoxicity on different levels. Conclusion The neuroprotective activity of the
roots in A. lappa against glutamate-induced neurotoxicity is related to the caffeic acid compounds. Compound 1 is a new compound;
Compound 5 is a new natural compound; Compounds 2—4 and 6—7 are isolated from 4. lappa for the first time; Compound 8 is
isolated from the plants of Arctium L. for the first time.
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3% Arctium lappa L. %% (Compositae) -
)@ Arctium L. WAEERCARRY), M4 ESET
HULASEEE S5, RS, RN mT R 2y
L RN SOR RS AR, (R E S i 7
Ao 3572 R E 25800 2010 4ERRICECE T 24,
T EIT N E . WOk Z . B2 X2, ik
fitg i, R FE P AR 2R SRR K IF ST LS N
JABR, WAHTERP R &, R, 2
VE A5 R S R FE A o AT ATk
A= SR LTSRS B TR SR AU 15 2R
75 (i 2 B 0 H AT B I R i P A
Ly O THE PRI SRR SR A I AL
By, RIHEAT RGN B, A IrEEE T 8
ANUHERR AW, 530 A 1,5-O-dicaffeoyl-3-O-
(4-malic acid methyl ester)-quinic acid (1) 3,5-Hjl

MR 22 7 B2 H 4 ( 3,5-O-dicaffeoyl-quinic acid methyl
ester, 2).3,4- " IMHERE 4 77 R 5 ( 3,4-O-dicaffeoyl-
quinic acid methylester, 3). 4,5- " WNHEREEZE TR
fig (4,5-O-dicaffeoyl-quinic acid methyl ester, 4).
(2E)-1,4-dimethyl-2-[(4-hydroxyphenyl)  methyl]-2-
butenedioicacid (5). Z¢JAMR F I (chlorogenic acid
methyl ester, 6). WNHFERFEE (caffeic acid mtheyl
ester, 7). 3.,4,3".4'-tetrahydroxy-é-truxinate (8). &
MW 1. Kb &9 1 hieay, waws i
BIRIR= W, e E 2~4. 6. 7T HEIRNEZHEY)
e R, WS 8 A E IR ZEE o B
Bl ARIMEMENRR AN, SRS DA A RIREE
R Rt b e 5w 1. 20 5 IEPEESS,
£ 15 pmol/L 45 259K & T A & LR 47 4 4y ) ik 3
48.86%-~ 40.79%- 39.31%.

E1 k& 1~8 pEi=R

Fig. 1 Structures of compounds 1—8
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P A i A% YMC-Pack Pro ODS-A
Ci5 (250 mmX 10 mm, 10 pum). KAAIEEERE ODS
(50 um), HA YMC Aw]; #2005 RERE GFasy
FEAERERS (100~140. 200~300 H), T &t
L5 H 2R BE %EJR Sephadex LH-20, 3%
Amersham Biosciense 24 & ; #£ %% MCI GEL
CHP20p, HAX YMC Aw]; il HEE, RKENAA
mls itk 2 M5, €[ Fisher Scientific 22 7]; DMEM
IR, 9518 Hyclone A\l iR/ LG , 5% [ Hyclone
ol BN, [ Sigma AA]; EDTA, 32[H Sino
NHE, GWrdE, 2€E AmershamBiosciense A ; U
IR MRS (MTT), £ Sigma AH]; ALK,
SR e R

R ZM T 2012 4 9 AW AT ALY
TN)E, FIRBHARER A S A % e s R %
JEF W) 2 Arctium lappa L. WA, FrA
(BIP2012AL) A7 YL ZE X SR B2 iR A 5 .
2 ERESE

TS5 10.0 kg, ##F, H 100 L 55% 4T
B 12 h J5, IndElmee s 3 ik, F 1k 2h, 52
A 1 h, RO RITRRE « R B 7 HUT K
o, R (30~60 CH. ATk, B
CBERNE T REAFIS R 3 e A IR, UK
IR SR 5 AT T B A 6 g BB 56 .
BER £ e AL 255 g FIIE T BT 874 g.

STEEIR Z R0 (240 g) BHATREIRAE (AR 4> 5,
K TS L-F I (100 © 0—0 & 100) BEEELENL, 753
B 15 4143 Fr. 1~15. X Fr. 12 (25.5 g) #47 ODS
fRIEAEEE, R FEE-/K (100 00 @ 100D BAFELE
i, #5317 NHS Fr. 12-1~12-17. %} Fr. 12-9 5 Fr.
12-10 5915 (1.15 g) #47 MCI gel A, RHH
BE-7K (100 : 0—0 : 100) BHEEVENL, 5] 11 415
oA Fr. 12-9-9 (0.20 g) &% HPLC 4325 (41%
fiZ-7K, 1.5 mL/min, 210 nm), 3 E{L5%) 1(97.0 mg);
Fr. 12-9-8 (0.16 g) Z:Hil#5 HPLC 70 &5 (41% FE-7K,
1.5 mL/min, 210 nm), f9ELAY 7 (12.0 mg).

Fr. 12-14 (2.2 g) £l HPLC 77 & (45%
iZ-7K, 1.5 mL/min, 210 nm), 35{L&4 2 (238.0
mg). 4 (19.0 mg). Fr. 12-15 (1.6 g) %4 Sephadex
LH-20 A (i 5By, —SHLe-FEE (50 1500 Ak
Jii 7], 4920 13 N4y TP 2 23 Fr. 12-15-10(80 mg)
22125 HPLC 43 (46% M #-7K, 1.5 mL/min, 210
nm), 3 FLEY) 2 (13.0 mg) FALEY) 3 (7.0 mg).

Fr. 12-8 (4.6 g) £ ODS JFitkE (i o 25, KH H
fE-7K (100 © 0—0 : 100D BAEEEVEME, 533 12 4]
Iyo HHP414) Fr. 12-8-4 (0.48 g) 27|14 HPLC %
B2 (45%FEE-/K, 1.5mL/min, 210 nm), 53{k4
Y7 (345mg). 8 (18.5mg).

Fr. 11 (12.6 g) £ AB-8 KFLW R (o355,
K ZEE-7K (100 : 0—0 : 100) KAJEVEM, 733
12 NSy b 493 Fr. 11-4 (0.12 g) 2714 HPLC
I3 (46%TFEE-/K, 1.5 mL/min, 210 nm), 3%k
45 (8.5mg). Fr. 13 (9.8 g) 4 ODS % 54,
B, SR HIEE-/K (100 © 0—0 & 100) B,
330 22 ANy . P4l Fr. 13-8 (0.22 g) &Ml #%
HPLC 70 & (25%F -7, 1.5 mL/min, 210 nm),
FELAY) 6 (167.00 mg),

3 HmETE
&Y 1. AtE AR (HED, 365 nm

BT A N e I O A 7 A VAR T > S
UV YO (nm): 330, 300, 243 . HR-ESI-MS mi/z:

645.148 3 [M—H], HISTIHAE N 645.146 1, Hff
& HARX > T s N 646, 70T RN C3oH300160

'H-NMR (600 MHz, CD;0D) 1, 67.62,7.61 (%
1H, d, J = 15.8 Hz), 6 6.36, 6.31 (% 1H, d, J = 15.8
Hz) 4 2 A AWEAF 5 67.10,7.07 (% 1H, d,
J=19Hz),7.01,6.97 (% 1H,dd, J=8.2,1.9 Hz), ¢
6.81,6.79 (% 1H, d,J=8.2Hz) } 2 4 ABX &)
FEEAE T 0 3.56 (3H, s) MHEEEALS T

BC-NMR (150 MHz, CD;OD) i, &5&4%i8%
FE 2 AR BE L 2 ANERBREE BRI 2 A 1,2-
TRRIE-A-UACR  BURAE 5 . HMBC i, 2 )z
RAEELES 6 7.62, 7.61 (% 1H, d, J=15.8 Hz), 0
6.36, 6.31 (% 1H, d, J = 15.8 Hz) 5 ¢ 168.6, 167.7
(C-9",9") FAAEAHIG, HR7mBUHE— i 55 BR AR i 5
FS 6 127.7, 127.6 (C-1", 1), § 123.3, 123.1
(C-6",6"), 0 115.3, 115.2 (C-2", 2"y fEALEFIE, $E7
R — i 5 1,2- 52 - 4-HOROR I AHIE . fhtkar
HUZS T34 2 DUNHEBEXE . HMBC #5H, 6 3.56
(3H, s, 1'-OCH;) 5 6174.9 (C-1") A15%; §4.47 (1H,
m, H-2) 5 6 40.3 (C-3'), § 174.9 (C-1'), 6 1713
(C-3") 4yHlMa: 6 2.72 (2H, m, H-3") 5 § 68.2
(C-2"), 0 174.9 (C-1"), 6 171.3 (C-3") Z35lAH>%. ik
HENZ 0 b S SRR . PC-NMR 5%,
R TR — M TGS . KIHIX 6 5.43 (1H,
m, H-5), § 5.46 (1H, m, H-3) #7525 7%/ 3-OH Al
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5-OH #HUAR . C-1 17155 6 80.5 B2 T MR BEI ik
AR, S5O mIHHE ) 2 ASOnHEEESE A 1 AR
R FE, HEZEYA 1,3,5-—BURE TR K
A4, HMBC i, §5.43 (1H, m, H-5) 5 5 168.6
(C-9") FAAEIERAOG, #2878 1 AN ImHERESE A C-5 HX
f&; 6 5.46 (1H, m, H-3) 5 0 171.6 (C-4") fFAEiLfs
DG, PRI PG A C-3 B 55 1 Ak

MR C-1 B, B G a5 S0k
ik 3 I 1,5-O-dicaffeoyl-3-O-(4-maloyl)-quinic
acid®xt LR B, (X 1 AL IR AU 540,
HABHAR A 25 BTk, Bethay 14
1,5-0- Wk BE-3-0-(4- 30 R IR H iR)-ZE T IR, &4
SciFinder #E i iZ AL S WA 1 AR ILHRGE BT 1L
), BAARmEE S8 WE 1.

%1 L&Y 14 'H-NMR 1 "C-NMR #iE
Table 1 'H-NMR and “C-NMR data of compound 1

30 ¢ Ou HMBC

80.5 — —

2 32.7 2.78 (1H, m) C-1
245 (1H, dd, J= 15.5, 3.0 Hz) C-1
3 73.2 5.46 (1H, m) C-4, 5, 4'
4 71.7 3.95 (1H, dd, J=9.4, 3.5 Hz) C-5
5 71.0 5.43 (1H, m) C-3,4,9"
6 37.9 2.00 (1H, dd, J=13.3, 10.4 Hz) C-4,5,7
2.63 (1H, m) C-1,2,4,5,7

7 173.9 — —
Ik 174.9 — —
2' 68.2 4.47 (1H, m) C-1,3",4'
3! 403 2.72 (2H, m) C-1,2, 4
4' 171.3 — —
1-OCHj 52.8 3.56 (3H, s) C-1'
11" 127.6, 127.7 — —
2", 2" 115.2,155.3 7.10,7.07 (% 1H, d, J= 1.9 Hz) C-3",3" 4" 4" 6" 6", 7", 1"
37, 3" 146.7, 146.8 — —
47 4" 149.6, 149.8 — —
5" 5m 116.5, 116.6 6.81,6.79 (% 1H, d,J=8.2 Hz) C-17,1",2", 2", 3", 3" 4" 4"
6", 6" 123.1, 1233 7.01,6.97 (% 1H, dd, J= 8.2, 1.9 Hz) C-2", 2" 4" 4™ 5" 5" 7" 7"
7" 7" 147.4, 148.0 7.62,7.61 (% 1H, d,J=15.8 Hz) C-2",2", 6", 6",8" 8",9" 9"
8", 8" 114.9, 115.0 6.36, 6.31 (% 1H, d, J=15.8 Hz) c-17, 1", 7", 7", 9", 9"
9" 9" 167.7,168.6 — —

B 2: REETEEMA (HED, 365nm
RGO, =AY RS, "H-.NMR
(600 MHz, CD;0OD) 8: 7.61, 7.54 (% 1H, d, J = 15.6
Hz, H-7', 7"), 7.06 (2H, brs, H-2", 2"), 6.96 (2H, d, J =
7.8 Hz, H-5',5"), 6.78 (2H, m, H-6', 6"), 6.34, 621 (%
1H, d, J = 15.6 Hz, H-8', 8"), 5.39 (1H, m, H-5), 5.30
(1H, m, H-3), 3.97 (1H, m, H-4), 3.68 (3H, s,
7-OCH3), 2.32 (2H, m, H-2ex, 6ex), 2.15 (2H, m,
H-2ax, 6ax); “C-NMR (150 MHz, CD;OD) &: 175.6
(C-7), 168.7, 168.0 (C-9', 9"), 149.8, 149.6 (C-4', 4"),
147.4, 147.1 (C-7', 7"), 146.9, 146.8 (C-3', 3"), 127.9,

127.6 (C-1', 1"), 123.1, 123.0 (C-6', 6"), 116.6, 116.5
(C-5', 5", 115.5, 114.9 (C-8’, 8"), 115.0, 115.0 (C-2,
2"), 74.6 (C-1), 72.2 (C-5), 72.0 (C-3), 69.7 (C-4),
53.0 (7-OCHs), 36.7 (C-6), 35.6 (C-2). LA E¥#i 53
BRARIE A8, WS 2 4 3,5- ik
P92 T R I

& 3. wEEIEEH AR (HEE, 365 nm
RO, =Rk RN B S. "TH-NMR
(600 MHz, CD;0D) ¢: 7.61, 7.51 (% 1H, d, J = 15.6
Hz, H-7', 7"), 7.04, 7.01 (2H, brs, H-2', 2"), 6.93 (2H,
m, H-5, 5"), 6.76 (2H, brs, H-6', 6"), 6.31, 6.18 (%
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1H, d, J = 15.6 Hz, H-8', 8"), 5.53 (1H, m, H-3), 5.15
(1H, m, H-4), 434 (1H, m, H-5), 3.72 (3H, s,
7-OCHj), 2.34 (1H, m, H-6ax), 2.26 (1H, m, H-2ex),
2.26 (1H, m, H-2ax), 2.80 (1H, dd, J = 13.8, 6.0 Hz,
H-6ex); *C-NMR (150 MHz, CD;0D) ¢: 175.2 (C-7),
168.5, 168.0 (C-9', 9"), 149.8, 149.7 (C-4', 4"), 147.7,
147.6 (C-7', 7"), 146.8, 146.8 (C-3', 3", 127.7, 127.5
(C-1", 1), 123.1, 123.1 (C-6', 6"), 116.5, 116.5 (C-5',
5m), 1152, 115.2 (C-2', 2"), 114.7, 114.6 (C-8', 8"),
75.8 (C-1), 74.9 (C-4), 69.1 (C-3), 68.6 (C-5), 53.1
(7-OCH3), 38.6 (C-2), 38.4 (C-6). LA [ %ik 5 SCHRkHR
EREA S, W 3 N 3,4-InmEEE 4
TR

WEY 4: REETETERAR (FEL, 365 nm
NRIEOSE, =AY RS0, "TH-NMR
(600 MHz, CD;0D) §: 7.59, 7.50 (% 1H, d, J = 15.6
Hz, H-7', 7"), 7.02, 7.00 (% 1H, d, J = 2.0 Hz, H-2/,
2"), 6.92, 6.90 (% 1H, dd, J = 8.0, 2.0 Hz, H-5', 5"),
6.78, 6.76 (% 1H, d, J = 8.0 Hz, H-6', 6"), 6.29, 6.16
(% 1H, d, J = 15.6 Hz, H-8, 8"), 5.53 (1H, m, H-5),
5.10 (1H, dd, J = 8.0, 2.8 Hz, H-4), 4.34 (1H, m, H-3),
3.72 (3H, s, 7-OCHj), 2.23~2.34 (2H, m, H-6),
1.95~223 (2H, m, H-2); “C-NMR (150 MHz,
CD;0D) 8: 175.2 (C-7), 168.5, 168.0 (C-9', 9"), 149.8,
149.7 (C-4', 4"), 147.7, 147.7 (C-7', 7"), 146.8, 146.8
(C-3, 3", 127.7, 127.5 (C-1', 1), 123.1, 123.1 (C-6/,
6"), 116.5, 116.5 (C-5', 5"), 115.2, 115.2 (C-8', 8"),
114.7, 114.6 (C-2', 2"), 75.8 (C-1), 74.6 (C-4), 69.1
(C-5), 68.6 (C-3), 53.1 (7-OCHj), 38.6 (C-6), 38.4
(C-2)o VL -¥dl 5 Sempits S A 809, e
G 4 0 4,5- e RBE 2 T R R

et 5. BHEOBAR CFED, UV (am):
203. HR-ESI-MS m/z: 249.080 7 [M—H], Higil
SHAH A 249.076 8, Wi HAHXS 731 A 250,
27k Ci3H 405 "H NMR (600 MHz, CD;0D) 6:
7.00 (2H, d, J = 8.5 Hz, H-3', 7), 6.73 (2H, d, J= 8.5
Hz, H-4', 6), 5.76 (1H, t, J = 1.5 Hz, H-3), 3.57 (1H,
d, J=1.2 Hz, H-1'), 3.69 (3H, s, 1-OCH3), 3.68 (3H,
s, 4-OCH;); "C-NMR (150 MHz, CD;0D) &: 170.5
(C-1), 167.1 (C-4), 157.7 (C-5'), 151.6 (C-2), 131.4
(C-3, 7", 127.6 (C-2'), 121.4 (C-3), 115.5 (C-4', 6),
52.7 (1-OCH3), 52.3 (4-OCHj3), 40.3 (C-1). NOESY
itrh, 05.76 (1H, t,J= 1.5 Hz, H-3) 5 63.69 (3H, s,

1-OCH;) ik, $#/n C-2 5 C-3 J& e aUxE. Pl
$oi 5 SRR A B, MUE A 5 A
(2E)-1,4-dimethyl-2-[(4-hydroxyphenyl) methyl]-2-
butenedioic acid, £ SciFinder &) X, &Y 5
NIRRT -

WA 6: RIS TEM AR (HEEL), 365 nm
RGO, =R RN B4 . 'H-NMR
(400 MHz, CD;0D) ¢: 7.53 (1H, d, J = 16.0 Hz,
H-7"), 7.02 (1H, d, J = 1.6 Hz, H-2"), 6.94 (1H, dd,
J = 8.0, 1.6 Hz, H-6"), 6.79 (1H, d, J = 8.0 Hz,
H-5"), 6.22 (1H, d, J = 16.0 Hz, H-8"), 5.29 (1H, m,
H-5), 4.15 (1H, m, H-3), 3.75 (1H, m, H-4), 3.67
(3H, s, 7-OCH3), 2.21 (2H, m, H-2ex, 6ex), 2.01
(2H, m, H-2ax, 6ax); *C-NMR (100 MHz, CD;0D)
5: 175.4 (C-7), 168.3 (C-9'), 149.5 (C-4"), 147.1
(C-7), 146.7 (C-3'), 127.5 (C-1'), 123.0 (C-6"),
116.5 (C-5"), 115.1 (C-8"), 115.0 (C-2"), 75.8 (C-1),
72.6 (C-3), 72.0 (C-4), 70.4 (C-5), 53.0 (7-OCH,),
37.9 (C-6), 37.8 (C-2). LA L%l 55 Uik R I A
— O, W e A 6 SR IR G

WA 7: KRR R CHEE . 'H-NMR (400 MHz,
CD;0OD) 6: 7.54 (1H, d, J = 15.9 Hz, H-7), 7.03 (1H,
d, J = 1.6 Hz, H-2), 6.94 (1H, dd, J = 8.2, 1.6 Hz,
H-6), 6.77 (1H, d, J = 8.2 Hz, H-5), 6.26 (1H, d, J =
15.9 Hz, H-8), 3.75 (3H, s, 9-OCH3). LI E¥#E 5
RRTRE SEA 8, WO A 7 IR s

WA 8: W CAHPRY) CFREE) . "H-NMR (400
MHz, CD;0D) d: 6.70 (2H, d, J = 8.0 Hz, H-5, 5'),
6.69 (2H, d, J= 2.2 Hz, H-2, 2), 6.58 (2H, dd, J = 8.0,
2.2 Hz, H-6, 6'), 3.71 (6H, s H-10, 10"), 3.39 (2H, m,
H-7, 7'), 3.29 (2H, m, H-8, 8'); "*C-NMR (100 MHz,
CD;0D) 6: 174.8 (C-9, 9'), 146.4 (C-3, 3"), 145.5
(C-4, 4", 134.2 (C-1, 1), 119.2 (C-6, 6"), 116.4 (C-5,
5%, 114.9 (C-2, 2'), 52.6 (C-10, 10'), 45.9 (C-8, 8). LA
B SRR A S, S E A 8 N
3,4,3' 4'-tetrahydroxy-oJ-truxinate.

4 {RIMERERIPTEENIR

KB AR TS B4 R SH-SYSY 4il il
PRFRAGiAR, L MTT 354k &) 1~8 B TH 4 (7
PG PENE o BOSHCAE KRR SH-SYSY 4iiff1,
Pt 96 FLEE IR, AIH0SE S 1X10° A/mL,
FLIIA 100 pL, B IR SR 24 he AR5 500
TG 1~8 AL ZIKREDS 5,10 F1 15 pmol/L,
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TAWRIE 6 ML, BTEFEMPEIE4 WG, 7
457 100 pmol/L ¥ 24 IR 143557 24 ho S Ja BEfLTT
IO MTT (5 mg/mL) 20 uL, R34 H 4 he
i B, LI 150 uL DMSO 3% 10 min,
75 490 nm A EWERE (4) 1Ho %I R A1 ARt
AR R,

AR R = (A ns—A )4 20— A 515)

MTT MRS R (% 2) FHALAW 1~8 1E 5.
10 F1 15 pmol/L 45 259 J& R 3R IUA [FI R B (1) i 28
PRAPE PE H R B (R O . P &4 1.
2. 5IRMEES, AE 10 pmol/L 45 2K FE R AR 2 AR
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Table 2 Neuroprotective activity of compounds 1—8

i MZRY /%
(=]
5 pmol-L ™! 10 pmol-L™" 15 pmol-L™"

1 28.41 33.41 48.86
2 7.89 19.21 40.79
3 6.05 10.29 12.89
4 9.73 16.32 30.00
5 12.64 22.27 39.31
6 7.14 13.65 21.33
7 5.14 12.56 14.78
8 8.35 20.73 33.96
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