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Chemical constituents from Acanthus leucostachyus and their
anti-inflammatory and antioxidant activities
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Abstract ; To study the chemical constituents from the whole herb of Acanthus lecucostachyus. Thirteen compounds ( 1-13)
were isolated and purified by column chromatography on microporous resin, silica gel and SephadexLH-20. The structure of
the compounds was identified by comparing their NMR, MS spectroscopic data with those in the literatures. These compounds
were identified as 2-benzoxazolinone (1) ,3-hydroxylacetyl-indole(2) , catechol (3) , vanillic acid (4) , methyl 3 ,4-dihydroxy-
benzoate (5) , N-(2-hydroxyphenyl ) formamide (6) , carbazole (7 ), dibutyl phthalate (8) , ethyl p-methoxy-trans-cinnamate
(9), ethyl cinnamate (10 ), stigmasterol ( 11 ), 3-hydroxy-4-methoxypyridine ( 12 ) , stigmasterol-3-0-8-D-glucopyranoside
(13). All compounds were isolated from this plant for the first time, in addition, compound 7 was found in the genus Acanthus
for the first time. All isolates were evaluated for antioxidant activity by DPPH free radical scavenging method and anti-inflam-
matory activities by lipopolysaccharide (LPS) induced mouse monocyte macrophage RAW 264.7 to generate NO inflammato-
ry model. Among those compounds, compound 3 showed moderate antioxidant activity with ICs, value of 105. 18 puM; Com-
pounds 3,6 and 9 showed significant anti-inflammatory activity with ICs, values of 18.49,22. 84 and 41.22 M, respectively.

Key words : Acanthus lecucostachyus ;2-benzoxazolinone ; carbazole alkaloids ; anti-inflammatory ; antioxidant activity
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LRI 2 45 LRI RO T I8 R 48 o AR BE A TR
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AVANCE 1III 500MHz #% R 3£ 9§ % % AN ( £2 &
Bruker 22 #]) 5 Avance IIT 600MHz 4% fif 3 1% 1% 1%
(Fii A& 54 F]) s UPLC-IT-TOF AH-£ 1B & 47
PR T €0 % S IR AN (5 LR A BT ) 5 Z2 DI REDOG T
WY + % PR Varioskan Flash ( 2£ [E] Thermofisher ) ;
Waters 600 U = 20 & AH 0, 55 L BE 4 Waters 2996
WA D) RSG5 ( 2] Waters A H] ) , 8354
YMC-Pack ODS-A (300 mm x 10 mm,S-5 pm)fiéﬂrﬁljﬁ
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iR T FH B S H ot A T R B RR S5 R 34
SIHTEEN B RKET R s AR

KA U 4B A, lecucostachyus T 2019 4 8
AR AT 2 B8 TR B B A i i 2o i i
FMEEAT, 22 PR R P XU AN AT R ) el B S s g
S 514 E , BAS (No. 60099 ) 73T~ B e 7 AR
G HE Y e AR AR o
1.2 SLWHE
1.2.1 BEHB

B ol R 45 3.8 kg, Mt , BT
FHER IR 3 (L RAR), AR IO, 18
b DR AT SR 515 g B SRR I FAliK
TRA) TSR, FH R LR AR 8 U, ol 1 vk
HFRN LR OBETRAL (186 g) o LR LBRARNLLE K
FLBAE (4K \30% 60% 90% i) PEii, 1551 5
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LEWL PEkR, BB () ; EL-
MS:m/z 136 [M + H] ", 4>+ & C,H,NO,,'H
NMR (500 MHz,CD,0D)§:7.21 ~7.18 (1H, m, H-
7),7.14(1H,dd,J = 7.6,1.0 Hz,H4) ,7. 10( 1H,
dd,J = 7.8,1.2 Hz,H-6) ,7.06 (1H,dd,J =
4.1 Hz,H-5);”C NMR (125 MHz,CD,0D)§:157.2
(C2),123.4(C4),110.9(C-5),110.7 (C-6),
125.1(C-7),131.6(C-8),145.4(C9) . Dk I %4
5Ok AR — B B RE R 2 I R e R R ( 4%
UL T) o

HEW2 RE AR (PE); ESI-MS: m/z
176 [M + H]* 174 [M-H], 5%+ K C,
H,NO,,'H NMR(500 MHz, CD,0D)§:8.23 (1H,s,
H-2),8.19(1H,d,J = 8.0 Hz,H4),7.45(1H,d,J
= 8.0 Hz,H-7),7.22(2H,s,H-5,H-6) ,4. 72 (2H,
s,H9) ;" C NMR (125 MHz, CD,0D) §:195.8 ( C-
8),137.9(C-7a) ,134.1(C-2),127.1(C-3a) ,124.3
(C6),123.3(C-5),122.7(C-7),115.0(C4),
113.0(C-3),65.7(C9), L %d 530k’ #A4

The chemical structures of compounds 1-13

— B, WO R 355 LA

EW3I s i (HEE) ; ESI-MS: m/z 109
[M-H]", 4%+ % C,H,0,,'H NMR (500 MHz,
CD,0D)§:6.75(2H,m,H-3 ,H-5) ,6.65(2H,m,] =
9.5,3.5 Hz,H4 ,H-6) ;”C NMR( 125 MHz,CD,0D)
5:146.4(C-1,C-2),120.9(C4,C-5),116.4(C-3,C-
6) o LAl Bt 5 ek A —B w s ML
[

LEWA  FE RS & ()  ESI-MS: m/z
167 [M-H] ", 2F5/ C,H,0,.,"H NMR (500 MHz,
CD,0D)§:7.57 (1H,d,J = 1.9 Hz, H-2),7.47
(1H,dd,J = 8.2,1.9 Hz,H-6),6.75(1H,d,J =
8.2 Hz,H-5),3.87 (3H,s,-OCH, ) ;" C NMR (125
MHz,CD,0D)8:175.6(C = 0),150. 1(C-3),148.2
(C4),130.5(C-6),124.1(C-1),115.0(C-2),
114.2(C-5),56.4 (-OCH, ) . k%8 530kt 5L
A O AR .

wEWMS5 LKA ELMS:m/z 169 [M +
H]*, 4+ 3=k CH0,,'H NMR (500 MHz,
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CD,0D)§:7.54 (1H,dd,J = 8.2,1.9 Hz, H6),
7.52(1H,d,J = 1.9 Hz,H-2),6.82(1H,d,J =
8.2 Hz,H-5),3.88 (3H,s,-OCH, ) ;" C NMR (125
MHz,CD,0D)§:170.0(C = 0),152.7(C-1),148.7
(C3),125.2(C-6),123.1(C4),116.0(C-2),
113.90(C-5),56.4(-OCH,) , DL I %4 5 Scik'
FEA—3, 5% 7 A methyl 3 ,4-dihydroxy-benzoate ,

WEW6 RE KA ;ESI-MS m/z 138 [M +
H]", 4+ % C,H,NO,,'H NMR (500 MHz,
CD,0D)§:8.27(1H,s,H-8),7.97 - 7.92(1H,dd,J
=8.1,1.3 Hz,H-5),6.97 - 6.92(1H,dt,J =
1.5,8.1 Hz,H-3),6.83(1H,dd,J = 8.1,1.3 Hz,
H4),6.80 - 6.76 (1H,dt,J = 8.1,1.5 Hz, H-
2);” C NMR (125 MHz, CD,0D) §:161.9 (C-8),
148.6(C4),126.8(C-5),126.2(C2),122.6(C-
1),120.4(C-6),116.3(C-3), VI ¥ 5 skt
HeA — B, # % & N N-( 2-hydroxyphenyl ) for-
mamide

e 7T BEKA; ESI-MS: m/z 168 [ M +
H]", 4+ =X % C, H,N,'H NMR ( 500 MHz,
CD,0D)§:8.05 ~8.01(2H,dt,/ = 8.1,0.9 Hz, H-
1,H9),7.42(2H,dt,J = 8.1,0.9 Hz,H-3,H-12),
7.34(2H,ddd,J = 8.2,7.1,1.2 Hz,H4, H-11),
7.13(2H,ddd,J = 8.0,7.1,1.0 Hz, H-5,H-10) ;
“C NMR (125 MHz, CD,0D) §:141.5(C-2,C-13),
126.7(C-7,C-8),124.3(C4,C-11),121.1(C-1,C-
9),119.5(C-5,C-10),111.7(C-3,C-12) , Dk "%k
a5 SCmk Y AR — B i R

&8 LEimkY; ESI-MS: m/z 279[ M +
H]*, 4+ H C,H, 0,.,'H NMR (500 MHz,
CD,0D)5:7.68 ~7.65(2H,m,H-2,H-5) ,7.56(2H,
dt,J =5.8,2.9 Hz,H-3,H4) ,4.23(4H,t,] = 6.6
Hz,H-13,H-16),1.71 ~1.62(4H, m,H-14 ,H-15) ,
1.44 ~ 1.3 (4H,m,H-17,H-20) ,0.93 (6H,t,J =
7.1 Hz,H-18 'H-19) ;”C NMR (125 MHz,CD,0D)§:
169.3(C-7,C-10),133.6(C-1,C-2),132.4(C4,C-
5),129.9(C-3,C-6),66.7 (C-13,C-16),31.7 (C-
14,C-15),20.3 (C-17,C-20), 14. 1 (C-18, C-19),
DA_E a5 Skt R — B, e AR
1IE—ThR

wEaEWM9 s ESI-MS: m/z 207 [ M +
H]*, 4+ H C,H, 0,,'H NMR (500 MHz,
CD,0D)§:7.68(2H,d,J = 10 Hz,H-2,H-6) ,6. 89

(3H,m, overlapped, H-1",H-3 ,H-5) ,5.81 (1H,d, J
= 12.8 Hz,H-2'),4.16 (2H,q,J = 7.1 Hz, H-
1'"),3.80(3H,s,-OCH,) ,1.25(3H,t,J] = 7.1 Hz,
H-2"");"”C NMR (125 MHz, CD,0D) §: 168. 4 ( C-
3),161.8(C4),144.3(C-1),133.3(C-1"),117.8
(C-2,C6),114.2(C-3,C-5),61.1(C-1""),55.8(-
OCH,) ,14.1(C2") . Lh 54 5 SCik'™ A —
B, Y E R ethyl p-methoxy-trans-cinnamate ,

EWw10 [EOERY; ESI-MS: m/z 177 [M
+H]*, 47k C,H,0,,'H NMR (500 MHz,
CD,0D)5:7.67 (1H,d,J = 16.0 Hz, H-7),7.59
(2H,m,H-2,H-6),7.40(3H,dd,J = 9.5,6.0 Hz,
H-3,H4,H-5),6.51(1H,dd,J = 16.0,1.1 Hz,H-
8),4.23(2H,q,J = 7.1 Hz,H-10),1.30(3H,m,H-
11);”C NMR (125 MHz, CD,0D)§:168.7(C9),
146.1(C-7) ,135.7(C-1),131.5(C4),130.0(C-3,
C-5),129.2(C2,C-6),119.0(C-8),61.6(C-10),
14.7(C-11) o LA 40 530wkt 3eA— 2, Mok e
SRR LT

kEmI FEsRREIAR D) ESI-MS:m/z
M3 [M+H]", 4T K CWyH,O0,"H NMR (500
MHz,CDCl;)8:5.34 (1H,dd,J = 3.4,1.8 Hz, H-
6),5.15(1H,dd,J = 15.2,8.6 Hz, H22),5.02
(1H,dd,J = 15.2,8.7 Hz,H-23),3.52(1H,ddd, J
=15.2,10.9,4.5 Hz,H-3),1.01(3H,q,J = 6.5
Hz,H-19),0.90(3H,d,J = 6.5 Hz,H-21),0.86 ~
0. 78 (3H, overlapped , H-26 , H-27 ,H-29 ) ,0. 68 (3H,
d,J = 9.2 Hz,H-18) ;" C NMR( 125 MHz,CDCL,)$:
140.8(C-5) ,138.4(C-22),129.4(C-23) ,121.9(C-
6),71.9(C-3),57.0(C-14),56. 1 (C-17) ,51.4(C-
9),50.2(C24),42.4(C4,C-13),40.6(C=20),
39.7(C-12),37.4(C-1),36.7(C-10),32.0(C-7,C-
2,C25),31.8(C-8),29.0(C-16),25.5(C-=28),
24.5(C-15),21.3(C21),21.1(C-11,C-27),19.6
(C-26),19.1(C29),12.3(C-19),12.1(C-18) , Lk
EREES SCR T AR — B, WO s o R

wEW12 TR Y ; ESI-MS: m/z 126 [M
+H]", 4 F =K CH,NO,,'H NMR (500 MHz,
CD,0D)&:7.57 (1H,s,H2),7.47 (1H,dd,J =
8.2,1.8 Hz,H-6) ,6.76 - 6.73(1H, m,H-5) ,3.87
(3H,s,CH,) ;" C NMR (125 MHz,CD,0D)§:150. 2
(C4),148.1(C3),124.2(C-6),115.4 (C2),
114.0(C-5) ,56.2(-OCH,) , LA F#cdis 5 ek ™ 3
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RN—F, i % 58 A 3-hydroxy-4-methoxypyridine ,

WEWI3 LM AR; ESI-MS: m/z 592 [M
+NH,] " 597[M +Na]*,619[ M + COOH ], 4> T
A K CyHy O, .'H NMR (500 MHz, CDCl,: CD,0D
=3: 1)6:5.30(1H,s,H-6),5.08(1H,dd,J =
15.1,8.6 Hz, H22) ,4.95(1H,dd,J = 15.2,8.8
Hz,H-23),4.34 (1H,d,J = 7.8 Hz, H-1"),3.51
(1H,m,H-3),1.19(3H,s,H21),0.94 (3H, s, H-
19),0.77(3H,d,J = 6.1 Hz,H-26),0.63(3H,s,
H-18) ;"°C NMR (125 MHz, CDCl,: CD,0D = 3
1)65:140.2 (C-5),138.4 (C-22),129.2 (C-23),
122.3(C6),101.1 (C-1"),79.2(C-3),76.3 (C-
3'),75.7(C-5") ,73.5(C-2"),70.2(C4") ,61.9( C-
6'),56.8(C-14),56.1(C-17),51.2(C-9),50.2(C-
24),42.2(C-13),40.5(C-12),39.6 (C-20),38.7
(C4),37.2(C-1),36.8(C-10),31.9(C-7),31.9
(C-8),31.9(C25),29.7(C-2),28.9(C-16),25.4
(C28),24.3(C-15),21.2(C-11),21.1(C21),
19.3(C-27),19.2(C-19),18.9 (C-26),12.2 ( C-
29),12.0(C-18) . A_b%icdis 530k A — L, %
Y T8 N KL {8 -3 -0-B-D-IE e A A B 1
2.2 AR

I 5% DPPH [ phy 2 20 40 5 S e 4% SR 26 1 ( L 3%
1) bW 1 ~13 B EA @ Pt a i, ik
AW 3 #1611 DPPH H i HEIEBR R 5K m, R AL
UF BT AR TR R o X — 2D A 0 T IC {1,
43514 105. 18 299. 89 uM,

WL R Z 0 (LPS) i 5/ BB A% B 41 A
RAW 264. 7 4 it NO, 4735 P i k', 45 S % W
(WFR2) 4G 3.6.9 TEWE N 50 pM I A #E it
50% (R 3, X Ho ik — A5 HEAT 1CL™ iy 52 ,
PEXS IR L-NMMA f IC5, 4 44. 96 +1. 66 pM ,{L54)
3.6.9 19 1C, 45120 18.49 £1.03 22.84 +0. 80,
41.22 +2.64 pM,

3 itit54ie

A G il 2 R A A o A T AT, A
il 2 B 4 R BB B ) LR ST RS vh 3 5
YE T 13 ML EY, Hrhads S AN 1,
6 S ATV M DR R SIS A e, 2 A gl RIS AR ) R, T
K B-R UMY, 12 e 2R A Pk ) (2 A8
WREK 2 AN R EY) . FRITFIERRIRER A P
Ay 2 BB S 114 T AR AR PR 1), 5 SRR 3E 1Y
B M AL AR o 7 R HE

x1 LEW1~13 HRENLEERFE

Table 1  Screening of antioxidant activities of the compounds 1-13
Law g DPPH i [R5
Compound Concentration( uM) DPPH clearance rate( % )
1 100 5.29
2 100 7.86
3 100 54.47
4 100 18.29
5 100 15. 89
6 100 30. 14
7 100 18.29
8 100 7.03
9 100 8.21
10 100 10. 14
11 100 7.54
12 100 10.93
13 100 10. 02
R2 UAEW1~10 BHRE SRR
Table 2 Anti-inflammatory activity screening
of the compounds 1-10
feo o I NO LR
Compound oncentration Inhibition .rate
(M) on NO production( % )
L-NMMA 50 52.45+1.13
1 50 9.98 +1.87
2 50 1.55+£0.23
3 50 81.54 +0.76
4 50 4.47 £1.70
5 50 4.64 £0.91
6 50 68.61 £0.91
7 50 14.31 £1. 14
8 50 1.66 £2. 65
9 50 56.18 £1.75
10 50 26.72 £1.29

RIS 2 L2 v 635 igp hg 24 1 WS A R B, 2 R AS B
AR B YA A, A SRR O S
AR A ] — L &l A, HCAE DA Bk e 550 f) B o
AT R R P RG R R A B B e
ERBEHEY o EAR . RE S ERHEY R
R, AT A DNA |, 5 8 10 1) 35 4 g 1 8] 55
E AR, HAR R IR WP IR )T 40 i B
s> B LA (3) R /R 144
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