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Abstract: Objective To investigate the chemical constituents and hepatoprotective effects from the stems of Clausena emarginata.
Methods The compounds were isolated and purified by chromatography on kieselguhr, silica gel, MPLC, and preparative HPLC.
Their structures were identified based on physicochemical properties and spectral data. Hepatoprotective activities against
DL-galactosamine-induced damage and inhibitory effects on LPS-induced NO production of the compounds were investigated.
Results Eleven compounds were isolated from the CHClIs fractions of 95% ethanol extract of the stems of C. emarginata, and their
structures were identified as nordentatin (1), oxanordentatin (2), anisocoumarin H (3), 7-((E)-7’-hydroxy-3’,7"-dimethylocta-2’,
5'-dienyloxy)-coumarin (4), 7-hydroxycoumarin (5), claulamine A (6), y-fagarine (7), secoisolariciresinol (8), 2-{4-[(1E)-3-
hydroxyprop-1-en-1-yl]-2,6-dimethoxyphenoxy}propane-1,3-diol (9), 2-[4-(3-hydroxy-1-propenyl)-2-methoxyphenoxy]-1,3-
propanediol (10), and methyl 2-O-p-D-glucopyranosylbenzoate (11). Compounds 1-5 were coumarins, 6 was a carbazole alkaloid, 7
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was a furoquinoline alkaloid, 8 was a lignan, 9-10 were phenylpropanoids, and 11 was a phenolic acid. Conclusion Compounds 2-4,
7-11 are isolated from this plant for the first time. Compounds 5 and 7 show hepatoprotective effects against DL-galactosamine-induced
toxicity in WB-F344 cells. Compound 11 shows inhibitory effect against LPS-induced NO production in microglia BV2 Cell.
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liver injury

/NH J Clausena emarginata Huang /&35 7 &}
(Rutaceae) #%JiJ& Clausena Burm. f/NFRA, 434
FT=r TV, RIS, AR, MmN, A

IR WEIES . TR, T
B FERZI B R A XIRE OC T R EE AR
J7U, R AR PR /NS B2 25 95% L BF SR LY
IO BB T — RYIFTEE = AP0
BERMRIBRBNEY), X HHAT T 280
PRIV, 45 BRI M &V B RIFIIHIR
ORIFEEE TR, kel FHR A5 MR IS PR TR ) B
A&, D/ B il R N K B A BT R
AR LIRS HE, ARSI MIL 95% LEEFEHY)
SO B 10 MeEY, DS ER
nordentatin (1). oxanordentatin (2). 5-32J3:7%i %]
P& (anisocoumarin H, 3). 7-[(E)-7"-#3%-3",7"-—
2L -25- M ]- & &K (7-[(E)-7"-hydroxy-3",7"-
dimethylocta-2’, 5’-dienyloxy]-coumarin, 4). 7-¥%3%
& (T-hydroxycoumarin, 5). claulamine A (6).
v- EEHUBL C(y-fagarine, 7). JFHRRIEH AR R
(secoisolariciresinol, 8). 2-{4-[(1E)-3-hydroxyprop-
1-en-1-yl]-2,6-dimethoxyphenoxy}propane-1,3-diol
(9). 2-[4-(3-hydroxy-1-propenyl)-2-methoxyphenoxy]-
1,3-propanediol (10). H! %:-2-O-B-D- ki 58] ) 4 =
ZKHER (methyl 2-O-B-D-glucopyranosylbenzoate,
1D, Heh, (&Y 1~5 ABFERENEY, 6 K~
MR AW, 7 CARKIEER SR AN, 8 AR
FUEY), 9. 10 AR NERFNEY, 11 WHIRE
WED . tEW) 2~4. T~11 NE IR MNZED F 5
BARE). A EYMARINETEVEN T, a5 T
Xof DL-- LR e 75 5 1) WB-F344 Ai i (75 LA — &
MRS, &9 11 4 LPS 155 BV2 4l =4
NO AA —i& il fEH .

1 {UEEMH

Mercury-400 ¢ (ZE[E Varian /27 ); Bruker
AV500- 11 BUAZ R AR (EE [E Bruker 4] ); Agilent
1100 Series LC-MSD-Trap-SL B G iy (448 Fl
HARATD; A a3 25 G LA

B2 ] ) Shimadzu LC-6AD 7 2 ] £% i AH 7,33 4%
(HARBEATD; #il&+ (YMC ODS-A Cis, 250
mmXx20 mm, 5 pm, HA YMC AF]); #ZEEGNE
TR GFasa FIAE B ERER (100~200. 200~300 H,
B TARARD; Aikaiiafl (2E Fisher
AFD; ik (E LR FEAFIA R AT,

INEE I 25K 2010 4F 8 A SR H 2 T XU,
25 Hp B R 27 Bt 18 XURR 40 A AR A i e < F O B
Y 5E N/NE T C. emarginata Huang T 25,
P (1D-22254) f778CT H [ B& R} 2 B 25 Mt 9t
Fibr A= .
2 RESNE

/N K 18 kg, TR B, H 95%Z
BEIMARENRSEE 3 Ik (BRI 2 h), el K46 2 To i
R, f54EH4) 570 9. $RIUIG AT TR B,
WA ST BERR e AR PR L
(1:1). 2B, 2K (10 1) BT, 297
ANEBAE . EAG VeI B AL (81 g) PR (i (200~
300 H) 4 &, PAfymEE-7aEe (100 10, 9: 1. 8
2. 7:3.6:4,5:5) HATEREELN, 1526 1
i (A1~A6). Hd A3 (15 g) FFIRERH: (it
(200~300 H> #H45, LAAifE- P ER (100 @ 0. 95 :
5. 9:1, 85:15, 8:2, 75:25, 7:3. 65: 35,
6 :4. 55:45, 5:5) RBEBLIBEEEBENL, AR
BEEigairad R, KRS G IFESE 5 Ny
(A3B1~A3B5). #H4r A3B1 (4.0 g) %4 MPLC
B (30%~90% I, 25 mL/min, 4 h), &4
#1 HPLC 2ift, (40%H fE, 8 mL/min), 13214k &
)1 (45mg). 2 (0.8 mg). 3 (4.2mg). 4 (8.3 mg).
5(9.5mg) 16 (15mg). A3B2 (2.8 g) ifiiL MPLC
HATHL S (30%~90%F i, 25 mL/min, 3 h), %4
J& FA il 4 HPLC 73 &5 4iifk, 38% M BEIEH i 8)
AH (8 mL/min), 15ELEY) 7 (5mg). A5 (8.19)
Je R (a1 23 B9, DAA i BE-T R (100 - 0—5 :
5) RNVEMLT, R E R TR, AR
&3, B3 2 M4 (ASB1~A5B2). 414> A5B1
(32 g) &1t MPLC HH4; (10%~90% HfiZ, 25
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mL/min, 3h), FHHI#EE HPLC 405 (35% i,
8 mL/min), 5E14k&41 8 (3mg). ZH4> A5B2 (2.8
9) 56H MPLC 7355, 10%~90%H i AiishAl (25
mL/min, 3h), FZH|&A HPLC 4lift. (35% %,
8 mL/min), 4FILEY 9 (4 mg). 10 (7 mg) F
11 (4mg).

3 HMmkxE

WEW 1 %FkAR; ESI-MS m/z 335.1[M+
Na]". H-NMR (400 MHz, DMSO-ds) : 6.11 (1H, d,
J = 9.6 Hz, H-3), 8.11 (1H, d, J = 9.6 Hz, H-4), 5.71
(1H, d, J = 10.0 Hz, H-3"), 6.70 (1H, d, J = 10.0 Hz,
H-4"), 6.22 (1H, dd, J = 17.6, 10.8 Hz, H-2"), 4.82
(2H, dd, J = 17.6, 10.8 Hz, H-3"), 1.56 (6H, s,
2'-CHs), 1.37 (6H, s, 1"-CH3); 3C-NMR (125 MHz,
DMSO-dg) d: 159.9 (C-2), 109.5 (C-3), 140.2 (C-4),
106.6 (C-4a), 148.4 (C-5), 104.1 (C-6), 155.5 (C-7),
113.8 (C-8), 153.7 (C-8a), 76.8 (C-2), 128.5 (C-3),
116.6 (C-4'), 40.4 (C-1"), 150.0 (C-2"), 107.9 (C-3"),
27.0 (2'-CHs), 29.5 (1"-CH3). LA E3di 5 SR 4iiE
FEAR—, W% EEY) 1A nordentatin.

B 2: RIFEEHA; ESI-MS miz 329.2 [M+
H]": H-NMR (400 MHz, DMSO-ds) 6: 6.12 (1H, d,
J = 9.6 Hz, H-3), 7.93 (1H, d, J = 9.6 Hz, H-4), 5.73
(1H, d, J = 10.0 Hz, H-3"), 6.40 (1H, d, J = 10.0 Hz,
H-4"), 4.41 (1H, dd, J = 6.4, 5.2 Hz, H-2"), 3.74 (2H,
m, H-3"), 1.42 (6H, s, 2'-CHs), 1.50 (3H, s, 1"-CHs),
1.26 (3H, s, 1"-CHs); 3C-NMR (125 MHz, DMSO-ds)
J: 159.8 (C-2), 109.9 (C-3), 139.2 (C-4), 103.0 (C-4a),
149.8 (C-5), 101.4 (C-6), 157.5 (C-7), 113.9 (C-8),
150.4 (C-8a), 78.0 (C-2'), 128.8 (C-3'), 115.1 (C-4),
42.9 (C-1"), 94.4 (C-2"), 59.6 (C-3"), 27.6 (2'-CHs),
27.5 (2'-CHj3), 26.4 (1"-CHs), 20.8 (1"-CHz). DL L%
W5 CRRGE A — B, MEEhEY 2 A
oxanordentatin.

WEY 3: BF R AR; ESI-MS m/z 337.3 [M+
Na]": H-NMR (400 MHz, DMSO-ds) &: 6.27 (1H, d,
J = 9.6 Hz, H-3), 7.98 (1H, d, J = 9.6 Hz, H-4), 7.60
(1H, d, J = 8.8 Hz, H-5), 6.92 (1H, dd, J = 8.8, 2.0 Hz,
H-6), 6.96 (1H, s, H-8), 4.63 (2H, d, J = 6.8 Hz, H-1"),
5.41 (1H, t, J = 6.4 Hz, H-2'), 2.19 (1H, dd, J = 13.2,
7.2 Hz, H-4'a), 2.02 (1H, dd, J = 13.2, 6.0 Hz, H-4'h),
445 (1H, m, H-5'), 5.05 (1H, d, J = 8.4 Hz, H-6"),
1.57 (3H, s, H-8"), 1.72 (3H, s, 3-CH3), 1.56 (3H, s,

7-CH3); 3C-NMR (125 MHz, DMSO-dg) J: 160.4
(C-2), 113.0 (C-3), 144.4 (C-4), 112.4 (C-4a), 129.5
(C-5), 112.3 (C-6), 161.7 (C-7), 101.4 (C-8), 155.4
(C-8a), 65.7 (C-1"), 120.9 (C-2'), 138.8 (C-3'), 47.8
(C-4", 65.2 (C-5'), 129.5 (C-6'), 131.4 (C-7'), 25.5
(C-8"), 17.1 (3'-CHs), 18.0 (7'-CH3). LA % 50k
R FEAR— ), WS A 3 N 55 A &
iR

&Y 4: REAMIRY: ESI-MS m/z 337.2
[M+Na]"; H-NMR (400 MHz, DMSO-ds) o: 6.27
(1H, d, J = 9.6 Hz, H-3), 7.97 (1H, d, J = 9.6 Hz, H-4),
7.60 (1H,d, J = 8.4 Hz, H-5), 6.94 (1H, dd, J = 8.4, 2.0
Hz, H-6), 6.99 (1H, d, J = 2.0 Hz, H-8), 4.65 (2H, d,
J = 6.4 Hz, H-1'), 5.46 (1H,tJ = 6.8 Hz, H-2"), 2.71
(2H, d, J = 6.8 Hz, H-4"), 550 (1H, dt, J = 15.6, 6.4
Hz, H-5'), 5.58 (1H, d, J = 15.6 Hz, H-6'), 1.14 (3H, s,
H-8"), 1.70 (3H, s, 3-CHs), 1.14 (3H, s, 7'-CH3);
13C-NMR (125 MHz, DMSO-dg) ¢: 160.3 (C-2), 112.9
(C-3), 144.4 (C-4), 112.4 (C-4a), 129.4 (C-5), 112.3
(C-6), 161.7 (C-7), 101.4 (C-8), 155.4 (C-8a), 65.2
(C-1%, 119.2 (C-2'), 1415 (C-3'), 41.4 (C-4), 122.2
(C-5", 140.6 (C-6'), 68.8 (C-7"), 30.1 (C-8'), 16.5
(3'-CHa), 30.1 (7'-CHs) . LA - %dis 5 SC ki S A —
OO, Mk E Y 4 N 7-[(E)-T-FR -3 T - H
F-2' 5] -EE R

&Y 5: FEMA; ESI-MS m/z 185.1 [M+
Na]": *H-NMR (400 MHz, DMSO-ds) J: 6.16 (1H, d,
J =9.2 Hz, H-3), 7.90 (1H, d, J = 9.6 Hz, H-4), 7.49
(1H, d, J = 8.0 Hz, H-5), 6.75 (1H, dd, J = 8.4, 1.6 Hz,
H-6), 6.67 (1H, d, J = 0.8 Hz, H-8); 13C-NMR (125
MHz, DMSO-dg) J: 161.9 (C-2), 113.3 (C-3), 144.5
(C-4), 111.0 (C-4a), 129.6 (C-5), 111.0 (C-6), 160.5
(C-7), 102.2 (C-8), 155.6 (C-8a). LA ¥k 5 kiR
EEA—FM, WEENEY S N T-REFTER,

& 6: HEKAR; ESI-MS m/z 306.2 [M—
H]: *H-NMR (400 MHz, DMSO-dg) 4: 8.59 (1H, brs,
H-4), 8.23 (1H, d, J = 8.0 Hz, H-5), 7.22 (1H, t, J =
7.6 Hz, H-6), 7.44 (1H, t, J = 8.0 Hz, H-7), 7.55 (1H,
d, J = 8.0 Hz, H-8), 3.28 (1H,dd, J = 16.0, 3.0 Hz,
H-1'a), 3.16 (1H, dd, J = 16.4, 10.8 Hz, H-1'b), 5.05
(1H, overlapped, H-2"), 5.15 (1H, s, H-4'a), 5.03 (1H,
s, H-4'b), 1.86 (3H, s, H-5'), 3.95 (3H, s, 1-OCHs),
11.84 (1H, brs, NH); 3C-NMR (125 MHz, DMSO-ds)
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: 140.7 (C-1), 136.2 (C-1a), 116.0 (C-2), 127.6 (C-3),
119.0 (C-4), 123.5 (C-4a), 120.8 (C-5), 122.9 (C-5a),
119.9 (C-6), 126.6 (C-7), 111.7 (C-8), 140.6 (C-8a),
26.1 (C-1'), 80.0 (C-2)), 142.6 (C-3'), 113.4 (C-4),
18.3 (C-5"), 60.9 (1-OCHjs), 165.4 (3-C=0). LA I %4
5k E A -, MEEREY 6 N
claulamine A.

W& 7: KK ESI-MS m/z 252.0 [M+
Na]"; 'H-NMR (400 MHz, DMSO-ds) 4: 8.05 (1H, d,
J =24 Hz, H-2), 7.46 (1H, d, J = 2.8 Hz, H-3), 7.75
(1H, d, J = 8.8 Hz, H-5), 7.37 (1H, t, J = 8.0 Hz, H-6),
7.16 (1H, d, J = 7.6 Hz, H-7), 4.43 (3H, s, 4-OCHy),
3.94 (3H, s, 8-OCHs); BC-NMR (125 MHz, DMSO-dg)
J: 144.6 (C-2), 105.3 (C-3), 103.5 (C-3a), 156.2 (C-4),
113.5 (C-5), 123.6 (C-6), 108.4 (C-7), 154.3 (C-8),
162.6 (C-9a), 59.4 (4-OCHg), 55.6 (8-OCH3). LA %
P 5 SRR IE AR — B0, MUSENET T N y-E
FRUBR, o

&Y 8: AR A; ESI-MS m/z 385.1 [M+
Na]"; H-NMR (400 MHz, methanol-d,) J: 6.53 (2H,
brs, H-2, 2'), 6.60 (2H, d, J = 8.0 Hz, H-5, 5), 6.49
(2H, d, J = 8.0 Hz, H-6, 6'), 2.60 (2H, dd, J = 13.6, 6.8
Hz, H-7a, 7'a), 2.50 (2H, dd, J = 13.6, 8.8 Hz, H-7b,
7'b), 1.84 (2H, m, H-8, 8'), 3.53 (4H, m, H-9a, 9b, 9a,
9'b), 3.68 (6H, s, 3,3'-OCHz). LA %5 Cik4hoiE
FEAR— 04, WO AL S W) 8 AT S ia AR 2 .

&Y 9: AEMA; ESI-MS m/z 307.0 [M+
Na]": 'H-NMR (400 MHz, DMSO-ds) &: 6.76 (2H,
brs, H-2, 6), 6.47 (1H, d, J = 16.0 Hz, H-7), 6.33 (1H,
dt, J = 16.0, 4.8 Hz, H-8), 4.33 (2H, m, H-9), 3.55
(4H, m, H-1', 3'), 3.84 (1H, m, H-2'), 3.77 (6H, s, 3,
5-OCHs); B3C-NMR (125 MHz, DMSO-ds) o: 132.3
(C-1), 103.3 (C-2), 152.8 (C-3), 134.8 (C-4), 152.8
(C-5), 103.3 (C-6), 128.3 (C-7), 130.0 (C-8), 61.2
(C-9), 59.8 (C-1), 83.2 (C-2'), 59.8 (C-3'), 55.8 (3,
5-OCHa). DL 35 SClikiaE 5 A — 08, s
EWAEY 9 N 2-{4-[(1E)-3-hydroxyprop-1-en-1-yl]-
2,6-dimethoxyphenoxy}propane-1,3-diol.

&9 10: AEKKR; ESI-MS m/z 277.0 [M+
Na]"; H-NMR (400 MHz, DMSO-dg) d: 7.02 (1H,
brs, H-2), 6.88 (1H, d, J = 8.4 Hz, H-5), 6.97 (1H, d,
J = 8.4 Hz, H-6), 6.45 (1H, d, J = 16.0 Hz, H-7), 6.24
(1H, dt, J = 15.6, 5.2 Hz, H-8), 4.71 (2H, t, J = 5.6 Hz,

H-9), 3.55 (4H, m, H-1', 3'), 4.14 (1H, m, H-2"), 3.76
(3H, s, 3-OCH3); 3C-NMR (125 MHz, DMSO-ds) o:
130.2 (C-1), 109.6 (C-2), 149.6 (C-3), 146.8 (C-4),
115.5 (C-5), 118.8 (C-6), 128.3 (C-7), 128.5 (C-8),
61.4 (C-9), 60.0 (C-1), 80.7 (C-2), 60.0 (C-3"), 55.3
(3-OCHa). LA % 5 STk iE S AR — S 6], il
E A& Y 10 N 2-[4-(3-hydroxy-1-propenyl)-2-
methoxyphenoxy]-1,3-propanediol

&Y 11: AR K; ESI-MS m/z 337.1 [M+
Na]"; *H-NMR (400 MHz, DMSO-de) d: 7.25 (1H, d,
J = 8.4 Hz, H-4), 7.08 (1H, t, J = 7.6 Hz, H-5), 7.51
(1H,t,J = 8.4 Hz, H-6), 7.62 (1H, d, J = 7.6 Hz, H-7),
4.89 (1H, d, J = 6.8 Hz, H-1'), 3.15~3.26 (4H, m,
H-2'~5'), 3.69 (1H, dd, J = 11.2, 4.8 Hz, H-6'a), 3.57
(1H, m, H-6'b), 3.79 (3H, s, 1-COOCH3); 3C-NMR
(125 MHz, DMSO-ds) J: 166.2 (C-1), 121.0 (C-2),
155.9 (C-3), 116.1 (C-4), 133.1 (C-5), 121.4 (C-6),
130.1 (C-7), 100.7 (C-1'), 73.1 (C-2'), 76.3 (C-3'), 69.4
(C-4", 76.9 (C-5'), 60.4 (C-6), 51.8 (1-COOCHz). LA I
el 5 kiR E A, MOSENEY) 11 AH
$£-2-O-B-D-MHk i 7 26 B R R o
4 EMIFIE
4.1 {RBFEMETFIE

¥ WB-F344 4iiffii B T DMEM 55723 (45 10%
A4 IR, 100 U/mL 75 % 2 A1 100 pg/mL #E8 %,
pH 1E N 7.2~7.4), 7£37 C. 5% CO; FAK. UL
LR AR A o 1, A O B 1X 105 AN /mL (1)
Y B, PARESL 0.1mL $ERPF 96 FLAR. 540
A, BUXTRRZE . RERULH . S 4 RTRH PR X I
M, 24h 5, SEEHMANRFNBALEY) (1~1D),
BH 1A= T R ZEL I N B P HE 24 DU, 4R 25 IR P38
10 umol/L, 1 hJ5, BRXTHEZSL, HAREH 555
AN DL-E3MERZ, 29K 50 mmol/L. 4k2EREF7
24 h JEH&H MTT (0.5 mg/mL) Jo LI (R8s 77 3%,
IR 4 h, WHUEFRI, M DMSO &% 8% i,
T 490 nm MBI SR (A H. TFREERER,
&4 5 A7 X DL-FFURE %53 (1) WB-F344 41 il
P BA — MRS, EWREER 10 umol/L i
JHF 40 B R A3 R0 Il A9% AT 48%, S AL LAk
ER A REMN, 4RIE L

I TR =(A s — A wesmm) (A s — A i)
42 ATEMETFIE

¥ BV2 4ijilu & T DMEM-F12 B 773 (& 10%
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F1 A5 7 X DL-HAVERRS SHIAT AR R R
P1ER

Table 1 Hepatoprotective effects of compounds 5 and 7
against DL-galactosamine-induced toxicity in WB-F344 cells

) Al YHIAE T2 1%
pagit 1.4841-0.138 100
it 0.522 +0.095 33
PYEINIE 0.902+0.084 59"
5 0.750+0.131 49"
7 0.7401+0.015 48"

5 HRZH ek ##P<<0.001; SHAYALLL AL "P<<0.05 *P<C0.001
##P < 0.001 vs control group; "P <0.05 P < 0.001 vs model group

WA M), 537 'C. 5% COzv 10090 X5

TR B HBEERE) 96 LT (2X 104 AL, I

N4, RIGIRA .. BORIZ . SRaGZH ARH X

A, 24 h )5, SREGHMAAFIKE R Z &1~

110, BHAE XS B AL N AS [R] & B2 R B P 24 22 3 R

(10.0. 1.0. 0.1 pmol/L, AN 3 MFATHL), 1h

JG, BRXTEEASL, HRSAH DRI LPS (&

WIE N 300 ng/mL), 4kZiHi5% 24 h, AR REE I

15 100 pl, MANZEAAFT Griess k57, =ILEE 20

min, Z&MAKHZE, TEEARACEIIE 540 nm 4L A {4,

PAFITIIARE i NO2 HJMR FESR S e NO FIRJEE o 4

LR, AEY) 11X LPS 31 BV2 4HufE % NO

BABGF R msE L, HAEEBEmHIRE (1Cso) 18

N 8.5 umol/L, HABALEYIN 1Cso {HI KT 10

umol/L, PFHPEXTHE 22321 1Cs0 fH 4 0.5 umol/L.
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