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(Abstract]) Objective To study the chemical components of coumarins in Chinese medicine Yunxiang (Ruta graveolens L.
and explore its anti-inflammatory and anticoagulant activities. Methods Various chromatographic separation techniques, combined
with nuclear magnetic resonance spectroscopy and mass spectrometry were used in this experiment to identify the structures of the
isolated monomeric compounds. The CCK-8 method was used to screen out compounds with non-significant cytotoxicity for the
measurement of nitric oxide (NO) released by lipopolysaccharide (LPS)-induced mouse macrophages (RAW 264.7), as well as for anti—

inflammatory activity screening. The prothrombin time (PT) was performed to screen for anticoagulant activity. Results Ten coumarin
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compounds were identified from Yunxiang (Ruta graveolens L.) extract, namely, psoralen (1), xanthotoxin (2), chalepensin (3), rutamontine
@), 3- (1,1°, dimethyl allyl)-herniarin (5), bergapten (6), isoscopoletin (7), isofraxidin (8), demethylsuberosin (9), and chalepin (10).
Evaluation of the anti—inflammatory and anticoagulant activities of these compounds showed that compounds 2, 4, and 9 exhibited
significant inhibitory effects on the production of NO induced by LPS at a concentration of 20 wmol/L, with inhibition rates of
543+1.7%, 512+5.5%, and 52.3+1.7%, respectively. Besides, none of the ten compounds demonstrated anticoagulant activity at a
concentration of 1.0 mmol/L. Conclusion Ten monomeric coumarin compounds were isolated from the extract of Yunxiang (Ruta
graveolens L), with compounds 3-5 and 7-10 being isolated from Yunxiang (Ruta graveolens L) for the first time. This study

enriches the research on the chemical composition and biological activity of Yunxiang (Ruta graveolens L., providing a theoretical

basis for the development and utilization of its anti-inflammatory activity.
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anticoagulant
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() ZAF A X REASARA) T b g R 9 7Y e
HRH DX, A T A4 i 3R = R b T o X A A A
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1 MR 57E
1.1 st

SEE PR ZETR T 2020 4F 6 A 21 HRETHET
AP B G b R R A = B 24 2730
TR S8 RS RME Y 2575 (Ruta graveolens L)
T8 b 13843, 258 F5 A (No.2020001 ) LR T
R R AR I B 2 A R A L S =

RAW264.7 /)N FAZ E WEAN A (K P3R4 A=)
B BRAT] 585 AW-CCMO002) ; WAL (7 iR )

( HEER R REYHARARAF 575 :3V30010) ;
— SR (NO) I & (R st A W) TR 5T
B35 : A013-2—1) ; BERRER 22 vl il (PBS) (K 1P 3L
AL E MR A R A A, 525 AWC0409) ; JBR il 1 1k
W (R 2 KA ARABRA T, 5845 .C0201);
G4 13 (FBS) (3 Gibeo A H], 575 :10099141) ;
PR (KU A YR A BRA ], 585
AWC0229) ; & ifi il 50U (72 TECO A ], 175
10003109) ; % ifiL 574 1L 3¢ (FEE TECO 2 H], 5845
093UK-K272A) ; DMEM #5525 (18 Sigma 23 H], 5%
5.D5796) ; (LAl I | 20 ([ Fisher AH]) ;50
Pl (E 258 Bk 2= R A R A FD) s glifkk (A .
s TAEG (5 . YT-CJ-2NB, Jb 5t W22 R
AERH ARG PR HR A b s 48 (B
DH-1601, I i = {2841 FRA ] ) ; 45 & AE 9 1 i
i (#1145 : DSZ2000X b 5t rh AR A SR A PR
H)) MR B OHL (S SLO2, F IS SLER g AR
FHIRAF]) ; ZIef b Hr i (B4 . MB-530, LR3Il
THEAARHE R A R A A 5 LB (B : MC-4000
TE1E TECO A w)) s Bmh R P %A (£ 5 . Bruker
AV-600, it Bruker /A7) );UPLC-6545 Accurate Mass
Q-TOF % —Ji % 156 FH X  Agilent 1200/1260 Series
il A E RO (3% 1Y Agilent Cg (A35FE (250 mmx
4.6 mm,5 pum)IWHEE Agilent 23 Al 5 7] 4%
(B . Jasco J-1815, HAS JASCO 23 /l) ; H 3hiE
JEAL (BI5- . INESA SCGW-3, [ Py HDGA U g8
A BRAF]) s EEHE (200~300 H ) (GF254 Rk (5 5
TFPEAL T A FRS 7)) s HPD-101 A FL IR R i (7]
bt N % B AL T A FRA F] ) ;Sephadex LH-20 #EZ
(i t: Amersham Blosclences AF] ) ; YMC A3E(0%4E Ph
(250 mmx10 mm,5 pm) YMC—-Pack ODS-A Ci (%
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TEFE (250 mmx10 mm,5 pm) Y0 [ AT M SE AL
A RAH
12 #RIRESEH
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BRI 2 K (B8 L &lifkok , $2 B[]
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B, LA BE-7K (10% ,50% . 100% ) BB BERR , B 2 IR
WA TC ] AR Ak ORI 53, 0 s R e 4 T s
53 3 ANFARES (FLA~Fr.C) , #F—406 Fr.C(143 g)
A (200~300 H ) FE 5 325 SR FH G K
LA 100% — 4 H e — 58 FF Bt B B (10011 ,50:1
30:1,20:1,10:1,1:1) F1 1009 FF B A6 B B0 M (B M 51
HIEIN 0. 1% IR K ) 4531 12 a2 5 (Fr.
C-1~Fr.C-12), Fr.C-1 7EZR FHT T EEPIRAA,
BEMEAY 1(5.4 mg), Fr.C-1 HribRIAcReE fhaiid v
JE AR5 (il R =5:1) , 45 31 4 4155 (Fr.
C-1-1~Fr.C-1-4) ,Fr.C-1-2 @ iz 2 [ 2F 4 & BIHPLC
(ODS-A #, ZH5-0.1%H iR /K 75:25,2.0 mL/min )4}
A8 EMLEY 3(1.7 mg, :=54.9 min), Fr.C-3 i#d
Sephadex LH-20 #1287, Vel 4505 A ik — 4
F b B i =5:5:1, 15 %) 10 N 2H 43 (Fr.C-3-1~Fr.C—
3-10), Fr.C-3-5 il i il 48 HPLC (A& 354,
ZME-0.1%H 27K 50:50,2.0 mL/min) {7551k
AW 2(14.2 mg,t;=16.6 min), Fr.C-3-63 52l
2%/ HPLC (RIS, Z1E-0.1%H fR/K 29:71,
2.0 mL/min) 2 kALY 6(2.3 mg, =379 min),
Fr.C—6 ifi 1t Sephadex LH-20 #1247, FIEEEM 155
11 PH5Y (Fr.C-6-1~Fr.C—-6-11) . Fr.C-6-3 7EE IR
Mr i IR S8 L A 4(8.5 mg), Fr.C-6-5
i I i A 8 HPLC (R A5, 25 -0.1% IR
7K35:65,2.0 mL/min) Zi{L15 2 LA P 5(1.5 mg,
t;=28.1 min),
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W (HREURIA 1 h) W08 (25l s ), B I8,
TR Ve A R R IS BB YR E 2 1 ke, 12
B 53 5 A ik RN 2R £ R AR B, 280l R e 4 T
M A BN A B ALY | 21 2 B AR U AN K A B
Y1 3 A7 (Fr.D~Fr.F), LR OERAEHUY) (Fr.E 24
80 g) i it f AT EHT E15A: (200~300 H )43 #5, LA

A B B (100:0~0:100) BB FE SR, 1551 9 >4
53 (Fr.E-1~Fr.E-9), FrE-4 R ZHT (200~
300 H)4r e, LAk : L8R LB (4:1~1:2) B EE VR
B, 158 7 N3 (Fr.E-4-1~Fr.E-4-7), Fr.E-4-5
il 1t Sephadex LH-20 H:ZHT, B HEE(1:1)
SEREVERG 155 5 AN (Fr.E—4-5-1~Fr.E-4-5-5)
Fr.E—4-5-2 il i3 )2 7] - il £ % HPLC (ODS-A #E,
ZNE-0.1% M lR7K 23:77,2 mL/min) 15 2)LE% 10
(13.3 mg,t;=44.0 min), Fr.E-4-5-4 k215147
HPLC (pH #F , 2 -0.1% F iz 7K 35:65,2 ml/min)
BEMEAY 9(1.05 mg, 1,=32.7 min), Fr.E-4-6 i
i Sephadex LH-20 #1287, — & e HEE(1:1) 55
JEVEE 155 6 45> (Fr.E-4-6-1~Fr.E-4-6-6)
Fr.E-4-6-2 i i Jz o] > il £5 A HPLC (ODS-A #1,
ZME-0.1%M 7K 13:87,2.0 mL/min)4ifb15 214
Y 7(10.6 mg,t;=33.5 min) L5 8(9.8 mg,tz=
37.8 min),
1.3 3t LPS S A RAW264.7 HAREEE A NO 893
il & MR IE

UL F X80 9 RAW264.7 400, F) & 10%
JiG 4 M3 (FBS) AN 19 X4 DMEM 15 53R B2 (11
I, IR AMARAR B2 Sx10° 0L B, 422
FhE] 96 fLERH, 44L 100 pL,CO, HEFEAEMT 24 h,
AL AP HE 10 mmol/L e FEREWE , SR8 I8
FEEMREIG A 96 FLEFFRR ELRE N 2.5.5.10,
20,40 pmol/L, ¥iF#4AMEE 1 h, 7E 96 fLikH fim A
10 WL %) CCK-8,CO, HFAANIER 4 h JFIIE 450 nm
WO, AL SR RAW264.7 4 i 25 K A A

FRAE CCK-8 121 H G B 5k 200 il 2 P 1 e A
WP 20 wmol/L, SEE0EZS AL (X ARG FRIE T
LPS ZH (%5 1 wg/mL LPS), BE:254H (MbZERARER
R E 20 pmoll. 5 1 pgmlL LPS HL[m]4b3H) |
G WH (& Y B R SR B4R B 2 20 pmol /L
51 pg/mL LPS H:[F ALY K RAW264.7 i LA
5x10° D/ALEEFNT 96 LRI 24 h 557 KKE5R
W, Rl AT 2 T B, AT E R 3
W AREERE SR 24 h Je BN MG 35, F 40 1
B0 10 min JEUE FIEW, HE NO e A7) & D
WA TR G B FAPEZ X NO S0 o417
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1.4 B3 MERJR B8] (prothrombin time, PT)iix
BEATHUEE MR 1 05 I

¥ FR sARAL G YRR pH 7.4 0.02 mol/L
Tris—HCI(7% 5% Tween 8O)FiFEZE 1 mmol/L £l
BEE BAPEXT B4 (2590:/F2) 1 pH 7.4 0.02 mol/L
Tris—HCI (% 5% Tween 80) KX [ X} IR | AE4H % &
3ASFATAL, #e IR PT 50 & U B 344, 76 37 °CHil
L LA ORI S WL BRI, SR IE AN

TH 0 SBE I P )
2 &R

2.1 HEHEE

&M 1 TTEHRME; H HR-ESI-MS:m/z
187040 4 [M+H]" &l i H53720h CiHqO5;'H NMR
(600 MHz,CD:0D) 8:8.05 (1H,d,J=9.6 Hz,H-4),7.89
(1H,s,H-5),787 (1H,d, /=18 Hz,H-2"),7.53 (1H,s,H-
8),6.96 (1H,dd,J=1.2 Hz,2.4 Hz,H-3"),6.38 (1H,d,
J=96 Hz,H-3);"C NMR (150 MHz,CD;0D) 8:1632 (C-
2),115.1 (C-3), 146.5 (C—4),1170 (C—4a),121.7 (C-5),
1267 (C-6),1580 (C-7),1004 (C-8),1534 (C-8a),148.8
(C-2"),107.6 (C-3"), LA 8 ds 5 SCHR[8-9 ki 3
A—E MEEEY 1 AR IR R .

wEW2 BHOPEIR; H HR-ESI-MS:m/z
217.050 8 [M+H]*, #El ih H 43+ h CLHO,;'H
NMR (600 MHz,CD,0D) 8:8.02 (1H,d,=9.6 Hz,H-
4),789 (1H,d,J=24 Hz,H-2"),7.55 (1H,s,H-5),6.96
(1H,d,J=2.4 Hz,H-3'),6.38 (1H,d, /=96 Hz,H-3),
424 (3H,s,8-0CH);*C NMR (150 MHz,CD,0D) &:
162.8 (C-2),115.1(C-3),146.8 (C-4),118.0 (C—4a),
114.9 (C-5),128.1 (C-6),149.1 (C-7),133.9 (C-8),
144.2 (C-8a),148.6 (C-2'),108.0 (C-3"),61.8 (8-
OCH.), VA %05 SCHR 10400 A — 2, i
W 2 MIEMFEER,

wEW3I HEIERHAR; H HR-ESI-MS.
m/z 255.102 3 [M+H]", 4 H LTk CeHuOs;
'H NMR (400 MHz,CD;OD) 8:7.92 (1H,s,H-4),
7.86 (1H,s,H-8),7.85 (1H,d,/=2.0 Hz,H-2"),7.47
(1H,s,H-5),6.94 (1H,d,J=2.4 Hz,H-3"),6.21 (1H,
dd,J=17.6 Hz,10.8 Hz,H-10),5.10 (1H,dd,/=10.4
Hz,1.2 Hz,H-11-trans),5.07 (1H,dd,/=3.2 Hz,1.2

Hz,H-11-cis), 1.50 (3H,s,H-12),1.50 (3H,s,H-13);
3C NMR (100 MHz,CD;0D) 8:161.8 (C-2),133.8 (C—
3),145.5 (C-4),117.4 (C-4a),121.4 (C-5),126.5 (C-
6),157.4 (C-7),99.5 (C-8),152.5 (C-8a),41.5 (C-
9),146.8 (C-10),112.6 (C-11),26.7 (C-12),26.7 (C-
13),148.5 (C-2'),99.5 (C-3"), VA F%uE 5 3CHk[11]
B EAR B MU E L EY) 3 4 chalepensin,
HEW 4 EEOTEIEHAK; i HR-ESI-MS.
m/z 353.066 6 [M+H]", #0730 CoH 05
'H NMR (600 MHz,CD;0D) 8:7.67 (1H,d,J=120 Hz,
H-4),7.46 (1H,d,J=10.5 Hz H-5),7.42 (1H,s,H-
4'),7.00 (1H,dd,J=8.0 Hz,3.0 Hz,H-6),6.99 (1H,
s,H-8"),6.96 (1H,d,J=3.0 Hz,H-8),6.84 (1H,s,H-
5'),634 (1H,d, <120 Hz,H-3),397 (3H,s,7'-OCH,);
BC NMR (150 MHz,CD,0OD) 8:159.5 (C-2),114.8
(C=3),143.0 (C-4),114.9 (C-4a),129.2 (C-5),1139
(C-6),157.3 (C=7),103.2 (C-8),155.4 (C-8a),160.6
(C=2"),137.4 (C=3"),129.3 (C-4"),110.8 (C—4'a),
110.8 (C=5"),144.6 (C-6'),149.1 (C=7"),107.2 (C-
8'),1479 (C-8'a),56.5 (7'-OCH;), LA 553k 12]
A FEA 3, 2 A 4 24 rutamontine,,
EWMS FREITEILK K ; H HR-ESI-MS.
m/z 245.113 3 [M+H], #EW H A F20h CisHiOs;
'"H NMR (500 MHz,CD;0D) 6:7.72 (1H,s,H-4),743
(1H,d,J=12.6 Hz,H-5),677 (1H,dd,}<13.2,3.6 Hz,H-
6),6.66 (1H,d,J=3.6 Hz,H-8),6.16 (1H,dd,J=25.8
Hz,H-2'),507 (1H,dd,/=13.8 Hz,1.8 Hz,H-3'—trans),
5.03 (1H,overlap,H-3" —cis),3.84 (3H,s,7-0CH,),
1.45 (3H,s,H-4"),1.45 (3H,s,H-5");°C NMR (125
MHz,CD;0D) 8:162.3 (C-2),131.4 (C-3),140.3 (C-
4),113.4 (C-4a),130.5 (C-5),114.3 (C-6),162.3 (C-
7),102.6 (C-8),156.3 (C-8a),41.3 (C-1'),147.0 (C-
2),112.4 (C-3'),26.7 (C-4"),26.7 (C=5'),56.0 (7-
OCHy), DL %35 SCHR 13 [l BaA— 30, e 4 e
EY 5 A 317,17, dimethyl allyl)~herniarin,
HEWe6 ZETEILKAK; B HR-ESI-MS.
m/z 217.047 6 [M+H]", #EM i Hor 508 CoHy0,;
'"H NMR (600 MHz,CD;OD) 6:8.10 (1H,dd,J=9.6
Hz,H-4),761 (1H,d, /=24 Hz,H-2)),7.15 (1H,s,H-8),
702 (1H,d,J=2.4 Hz,H-3'),645 (1H,d,J=9.6 Hz,
H-3),4.28 (3H,s,5-0CH,); ®C NMR (150 MHz,CD,0D)
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5:160.8 (C-2),1134 (C-3),139.2 (C-4),106.7 (C—4a),
149.6 (C-5),113.9 (C-6),157.1 (C=7),94.5 (C-8),
1525 (C-8a),1460 (C-2'),1059 (C-3'),619 (5-OCH,),
A5 5 SR 14— 1 SHREE A — B, BUE ek B9
6 J T TR (bergapten)

WEWT HETEEKHAK; H HR-ESI-MS.
m/z 193.050 8 [M+H]*, #EW H HA 7R CoHgOs;
'"H NMR (600 MHz,CD;0D) 8:7.85 (1H,d,J=142 Hz,

-4),7.10 (1H,s,H-5),6.76 (1H,s,H-8),6.20 (1H,

d, /=142 Hz,H-3),391 (3H,s,7-OCH,);"*C NMR (150
MHz,CD,0D) §:164.1 (C-2),12.6 (C=3),147.1 (C-
4),110.0 (C—4a),112.5 (C-5),153.0 (C-6),146.1 (C-
7),103.9 (C-8),151.4(C-8a),56.8 (7-OCHj), LA |-k
I 55 SCHR[16-17 R TE FA — 3, i et & 70
SR 55 (isoscopoletin)

wEaw s BHOLEEHA; 1 HR-ESI-MS:m/
z 223.062 0 [M+H]J", 40 H 2700 €, H,05; 'H
NMR (600 MHz,CD:OD) 8:7.84 (1H,d,J=14.2 Hz,
H-4),6.90 (1H,s,H-5),6.22 (1H,d,J=14.2 Hz,H-
3),395 (3H,s,6-0CH;),395 (3H,s,8-OCH,);*C NMR
(150 MHz,CD:0D) 8:1634 (C-2),112.8 (C-3),145.7
(C-4),112.2 (C-4a),105.0 (C-5),147.1 (C-6),144.7
(C-7),136.2 (C-8),146.5 (C-8a),56.9 (6-OCH,),
61.5 (8—OCH;), LA Hdi 5 SCrk[ 18 R IH FaAs—2L,
B G ) 8 S 5 K WE (isofraxidin) .

EW9  FEk; B HR-ESI-MS:m/z 231.101
4 [M+H], #7208 CuHW05;'H NMR (600
MHz,CD,0D) §:7.82 (1H,d,J=142 Hz,H-4),727 (1H,
s,H-5),6.70 (1H,s,H-8),6.15 (1H,d,J=9.4 Hz H-
3),5.33 (1H,m,H-2"),3.32 (1H,brd, =53 Hz,H-1"),

3
Ny o

3
A\
O

11
1Ry=R,=H 0o 7

2 Ry=H Ry=OCH;
6 R1=OCH3 R2=H

5 R;y=C(CH3)CHCH, R,=R,=H R3=OCH;
7 Ry=R,=H R,=OH R4=0OCHj

8 Ry=H R,=OH R3=R, OCH;

9 Ry=R,=H R,=CH,CHC(CH3) R,=OH

B 1

171 3H,s,H-4'),175 (3H,s,H-5");*C NMR (150 MHz,
CD;0D) 8:164.1 (C-2),1129 (C-3),146.3 (C—4),112.0
(C—4a),129.5 (C-5),128.0 (C-6),160.9 (C-7),102.6
(C-8),155.5 (C-8a),28.7 (C-1"),123.0 (C-2),134.0
(C-3"),25.9 (C-4"),17.8 (C-5"), VA %5 3k
(1920428 FaAR— 0, MU et A9 9 it H L4k
ARAEMZ (7T-demethylsuberosin) .

L& 10 FEEToEIEEE; B HR-ESI-MS;
m/z 315.160 1 [M+H]';[a25 D+4.6 (¢ 0.89, MeOH),
eI H 4y F o8 CuH»043'H NMR (600 MHz,
CD,0D) 8:7.70 (1H,s,H-4),7.36 (1H,s,H-5),6.65
(1H,s,H-8),6.16 (1H,dd,/=18.0 Hz,10.8 Hz,H-2'),
5.05 (2H,d,J=10.8 Hz,H-3'),4.71 (IH,m,H-2""),
322 (2H,overlap,H-1'"),1.45 (3H,s,H-4"),144 (3H,
s,H-4'"),125 (3H,s,H-5"),144 (3H,s,H-5"");°C NMR
(150 MHz,CD:0D) 8:165.3 (C-2),126.9 (C-3),140.8
(C-4),114.4 (C-4a),124.3 (C-5),124.7 (C-6),164.2
(C-7),97.7 (C-8),155.4 (C-8a),40.3 (C-1'),146.9
(C=2"),121.4 (C-3"),20.6 (C-4"),27.0 (C-5"),30.4
(C-1"),92.3 (C-2""),72.3 (C-3'"),254 (C-4"),25.3
(C=5"")o LA -85dls 5 SCHR12 1B BEA — 20, il 4
&%) 10 24 chalepin,

EAH) 1~10 (S5 LA 1,
22 HMREENE

X IR 10 MG AT HT o8 iE Ve Ak, AR A
CCK-8 A H o] AL #E AR EE A 20 wmol/L,
SRR EDY 2 4.9 HAKLF T RAW264.7
2 M B NO 15, 2R 53 51 R 54.3%+1.7% |
51.2%=%5.5% .52.3%+1.7% ( FHH: X B b ZER P IR
920 wmol/L, 313K Ky 77.8%) .
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2024 4F5R 44 3

23 BUEEMENE

XF_EIR 10 AMEA WA THUEEE PRI , DA,
RERIA R AYTERE R 1.0 mmol/L K5Ik B
TETRINAS RN PT JEE R 12.8~13.4 s, BHPEXT IR
IYIFRTE 160 wg/mL AL N MAS PT 4 216 s
(C 423 2#PT 25.6 s), 5 FHVEXRT RRZHAH L, 45 2R %
W1 10 MBI TEIZ S50 2500 T B8R Pse i vk
(P>0.05),

3 itig

AWGE TR AT RGERT TR
R 2B (0 Tl b 3R AT P23 B 4 L,
MZEFARICY I B 8] 10 MR SRR EY,
BRACEY 1.2.6 58, HAR 7 AL E W3 B RN ZE
For it s X 10 MEEERMEWTENT AEHL
JUR TR S R BTE A RHEY) Th A 4345 o XF 1~10
L EWHATIR PUEETE I, 25 R RS
2.4 .9 %F LPS 310/ N BUE R0 AL (RAW 264.7) 1)
NO LR B A3 I VE |, (B HTEE T e 45 R R
10 BRI A WITE MR IE ] 1.0 mmol/L 454 F K
RIWBPOEEGE, AR —EBE L +E T =5F
2 o3 B A IS AR S, o Je S e F2E F M)
()3 — 20T S A 1 S 5 Ll
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