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WE. B PRI EIE T RO E 0 R ik T e PG, AiE RARILEMHAE ., K. Sephadex
LH-20 S B 2Pl £ HPLC $EAT4r B alifh, MR 40 B Ab P o B ipl i 5000 S o P A fb S I i 4540 . R4 8 RBOR BB 4
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Chemical constituents from the n-butanol fraction of Ligusticum chuanxiong and
their relaxant activity on uterine smooth muscle
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ZHOU Qin-mei, FENG Rui®, DAI Ou”

(School of Pharmacy, College of Medical Technology, Innovation Institute of Chinese Medicine and Pharmacy, Chengdu University of Traditional Chinese
Medicine, Chengdu 611137, China)

ABSTRACT: AIM To study the chemical constituents from the n-butanol fraction of Ligusticum chuanxiong
Hort. and their relaxant activity on uterine smooth muscle. METHODS  Separation and purification were
performed using macroporous resin, silica gel, Sephadex LH-20 and semi-preparative HPLC, and structures of
obtained compounds were identified by physicochemical properties and spectral data. The relaxant activity on uterine
smooth muscle was evaluated by an oxytocin-induced contraction model of isolated rat uterine smooth muscle.
RESULTS Twelve compounds were isolated and identified as 1- (3, 4-dimethoxyphenyl) propan-1-one (1), 1-
(3", 4', 5'-trimethoxyphenyl ) propan-l-one ( 2 ), 2-hydroxy-2- ( 4’-p-hydroxyphenyl ) ethanol ( 3 ),
acetovanillone (4), (1S, 5S, 6R) -6- (4-hydroxy-3-methoxyphenyl) -5-hydroxymethyl-8-oxabicyclo [3.2.1]
oct-3-en-2-one (5), psoralen (6) , 5-methoxyfurfural (7), 5-hydroxymethylfurfural (8) , benzyl alcohol 6-0-B-D-
apiofuranosyl-B-D-glucoside (9), icariin C3 (10), L-lactic acid (11), and 3, 4, 5-trihydroxypentanoic acid
(12). The inhibition rate of contractile tension of compound 9 at a concentration of 50 wmol/L was (26.99 +

5.71)% , and the inhibition rate of contractile activity was (45.61+7.22)%. CONCLUSION Compounds 2-4
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and 8-12 are isolated from L. Chuanxiong for the first time. Compound 9 exhibits good relaxant activity on uterine

smooth muscle.

KEY WORDS: Ligusticum chuanxiong Hort.; chemical constituents; isolation and identification; relaxant

activity ; uterine smooth muscle

JNE NI BHEA g 2 4 R A YIS
Ligusticum chuanxiong Hort. B TR 25 . YERFE
g Hvh 2, 2y s i I, H T
(WA TLZ) Jrgslh &Y, B «
FORAGSKTG, &8, MiaEZes, &, MM
T, BEOE T HIGRN g AL, hEE IS
I, NEBRSE, VR, B B s, Bl
DO AT, AR RS, PR R 2
P, BBATIML N Z 0, AR AR, SRS S
N AR, (CRRLF Y HE 2D R I
“NEZK, hIARS, FakmT, S5 bR,
REERLRS 11500k 4 B L . 9 B A 2.2 1)
g, JUHARIR IR T b e i i, B
PRI IRSE B, I 2 TRk O
MBS | ARHERE S MR YT, I7 RO ) B
RINATEE o AEAIE MM Z 2, IS SRRk s
R T LR 2R P A R O TG e B A A A
BT A G R AR B T BAR 2 BT S ()
HEMIE, PR L T i B IR 2 LU A
R E S M VB S S i B 1B PR N R = M 8
RIS 8- L s ELA A
SR H IR DR TR, BARSCH) B
AP, IR T X 24 AL 0 R A BRI Bl AR 17
FHRRE AL . 25 0 2 BIE PR AR IR T H A2 ey 4k
FOMAZR, MBS RIER KT | R AT
PRGNS, Rt s HA I I8 28 DR R Y
K, R Sl H R OTT k5 T i 4 Y
P, FT M, ARPPRITERTI TAERA |, 28
MEZFICETE DB EOR, ZE IR Bk
PGS e TBe, XWINE RN T RS
SEASEE s [ R 48 B KB TR L
WA AR RS St oy s A B 1 BAA AL B 0 AT AT SR T
PEGE, B TERII0 S & H5 0 98 28 00 ) o R il
R ifE— 5 R B 2GS | T R R TR 42 25 W) 42
PRL U 5 S S
1 ##

Avance NEO 600 A% i L4 9 154 . &5 43 B
FiEA (72[E Bruker A H]); Agilent 1220 #1>f il
U= R N S Agilent A H] ) ;

Ultimate XB-C,q 3%+ [ 250 mmx10 mm, 5 pm,
AR (i) BMARAF]; Powerlab HIZ
Ui A #C AL, TEEK A AT Labehart Pro %l
WA [ KRR IR AEA 2% E bR 52 5 ( 1) ABR
NG

JNE 2R )1 e 24 M0 B % e e A FR
TR, 2 R T e 2R A 2 A e e Ak R R
KNI Z AR N Ligusticum
chuanxiong Hort. R R, EIEARA (FRrAS LC-
20161030) FRAF T B AR H B 24 K 2 v 24 B o ¢ U
B 5 m ROR S 80 =

fRHEAAEARZE SD KR, B2 M, RE
220~260 g, ¥ AHBIIE (dbat) EYHEARAR
ovE] [ SR YA VR ATIES SCXK () 2024-
00017, faFET AT R b [ S8 sh
i FHVFATIES SYXK (JI]) 2025-0294], RS2
BGHR o BR 2 K 40 B B S b ME (R ERAL S
2024017) .

2 REENE

BUINER A 100 ke, 8 f5sK, R 3K,
Bk 2.5 h, ¥ 3 WAEEMBN WAL, &I,
W BERE R R AGHA TR R 4R, RIS 25 KSR )
BH (28.8 kg) . HHUKKEF L, DIET B
W, DA S RS IE T R R (9.3 ke) o
IE T P AL 28 K AL W B B 2l Ak, 3 ol ] 2K
10% . 30% . 50% . 70% . 95% & WK vk fid, 3 4t
T 78 Z AR RIS 7, 15 6 DMHRAL, 30% LT
AL (701 g) Zead FHE Fac et g 4 2, 4 il H
aligk | 75% L 75% BoK CEER Ve, 1553
A o 75% FOK CBERRAL (120 g) Jd i i S A
ke, LW - (100 1 1~0: 1) #
JEVERE, 215 9 Ny (Fr. 1~Fr.9),

Fr.7 (14 ¢) #adeERAE AR E, DI&WF
Be-HEE (60 2 1~0: 1) FEATHEETENL, 7533 1
o (Fr.TA~Fr.7C), Fr.7A (1.5 g) ZRERA:
ik orEs, DLEUKMRm S be-FHEE (60 @ 1~
0: 1) BEREEVEM, 42 11 N34 (Fr.7A-1 ~
Fr.7A-11) , Fr. 7A-2 ifi i Sephadex LH-20 #§ & 4
g, DS MEe-HmE (1:1) v, 53
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Fr. 7TA-2-1~Fr. 7A-2-4 H 4 W53, Fr. 7A-2-2 £
Tl M2 A as, Do BE-HE (15:1) B
TF, FE RO HPLC (AR 1 mL/min;
K< 280 nm) J3, DIFEEK (53 :47) Uk
B, BEAEW 1 (0.6 mg, t, =27 min) 2
(0.7 mg, t,=39 min), Fr. 7A-5 £l % )2 615
JEFF (A A - - K7 5 1:0.1)
FABE % HPLC (U shAH H EE-K 23 = 775 fRFR
Pii 1 mL/min; A 210 nm) Zifk, 75314k
A3 (3.7mg, t;=14.9 min) , 4 (3.5 mg, t,=
23.9min) ., 5 (4.5 mg, t,=32.3 min) 6 (0.7
mg, t,=41.0 min), Fr. 7A-6 £ il £ ¥ )2 A 3%
(TBIAH = be-H -2k 6 : 10 0.1) FIRARY:
il & HPLC (¥ shAH H BE-7K 40 @ 60; RFHJE & 1
ml/min; KK 210, 254 nm) ZrEaifh, 53]
G 7 (4.4 mg, t,=13.3 min), 8 (0.8 mg,
tg=18.6 min) # 9 (6.5 mg, t, =255 min),
Fr.7B(3.3 g) £ C, SOAHMUE (%50 25, DL -
7K (10 : 90~100 : 0) HATHREEVEML, 155 Fr. 7B-
1~Fr.7B-2, Fr.7B-2 (2.6 g) il if Sephadex LH-
20 EEEAE BT, DI A - EE (1 1) Bk
i, 53] Fr. 7B-2-1~Fr. 7B-2-3, Fr. 7B-2-2 &hk /K
FEERESE, DK — &P he-HEE (70 : 1
~0: 1) BHEPEME, 193] Fr. 7B-2-1-1~Fr. 7B-2-3-5
5 ANy, Fr. 7B-2-3-3 28 A0 ] 4 HPLC
(UL H BE-K 40 @ 60; AR E 1 mL/min; £
M 205, 254 nm) SrEafife, 1534059 10
(3.0 mg, t,=12.2 min) , 11 (11.5 mg, #,=13.7
min) A1 12 (4.6 mg, t;=22.4 min),
3 £HETE

&1, A KEEH K, (+) -HR-ESI-
MS m/z: 195.102 5 [M+H]",'"H-NMR ( CDCl,,
600 MHz) 6: 7.59 (1H, dd, J=8.4, 1.8 Hz, H-
6), 7.54 (1H, d, J=1.8 Hz, H-2), 6.89 (1H,
d, J=8.4 Hz, H-5), 3.95 (3H, s, OCH,-3),
3.94 (3H, s, OCH,-4), 2.97 (2H, q, J=7.2 Hz,
H,-2'), 1.22 (3H, t, J=7.2 Hz, H,-3") ;”C-NMR
(CDCL,, 150 MHz) &: 199.7 (C-1"), 153.2 (C-
4), 149.1 (C-3), 130.3 (C-1), 122.7 (C-6),
110.3 (C-5), 110.1 (C-2), 56.2 (OCH,-3),
56.1 (OCH,-4), 31.5 (C-2"), 8.7 (C-3"), LI L
BB 5ok (9] HoBE A2, e izfks
Yl 1- (3, 4-ZHEERE) kE-1-H,

e 2, AETLERBAK, (+) -HR-ESI-
2234

MS m/z: 225.112 8 [M+H]",'"H-NMR ( CDCl,,
600 MHz) 8 7.23 (2H, s, H-2', 6'), 3.92 (6H,
s, OCH,-3', 5'), 3.91 (3H, s, OCH,-4'), 2.98
(2H, q, J=7.2 Hz, H,-2), 1.23 (3H, t, J=7.2
Hz, H,-3);"C-NMR (CDCl,, 150 MHz) &: 199.8
(C-1), 153.2 (C-3", 5'), 142.6 (C-4'), 132.4
(C-1'), 105.6 (C-2", 6'), 61.1 ( OCH,-4"),
56.4 (OCH,;-3", 5'), 31.7 (C-2), 8.6 (C-3),
DAL 5 5CHk [10] i s —5, #iE
ZAREYI N 1- (37, 4, 5 -=HEE) AkE-1-H,

a3, AATEEHER, [a])=-16.5 (c
0.09, CH,OH), (+) -HR-ESI-MS m/z 177.051 5
[M+Na]",'H-NMR (CD,0D, 600 MHz) &: 7.19
(2H, dd, J=8.4, 2.4 Hz, H-2", 6"), 6.76 (2H,
dd, J=8.4, 2.4 Hz, H-3",5'), 4.59 (1H, t, J=
6.0 Hz, H-2), 3.58 (2H, m, H-1), P\ FikiE%k
PESSCHER [11] B EAR -2, ez sdh
25252 (4 XEER) OBE,

L&Y 4. LEBEHMRY, (+) -HR-ESI-
MS m/z: 167.070 4 [M+H]","H-NMR ( CD,0D,
600 MHz) 8. 7.57 (1H, dd, J=8.4, 1.2 Hz, H-
6'), 7.53 (1H, d, J=1.2 Hz, H-2"), 6.86 (1H,
d, J=8.4 Hz, H-5"), 3.90 (3H, s, OCH,-3"),
2.54 (3H, s, Hy-1) ;”C-NMR (CD,0D, 150 MHz)
5:199.4 (C-2), 153.4 (C-3"), 149.0 (C-4'),
130.5 (C-1"), 124.9 (C-6"), 116.0 ( C-2"),
111.9 (C-5"), 56.4 (OCH,-3"), 26.4 (C-1), Pk
EPOEHE S SOk [12] R REA B, B E X

AN H LT,
&Y s AATEMA, [al)=-113.2
(¢ 0.40, CH,OH), ( +) -HR-ESI-MS m/z:

299.089 6 [ M+Na]*,'H-NMR (CD,0D, 600 MHz)
8:6.77 (1H, d, J=9.6 Hz, H-4), 6.75 (1H, d,
J=2.4 Hz, H-2'), 6.71 (1H, d, J=8.4 Hz, H-
5'), 6.63 (1H, dd, J=8.4, 2.4 Hz, H-6'), 6.21
(1H, d, J=9.6 Hz, H-3), 4.55 (1H, dd, J=9.0,
1.8 Hz, H-1), 3.84 (1H, d, J=12.0 Hz, H-9a),
3.82 (3H, s, H,-7"), 3.73 (1H, d, J=12.0 Hz,
H-9b), 3.60 (1H, dd, J=10.2, 7.2 Hz, H-6),
2.92 (1H, ddd, J=13.2, 10.2, 9.0 Hz, H-7a),
1.98 (1H, ddd, J=13.2, 7.2, 1.8 Hz, H-7b) ; “C-
NMR (150 MHz, CD,0D) &: 199.1 (C-2), 155.3
(C-4), 148.8 (C-3"), 147.0 (C-4"), 129.6 (C-
1), 128.9 (C-3), 122.3 (C-6"), 116.1 (C-5"),
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113.5 (C-2"), 87.1 (C-5), 81.9 (C-1), 63.8 (C-
9), 56.4 (C-7"), 48.4 (C-6), 34.7 (C-7), L L
POSEEE 530k [13] B A, #eEiziks
¥k (18, 5S, 6R ) -6-( 4-hydroxy-3- methoxyphenyl )-5-
hydroxymethyl-8-oxabicyclo[ 3. 2. 1] oct-3-en-2-one,,

k&M 6. AL ELHA, (+) -HR-ESI-
MS m/z 187.039 9 [M+H]*_,'H-NMR (CDCl,, 600
MHz) &: 7.81 (1H, d, J=9.6 Hz, H-4), 7.70
(1H, d, J=2.4 Hz, H-2'), 7.69 (1H, s, H-5),
7.49 (1H, s, H-8), 6.84 (1H, d, J=2.4 Hz, H-
3), 6.39 (1H, d, J=9.6 Hz, H-3);"” C-NMR
(150 MHz, CDClL,) &; 161.2 (C-2), 156.6 (C-
7), 152.2 (C-8a), 147.1 (C-2"), 144.2 (C-4),
125.0 (C-6), 120.0 (C-5), 115.6 (C-4a),
114.8 (C-3), 106.5 (C-3"), 100.1 (C-8), Ll I~
POEBEE S SCHR [ 14] B HEA -, #EiZ1k
GYHANEIRR .

G 7. REEMIRY, (+) -HR-ESI-MS
m/z; 149.020 7 [ M+Na]",'"H-NMR ( DMSO-d,,
600 MHz) &: 9.54 (1H, s, CHO-2), 7.49 (1H, d,
J=3.6 Hz, H-3), 6.60 (1H, d, J=3.6 Hz, H-4) ,
4.50 (3H, s, OCH;-5) ;" C-NMR ( DMSO-d,, 150
MHz) 8. 178.0 (CHO-2), 162.2 (C-5), 151.7
(C-2), 124.5 (C-3), 109.7 (C-4), 55.9 (OCH,-
5). VL EBOEEE 5 SCEk [15] oA -3,
Wz L G W 5-H A AR |

& 8. AWM, (-) -HR-ESI-MS m/z:
141.019 0 [ M-H]",'"H-NMR (CD,0D, 600 MHz)
5:7.08 (1H, d, J=3.6 Hz, H-3), 6.45 (1H, d,
J=3.6 Hz, H-4), 4.57 (2H, s, H-6);" C-NMR
(150 MHz, CD,0D) &: 162.9 ( COOH-2), 159.1
(C-2), 148.2 (C-5), 116.7 (C-3), 110.4 (C-
4), 57.4 (C-6), LA L EBHE S SCHk [16] )
EHA B, ez B YN 5 T EHER .

EW9. HOETEEHAR, [a])=-90.1 (c
0.50, CH,OH), (+) -HR-ESI-MS m/z: 425. 142 2
[M+Na]*.,"H-NMR ( CD,0D, 600 MHz) &: 7.47
(2H, d, J=6.6 Hz, H-2, 6), 7.37 (2H, m, H-3,
5), 7.31 (1H, m, H-4), 5.09 (1H, d, J=2.4
Hz, H-1"), 4.94 (1H, d, J=12.0 Hz, H-7a),
4.70 (1H, d, J=12.0 Hz, H-7b), 4.37 (1H, d,
J=7.8 Hz, H-1'), 4.05 (1H, dd, J=10.8, 1.8
Hz, H-6'a), 4.03 (1H, d, J=9.6 Hz, H-4"a),
3.98 (1H, d, J=2.4 Hz, H-2"), 3.82 (1H, d, J=

9.6 Hz, H-4"b), 3.67 (1H, dd, J=10.8, 6.6 Hz,
H-6'b), 3.64 (2H, s, H-5"), 3.44 (1H, ddd, J=
9.0, 6.6, 1.8 Hz, H-5"), 3.37 (1H, t, J=9.0
Hz, H-3"), 3.33 (1H, t, J=9.0 Hz, H-4"), 3.28
(1H, dd, J = 9.0, 7.8 Hz, H-2");"” C-NMR
(CD,0D, 150 MHz) &: 139.0 (C-1), 129.3 (C-2,
3,5,6), 128.7 (C-4), 111.0 (C-1"), 103.2 (C-
1), 80.6 (C-3"), 78.1 (C-2"), 78.0 (C-3"),
77.0 (C-5"), 75.1 (C-4"), 75.0 (C-2"), 71.8
(C-4",7), 68.7 (C-5"), 65.6 (C-6'), VLI
PGS cHk [17] RMEREAR -, #EZLEY
R 6-0-B-D-WKIHG TSl - B-D-H B B

fkEW10. ABRTEEHEK, [al)=-559
(¢ 0.80, CH,OH), ( +) -HR-ESI-MS m/z:
441.246 5 [ M+Na]*,'"H-NMR (CD,0D, 600 MHz)
5:5.94 (1H, dd, J=18.0, 10.8 Hz, H-2), 5.23
(1H, dd, J=18.0, 1.2 Hz, H-6), 5.20 (1H, dd,
J=10.8, 1.2 Hz, H-la), 5.18 (1H, overlapped,
H-1b), 4.35 (1H, d, J=7.8 Hz, H-1"), 3.81
(1H, dd, J=12.0, 3.0 Hz, H-6'a), 3.64 (1H,
m, H-10), 3.63 (1H, dd, J=12.0, 6.0 Hz, H-6'
b), 3.32 (1H, m, H-2"), 3.29 (1H, m, H-5"),
3.18 (1H, m, H-3"), 3.16 (1H, m, H-4'), 2.24
(1H, m, H-8a), 2.23 (1H, m, H-4a), 2.06
(1H, m, H9a), 2.04 (1H, m, H-8b), 2.00
(2H, m, H,-5), 1.71 (1H, m, H-4b), 1.6l
(3H, overlapped, H-14), 1.60 (1H, s, H-11),
1.38 (4H, overlapped, H-15, 9b), 1.16 (3H, s,
H-13), 1.12 (3H, s, H-12);"*C-NMR (150 MHz,
CD,0D) &: 144.5 (C-2), 136.0 (C-7), 125.9
(C-6), 115.8 (C-1), 99.6 (C-1"), 81.4 (C-3),
79.0 (C-10), 78.3 (C-3"), 77.6 (C-5'), 75.2
(C-2'), 73.8 (C-11), 71.8 (C-4"), 62.8 (C-
6'), 42.7 (C-4), 37.9 (C9), 30.7 (C-8),
25.7 (C-12), 24.9 (C-15), 23.6 (C-13), 23.2
(C-5), 16.1 (C-14) , VAL B #s 5 ek [18]
WAEFA 2, eIz bGP €3,

a1, BORIK, [a]?=-25.6 (¢ 0.22,
CH,OH), (-) -HR-ESI-MS m/z: 89.023 5 [ M-
H] .'H-NMR (CD,0D, 600 MHz) &: 4.09 (1H, q,
J=7.2 Hz, H-2), 1.36 (3H, d, J=7.2 Hz, H-3);
BC-NMR (150 MHz, CD,0D) &: 180.3 (C-1), 68.8
(C-2), 21.5 (C-3), DA LUis%ds 5 3cmk [19] i
ERA 2, ez BN AR,
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fkEW 12, ABKEEHA, [al)=-14.3
(¢ 0.02, CH,OH), (+) -HR-ESI-MS m/z;
173.041 2 [M+Na]*,"H-NMR (CD,0D, 600 MHz)
5:3.86 (1H, m, H-3), 3.72 (1H, dd, J=11.4,
3.6 Hz, H-5a), 3.57 (1H, dd, J=11.4, 6.6 Hz,
H-5b), 3.50 (1H, m, H-4), 2.55 (1H, dd, J=
15.6, 3.6 Hz, H-2a), 2.35 (1H, dd, J=15.6,
8.4 Hz, H-2b);"” C-NMR (CD,0D, 150 MHz) §:
180.8 (C-1), 76.0 (C-4), 71.1 (C-3), 64.8 (C-
5), 41.1 (C-2), DA B sds 530wk [20] 4k
EREAR -, #ExkaYh 3, 4, 5-— K5
IR .

4 SHERFEEBIFEAR

SRR AT L, R BT %
150, 82 d HEE R REAR (8 mg/ke),
553 RSCIURT, RS G O b2 A BRI A
FEREL, MEEFIFE, LBRIBAHN, e
B4 B, BEKEZ 2~3 ecm, FE I EEER
FEIRCHR, o — v [ A6 5k S AR s b, IR R,
fFEPRTHE 1 g FFEIETA 30 min f5,
MAZEEZ (0.008 U/mL) R E 4, Frll
HFaEL) 10 min, MAMLEY (50 pmol/L), M
LI SR AA 24 5 1SR AR S T iR, SR
HE 6K, RAERB DMSO 1E R 2s XTI, 5%
107" mol/L 1) R iR 4k v 0 KA A BHAE X BE, SR
SPSS25. 0 FAFHEAT 0, ZEHRLL (wxs) TR, A
BARFT G IESYER Ty 2255 PEm, 241 1R LSR5
I 2250075 BISRHEHESE UGS . P<0. 05 B,
INHESHAZRITFE X,

BTYHERE, STENARERZGEHLL, H
sk 7 KW s th 4 A e & T, Hlei 2ty
Ak, 2 X4 DMSO XF OT 53 51 1Y 16
WS TE s JC g, R 1, 528X
MR, AW 3. 9. 10 F1 12 [l sk 1 il
RIE (P<0.05, P<0.01), 1b&% 9 F112 [k
515 I IH R TR (P<0.05, P<0.01), HrpLd
&Y 9 MMl R s, RHBEA RAFrErk 1
BT L
5 itig

JRANENIARE W, HARILEIE 22, IR
P& 205 BB T 5 0 LR 2 el 4 S 30 7
e I S AR Do R R 2 R AR AR O R BRER Y . TR
ARLRETS, FETFEIRGS S8 ikZ s K
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