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Chemical constituents from Cyathulae Radix and their
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Abstract: In this study, the relaxant activity on uterine smooth muscle of the extracts and chemical components
from Cyathulae Radix was investigated. The uterine contraction model in vitro was used to evaluate the uterine
smooth muscle relaxant activity of the 70% EtOH extract and its EtOAc and n-BuOH fractions of Cyathulae Radix.
Silica gel column chromatography, preparative thin layer chromatography, and semi-preparative high performance
liquid chromatography were used to isolate the compounds from the best active portion, then the structures of

isolated compounds were determined by various modern spectroscopic techniques. Finally, the relaxant effects of
these compounds on uterine smooth muscle was screened. The results showed that the EtOAc fraction (0.4 mg/mL)

could significantly inhibited the contractile tension and contractile activity inhibition on rat uterine smooth muscle



and exhibited the best activity, with inhibition rates at (67.09 + 5.37)% and (79.27 + 2.49)% . In addition, under the
cumulative dosing, the maximum tension inhibition rate was (77.45 + 12.12)% , and the ECso was 0.10 £+ 0.01
mg/mL. Nine compounds were isolated from the EtOAc fraction of RC and were identified as irilin A (1), irilin B
2), 2'-hydroxy-5,6,7-trimethoxyisoflavonoid 3), betavulgarin 4), scoparone (5),
N-cis-feruloyl-3-methoxytyramine (6), N-trans-feruloylmethoxytyramine (7), N-cis-fruloyltyramine (8), and
N-trans-feruloyltyramine (9). Among them, compounds 2, 3, 6, 7, 8 and 9 were isolated from this plant for the first
time. Compared with control, compounds 1-3, 5-9 inhibited the contractile tension and activity on uterine smooth
muscle at 50 umol/L(P < 0.05 or P < 0.01), among which compound 2 had the best activity, with an tension
inhibition rate of (36.16 + 2.75)% and the activity inhibition rate of (47.03 + 5.84)% at 50 umol/L. In this study,
the relaxant activity on the uterine smooth muscle of Cyathulae Radix extract and its chemical components were
found, which provided a scientific basis for clarifying the material basis of Cyathulae Radix in the treatment of
dysmenorrhea.
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Fig. 1 Effects of different extracts of Cyathulae Radix on contractile activity of rat uterine smooth muscle ( x + s,

n=5)
o 57 A B4R, *P<0.05; P <0.01.
Note: Compared with Con, *P < 0.05; **P < 0.01.
R 1IFBARFRBYA KR T = PRI EESINEN (x5, n=5)

Table 1 Effects of different extracts of Cyathulae Radix on contractile activity of rat uterine smooth muscle ( x + s,

n=>5)
W PALIIES AR
M WIE ) , . .
Contractile tension Contractile activity
Group Concentration o
inhibition rate (%) inhibition rate (%)
Con - 11.23+£0.87 23.45+£2.21
Ver 0.5 umol/L 68.26 +2.52™ 88.63 £ 6.06™
EA 0.4 mg/mL 67.09 = 5.37" 79.27 £2.49"
n-BuOH 0.4 mg/mL 29.97 £ 8.32" 32.59+11.53
EtOH 0.4 mg/mL 13.15+4.14 20.85+£7.66

¥ H5EAWRALE, "P<0.05; “P<0.0l1.
Note: Compared with Con, "P < 0.05; **P < 0.01.
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Fig.2 The relaxant effects of ethyl acetate fraction of Cyathulae Radix on uterine smooth muscle in rats( xts,n=
3)
E: HEAMEARE, "P<0.05 "P<0.01,
Note: Compared with Con, "P < 0.05; P < 0.01.

K2 NIFBRZBRZEETAET KT E-FIRILE ECso F Emax

Table 2 ECso and Emax of the ethyl acetate extract of Cyathulae Radix in relaxing uterine smooth muscle

2H 351 Group ECso Emax (%)
Con - 27.89+1.97
EA 0.10+0.01 mg/mL 77.45+12.12
Ver 0.33 +0.02 pmol/L 82.22 +£3.67

2.3 JIEBEMISACFERDIEHEE
WEP  FOTE A HR-ESI-MS: m/z 337.0679 [M + Na]* (it5/8C17H1406Na,

337.068 8) ; 'HNMR (600 MHz, CD;OD) §: 8.16 (1H, s, H-2) , 7.25 (1H, brt, J=7.8
Hz, H-4") , 7.25 (1H, brd, J=7.8Hz, H-6'") , 6.92 (1H, brd, J=7.8 Hz, H-3") , 6.91
(1H, brt, J=7.8Hz, H-5") , 6.57 (1H, s, H-8) , 3.97 (3H, s, 7-OCH;) , 3.84 (3H,
s, OCH3-6) ; BC NMR (150 MHz, CD;OD) §: 157.3 (C-2) , 122.5 (C-3) , 182.6 (C-4),
154.1 (C-5) , 133.7 (C-6) , 160.7 (C-7) , 92.1 (C-8) , 1553 (C-9) , 107.6 (C-10) ,
119.3 (C-1") , 156.8 (C-2") , 117.0 (C-3") , 131.0 (C-4") , 120.6 (C-5") , 132.7 (C-6"),
61.1 (6-OCH3) , 57.0 (7-OCH3) . VA F##l 53CERUVHRIE AR —2, SEMInEEN

irilin A,



&2 HEOECIRY: HR-ESI-MS: m/z 323.0519 [M + Na]* it 545 C16H1,06Na, 323.053
2) ; 'HNMR (600 MHz, (CD3),CO) §: 821 (IH, s, H-2) , 7.31 (1H, brd, J=7.8 Hz,
H-6') , 7.27 (1H, brt, J=7.8 Hz, H-4') , 697 (1H, brd, J=7.8Hz, H-3") , 6.93 (IH,
brt, J=7.8Hz, H-5') , 6.55 (1H, s, H-8) , 3.88 (3H, s, 6-OCH3) ; 3C NMR (150 MHz,
(CD3)CO) §: 154.5 (C-2) , 121.7 (C-3) , 182.1 (C-4) , 156.6 (C-5) , 132.7 (C-6) ,
156.8 (C-7) , 94.8 (C-8) , 154.5 (C-9) , 106.1 (C-10) , 119.8 (C-1") , 156.8 (C-2"),
117.6 (C-3") , 130.7 (C-4") , 120.6 (C-5") , 132.4 (C-6') , 60.6 (6-OCH3) . LA %
FSCERU DG IR — 2, WG & 42 7] 4558 Airilin B

ALEWD3  MPIRY); HR-ESI-MS: m/z 351.0830 [M + Na]* (1545 CisH1606Na, 351.084 5);
'HNMR (600 MHz, CD;OD) 6: 8.07 (1H, s, H-2) , 7.21 (1H, m, H-4") , 7.21 (1H,
m, H-6") , 6.99 (1H, s, H-8) , 6.90 (1H, m, H-3") , 6.90 (1H, m, H-5") , 3.99 (3H,
s, 7-OCH3) , 391 (3H, s, 6-OCH3) , 3.86 (3H, s, 5-OCH;) ; '3C NMR (150 MHz,
CD;0OD) ¢: 155.1 (C-2) , 1249 (C-3) , 177.8 (C-4) , 142.0 (C-5) , 153.7 (C-6) ,
160.0 (C-7) , 97.7 (C-8) , 156.4 (C-9) , 113.9 (C-10) , 120.8 (C-1) , 156.9 (C-2"),
117.3 (C-3"), 130.8 (C-4"), 120.7 (C-5") , 132.6 (C-6') , 61.8 (5-OCH3) , 62.6 (6-OCH3),
57.0 (7-OCH3) o LA A SCHRISIN B — 2, S &30 4558 N2 -$25E-5,6,7- = HI 4 2
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&4 HEEOECIRY; HR-ESI-MS: m/z 335.0526 [M + Na]* (it 5AE.C17H1,06Na, 335.053
2) ; 'THNMR (600 MHz, CDCl3) 6: 7.90 (1H, s, H-2) , 7.33 (1H, brt, J=7.8 Hz,
H-4") , 7.07-7.11 (1H, m, H-6") , 7.07-7.11 (1H, m, H-3") , 6.94 (1H, brt, J=7.8 Hz,
H-5") , 6.71 (1H, s, H-8) , 6.11 (2H, s, -OCH»-) , 4.12 (3H, s, 5-OCH;) ; '3C NMR
(150 MHz, CDCl3) d: 153.6 (C-2) , 125.9 (C-3) , 178.9 (C-4) , 141.6 (C-5) , 135.9
(C-6) , 154.0 (C-7) , 93.0 (C-8) , 154.8 (C-9) , 112.8 (C-10) , 120.9 (C-1") , 156.8
(C-2" , 119.6 (C-3") , 130.2 (C-4") , 120.8 (C-5") , 130.6 (C-6") , 102.6 (-OCH,-),
61.5 (5-OCH3z) o DL EEHE AR B — 3, Wb &4 7] 558 N p-43 B I & BB 1

a5 AR A HR-ESI-MS: m/z 229.0465 [M + Na]t GiHEEC11H1004Na, 229.047



7) ; IHNMR (600 MHz, CD;OD) §: 7.89 (1H, d, J=9.6 Hz, H-4) , 7.15 (IH, s,
H-5) , 6.99 (1H, s, H-8) , 627 (H, d, J=9.6Hz, H-3) , 3.93 (3H, s, 6-OCH3) ,
3.88 (3H, s, 7-OCH3) ; 3C NMR (150 MHz, CD;0OD) 6: 163.8 (C-2) , 109.9 (C-3),
145.9 (C-4) , 113.6 (C-5) , 148.1 (C-6) , 154.8 (C-7) , 101.0 (C-8) , 151.3 (C-9),
113.1 (C-10) , 56.8 (6-OCH3) , 56.8 (7-OCH3) o LA_LHdliF1SCHRIOI% 18— 8, ik
A5 W] EE 5 N TR
&6 AT E R R HR-ESI-MS: m/z 366.1304 [M + Na]* (it54E.C19H2/NOsNa,
366.1317) ; 'HNMR (600 MHz, CD;OD) d: 7.36 (1H, d, J=1.8Hz, H-2) , 6.93 (1H,
dd, J=8.4, 18Hz, H-6) , 6.77 (1H, d, J=18Hz, H-2") , 6.73 (1H, d, J=8.4Hz,
H-5) , 6.69 (1H, d, J=7.8Hz, H-5) , 6.61 (1H, dd, J=7.8, 1.8Hz, H-6") , 6.61
(1H, d, J=12.6Hz, H-7) , 582 (1H, d, J=12.6 Hz, H-8) , 3.82 (3H, s, 3-OCH3),
3.78 (3H, s, 3'-OCH3) , 3.42 (2H, t, J=72Hz, H-8") , 2.71 (2H, t, J=7.2Hz, H-7");
13C NMR (150 MHz, CD;0D) d: 128.5 (C-1) , 113.4 (C-2) , 148.6 (C-3) , 148.9 (C-4),
115.8 (C-5) , 1249 (C-6) , 1383 (C-7) , 122.2 (C-8) , 170.4 (C-9) , 131.9 (C-1"),
113.9 (C-2") , 1485 (C-3") , 146.0 (C-4") , 1162 (C-5") , 121.5 (C-6") , 36.0 (C-7),
42.3 (C-8") , 56.3 (3-OCH3) , 56.3 (3-OCH3) o LLAZHAEEHEFISCHRON HE—50, #fk
H 6] 45 7 S N- - R B 1 -3 - HH A B i e
AT A% S (CH:OH) ; HR-ESI-MS: m/z 366.1304 [M + Na]* (it 514
C19H2:NOsNa, 366.1317) ; 'HNMR (600 MHz, CD;OD) ¢: 7.43 (1H, d, J=15.6 Hz,
H-7) , 7.11 (1H, d, J=18Hz, H-2) , 7.01 (1H, dd, J=8.4, 1.8Hz, H-6) , 6.79 (1H,
d, J=84Hz, H-5) , 6.82 (1H, d, J=1.8Hz, H-2") , 6.72 (1H, d, J=8.4 Hz, H-5"),
6.66 (1H, dd, J=8.4, 1.8Hz, H-6") , 640 (1H, d, J=15.6Hz, H-8) , 3.88 (3H, s,
3-OCH;) , 3.83 (3H, s, 3-OCH3) , 3.48 (2H, t, J=7.2Hz, H-8) , 2.77 (2H, t, J=
7.2 Hz, H-7") ; 3C NMR (150 MHz, CD;0OD) d: 132.0 (C-1) , 111.5 (C-2) , 149.9 (C-3),
148.9 (C-4) , 116.5 (C-5) , 1232 (C-6) , 142.1 (C-7) , 118.7 (C-8) , 169.2 (C-9) ,

128.2 (C-1") , 113.4 (C-2") , 149.3 (C-3") , 146.0 (C-4") , 116.2 (C-5") , 122.2 (C-6"),



36.2 (C-7") , 42.5 (C-8') , 56.4 (3'-OCH3) , 56.4 (3-OCH3) o UL A% L% FI LR
XFHR— 2, WU BT T E - S K- BRI PR AR A

AEW8 ALK ; HR-ESI-MS: m/z 336.1213 [M + Na]* (i35 C1sH1sNOsNa, 336.121
2) ; 'HNMR (600 MHz, CD;OD) §: 7.36 (1H, d, J=18Hz, H-2) , 7.00 (2H, d, J
=84Hz, H-2', 6), 693 (1H, dd, J=7.8, 1.8Hz, H-6) , 6.74 (1H, d, J=7.8 Hz,
H-5) , 6.69 (2H, d, J=84Hz, H-3', 5'), 6.61 (1H, d, J=12.6 Hz, H-7) , 5.82 (IH,
d, J=12.6Hz, H-8) , 3.83 (3H, s, 3-OCH3) , 3.40 (2H, t, J=7.2Hz, H»-8) , 2.69
(2H, t, J=7.2Hz, H>-7") - BCNMR (150 MHz, CD;0D) ¢: 128.5 (C-1) , 113.9 (C-2),
148.6 (C-3) , 1485 (C-4) , 1162 (C-5) , 1249 (C-6) , 138.4 (C-7) , 121.6 (C-8) ,
170.3 (C-9) , 131.2 (C-1) , 130.7 (C-2") , 115.8 (C-3") , 156.9 (C-4") , 1162 (C-5"),
130.7 (C-6") , 35.6 (C-7") , 42.4 (C-8") , 56.3 (3-OCH3) . LA AZHEEE A SCHERRIN R
—H, WA I8N K 5E N N-N R BT P 1 -

AEH9 ALK HR-ESI-MS: m/z 336.1211 [M + Na]* (i35 C1sH1sNOsNa, 336.121
2) ; [HNMR (600 MHz, CD;OD) §: 7.43 (1H, d, J=15.6Hz, H-7) , 7.12 (I1H, d,
J=18Hz, H-2) , 7.05 (2H, d, H-2', 6') , 7.02 (1H, dd, J=8.4, 1.8 Hz, H-6) , 6.80
(1H, d, J=84Hz, H-5) , 6.71 (2H, d, H-3', 5, 6.40 (1, d, J=15.6Hz, H-8),
3.88 (3H, s, 3-OCH3) , 3.46 (2H, t, J=7.2Hz, H-8") , 2.75 (2H, t, J=7.2Hz, H-7).
13C NMR (150 MHz, CD;0D) §: 1282 (C-1) , 111.5 (C-2) , 149.9 (C-3) , 149.3 (C-4),
116.5 (C-5) , 123.2 (C-6) , 142.1 (C-7) , 118.7 (C-8) , 169.2 (C-9) , 131.3 (C-1"),
130.7 (C-2") , 116.3 (C-3") , 157.0 (C-4) , 116.3 (C-5") , 130.7 (C-6") , 35.8 (C-7"),
42.6 (C-8') , 56.4 (3-OCH3) . LA EAZHEEHE ASCRRR2I0S B — 3%, #iib S99 %55 JyN-
i K- ] 5T 6 i

WEYI~9 S5 3.
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Fig. 4 Effects of different compounds of Cyathulae Radix on contractile tension of rat uterine smooth muscle
induced by oxytocin ( x % s, n =3~ 5)

E: HEAMEARE, "P<0.05 "P<0.01,
Note: Compared with the Con, *P < 0.05; P < 0.01.
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Fig.5 Effects of different compounds of Cyathulae Radix on contractile activity of rat uterine smooth muscle

induced by oxytocin ( x % s, n = 3-5)

W 5EAMRAkE, "P<0.05; "P<0.01.
Note: Compared with the Con, *P < 0.05; P < 0.01.
3 JIEBARAE YN FEFRIREES M (x£s5,n=3~5)

Table 3 Effects of different compounds of Cyathulae Radix on contractile activity of rat uterine smooth muscle

induced by oxytocin ( x % s, n = 3-5)

3 W Wi 5 ) 5 e 246 3% 3 ) 5
Concentration Contractile tension Contractile activity
Group (umol/L) inhibition rate (%) inhibition rate (%)
Con - 13.63 £3.14 15.49 £4.25
Ver 0.5 68.68 £3.05™ 84.39 £2.44™
1 1 7.17+1.25 10.21 £ 7.15
10 16.02 £3.82 25.44 £1.50
50 32.95+£3.25™ 40.97+9.61"
2 1 10.79 £3.22 14.18 £4.52
10 20.06+1.18 22.71 £5.05
50 36.16 £2.75™ 47.03 £5.84™
3 1 11.29 +£2.00 19.07 £4.79
10 17.95+2.85 28.72 £4.34™
50 27.86+1.97" 35.57+£6.62"
5 1 15.71 £4.61 25.18 £2.49



10 20.23 +2.83 28.78 £4.11"

50 28.93 +£4.29* 35.07 £4.90"
6 1 9.39+£2.83 2248 +4.13
10 14.89 +1.16 28.82 +3.79*
50 27.25+2.86" 34.13 £2.64™
7 1 9.78 £ 1.60 21.45+3.54
10 14.32+4.44 23.55+6.96
50 29.92 +3.55" 33.40 £4.59"
8 1 7.86 £3.07 16.36 + 6.84
10 19.06 +4.94 29.43 +£4.53"
50 22.22+1.87" 32.62+1.76"
9 1 11.59 £2.60 19.81 +5.40
10 18.31 +4.88 20.06 +4.93
50 32.65+£2.51" 35.46 £5.40™

W 5SFAXNHRALE, "P<0.05, "P<0.01.
Note: Compared with the Con, *P < 0.05, **P < 0.01.
3 eE54Hie

AR SR FH B A B AR AR A 2 2 )1 | 2 AN RIS B 0 7 B R AR TS SR s, RILZIR 2
B A &7 5k 1 B i A, ECsoN (0.10+0.01 ) mg/mL, Fifi fi %3 P 8 £ 1) 2R ZBg0Ar
BEAT 0B, NAPERAGON AR S, ELARAN S I E R4, Hodr, a2,
3. 6. 7. 8. OBINE MR BAEE] . X BRI ST IEE R, RIS
STHRZHAHELEL, A& 01~3 5~97E50 pmol/LIN )X 46 B & 5| & (1 7 & P WUE B I i
HER (P<0.058P<0.01) , Hu&Y) 2 W& EF, 7E50 pmol/LI 5K Jy i %8 Al ik
(36.16 £2.75) %, & S14MH|ZHATIE (47.03 £5.84) %. LiR&E UL )IZEIRT0% ZBEHEEL
VI 208 SR RERGEAL K 4y S5 B BB 2K A A B A &5k T8 TIsER.

BRI E TG4TSR YW, T ML R 2 R A 0 B IH . AREE (ZR )Y i
SCH R BEN,  PIAREE SE FE IR 2 RIGITRZ . TR IRAE RS T EE%E
PRV AR B IO, FP5KF B R2IRITIR AN HE T B IREANTHAGE A 2k, §H7T
TR B A AR I A S 253 R B K 7 B P WLE N, R IR 2R R o, Hof
I LA 24 (R R i 3 A AN TR AR BE R 7 5K 7 2~ LG V230 AR T R AT Vs Ll 22 (K DO R
G PR TIRIT 20 A0 . WA AR, URFIZ 58 2505 i )1 A= T B F i o
KRS B IETE . TR B 1 A il O 22 (RS2 TR, ASSZIG/E RTIdERE 2 b, R
N OB CBaEAL S B . &3 AN T ARG R TF E P DA, X
ANBIF 0 25 A 5 SCHRARTE (K B K120 A 2R B A 7 ok 7 =PI DUE A — 80 A5
AU F2 8 )1 A R EF K 8 T WU o> B B S0, o7 1 A R0 LB 42 R
AR AL T K
EE B
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