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Analysis of Antitussive Active Ingredients of Asplenium sampsoni

LI Jun', LIANG Xiao® (1. College of Medical Technology, Xiangtan Medicine & Health Vocational College,
Hunan Xiangtan 411102, China; 2. School of Pharmacy, Guilin Medical College, Guangxi Guilin 541199,
China)

ABSTRACT OBJECTIVE: To study chemical constituents of Asplenium sampsoni, and to investigate its antitussive effects
preliminarily. METHODS: The 75% ethanol extract was isolated from 4. sampsoni and purified by silica gel column
chromatography. The structures of the compounds were identified by physicochemical properties and spectral data (mass spectrum,
hydrogen spectrum and carbon spectrum). Kunming mice were randomly divided into negative control group, test group (the doses
of 7 monomers were 0.12 g/kg), and positive control group (same dose of benproperine phosphate), with 10 mice in each group.
The antitussive effect of each compound was evaluated by the method of inducing cough with concentrated ammonia water.
RESULTS: Totally 13 compounds were isolated and identified from ethyl acetate and petroleum ether parts of 75% ethanol extract
of A. sampsoni, i.e. 4-hydroxy-acetophenone ( I ), 4-hydroxy-ethyl phenylacetate ( I ), luteolin (Il ), apigenin (IV), quercetin
(V), formononetin (VI), acacetin (VI), protocatechuic acid (V) , isorosmarinoside (IX ), quercetin-3-O--D-glucopyranoside
( X), isorhamnetin-3-O-p-D-glucopyranoside ( XI ), methyl palmitate ( XI ) and imperatorin ( Xl ). Luteolin could significantly
prolong the cough latency and reduce the times of cough in mice (P<<0.05). CONCLUSIONS: Thirteen compounds are isolated
from this plant for the first time; luteolin has certain antitussive effect, and may be the antitussive active component of the plant.
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(i 32 Bruker /A 1] ) \ X6 BRI £ 00 7 A CRINBHEE HL 7R
HA PR F]) (RE-52A BUJig i 7% J AN (BT o A= A AY
FEA PR H]) \BPG-9030BH Y H HAuiE I & XU 14 (
VRIS i i AT PN 7)) SHB- A 5 AR R K 30 2
PR (T BT FRBTAE A A)) (HH-2 RIS S 1E
TR B CH PN ZS A FR A W] ) 55
1.2 FEHRSIKF

AW FE T IS m R A R 20 R B ) AR A B PR
W IX., 8080 g v B 24 R 2 2 2 e RS ST U S e Sk A
TR AR 06 T B FA Bk A. sampsoni Hance 848k ; HpRA (R
AE TR B2 IR AL AR A4 Bt 25 AR AR TR

KRR BN IR 5 (45 111520, 4 >989% ) | fr3k
FXTHE NG (G5 111901, 4l >98% ) itz 28 % BE i (i
5100081, 4l >98% ) AR AL Z R IS (G5 111703,
afi i >98% ) il ML 5 R 6 BRh (G5 111708, 4l Ji >
98% ) \Ji )L B X AL (S5 159677, 4l B >98% ) K
T 206 B (42 110826, 4li i > 98 % ) 4 [ [ £
i 24 R BRI B s AT 3 TR IR (100~300 H) W A 7
SRR T s BRI R N WRAK 11 A (L5 181002, L
#% 80 mL:80 mg) W FH YL PG A AR T 2:Mb e A3 A5 BR 2+ 5
BRI RS 121015) I A ARSIk b T4
RELZN ) 5 T A A i Ak 2R 24 3 T A2 il =
J 7K RZERK

AW ST s R i s G LA RPN R, 390 L,
WEEA2E AR (180 + 10) g, B g KA iRIE B
B AE I s b B, SIS Sh W VR AT IE DS SYXK
(#11)2017-0002, FrA3 /NIRRT shd b, =
IRAEHITE (22 £4) °C,MBEEERITE(60 £10) % . /MY
B R POK B SE 3 d R IFIR IS5 .
2 REESEH

B R A T4 42 5 10.0 kg, JITA 75% % 100
L 22 U 3 R, Uk 2, A IR e s A B
ZEEER SR BUIR B 660.4 g KRILIRE LIAK 10 LAk
Jei MK LA EE(60~90 C)5 L. LR MR8 L 45 £ HL
3 I e 15 B A BT 64.5 g LR S EEFRAL
398.2 g,

LU g K A ik TR CIRFRAL 100.0 g, 2Rk AT )2
Bt , LAGEDT - B BRI BR L 95 55 95) HR Ik
FEVERL , AR VR . AT 2 ik (TLO) B ) L &
RV, 28 S S T Al A B LA ik .
H, DUARFR EE 95 1 5 B &5 - H TR BV Wl e I AS 24k &
W1 (18 mg), IR 90 : 10 B0 - H B IR 4 VA W vk
AR EIE A T (14 mg) , DUAR L 80 : 20 &1 - HT i
RS RME AWM (75 mg) , AT 75: 25
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(A7 - R S RE IR BE S 0 IV (28 mg) FIfb 6
PV (19 mg) , IAFH L 55 : 45 1958407 - F TR 8 T vk
A5 LA VI (42 mg) FAL ST (22 mg) , MAR L
40 : 60 1) 15 - F TR 5 VA RV A B Ak S o V(16
mg) , PMATREE 30: 70 Ay 5077 - H BEIR A i v A5 214k
AWIX (72 mg) , LIMAFREE 20 : 80 (545 - Y B IR A5 78 W
PEMiAS2ALE 9 X (25 mg) , LA 5295 A 545 - B 1%
IRA SR G XT(33 mg) .

HBUUE T R A1 B A YR A R AV 50.0 g, R RERCAE AT, DA
A k- P T A TR (AR R G 42 105 = DARYRBR R
L WSCBEBEMEHE . LA TLC R , & B , &8 2 &
i B 2 R G . o DUAR 2 11
A7 THE - TR AV 5 VA TR DR A 2 A5 XTL(26 mg) | DA
FHEE 0.5 1 A9 T k- TN ARV A5 T VR R B A5 214k 5 0 XTI
(14 mg).
3 HMETE

G 1 JCEr &y, Bl TN, I S 107.2~
111.3 °C s S ALk (FeCly) N R FHME . 25 - i
(EI-MS) : m/z 137 2[M+H]", 5> F 30N CHO.. 'H-NMR
(500 MHz, CD,OD)¢: 10.31 (s, 1H, 4-OH) , 7.79(d, J=
9.0 Hz,2H,H-2 H-6),6.93(d,/=9.0 Hz,2H,H-3 \H-5),
2.48(s,3H,H-8), “C-NMR (125 MHz,CD;OD)é:199.3
(C-7), 1315 (C-6) , 131.3 (C-2) , 128.8 (C-1) , 1155
(C-3),26.2(C-8), VA FEHs 5 SCHR[2] 48 He A — 2,
TS B | 425K T

AT AR EOR AR, J5 15 36.2~38.4 °C;FeCly )2
WK B PE . EI-MS: m/z 1815[M+H] ", 4> F =& N
CiH,0;. 'H-NMR (500 MHz, DMSO-d,) 6 : 7.47(d, J=
8.3 Hz,2H,H-2 H-6),6.86(d,/=8.3 Hz,2H,H-3 .H-5),
3.98(q,J=7.1 Hz,2H,H-1"),3.62(s, 2H,H-7) , 1.14(t,
J=7.1Hz,3H,H-2"), "C-NMR(125 MHz,DMSO-d;)d:
162.6(C-8),151.8(C-4),132.1(C-6),131.8(C-2),123.6
(C-1),115.8(C-3),115.6(C-5),60.8(C-1"),56.3(C-7),
14.1(C-2") o VA Bds 5 SOk [ 31908 A — B, i e
EW T R A-FIER TR TR

AP R AR, 55 326.8~329.7 °C 5 hR-
BE¥r (HCI-Mg) [z 1 R BH: . EI-MS : m/z 287.5[M+H]",
4y F X H CsHiOso 'H-NMR (500 MHz, DMSO-d,) 6 :
12.84(s, 1H,5-OH) , 7.42(d,J=2.5 Hz, IH,H-2') , 7.41
(d,J=2.1 Hz,1H,H-6"),6.95(d,J=8.5 Hz, IH,H-5"),
6.61 (s, 1H,H-3),6.36 (s, 1H,H-8) ,6.14 (s, 1H, H-6) ,
“C-NMR (125 MHz, DMSO-d;) 6 : 173.6 (C-4) , 165.9
(C-7), 161.1 (C-2) , 156.2 (C-5) , 149.3 (C-9) , 147.2
(C-4'),146.6(C-3"),135.9(C-1"), 124.4(C-6") , 120.1
(C-5"),114.6 (C-2") , 105.5(C-10) , 104.8 (C-3) , 98.5
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(C-6),94.7(C-8) o A B4l 15 SCHR[4] 41 38 FEA — 2,
TG AR BT R

LAV B EMA, 15 05, 346.7~357.9 °C;HCI-Mg
R K BAME . BI-MS: m/z 271AM+1]1°, 73 F XK
Ci;H1005. 'H-NMR (500 MHz, DMSO-d;)d:12.96(s, 1H,
5-OH), 10.78 (s, 1H, 7-OH) , 10.32 (s, 1H, 4’-OH) , 7.94
(d,J=8.5 Hz, 2H,H-2' \H-6") , 6.88(d,J=8.5 Hz, 2H,
H-3' \H-5"),6.78 (s, 1H,H-3) , 6.50 (d, J=2.5 Hz, 1H,
H-8),6.16(d,J=2.5 Hz, 1H,H-6), "C-NMR(125 MHz,
DMSO-d;)d: 181.3(C-4),164.9(C-7),163.9(C-2),160.3
(C-5), 158.0 (C-9) , 159.9 (C-4") , 137.0 (C-3) , 127.7
(C-2".C-6"),126.5(C-1),123.6(C-1"), 115.9(C-3",
C-5'),104.1(C-10),98.8(C-6),95.3(C-8) . LI F¥E
SCHR[5RE FEA— 35, MU B S IV R R

APV BGRB8 05 312~314 C
FeCl, )2 i A BH 1, HC1-Mg J2 v} BHAE . EI-MS : m/z
303.2[M+H]", 7> 2 K CsHiO:. 'H-NMR (500 MHz,
CDCly) 6 :12.09 (s, 1H, 5-OH) , 7.86 (d, J=2.5 Hz, 1H,
H-2'),7.59(dd,J=7.0.8.5 Hz, 1H,H-6"),6.90(d,J=8.5
Hz,1H,H-5'),6.43(d,J=2.4 Hz, 1H,H-8),6.18(d,J=
2.4 Hz, 1H,H-6) ., “"C-NMR (125 MHz, CDCl;)6: 176.3
(C-4),164.9(C-7),164.0(C-9),156.3(C-5),146.5(C-3",
C-4"), 1455 (C-2) , 137.0 (C-3) , 126.5 (C-1) , 123.6
(C-1'),121.2(C-6"),115.9(C-5") , 114.7(C-2") , 104.1
(C-10),98.8(C-6),95.3(C-8) . LA I Hdi 5 SCHR[6]4 &
TR WS BBV it %

APV AR FE AR, 4 55, 2564.5~256.3 °C ; FeCl,
SR B . EI-MS: m/z 269.3[M+H]*, 4+ & N
CieH.0,, 'H-NMR (500 MHz, DMSO-d;) 0 : 8.28 (s, 1H,
H-2),7.79(d,J=8.4 Hz,1H,H-5),6.91(dd,J=2.5.3.5
Hz, 1H,H-6) ,6.74(d, J=2.5 Hz, 1H,H-8) ., "“"C-NMR
(125 MHz, DMSO-d;) 0 : 174.9(C-4) ,162.8(C-7) , 159.1
(C-9),158.3(C-4"), 153.1(C-2), 130.2(C-6") , 130.1
(C-10),129.2(C-2"),125.4(C-3) , 122.8(C-1"), 115.9
(C-5),114.8(C-6), 113.1(C-3"),112.9(C-5"), 103.3
(C-8),54.7(4"-OCH,) . A I H54 5 SCHR[ 714 He A —
AV R R

& VI #6045 5, 1 5 252.8~254.6 C .,
EI-MS: m/z 285.3[M+H]", /> F 2~ CeHi:05o 'H-NMR
(500 MHz, DMSO-d;) d: 12.92 (s, 1H, 5-OH) , 10.65 (s,
1H,7-OH),7.89(d,J=8.6 Hz,2H,H-2' \H-6"),7.06(d,
J=8.9 Hz,2H,H-3' \H-5'),6.79(s,1H,H-3),6.55(d,J=
1.8 Hz, 1H,H-8),6.15(d,/J=1.8 Hz, 1H, H-6) , 3.81 (s,
3H,4’-OCH,) ., “"C-NMR (125 MHz, DMSO-d;) ¢ : 182.2
(C-4) ,163.9 (C-2) , 162.9 (C-7) , 162.5 (C-4") , 160.9
(C-5),157.8(C-9) , 127.8 (C-6") , 127.6 (C-2") , 123.4
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(C-1'),114.6(C-5"), 114.3(C-3"), 104.3(C-10) , 104.1
(C-3),99.3 (C-6) , 93.6 (C-8) , 55.5 (4’ -OCH,) , 55.5
(C-11)o LA FHHE 5 SCHR[B 1R BaA — B, MU e A
YIVIEA RIRL B 2R

APV 4 L85 Al PR A, 44 25 198.56~201.1 *C.,
EI-MS: m/z 155.3[M+H]", 43 F 2L~ C:H:O,. 'H-NMR
(500 MHz, DMSO-d;) § : 7.31 (d, J=2.0 Hz, 1H, H-2) ,
7.26 (d, J=8.4 Hz, 1H, H-6) , 6.75 (d, J=8.4 Hz, 1H,
H-5) . "“C-NMR (125 MHz, DMSO-d;) § : 169.8
(-COOH) , 150.5(C-4),147.9(C-3) , 124.1(C-6) , 122.2
(C-1),116.7(C-2),115.2(C-5) . LA b %k 5 3CHik[9]4H
TE S S, W e e B IR S5 LS TR

A IX : bF B R A, M a5 171.2~175.1 C .
EI-MS: m/z 523.6[M+H]", 431} C2Hx01:. 'H-NMR
(500 MHz, DMSO-d,)d:12.93(s, 1H,8'-COOH) ,9.23(s,
1H, 4-OH) , 8.65 (s, 2H, 3’-OH.4'-OH) , 7.54(d, J=1.6
Hz,1H,H-2),7.42(d,J=15.9 Hz,1H,H-7),7.29(dd,J=
8.3.9.5 Hz, 1H,H-6),6.91(d,J=8.2 Hz, 1H,H-5) , 6.62
(d,J=8.1 Hz, 1H,H-5"), 6.58 (dd,J=8.1,9.3 Hz, 1H,
H-6'),6.42(d,J=15.9 Hz, 1H,H-8),5.05~5.22(m, 1H,
H-8"),4.89 (d,J=7.2 Hz, 1H, H-1") , "C-NMR (125
MHz, DMSO-d;) § : 173.7 (C-9" ) , 168.6 (C-9) , 148.9
(C-4) , 1478 (C-7) , 146.5(C-3) , 146.3(C-3") , 145.5
(C-4"),129.4(C-1"),127.6(C-1), 123.2(C-6) , 122.2
(C-6"),117.8(C-2"),116.3(C-5), 115.4(C-2) , 114.6
(C-8),106.6 (C-5"), 1022 (C-1"), 79.1 (C-5") , 77.2
(C-3"),75.7(C-2"),74.7(C-8"),71.6(C-4"),60.9(C-6"),
37.9(C-7") o LA FEds 5 SCHR[10 ] 1B He A — 3%, i s e
A WIX S5k AR AT -

EW X mEAR A, 1 181.6~185.3 C; 7E5£ 4k
ST R o ¥ 8 08 o, Wk B R -o- 25 1 (Molish Jz i ) J
HCI-Mg 52 v ¥ R BHE . EI-MS : m/z 465.2[M+H]", 43T
A A CoHwOno 'H-NMR (500 MHz, DMSO-d;) 6 : 12.66
(s,1H,5-OH),7.56(dd,/=8.4.9.5 Hz, 1H,H-2") , 7.51
(d,J=2.4 Hz,1H,H-6"),6.88(d,J=8.8 Hz, 1H,H-3"),
6.38 (d, J/=2.0 Hz, 1H, H-8) , 6.18 (d, J=2.0 Hz, 1H,
H-6) , 5.49 (d, J=7.1 Hz, 1H, Gle-1) , “C-NMR (125
MHz,DMSO-d;)6:177.4(C-4),164.6(C-7),161.4(C-5),
156.3 (C-2) , 155.9(C-9) , 148.9 (C-4") , 144.5(C-3") ,
133.1(C-3),121.8(C-6"),120.9(C-1"), 116.6 (C-5") ,
115.4(C-2"),104.2(C-10), 100.5(Glc-1") , 98.8 (C-6) ,
93.7(C-8), 77.8(Glc-3") , 76.8 (Gle-5") , 74.3 (Gle-2") ,
70.4(Gle-4"),60.6(Gle-6") o A b KU 15 STk 11]45 18 5k
A, B ALY X R 3R -3-0-B-D- N IR 7 %
Wi

AP X B AR (I EE) , Molish 2 & HC1-Mg
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3R BAPE . EI-MS: m/z 479.4[M+H]", 43 T30
C»H»01,. 'H-NMR(500 MHz,DMSO-d:)d:12.40(s, 1H,
5-OH),7.69(s,1H,H-2"),7.60(d,J=7.6 Hz,1H,H-6'),
6.93(d,J=7.6 Hz, 1H,H-5") ,6.47(s, 1H,H-8) ,6.11 (s,
1H, H-6) , 5.52 (d, J=7.2 Hz, 1H, H-1") , 3.85 (s, 3H,
3"-OCH3) ., "“C-NMR (125 MHz, DMSO-d;) § : 178.2
(C-4) , 164.9 (C-7) , 161.8 (C-5) , 156.8 (C-2) , 156.2
(C-9),150.3(C-4"), 133.6 (C-3),147.1(C-3"), 122.6
(C-1'),121.9(C-6"),115.4(C-5"), 113.7(C-2") , 103.5
(C-10),101.1(C-1"),99.3(C-6),94.4(C-8),78.2(C-5"),
76.5(C-3"),74.5(C-2"),70.4(C-4") ,61.4(C-6") ,56.5
(3'-OCH,) . LA F2ds 5 SCHR[12] 4 8 He A — 3, B e
G X R S5 BR25 £ -3-0-p-D- ML i A5 A5 B

AN B A s EL-MS :m/z 271 2[M+H], 3T
Ak CyH1,0,, 'H-NMR (500 MHz,CDCl,)0:3.38(s, 3H,
H-1),2.25(t,J=4.8 Hz,2H,H-2), 1.24~1.62(brs, 26H,
H-15.H-14 ,H-13,H-12 H-10,H-8 ,H-6 . H-3) , 0.86 (s,
3H,H-16) ., "C-NMR (125 MHz,CDCl;)d:173.6(C-1),
51.3(C-1"),33.7(C-2"),31.4(C-14),29.3(C-7) , 29.2
(C-13),29.1(C-6),28.9(C-12),28.8(C-5),28.5(C-4),
24.3(C-3),22.3(C-15),13.5(C-16) . LA k% ¥ 5 X
FR[13 — 144 18 LA — 2, 0% 16 A 0 XILA A i
FTE -

A PXI: TG A, 6 45 98.6~101.2 °C; RNl
R4 R W N BHE . EI-MS: m/z 271.3[M+H]", 7 T2k
C::H.,0,, 'H-NMR (500 MHz, CDCl;)§: 7.81(d, J=9.6
Hz,1H,H-4),7.64(d,/=2.0 Hz, 1H,H-2'),7.36(s, 1H,
H-5),6.72(d,J=2.0 Hz, 1H,H-3") , 6.32(d,J=9.6 Hz,
1H,H-3),5.56(t,J=7.2 Hz, 1H,H-2") ,4.98(d, J=17.2
Hz, 1H, H-1"),1.70 (s, 1H, H-5") , 1.66 (s, 1H, H-4") ,
“C-NMR (125 MHz, CDCl;)6: 159.9(C-2) , 146.9(C-7) ,
145.8 (C-2') , 139.1 (C-3") , 138.2(C-4) , 130.9 (C-8) ,
125.6(C-6),119.2(C-2"),113.7(C-3),113.1(C-5),112.4
(C-1),106.1 (C-3") , 69.8 (C-1") , 25.2 (C-4") , 17.3
(C-5") . A F%eds 5 k15438 S A — 2k, #s e ik
GYIXINBRTEA R

a1 ~XNZ5 W 1.

4 FEMEFEM

A SCHRIR Y RR B R P38 MR &R SRR
FIRREE R LR (RRATEH 3R 55 7 Fh s A —E iR
WA AR 6 Rk G iz E A S i oy, IE R
DL S A RS PR T, AR RS AN B R X
G, VIR BREL A TR LS R T304, LA R & FE% 2y
Tl R 2 AR OB 11 I 98 Sy B o) B2 90 A T B o
FLRBERAEINT 4 B IR/ BB AIL 43> 0304 | B 1 %
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HE L AR XS R4, H A 41/ B4 2k F AL &4 T
(RBRZE) VOFEE) VW) V(R |
VIRl 2 2 ) VINCOELAS AR ) W XITCRRFTEH 22) #E4 78 0%
S AR 10 H o WA AT B X RE AL/ R4 AR
257 0.12 g/kg (Y1) 0.3% ¥ F IL LT Y R BN WOV R
5 2 ) AR I TS B 2 SR ), B X B AL/ R
T ARG 0.39% ¥R B L 41 Ak AN, T AR
29 0.02 mL/g, B K 2K, #2:25253 do RIKZ2505 h
S B BT /N BRI 55 5 | 0 2k i, I AR 20K 0.5
mL, /NSRRI LIS AR 10 A Wik & A 1R, g
FFIC 5% 2 min P /)N B RGOV AR 99 A nz ik vk B, R
SPSS 21.0 4% B di (45 R Dk x + s FoR ) il A7 7 25
Mro KB /KiEa=0.05,

papiiloM e P T R R e R N = |
[ ATE S8 AN AT /NS IR R R NS W @
JUT B IR ) U B (P<<0.05) 5 T A3 Ak & W ¥ T B 2 4iE
K /I BRI PR R 2 /I RO ik ok R v A L (P>
0.05), 1AM, & MIRXLH A S PITEEA /I BRUZ IR AR I AR
Ul /D R KU B8 T R FH S S 3 55 T R M R (P<
0.01), W1,
5 itig
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®1 FUEHXHNREKEFRZROR B EI R0 (x £ s,
n=10)
Tab 1 Effects of these compounds on cough latency

and frequency of mice(x +s,n=10)

A WIS, s 2 min /MR
[ERapie 14.52+7.05 18424636
W4 (KREEZ) 203046277 12844474
WAl (%) 15.66+723" 1626%639"
TR (B %) 16,54 +453 17.04+525*
T4 (ERTER) 1353£520° 19524442
WAL (iR %) 15,39+ 6517 16.83 549"
T (FLRR) 1750+ 7.14* 15.66+7.23
R (WrT i Z ) 15.78£648% 17.0745.76"
PR e 3825543 7024345

T AT IRAL LR, " P<<0.05; HFRIEX IRAT LR, "P<0.01

Note: vs. negative control group, * P<<0.05; vs. positive control
group,”P<<0.01
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PRSI R MR K B N R, R R
R UTER MR R R AR R LR (BR
HIEH S T MO B W TG PR T . 255k
B3/ NZEN R s 124, ST AN AT (e VN DS S R N A
UREL, DA 5% ik Wz Wi, FT fE Shy O B 2 AR Bk R AV A 0%
PR X 5 DAEWF A — 20 A i o 554 0L B
S AR B R A T il — 2R .
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