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Study on chemical components from Hedyotis diffusa
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Abstract : The chemical constituents were separated from Hedyotis diffusa Willd by using silica gel ,Sephadex LH-20, prepara-
tive liquid chromatography and other chromatographic separation methods. The obtained compounds were identified by NMR
and MS. Thirteen compounds isolated from H. diffusa include pentadecanoic acid heptadecyl ester (1) ,stigmasterol (2),2-
hydroxy-1-methoxy-3-methylanthraquinone (3) ,7-hydroxytectoquinone (4) ,ursolic acid (5) ,oleanolic acid (6) ,2-butyl-1-
hydroxyanthra-9 ,10-quinone (7) ,betulinic acid (8) ,rutin (9) ,quercetin (10) , trans-p-hydroxycinnamic acid (11) , trans-
p-methoxycinnamic acid (12) and kaempferol (13). Compounds 1,4 and 7 were isolated from H. diffusa for the first time.
CCK-8 was used to detect the inhibitory effects of different polar sites and compounds on the proliferation of A549 cells in
vitro. The chloroform extract and ethyl acetate extract from H. diffusa both inhibited the proliferation of A549 cells, also
showed significant dose-effect relationship. When the concentrations of extract was from 25 pmol/L to 400 pwmol/L, the inhi-
bition rate of cell proliferation for the chloroform and ethyl acetate sites increased from 12. 9% ,43. 32% to 80. 49% ,
63.74% ,respectively. Ursolic acid, oleanolic acid and betulinic acid can significantly inhibit the proliferation of A549 cells
with IC,yvalues of 12.80,2.81 and 8.38 pmol/L,respectively.
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Hz,H-2),1.64(4H, m,H-14 ,H-16") ,1. 28 (50H, m,
H-2 ~H-12,H-2" ~H-15"),0.90(6H,t,J] =7.5 Hz,
H-15,H-17") ;" C NMR (150 MHz,CDCI,)§:74.3( C-
1),34.4(C-2),25.9(C-3),29.2(C4),29.7(C-5),
31.9(C-6),31.9(C-7),31.9(C-8),31.9(C9),
31.9(C-10),31.9(C-11),29.7 (C-12),28.6 ( C-
13),22.7(C-14),14.1(C-15),64.5(C-1"),29.3
(C-2"),25.0(C-3"),29.7(C4"),31.9(C-5"),31.9
(C6"),31.9(C-7"),31.9(C-8"),31.9(C9") ,31.9
(C-10"),31.9(C-11"),31.9(C-12") ,31.9(C-13") ,
29.7(C-14"),28.6(C-15"),22.7(C-16") ,14. 1 (C-
17'),174.3(C00) . L) | ¥# 5 ek’ i s A —
R E Y 1 LR

wEW 2 [k Sy mp. 170 ~ 175 C; ESI-
MS:m/z413 [M+H]*;'"H NMR (600 MHz,CDCI,)
5:5.35(1H,dd,J =9.8,5.3 Hz,H-6),5. 14(1H,d,
J =6.6 Hz,H22),5.03(1H,d,J =6.6 Hz,H-23),
3.52(1H,m,H-3),1.01(3H,s,H-19),0.93(6H,d,
J =6.9 Hz,H-26,27),0.90(3H,d,J =6.6 Hz, H-
29),0.82(3H,d,J =6.8 Hz,H-21),0.68(3H,s,H-
18) ;" C NMR (150 MHz,CDCl, )8:37.3(C-1),31.7
(C2),71.8(C-3),42.3(C4),140.8(C-5),121.7
(C6),28.9(C-7),31.9(C-8,C-25),50.2(C9),
36.5(C-10),21.1(C-11,C-26),39.7 (C-12) ,42.2
(C-13),56.9 (C-14),24.4 (C-15),28.3(C-16),
56.0(C-17),12.1(C-18),19.4 (C-19),40.5 ( C-
20),21.2(C-21),138.3(C-22),129.3(C-23),51.3
(C-24),14.1(C27),25.4(C-28),12.3(C29), Lk
Rl SRR R AR MO E A 2 R
T

wEW3I EOEEIRAES S mp. 280 ~281 C;
ESI-MS:m/z 269 [M + H] ";'H NMR (600 MHz,
CDCL,)5:8.29(2H, m,H-5,8),8.18(1H,d,J =8.6
Hz,H4),7.79(2H,m ,H-6,7),7.68 (1H,d, ] =7. 8
Hz,H-3) ,4.06(3H,s,0CH,) ;" C NMR (150 MHz,
CDC1,)8:146.0(C-1),153.8(C2),126.5(C-3),
127.0(C4),126.8(C-5),133.7(C-6),133.8(C-
7),134.5(C-8),182.5(C9),182.6(C-10),123.5
(C4a), 131.4 (C-8a),126.7 (C9a), 132.9 ( C-
10a),16.4 (7-CH,),62.2(8-0CH,) ., L) I %¥k#5
SCHRT™ A AR — B, MO E A 3 O 2-F0 -1 -
FH AR -3 - F R AR

HEW4 EEOHE ;mp. >300 °C;ESI-MS . m/

2269 [M+H]";"H NMR(600 MHz,CD,0D)§:8. 06
(1H,d,J =8.5 Hz,H-5),8.03(1H,d,J =8.5 Hz,
H4),7.92(1H,br s,H-1),7.68 (1H,br d,H-3),
7.47(1H,d,J =2.4 Hz,H-8),7.23 (1H,dd,J =
8.5,2.4 Hz,H-6) ,2.54(3H,s,H-11) ;" C NMR( 150
MHz,CD,0D) §:128.0(C-1),146.5(C-2),135.3
(C3),127.9(C4),130.8 (C-5),122.0(C-6),
164.3(C-7),113.4(C-8),184.2(C-9),183.5(C-10),
21.9(C-11),132.3(C4a),136.8(C-8a) ,134.6(C-9a) ,
126.8(C-10a) . DA b ¥t 5 ek i 54—k, i
KEALEY) 4 Sf T-hydroxytectoquinone

waEW S HEB A, Mp. 288 ~ 293 C; ESI-
MS:m/z479[ M + Na] " ;'H NMR (600 MHz,CDCI,)
5:11.96 (1H,s, COOH),5. 13 (1H, s, H-12) ,4. 30
(1H,d,J =4.9 Hz,0H),3.34(1H,d,J =6.3 Hz,
H-3),2.11(1H,d,J =11.3 Hz,H-18),1. 61 (2H,m,
H-2),1.24(4H,s,H-1,H-7),0.86 (1H,d,J =6.2
Hz,H-5),0.82(1H,d,J =6.4 Hz,H9) ;" C NMR
(150 MHz,CDCl,)6:36.9(C-1),24.2(C-2),77.3
(C-3),38.8(C4),55.2(C-5),18.4(C-6),33.2(C-
7),40.4(C-8),47.5(C9),28.7(C-10),23.3(C-
11),125.0(C-12),138.7(C-13) ,42.1(C-14) ,28.0
(C-15),23.7(C-16),47.3(C-17),52.8 (C-18),
38.7(C-19),39.4(C-20),30.6(C-21),36.8(C-
22),27.4(C23),16.5(C24),15.7(C-25),17.5
(C-26),23.7(C-27),178.8(C-28),17.4(C-29),
21.5(C-30) o Lh %l b Scilik > B A — 5, i
YEALEY S SRR

&6 RS s mp. >300 C; ESI-
MS.m/z 457 [M+H]*;'"H NMR (600 MHz, CDC, )
8:5.29 (1H, br s,H-12),3.21 (1H, m, H-3), 1. 27
(3H,s,H27),1.22(3H,s,H-26),1.08 (3H, s, H-
25),1.01(3H,s,H-23),0.97 (3H,s, H-24),0.91
(3H,s,H-29),0.86(3H,s,H-30);"” C NMR ( 150
MHz,CDC,)8:38.4(C-1),27.1(C2),79.0(C-3),
38.7(C4),55.2(C-5),18.3(C-6),32.6(C-7),
39.2(C-8),47.6(C-9),37.0(C-10),22.9(C-11),
122.6(C-12),143.5(C-13) ,41.6(C-14) ,27.6 ( C-
15),23.4(C-16),46.4 (C-17),41.0(C-18),45.8
(C-19),30.6(C20),33.7(C21),32.4(C-22),
28.1(C-23),(C24),15.3(C25),17.1(C-26),
25.9(C-27),181.7(C-28),33.0(C-29),23.5(C-
30) . LA %R S Scmk Y s A — 8, o e b
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G 6 JFFEURR

wEWT WAKA; mp. 290 ~ 295 °C; ESI-
MS:m/z281[M +H]";'"H NMR (600 MHz, CDCI,)
5:13.1(1H,s,H-1),8.35 ~8.26(1H,m,H4),7.83
(1H,m,H-5),7.76 (1H,m,H-6) ,7.78 (1H,d, J =
8.2 Hz,H-2),7.54(1H,d,J =8.2 Hz,H-3),2.77
(2H,t,J =7.7 Hz,H-11) ,1.71 ~1.40 (2H, m, H-
12),1.29 ~1.13(2H,m,H-13) ,0.96(3H,t,] =7. 4
Hz,H-14) ;" C NMR (150 MHz, CDCl,)8:132.5(C-
1),136.4(C-2),134.7(C-3),127.5(C4),133. 1
(C5),119.5(C-6),160.2 (C-7),126.9 (C-8),
189.1(C9),182.2(C-10),60.8 (C-11),31.9(C-
12),29.7(C-13) ,22.7(C-14) ,133.7(C4a) ,134. 8
(C-8a),134.2(C9a),126.9(C-10a) ., LI F%¥R5
SCHR A RA 2, MO E T T Ol 2-butyl-1-
hydroxyanthra-9 ,10-quinone,

wEWS8 OB A; mp 285 ~290 C; ESI-
MS:.m/z 456[ M] " ;'H NMR (500 MHz, CDCl,) §:
4.97(1H,d,J=2.5 Hz,H-19) ,4.80(1H,s, H-28),
3.56(1H,m,H-3),3.48(1H,t,] =8.2 Hz,H-16) ,
2.74(1H, m,H-17),2.66 (1H,m,H-5) ,2.23 (2H,
m,H-6),1.84 (3H,s, H29),1.25(3H,s, H26),
1.10(3H,s,H-25),1.08(3H,s,H-24) ,1.05(3H,s,
H-22),0.85 (3H, s, H23);"” C NMR ( 150 MHz,
CDCl,) 8:38.7(C-1),27.4(C2),79.04 (C-3),
40.75(C4),55.39(C-5),8.31(C-6),34.3(C-7),
38.8(C-8),50.5(C9),37.2(C-10),20.8(C-11),
25.5(C-12),38.4(C-13),42.4(C-14),29.7 ( C-
15),32.1(C-16),56.3(C-17) ,46.9(C-18) ,49. 32
(C-19),150.4(C-20),30.6 (C-21),37.0(C-22),
28.0(C-23),5.3(C-24),16.1(C-25),16.0(C-26) ,
14.7(C-27),180.9(C-28),109.6(C-29),19.3(C-
30) . LA 5 Scmk s A — 8, o e fk
G 8 N IHERRIR

wEW9 OB A; mp. 195 ~ 197 C; ESI-
MS:m/z611 [M +H] " ;'H NMR (600 MHz, DMSO-
dg)5:12.59 (5-0H) ,10.82(7-0OH) ,9.66 (4'-OH) ,
9.17(3'-0OH),7.54(1H,d,J =6.1 Hz,H-6") ,6. 82
(1H,d,J =7.8 Hz,H-5"),6.38(1H,s,H-8),6.18
(1H,s,H-6),5.07(1H,d,J =6.3 Hz,H-1"") ,4.52
(1H,s,H-1""");"” C NMR (150 MHz, DMSO-d, ) §:
156.8(C-2),133.7(C-3),177.8(C4),161.6 (C-
5),99.1(C-6),164.5(C-7),94.0(C-8),157.0( C-

9),104.4(C-10) ,121.4(C-1"),115.5(C2") ,145. 1
(C-3"),148.8(C4"),116.7(C-5"),121.6 (C-6"),
101.6(C-1""),74.5(C-2""),76.8(C-3""),68.6( C-
4'),76.3 (C5""),67.4 (C-6""),101.1 (C-1"""),
70.8(C-2"""),70.4(C-3""") ,71.0(C4""") ,68.2(C-
577),18.2(C-6""") o LA_I- Hied 5 Sciik Y il A
— B EE 9 T

wEW10  H Ak K; mp. >300 °C;ESI-MS.
m/z303 [M +H]";'"H NMR (600 MHz, CDCL,) §:
7.73(1H,d,J =2.1 Hz,H2"),7.62(1H,dd,J =
8.4,2.1 Hz,H-6") ,6.87(1H,d,J =9.6 Hz,H-5"),
6.37(1H,d,J =2.1 Hz,H-8),6.17(1H,d,J =2.0
Hz,H-6) ;" C NMR (150 MHz, CDCl,) §:148.7 ( C-
2),137.2(C-3),177.2(C4),162.4(C-5) ,99.2(C-
6),165.5(C-7),94.3(C-8),157.0(C9),104.5(C-
10),124.1(C-1"),115.9(C-2"),146.1(C-3") ,47.9
(C4"),116.2(C-5"),121.6(C-6") . i ¥ 53
Bk R A — B, M LA 10 R 2

wEW 11 16T E Bk K mp. 220 ~ 223
°C ;ESI-MS:m/z 165 [M+H] " ;'H NMR (600 MHz,
CD,0D) §:7.58 (1H,d,J =15.9 Hz, H-7),7.44
(2H,d,J =8.8 Hz,H2,H-6),6.80(2H,d,J =8.8
Hz,H-3,H-5),6.26 (1H,d,J =15.9 Hz,H-8);"C
NMR (150 MHz,CD,0D)6:127.2(C-1),116.7(C-2,
6),115.5(C-3,5),161.1(C4),146.6(C-7),131.0
(C-8),171.0(C9) o LA I Hodhs 530k ™ 3t #e A
— BB RS Y 11 S S R R R .

wEW 12 [{EJeE AR mp. 175 ~ 180
°C;ESI-MS:m/z 179 [M+H] *;'H NMR (600 MHz,
CDCL,)6:7.78(1H,d,J =15.9 Hz,H-7),7.54(2H,
d,J =8.7 Hz,H2, H6),6.94(2H,d,/ =8.7 Hgz,
H-3,H-5),6.36 (1H,d,J =159 Hz, H-8),3.52
(3H,s,0CH;) ;" C NMR (150 MHz, CDCl,)8:126.9
(C-1),114.7(C-2,6),114.5(C-3,5),161.8(C4),
146.8 (C-7),130.2(C-8),172.1(C9),55.5 (4-
OCH,) o D b s 5 SCik i s Bt > ARAT , 5 1k
A 12 g A H AR SR NS .

& 13 WK K ; mp. 280 ~ 282 °C ; ESI-
MS.m/z287 [M+H]*;'"H NMR (600 MHz, CDCI,)
5:8.08(2H,d,J=9.0 Hz,H2' ,H-6") ,6.90(2H,d,
J=9.0 Hz,H-3',H-5") ,6.39(1H,d,J =2.1 Hz, H-
8),6.17(1H,d,J =2.1 Hz, H-6);"” C NMR (150
MHz,CDCI,)8:148.0(C-2),137.1(C-3),177. 4( C-
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4),162.5(C-5),99.2(C-6),165.6(C-7),94.4( C-
8),158.3(C9),104.5(C-10),123.7(C-1"),115.9
(C2'),116.3(C-3",5'),160.6 (C4"),130.6 ( C-

&1

Chemical structures of compounds 1-13

Fig. 1

2.2 fRSMBRIEE MK
2.2.1 it E&E RBP4 T AS49 2m i 38 54
I AR R

25 251EH] 24 hjE SR ] CCKS8 Al (46 g 7
TR ERAL N LR CTRFRALXT AS49 2 a3 5 (1) 5%
M (BT A B 2 % R ) S5 SR L 1, 25 R, &

: 2
OH
@ 3 2 0 3 9 ho,8 1
y " LA i 9 02
§ HO 7890HH3CO 7 9 OH N
5 6 5 6 8 570

6') o LA B S SCHkHOE Bl T AEAE, S G
P13 iz
EW 1 ~13 45 LA 1,

(0]
O OCH
27 3 8
8 8all 9a l1 on HO & 58
6 5 10a] 4ay 3 CHs ® groa]l 4ay
(0]
(0]
3 4
8aJlog lg 11 13
! 2 12

. X _OH
5
e
OH
OH O
1 12 13

wEW1~13 ML

PEBA B TR L BEFRA 6T AS49 21 A BH & iy
HIVER, HAAERAOC R, H 1C,, {4518 150.73
243.70 pg/mL, MSZHHEE M 25 wmol/L T+ Z 400
pmol/ L, G4/ Al £, 1% £ T 6 A5 Xt A549 (1 241 it
AGE N4 N 12. 9% 43.32% 155 80.49%
63.74% .

® 1 AEEESREREMN AS49 MEEIAIHIE (x £5,n =6)
Table 1  Effect of different polarity sites of H. diffusa on A549 cell proliferation(x +s,n=6)
R R % ‘
4151 Inhibition rates at different concentrations( % ) ICsp
Group (pg/mL)
12.5 pg/mL 25 pwg/mL 50 pg/mL 100 pg/mL 200 pg/mL 400 pg/mL
AN A - 12.94+£0.92  14.51 £0.50** 23.58 +2.11  63.19+3.70 80.49 +1.86* 150.73 +9.78* *
Chloroform extract
LR LRI 0.61 £0.14~ 3.32+£0.50"* 12.31 =1.12 25.15+1.29  50.90 £2.17 63.74+2.68  243.70 +13.83 " *
Ethyl acetate extract
Jm%ﬂ . 2.15£0.53 11.41+1.14  20.33 £1.66 40.89 +£1.64 50.85+2.57 61.50+3.03  203.60 +22.04
Cisplatin
T S, * P <0.05, " P <0.01,
Note : Compared with cisplatin, * P <0.05, * * P <0.01.
2.2.2 @fesed FRARACA AT ASA9 miedga i
A% ) A H12€ 2 S5 R LA 45 251 24 h )=, 8
2.2.2.1  HURALE YIRS ASA9 AN GGG E B SFHICRIR L VMR RR X AS49 2N A B A
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il FH M B 226 AS49 240 B e ol 1= P A58, T G A

S YIxs AS49 4 JC W 2 B Hm A A o

R2ALAWIT AS49 WBREGHITEIHIE (x 25,0 =6)
Table 2 Effect of compounds on A549 cell proliferation(x +s,n=6)

e

4151 e Bt il

Group Cumol/L) 0D value Tnhibitory rate( % )
25 (% HR4] Control - 1.35£0.09 0.00
HEHLER Ursolic acid 100 0.13 £0.01 90.70 £0.01
FI R Oleanolic acid 100 0.12 +0.01 91.33 +0.01
NS R Betulinic acid 100 0.16 £0.02* 88.23 +0.02
iz 2 Quercetin 100 1.06 +0.03 * 20.84 £0.03
2 RN R A EERR trans-p-Hydroxycinnamic acid 100 1.19+0.03 "~ 11.91 +0.03
AR N R 100 1.19£0.03* 11.51 £0.01

trans-p-Methoxycinnamic acid

A AXT IR, * P<0.05, " " P <0.01,
Note : Compared with control, * P <0.05, " * P <0.01.

2.2.2.2  FRALAYINT AS49 20 A G AE
SIS AR LR I MENS R | RE LR | ST LR IR AN
BEAXT AS49 41 g & 7~ H %55 10 40 i d1 , HAFAE

—REM RO AR, L 1C, {5 51 13. 85,12, 81,
8.38 pmol/L Tfij FHEZIEIXT A549 4L 1Cs, (H
1734 wmol/L, 25 B WK 3,

%3 AL SYIT AS49 MHBAMETEINEIZ (v £ 5,0 =6)

Table 3  Effect of monomeric compounds on A549 cell proliferation(; +5,n=06)

R T % ‘
Eivll Inhibition rates at different concentrations( % ) 1Cs
Group (umol/L)
1 pmol/L 4 pmol/L 8 wmol/L 12 pmol/L 16 pmol/L 20 pmol/L
kI fis
Eﬁk}.ﬂa@( . 8.28 £0.62 " 13.83 £1.07 28.88+1.86 32.57+£2.05"" 67.58 +£1.88" 68.19+2.60"* 13.85+0.39
Betulinic acid
EB%M . 33.45+2.85 35.06 £2.80 36.62 +4.77 44.18 £4.21 50.12 +£2.75 68.45+4.24 12.81 £3.45
Ursolic acid
}tﬂ%& . 8.84 +2.33 36.90 £4.09 43.62 +4.99 48.35+4.57 73.08 +4.11 76.43 £5.99 8.38£0.92" "
Oleanolic acid
Il
Jé}\ﬁ;i G 23.62 +£4.05 25.54 £2.77 45.82 +4.50 47.56 £7.28 51.17 +4.60 48.73 £5.03 17.34 £10.72
isplatin

TE: 54U, * P <0.05, * " P<0.01,
Note : Compared with cisplatin, * P <0.05, * * P <0.01.

3 iwEER

ARSI R B T AT HAL N LR LR
AL AT T B R G B R8T 13 A
&, KAk &%)+ iz + L Bk . 7-hydroxytecto-
quinone . 2-butyl-1-hydroxyanthra-9 , 10-quinone B ¥X
MIZAEY) h B85 . Ead CCK8 S ta il 1 AL
g AN TR AR A (5 ML AR AL & X AS49 4R i G
FEAMTRIVE S, S5 R R, P A T w5 AR A L TR
CPEFRALARAT AR 41 ) AS49 240 i 18 B ) 1 T
HA W 5500 800 G 2 o F AR IE T AN [m] B
FRALRT ASA9 20 Jif 14 5 14 52 i S5 AR AR L, 24 259
W SEIRF] 200 pg/mL i, LS5 2 B BCR G T
B, M2 B I B 400 pg/mL I, S 475 A U AN

LR ORI BRI TS o Fh AT DA 2
FAEIE T A R CBRER AL =B AS49 4
LR P AL, 3 T A R AL S 0 B P s ) B
Fro B AL A PIXT ASA9 20 it 300 284 5 1% e 7 ke 52
55, R I AMERR TR FFHICR RN AR SR IR AT R VR FE T
XF AS49 20 ML ATRGF A IV ] o AR 19 A 5 3
SRR BE A 245 v B 1, 0+ 6 3 G K, 3R #) 16
~20 pmol/L IR TR E . FERMRAE 1 ~8 pwmol/
L 50 R A ) R AT R 1T i B W R G A ) R
BAA 355 20 wmol/ L B 2435 5 68. 45% , 7E 1
~20 pmol/ L ¥k FEFE I , 5 PR XS BRI HAAH L,
FHERRRRFEH B4 16 wmol/L 120 wmol/L B fry 417
il 2L 5 U 5 AR SRR 1) Wk BB 2 16 pumol/L Ji5
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AR T 5 FFCRIRAE 4 ~ 12 wmol/L i 411
AR BRUEAAR 2, B 12 mol/ L iif 1) ) < 210y T
IR . AR LATE BT 5T b R B AL Mg 7 B AR pls 2
RS IR B SE 2B SR O U A
BN PUMRR T RBCR SALHI O TE 2ok EAE
W T R PR R AR W T AS [ e A e A
PROMIUIRIME > o A S0 2 SR 11 A 0 7 4
g % P S R I 5 SR A AR
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