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FHE: N RS & ¥ (Hedyotis diffusa) 2250, RARERAE G, 4 HPLC RS 7k, M Efeie & S A H 1) 70%
AR oy 5453 9 MEEYD o AR IR K S SO, G500 Bs e GEEE (1), B HEE (2) rubiadin
() 2,6- FRIE-1-HEIRLETR 4). p-BEIF-3-0-p-D-HEHET (5) MELRR (6). WREy (7). WK E (8)F 2-F2dk-3-H
EIE-T-FR LB (9). A4 LS EAT IR ALY Fr.4 Fr.4-2 X Fr.4-4 i 7 BAT B SRR AT T 5 A B Ishikawa
AHRIEYE, L ICso {45l 52.8+ 78.1 A1 27.5 ug/mL.
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Chemical Constituents from Hedyotis diffusa Willd.

. . . . o . *
YU Liang!?, YANG Shuai'?, HUANG Zhugang?, LIU Yong?, JIANG Haiqiang?, LU Qingtao?
(1. Shandong Provincial Key Laboratory of Chemical Drugs, Shandong Academy of Pharmaceutical Sciences, Ji’nan 250101, China; 2. School of Pharmacy,

Shandong University of Traditional Chinese Medicine, Ji’'nan 250355, China)

Abstract: To understand the chemical composition of Hedyotis diffusa, nine compounds were isolated from the
70% ethanol extract by column chromatography on silica gel and preparative high-performance liquid chromato-
graphy. Based on physicochemical properties and spectral data, their structures were identified as stigmasterol (1),
[-sitosterol (2), rubiadin (3), 2,6-dihydroxy-1-methoxyanthraquinone (4), S-sitosterol-3-O-f-D-glucoside (5), p-
coumaric acid (6), kaempferol (7), quercetin (8) and 2-hydroxy-3-methoxy-7-methylanthraquinone (9). Compound 4
was a new compound. The Fr.4, Fr.4-2 and Fr.4-4 fractions in chloroform extract had strong activity against
human endometrial carcinoma Ishikawa cells in vitro, with 1Cso of 52.8, 78.1 and 27.5 ug/mL, respectively.

Key words: Hedyotis diffusa, Chemical constituent; 2,6-dihydroxy-1-methoxyanthraquinone; Anti-endometrial

cancer activity
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Fig. 1 Structures of compounds 1-9

20120730, 20130201), £l H R 25 K2z 2% e
U = 2R I AT 4 58 o o HUR HL L I 1 A e o
(Hedyotis diffusa)lf] T /545,
1.2 B AR

Bruker AM-400/600 Y fZ G L3R (42 [ Bruker
A7l); Q Exactive™ZH A PUFL AT Orbitrap Jii HE4%
(R H ZEER KRB A |]) s RS SAL(XRC-1,
PUNIRZERMY ) A S RERE (100~2004 200~300
H, & S TAHIR AR @i G4 (1200,
2% [H 2416 A 7)); Eclipse XDB-C g 15 Z0BUAH 1 4%
FE(5 um, 9.4 mmx250 mm, EEZHHLAF]);
PEHL(AZL-600Y , 7Kk HETH LR A48 A BR A F);
EYELA Jie#% 25 RAX(H A R 5 B A 2 ik N2 ),
Z DReRE bR (3EE MD Spectra M5) . £ 7H ik & 477 <
LR OEE. & Wb WEE. RS RN N
Hradi.
1.3 BRI 5

TR FAE R B 258 15 kg, Wi, 70% B 0]
MAEH 3 (M5 B E=1:7), BIX 1.5h.
g ORI B0 EUTIE, IR

HO. O.
o O | OH

FMi CRRCBRAERL, WK, WIXIGENRE 8.
75 F192 g,

AT AALIRE , DL & H b H E¥=300:0.300:
1. 60:1. 30:1. 15:1. 3:1. O:1 BREEVERL, 1587 4
o (Fr.1~Fr.7). Fr.3 i 5y LA e LR £ FE=60:1,
30:1, 9:1, 3:1, 1:1, 1:3 BREEYENL, 15 2] Fr.3-1~Fr.3-4
Wore Fr3-2 M THRNER G, Uoa
Fok: PN Bi=4:1 it , 73 2A9 1 (10 mg) AL &9 2
(11 mg). Fr.4 s Uoq ik 18 L BE=60:1. 30:1.
15:15 8:1+ 4:1+ 2:1+ 1:1. 0:1 BREEVLEE, 53] Fr.4-1~
Fr4-4 Jii5r. HU Frd-2 Wt s ayiE, A
R, BRAY 3 (11 me)TRshAH A H
fi£:7/K=70:30~100:0). Fr.5 Jit 7 LA i TE: 218 Z.Big=
100:0. 100:1. 50:1. 30:1. 10:1. 3:1 BEEEVER, 15
B Fr.5-1~Fr.5-6 Jii9r. Fr.5-3 s> LA ifk: O FR 2
Fig=30:1. 20:1. 15:1. 10:1. 8:1. 5:1. 3:1 BEEEBEM
£33 Fr.5-3-1~Fr.5-3-4 Jii 5 o Fr.5-3-3 Vo0 B A &L
WAHH RN : LG 7K=35:65), 152 EY) 4
(11 mg).

MR CRERAR R, LA S e B (150:1~
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LD HEAT 0 et , 83 Frl~Fr.5 3% 7 M. B
Fr.3 sy, DA G b FRE(45:1~1:1) AT 73 2l i,
53] Fr.3.1~Fr.3.7 o FAL &4 5 (16 mg). Fr.3.2.
Fr.3.3 M1 Fr.3.5 /3% Sephadex LH-20 #ECHE (4t
e 25 34 &4 6 (10 mg)- 7 (24 mg)F1 8 (22 mg).

B B AR S, DL b B (99:1~9:1)
HHATERFE TR, 153] A~E 3£ 5 M4y . D a4 &
SR R R % 43 B A e IR R A B, EELAS A,

BRELEY 9 (7T mg).
1.4 GH%EsE
wEM1 TR IRGS S, 10%6RR- 2.1 5

N 41 {8, Liebermann-Burchard < W 2 1%
UHPLC-QE/MS/MS m/z: 41338 [M + H]"; m.p:
147 ‘C~149 “C; 'H NMR (400 MHz, CDCl;+DMSO):
5 0.70. 0.80, 0.82, 0.85, 1.01, 1.02 (6CH3), 3.51 (m,
H-3), 5.35 (d,J=5.2 Hz, H-6), 5.00 (dd, J=15.2, 8.8 Hz,
H-23), 5.15 (dd, J = 15.2, 8.8 Hz, H-22); '*C NMR
(100 MHz, CDCl:+DMSO0): 6 37.30 (C-1), 31.66 (C-
2), 71.62 (C-3), 42.32 (C-4), 140.94 (C-5), 121.54 (C-
6), 31.87 (C-7), 31.91 (C-8), 50.18 (C-9), 36.54 (C-
10), 21.07 (C-11), 39.70 (C-12), 42.23 (C-13), 56.88
(C-14), 2436 (C-15), 28.90 (C-16), 55.97 (C-17),
12.05 (C-18), 19.41 (C-19), 40.47 (C-20), 21.21 (C-
21), 13831 (C-22), 129.28 (C-23), 51.23 (C-24),
31.90 (C-25), 18.99 (C-26), 21.21 (C-27), 25.39 (C-
28), 12.24 (C-29). LAl iE%d 5 SCik[4]#0E —
#;, TN .

B2 EERIRG A, mp: 140 'C~142 C.
10%MR R - £ T 2 B N SR 42, Liebermann-Burchard
S v 2B . UHPLC-QE/MS/MS m/z: 415.41 [M +
H]*; 'H NMR (600 MHz, CDCL)" 4 6 /> F 35 Buig
Z5(5:0.68. 0.80. 0.85. 0.92. 0.93 1 0.98); 1*C
NMR (100 MHz, CDCL3)H 4 29 /M i isc i,
H7E 6: 11.83. 11.98. 18.74. 19.00. 19.40 1 20.00
A 6 NHEBIR g . 200, EhEmS B
S 0] BRI R R R T S, FTRIR- OB R,
HREE—H, HE p-HEEAESEEE, 1BM
AN DA s 5 SRS E — B, e
B3 S

WEY 3 FHOEDIRG S, FEREEREIT,
S E 5 W4 A, Borntrager’s W PAYE. mp: 249 C~
250 “C; UHPLC-QE/MS/MS m/z: 255.07 [M + HJ";
'H NMR (DMSO-ds, 400 MHz): 6 7.25 (1H, s, H-4),

8.14 (1H, d, J = 7.2 Hz, H-5), 7.90 (2H, m, H-6, 7),
8.21 (1H, d, J= 7.2 Hz, H-8), 2.08 (3H, s, CH3), 13.16
(1H, s, 1-OH), 11.36 (1H, s, 3-OH); '3*C NMR (DMSO-
ds, 100 MHz): 6 8.57 (-CH3), 108.25 (C-4), 109.20 (C-
9a), 117.73 (C-2), 126.82 (C-8), 127.17 (C-5), 132.26
(C-8a), 133.42 (C-10a), 133.65 (C-4a), 134.82 (C-7),
135.02 (C-6), 162.97 (C-3), 164.08 (C-1), 182.47 (C-
10), 186.40 (C-9). LA i 14 5 SCilik[6]4ikiE — 3,
K 58 9 FH 2R 7 7 B3R (rubiadin) .

& 4 ORGSR, EREERETT,
R E 5 A, Borntrager’s N FHPE, AICI; [ M 2
FA1E . UHPLC-QE/MS/MS m/z: 271.06 [M + H]"; m.p:
301 C~303 ‘C; '"H NMR (600 MHz, DMSO-ds): 6
10.87 (1H, s, 2-OH), 10.75 (1H, s, 6-OH), 8.02 (1H, d,
J = 8.4 Hz, H-8), 7.89 (1H, d, J = 8.4 Hz, H-4), 7.42
(1H, d, J = 2.4 Hz, H-5), 7.28 (1H, d, J = 8.4 Hz, H-3),
7.20 (1H, dd, J = 8.4, 2.4 Hz, H-7), 3.81 (3H, s,
-OCH3); *C NMR (150 MHz, DMSO-ds): 6 181.76
(C-10), 181.24 (C-9), 162.71 (C-6), 158.24 (C-2),
147.79 (C-1), 134.78 (C-10a), 129.81 (C-8), 126.92
(C-9a), 126.85 (C-8a), 126.05 (C-4a), 125.09 (C-4),
121.39 (C-7), 121.01 (C-3), 111.57 (C-5), 60.69
(-OCH3). 3C NMR i##1 DEPT i XL A 4 H
15 AN R Hodr 1 AN 3E(CH3), 0 /N FF 2 (CH),
5 MR HFE(CH) R 9 ANZEAR(C) . PC NMR #EH 110~
185 ppm [H] 14 Mk 2 BB BEAZ i fk 22 A #1), H
2 ANERIERR A4 AT F 181,76 1 181.24; 'TH NMR
e, BRI 34, 43508 2 4~-OH (AL
LRSS 0N 10.87 F110.75) 1 AN-OCH; (A 1k
FAIF% N 3.806). REEERZ B 1A (6: 7.195, 1H,
dd, J=8.4,2.4 Ho) 3445 N 4 Eig, BARHZ LA
58 AN T3 — M T Ar & 53 0 A R G RS, 55
A HEECN 8.4 Hz 0 H G 44, #H 2 X H
RETFARA, X5 "H-"H COSY BEAMI & . P HE K
H R B2 A IR (A 0 AL o, B-H Z ARG
BRI A2 (C )N 2 A o-H A1 1A B-H 2 T8 1
MG HIL &Y AICL N2 FI R %0, 254k
WA a-By s, DRI nTHERT H 258 H-OCHs R REAL
FRHZI 1 67, BHZ E 2 AR R BEN-OH, %
—-OH HAEAE 6 hrok 7 A7 L, RIZEH Hae A 2
TR 2 METRE. B HMBC 1845350, fL2EAifs
181.24 fBFEER N 55HZ H-8 (0: 8.02, d, J = 8.4 Hz)
AImBEMERFR, Ul R IR (C-9) 5 AR
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-OCH; B HARIT s 71— A Fe R 181.76 kI
(C-10) 5 8% H-4 (5: 7.89, d, J = 8.4 Hz)Hl H-5 (o
7.42,d,J =24 Hz) 3 B &0 R, R
FWR(C-10) 5 8% C 3 BRI 4RI, Mk
% b6 Ar ) R RN R B EE-OH ., 42
AR 2 PRI 1R, H 5. 7. S AHIBETE
5 HSQC W) & . W% e N 2,6- — 52 2k-1- AL
FR(F 3, & 1),

e 5 AR, 10%mR- LRGN
2470, Molish 23 5 B P . UHPLC-QE/MS/MS m/z:
577.45 [M + H]"; '"H NMR (400 MHz, DMSO-de): 6
0.66 (3H, s, Cis-H), 1.23 (3H, d, J = 3.6 Hz, Cy1-H),
1.15 (3H, s, Cio-H), 0.96 (3H, s, Cas-H), 0.91 (3H, s,
Cao-H), 0.82 (3H, s, Ca7-H), 4.42 (H, t, J=5.6 Hz, Cq-
H), 5.33 (H, d, J= 5.6 Hz, C;-H). '*C NMR (100 MHz,
DMSO-de): 6 141.11 (C-5), 121.64 (C-6), 101.32 (C-

0 OCH,

1H,d,J=24Hz

1H,d, /=84 Hz
1H,d,/=24Hz 1H,d, /=84 Hz 1H,d, /=84 Hz IH, d,J=8.4Hz
0 O
&2 L& 4 FTRER) 2 FhEE ) S HBEIA b H R & 15 150
Fig. 2 Case of two possible structures of compound 4 and its coupling of H on the quinone ring
H C HMBC
=  H-HCOSY
K 3 i1 4 45K, HMBC f COSY #56
Fig. 3 Structure, HMBC and COSY of compound 4
1 ALEY 4 R RELIRBOE HE
Table 1 NMR data of the isolated compound 4
No. dc on 'H-'H COSY HMBC
1 147.79 - - H-3, -OCHj;
2 158.24 10.87 (1H, s, 2-OH) - H-3,H-4
3 121.01 7.28 (1H, d, J = 8.4 Hz, H-3) H-4 -
4 125.09 7.89 (1H, d, J= 8.4 Hz, H-4) H-3 -
4a 126.05 - - H-3
5 111.57 7.42 (1H, d, J=2.4 Hz, H-5) H-7 H-7
6 162.71 10.75 (1H, s, 6-OH) - H-5,H-7, H-8
7 121.39 7.20 (1H, dd, J=8.4, 2.4 Hz, H-7) H-8 H-5
8 129.81 8.02 (1H, d, J= 8.4 Hz, H-8) H-7 -
8a 126.85 - - H-5, H-7
9 181.24 - - H-8
9a 126.92 - - H-4
10 181.76 - - H-4, H-5
10a 134.78 - - H-8
11 60.69 3.81 (3H, s, -OCHj3) - -
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1), 77.45 (C-3), 77.26 (C-2"), 77.21 (C-5"), 73.94 (C-
2"), 70.57 (C-4"), 61.58 (C-6"), 56.67 (C-14), 55.94 (C-
17), 50.10 (C-9), 45.85 (C-24), 42.34 (C-13), 39.61
(C-12), 38.81 (C-4), 37.32 (C-1), 36.69 (C-10), 35.98
(C-20), 33.85 (C-22), 31.90 (C-7), 31.86 (C-8), 29.75
(C-2),29.21 (C-25), 28.27 (C-16), 25.97 (C-23), 25.34
(C-15), 23.10 (C-28), 21.09 (C-11), 19.57 (C-27),
19.42 (C-26), 19.33 (C-19), 19.09 (C-21), 12.31 (C-
29), 12.14 (C-18). VL byl 5 SRR [8] 4 A
—3, WM B S BE-3-O-B-D-H 4 B (B-sito-
sterol-3-O-f-D-glucoside).

EY 6 H kA, UHPLC-QE/MS/MS
m/z: 165.05 [M + H]"; 'H NMR (400 MHz, DMSO-
de): 7.53 (1H, d, J= 16 Hz, f-H), 7.50 (2H, d, J = 8§ Hz,
2,6-H), 6.80 (2H, d, J = 8Hz, 3,5-H), 6.31 (1H, d, J =
16 Hz, a-H). '>C NMR (100 MHz, DMSO-de): J 168.43
(C=0), 160.05 (C-4), 144.56 (C-p), 130.52 (C-3, 5),
125.75 (C-1), 116.21 (C-2, 6), 115.89 (C-a). A3k
TR 5 SCER[91kiE — B, MO NN TR .

e 7 B R (), mp: 274 C~
275 °C, HCI-Mg [ 3 A BH M, ZrCly [N N BH T, n
FrE IR 5 B ik 0 48 255 UHPLC-QE/MS/MS m/z:
287.06 [M + H]"; '"H NMR (600 MHz, DMSO-dg): 6
12.48 (1H, s, 5-OH), 10.78 (1H, s, 3-OH), 10.12 (1H,
s, 7-OH), 8.05 (2H, d, J = 8.4 Hz, Cy¢-H), 6.92 (2H,
d, J=8.4 Hz, Cys-H), 6.44 (1H, d, J = 1.8 Hz, Cs-H),
6.19 (1H, d, J= 1.8 Hz, C¢-H). 'C NMR (150 MHz,
DMSO-de): 6 176.14 (C-4), 164.12 (C-7), 160.95 (C-
9), 156.41 (C-5), 147.04 (C-2), 135.91 (C-3), 129.75
(C-2', 6), 121.91 (C-1"), 159.41 (C-4"), 115.68 (C-3',
5%, 103.28 (C-10), 98.44 (C-6), 93.72 (C-8). AL
TR 5 SCHR[ 10RO B AR — B, #s e Nl = .

e 8 K R(FEE), HCI-Mg &MNH
FEE, ZrCly B ABAME, IR BR fa o (i 4 4
2#:; UHPLC-QE/MS/MS m/z: 303.05 [M + H]"; 'H
NMR (600 MHz, DMSO-ds): 6 12.49 (1H, s, 5-OH),
10.78 (1H, s, 3-OH), 9.59 (1H, s, 7-OH), 7.67 (1H, d,
J=1.8 Hz, H-2'), 7.53 (1H, dd, J = 1.8, 8.4 Hz, H-6"),
6.87 (1H, d, J = 8.4 Hz, H-5'), 6.40 (1H, d, J= 1.8 Hz,
H-8), 6.18(1H, d, J = 1.8 Hz, H-6); >*C NMR (150 MHz,
DMSO-de): 6 176.03 (C-4), 164.06 (C-7), 160.91 (C-
9), 156.31 (C-5), 147.89 (C-4'), 146.98 (C-2), 145.24
(C-3"), 135.92 (C-3), 122.13 (C-1"), 120.15 (C-6"),

115.78 (C-5"), 115.23 (C-2"), 103.19 (C-10), 98.36 (C-
6), 93.53 (C-8). LA Fykil#s 5 SCik[10]4RiE H A
—E, WS E MR

&Y 9 EEENIRSS &, UHPLC-QE/MS/
MS m/z: 269.06 [M + H]"; 'H NMR (CDCls, 600 MHz):
58.19 (1H, d, J= 7.8 Hz, H-8), 8.08 (1H, d, J= 1.4 Hz,
H-5), 7.79 (1H, s, H-4), 7.76 (1H, s, H-1), 7.58 (1H, d,
J =172 Hz, H-7), 4.11 (3H, s, OMe-3), 2.54 (3H, s,
Me-7); 3C NMR (CDCls): 6 182.70 (C-9), 182.37 (C-
10), 151.11 (C-2), 150.71 (C-3), 144.89 (C-7), 134.51
(C-6), 133.53 (C-8a), 131.34 (C-10a), 129.33 (C-4a),
128.25 (C-5), 127.42 (C-9a), 127.26 (C-8), 112.59 (C-
1), 108.24 (C-4), 56.63 (OMe-3), 21.91 (Me-7). LA
B 5 SCER( 1 [ RE — 3, sl 2-FR -3
AR -7- S R

2 SRR

AT TN} AR b T S 4 G 4 4k A K
ST T RGEE, BB 9MUEY, Sk B
$EE (1) -4 (2)- rubiadin (3). 2,6- - FFFE-1-
AR BERR (4). p-1 8 1E-3-0-p-D-F M (5). Xt
HER (6). WMy (7). MR (8)M 2-F1HL-3-F
AEE-T-HILERR (9), HALEY 4 B EERR
wEM.

AR MTT 50058 735053 I o A & 4t
NT B WS Ishikawa 40 IRk A4 41 A8 K A1 4
i, Hoh g B2 ()1 ICs0 N 233.3 ug/mL, IR
BA— MRS XEZR (6)i ICso A
394.3 pg/mL, KEREEIMDENEEE . SOHREGT
43 Fr.4.Fr.4-2 Al Fr.4-4 5 18 1Cso {H 43 51 52.8
78.1 A1 27.5 ug/mL, FHIX 3 NMRSA BRI
PN T B A R Ishikawa 4 iE Ve, (6] 0 22 B
ZMIEER S S PUREE R ER TR — G
Yo Ja BKs 4k S0 FoAh R 4 B4k & VT R AR ST
B AT o

FRIE, HEAENSHEMER —EmZH
TR, - I Q)PTHEBTAN B AR TR T IEE
THRBEUR . UL PUBE . BUOARTY, W EER
(OB AERR B AL, Hf . Pi. Gy,
IR, LR Ey (DA R (8)RIR 2 W HPUE /T
FH ) AT 1Y, rubiadin (3) B B FUSTRA
RE RGBT 48« AR B R S I A A 1)
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FIAEIE T 5 25 L 7 Bt — P 0T R, Sk
FER A E

Z% 3R

(1

131

(4]

(3]

(6]

YE Y X, ZHANG P Z, WANG L, et al. Effects of different extraction
methods on polysaccharide and its antioxidant characteristics of
Hedyotis diffiusa Willd. in Henan Province [J]. Nat Prod Res Dev, 2019,
31(7): 1138-1146. [M-@ike, KA, FWH, 5. AFERBUSET B
7R AN E B 2 ST AR R (T]. RARTRT L S TT R,
2019, 31(7): 1138-1146. doi: 10.16333/1.1001-6880.2019.7.004.]
WANG S Q, CHEN L, NI H. Effect of Hedyotis diffusa on SMMC-
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