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Abstract: Objective To study the chemical constituents from Spiranthes sinensis. Methods The extracts were extracted by 95%
ethanol reflux and petroleum ether. The extracts were separated and prepared by silica gel column chromatography, gel column
chromatography and semi-preparative high performance liquid chromatography. The structures of the compounds were identified by
spectroscopic methods. The absolute configuration of the new compounds was determined by computational electron circular
dichroism (ECD). The effect of the compounds on the cell viability after palmitic acid (PA)-induced MING cell injury was
investigated in vitro. Results Eleven compounds were isolated from S. sinensis and identified as (R)-2'-(2,4-dimethoxy-8-
{4'-hydroxy-5',6'-dimethyl-tetrahydrofuran [7,8]}-9,10-dihydrophenanthrene) (1), orchinol (2), spiranthesphenanthrene A (3),
2-methoxy-4,7-dihydroxy-6-isopentenyl-9,10-dihydrophenanthrene (4), 3,5-dihydroxy-4',7-dimethoxyflavone (5), sakuranetin (6),
5-hydroxy-3,7,3',4'-tetramethoxy-flavone  (7), 5-hydroxy-4'-[(2-isopentenyl)oxy]-3,7,3'-trimeoxyflavone (8), hydroxydihydro-
bovolide (9), protocatechuic aldehyde (10), B-sitosterol (11). The results showed that the cell proliferation viability was significantly
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enhanced in each group after being treated by compound 1 (0.39—25 pmol/L) or 11 (12.5—50 pmol/L) with PA. Conclusion
Compound 1 was a new dihydrophenanthrene compound, named (R)-2'-(2,4-dimethoxy-8-{4'-hydroxy-5',6'-dimethyl-tetrahydrofuran
[7,8]}-9,10-dihydrophenanthrene), and compounds 6—7 and 9—10 were isolated from Spiranthes for the first time. Compounds 1

and 11 could antagonize the damage effect of PA on MING cells and promote the growth and proliferation of MING cells.

Key words: Spiranthes sinensis (Pers.) Ames; dihydrophenanthrene; MING cell activity; spiranthol A; sakuranetin; 5-hydroxy-3,7,3',4'-

tetramethoxy-flavone
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RECAFINY, BN EA. Bnfdes. ik
TN, WS Z oA T E A, 30T
W M. =, PSR, L TR 200~
3400 m HILLIART  BEAT el sy eV Ve )
23l Jle S Rl T GRRE BRI, 1EAZHM
AT GHEFAR) R skl iR, Al
. B=%, (CREARE) ILHEIS PR,
a3kw . BRI G &) iz “ 1k
RERE, R W, fEREREL . SRR
AP, sl KR+, A A5
K. M. RARFEFC, Hrp, “HIERMIr
SERHEMERS, B, O EEE 20 R4 A
FUEY . WRIEMEA ZMAYIEE, WhihE
PRIG B, PR 5018l At iR A L
WIS, & B A B AE G A 162 55y
s AR (B . Sephadex LH-20 (4 i il

1] % v ROBUAH i 55 22 P (il U7 ik M b AR 3
11 MEED, PR IR R w73 PP b 454
A, BA%EEAN (R)-2-(2,4- = HEH-8-{4- 2 -
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Fig. 1 Chemical structures of compounds 1—11
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&Y 1. B Ok AR E 4 [a] +11.0¢ 0.10,
CHsOH); IR v (cm™): 3419, 1635, 1577, 1463,
1384, 1154, 1080; UV A (nm):211.6 (5.86), 282.4
(5.98),297.2(6.00), 311.4 (6.03); HR-ESI-MS m/z:
363.157 7 ([M-+Na]*, % 1{H 363.157 2), #fiEs
T3 C21H2404. 'H-NMR (600 MHz, DMSO-dg)
Y 2 HIRINELE S 0n7.89 (1H, d, J = 8.8 Hz, H-5),
6.59 (1H, d, J = 8.8 Hz, H-6), 6.52 (1H, d, J = 2.4 Hz,
H-3), 6.50 (1H, d, J = 2.4 Hz, H-1); 2 MHEEES
5 01 3.80 (3H, s, 4-OCHj3), 3.78 (3H, s, 2-OCH3); 2
MNHFIEE(ES on 1.30 (3H, s, -CHa), 1.14 (3H, s,
-CHa3); 1L MR H A (E S 0n3.67 (1H, dd, J=8.0,5.7
Hz, H-2'); 3 /ML A5 5 04 2.88 (1H, dd, J = 5.6,
16.3 Hz, H-3"), 2.65 (2H, m, H-10), 2.57 (2H, m, H-9),
2.06 (1H, m, H-3"); BC-NMR (150 MHz, DMSO-ds)
g 2 HOREIE S oc 158.7 (C-2), 157.7
(C-4), 151.2 (C-7), 140.3 (C-10a), 137.3 (C-8a), 127.2
(C-5), 125.0 (C-4b), 117.7 (C-8), 116.5 (C-4a), 114.0
(C-6), 105.4 (C-1), 98.1 (C-3), 2 MEAWIE T oc
76.5 (C-4"), 69.1 (C-2), 2 MHEIEEW(ES dc 56.0
(2-OCHs), 55.6 (4-OCH3), 3 MW F LR (5 5 6 30.2
(C-10), 29.9 (C-3"), 24.5 (C-9), 2 MHIEMRIES oc
26.1 (-CHs), 20.3 (-CH3). % Eor#r, th&W 1 KI4s
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KBV IARFE . BRZ 2 ADNIRIAH 2 AN T 2
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R, ZWEVMIIEY, N HSE A, H-
AT BC-NMR #¥E L% 1.

&Y 2. TEMAIRE A, ESI-MS m/z: 279.1

2 AWM 1IMEEH-HCOSY (==) FIHMBC (- )
LEES
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Fig. 3 Experimental and calculated ECD spectra of

compound 1

F1 &1 H- F1 BC-NMR #4E (600/150 MHz, DMSO-ds)
Table 1 !H- and *C-NMR data of compound 1 (600/150 MHz, DMSO-ds)

A OH dc 30 OH o
1 6.50 (1H, d, J=2.4 Hz) 105.4 9 2.57 (m) 245
2 158.7 10 2.65 (m) 30.2
3 6.52 (1H, d, J = 2.4 Hz) 98.1 10a 140.3
4 157.7 2! 3.67 (1H, dd, J =8.0, 5.6 Hz) 69.1
4a 116.5 3 2.88 (1H, dd, J = 16.3, 5.6 Hz) 29.9
4b 125.0 4 2.06 (m) 76.5
5 7.89 (1H, d, J = 8.8 Hz) 127.2 -CH3 1.30 (s) 20.3
6 6.59 (1H, d, J = 8.8 Hz) 114.0 -CHs 1.14 (s) 26.1
7 151.2 2-OCHs 3.78 (s) 56.0
8 117.7 4-OCHs 3.80 () 55.6
8a 137.3

[M+Na]*. *H-NMR (600 MHz, DMSO-dg) 6: 7.95 0. 158.6 (C-2), 157.6 (C-4), 1558 (C-7), 140.3

(1H, d, J = 8.5 Hz, H-5), 6.63 (1H, d, J = 2.6 Hz, H-6),
6.61 (1H, dd, J = 2.8, 8.5 Hz, H-8), 6.51 (1H, d,J = 2.6
Hz, H-3), 6.48 (1H, d, J = 2.6 Hz, H-1), 3.82 (3H, s,
4-OCHs), 3.78 (3H, s, 2-OCHs), 2.65 (2H, m, H-9),
2.60 (2H, m, H-10); *C-NMR (150 MHz, DMSO-ds)

(C-10a), 139.3 (C-8a), 129.1 (C-5), 123.9 (C-4b),
116.4 (C-4a), 114.7 (C-8), 113.2 (C-6), 105.7 (C-1),
98.0 (C-3), 56.0 (2-OCHs), 55.6 (4-OCHs), 30.6
(C-10), 29.9 (C-9). LA R Wi%d 552 I —
O, MEEEY 2 RO
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&9 3: Ltk K, ESI-MS m/z: 333.1 [M+
Na]*. *H-NMR (600 MHz, CDCls) 6: 7.80 (1H, d, J =
8.2 Hz, H-5), 6.77 (1H, d, J = 8.2 Hz, H-6), 6.48 (1H,
d, J= 2.4 Hz, H-1), 6.35 (1H, d, J = 2.4 Hz, H-3), 3.78
(3H, s, 2-OCHj3), 2.78 (2H, t, J = 6.8 Hz, H-4"), 2.73
(2H, m, H-10), 2.66 (2H, m, H-9), 1.86 (2H,t, J=6.8
Hz, H-3"), 1.37 (6H, s, H-7’, 8’); $3C-NMR (150 MHz,
CDCls) d: 158.2 (C-2), 153.5 (C-4), 152.5 (C-7/6'),
140.7 (C-10a), 137.9 (C-8a), 1245 (C-5), 124.3
(C-4b), 118.6 (C-8, 5'), 115.3 (C-4a), 106.1 (C-1),
100.6 (C-3), 73.2 (C-2"), 55.6 (2-OCHjs), 33.0 (C-3"),
26.5 (C-7', 8'), 24.5 (C-9), 20.6 (C-4"). L\ F¥¥i 5%
FUEREA -HM, MBEENLED 3N
spiranthesphenanthrene A.

&Y 4: TEMAE, ESI-MS m/z: 333.1 [M+
Na]*. H-NMR (600 MHz, CDCls) 6: 7.80 (1H, s,
H-5), 6.74 (1H, s, H-8), 6.45 (1H, d, J = 2.1 Hz, H-1),
6.35 (1H, d, J = 2.1 Hz, H-3), 5.35 (1H, t, J = 7.2 Hz,
H-2), 5.16 (2H, brs, -OH), 3.80 (3H, s, -OCHj3), 3.42
(2H, d, J = 7.2 Hz, H-1'), 2.67 (4H, m, H-9, 10), 1.83
(3H, s, H-5'), 1.80 (3H, s, H-4"); 13C-NMR (150 MHz,
CDCl3) d: 159.0 (C-2), 153.7 (C-4), 152.9 (C-7), 141.5
(C-10a), 138.6 (C-8a), 135.3 (C-3"), 127.8 (C-5),
125.7 (C-4b), 1245 (C-6), 122.2 (C-2'), 116.0 (C-8),
115.4 (C-4a), 109.9 (C-3), 107.0 (C-1), 55.6 (-OCH3),
30.8 (C-10), 30.2 (C-1"), 30.0 (C-9), 25.8 (C-4"), 18.0
(C-5"). VAL 5275 iR EE A — 31, B e
&% 4 N 2-methoxy-4,7-dihydroxy-6-isopentenyl-
9,10-dihydrophenanthrene.

&Y 5: B A, ESI-MS m/z: 337.1 [M+
Na]*. H-NMR (600 MHz, CDCls) &: 11.74 (1H, s,
5-OH), 8.16 (2H, d, J = 8.8 Hz, H-2', 6'), 7.00 (2H, d,
J=8.8Hz, H-3",5), 6.57 (1H, s, 3-OH), 6.44 (1H, d, J =
2.2 Hz, H-8), 6.38 (1H, d, J = 2.2 Hz, H-6), 3.85 (3H, s,
3-OCHj), 3.83 (3H, s, 4-OCHs); *C-NMR (150 MHz,
CDCl) 6: 175.0 (C-4), 165.5 (C-7), 161.0 (C-4"), 160.5
(C-5) 156.6 (C-9), 145.8 (C-2), 135.5 (C-3), 129.5 (C-2',
6), 123.0 (C-1'), 114.4 (C-3', 5'), 103.8 (C-10), 97.8
(C-6), 92.0 (C-8), 55.6 (7-OCHz3), 55.2 (4-OCH3). LA L
B 5 R A 18, MUEEEY) 5 4 3,5
R4 T- AR TR

HEY 6: AEmAKE A, ESI-MS m/z: 307.1
[M+Na]*. H-NMR (600 MHz, DMSO-de) J: 12.12

(1H, s, 5-OH), 9.88 (1H, s, 4'-OH), 7.33 (2H, d, J =
8.6 Hz, H-2', 6", 6.80 (2H, d, J = 8.5 Hz, H-3', 5,
6.10 (1H, d, J = 2.3 Hz, H-8), 6.08 (1H, d, J = 2.3 Hz,
H-6), 5.50 (1H, dd, J = 13.0, 2.9 Hz, H-2), 3.79 (3H,
m, 7-OCHa), 3.36~3.31 (1H, m, H-3a), 2.71 (1H, dd,
J = 172, 3.1 Hz, H-3B); BC-NMR (150 MHz,
DMSO-ds) d: 197.5 (C-4), 167.9 (C-7), 163.7 (C-5),
163.4 (C-9), 158.3 (C-4), 129.1 (C-1'), 128.9 (C-2, 6",
115.7 (C-3', 5, 103.1 (C-10), 95.1 (C-6), 94.2 (C-8),
79.1 (C-2), 56.4 (7-OCHjz), 42.5 (C-3). LA %54k 5 ~Ciik
OB FEA O, BB A 6 LR

&Y 7. FHEKAK, ESI-MS m/z: 381.1 [M+
Na]*. H-NMR (600 MHz, DMSO-ds) 0: 12.64 (1H, s,
5-OH), 7.74 (1H, dd, J = 8.5, 2.1 Hz, H-6"), 7.67 (1H,
d, J = 2.2 Hz, H-2), 7.18 (1H, d, J = 8.5 Hz, H-5"),
6.79 (1H, s, H-8), 6.38 (1H, s, H-6), 3.88, 3.87, 3.87,
3.83(12H, s, 3,7, 3", 4-OCHs); 3C-NMR (150 MHz,
DMSO-ds) J: 178.5 (C-4), 165.7 (C-7), 161.7 (C-5),
156.9 (C-9), 155.9 (C-2), 151.8 (C-4'), 149.0 (C-3"),
138.8 (C-3), 122.6 (C-6'), 122.5 (C-1'), 112.1 (C-5"),
111.7 (C-2"), 105.9 (C-10), 98.4 (C-6), 92.8 (C-8),
60.3, 56.6, 56.1, 55.3 (3, 7, 3', 4'-OCH3). LA %k 5
SCHREE X R IR AR — 82021, i e A 7 N 5-
¥235-3,7,3",4'- U F AR R TR

&) 8: T AR A, ESI-MS m/z: 435.1
[M+Na]*. *H-NMR (600 MHz, DMSO-ds) J: 12.6
(1H, s, 5-OH), 7.72 (1H, dd, J = 8.6, 2.2 Hz, H-6"),
7.67 (1H, d, J = 2.2 Hz, H-2'), 7.19 (1H, d, J = 8.7 Hz,
H-5"), 6.79 (1H, s, H-8), 6.38 (1H, s, H-6), 5.47 (1H, t,
J=6.8Hz, H-2"), 4.65 (2H, d, J = 6.9 Hz, H-1"), 3.88
(3H, s, 4-OCHs), 3.86 (3H, s, 7-OCHs), 3.83 (3H, s,
3-OCHs), 1.77 (3H, s, H-5"), 1.74 (3H, s, H-4");
13C-NMR (150 MHz, DMSO-ds) 0: 178.5 (C-4), 165.7
(C-7), 161.7 (C-5), 156.9 (C-9), 155.9 (C-2), 151.0
(C-4"), 149.2 (C-3'), 138.8 (C-3), 138.2 (C-3"), 122.5
(C-1"), 122.4 (C-6"), 120.0 (C-2"), 111.8 (C-2"), 113.2
(C-5", 105.8 (C-10), 98.4 (C-6), 92.8 (C-8), 65.5
(C-17), 60.3 (3-OCHs), 56.5 (7-OCHs), 56.1
(4-OCHs), 25.9 (C-5"), 18.5 (C-4"). UL E¥IE 5%
SCERFEAR — 522, MU AL S 8 O 5-hydroxy-4'-
[(2-isopentenyl)oxy]-3,7,3'-trimeoxyflavone.

&Y 9: W EMARY), ESI-MS m/z: 199.1
[M+H]*. *H-NMR (600 MHz, CDCls) 5: 1.86 (3H, s,
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H-11), 1.81 (2H, m, H-6a, 6b), 1.71 (3H, s, H-12),
1.24 (6H, m, H-7a, 7b, H-8, 9), 0.85 (3H, t, J = 6.8 Hz,
H-10); 3C-NMR (150 MHz, CDCls) §: 173.0 (C-2),
158.4 (C-4), 125.0 (C-3), 107.6 (C-5), 35.8 (C-6), 31.5
(C-7), 22.7 (C-8), 22.4 (C-9), 14.3 (C-10), 11.1 (C-11),
8.6 (C-12). LA FH¥s 5 kR HaA — 3, i % 5g
&% 9  hydroxydihydro-bovolide.

&Y 10: KR BkK, ESI-MS m/z: 161.0
[M+Na]*. H-NMR (600 MHz, CDs0OD) 6: 9.60 (1H,
s, H-1), 7.25~7.28 (2H, m, H-3, 8), 6.84 (1H, d, J =
8.0 Hz, H-9); 3C-NMR (150 MHz, CD30D) ¢: 190.6
(C-1), 150.7 (C-6), 144.2 (C-4), 127.8 (C-2), 123.5
(C-9), 113.2 (C-3), 112.3 (C-8). LA - ¥ di 5 sC k4R i
BeA—gR4, W E A 10 AR LR

&Y 11: Bkt i CREE, ESI-MS m/z: 437.4
[M+Na]*. H-NMR (600 MHz, CDCls) 6: 5.34 (1H,
m, H-6), 3.51 (1H, m, H-3), 0.99 (3H, s, H-19), 0.91
(3H, d, J = 6.5 Hz, H-21), 0.84 (3H, d, J = 7.6 Hz,
H-29), 0.80 (3H, d, J = 2.0 Hz, H-26), 0.78 (3H, s,
H-27), 0.66 (3H, s, H-18); 3C-NMR (150 MHz,
120+
100=4 I
80~

60
g

- ﬂﬂﬂﬂ ﬂﬂﬂn

XTHG mqu 039 0781563125625125 25 50
WA U(umol-LY)

Ex A,

YA i35 14/ (% of DMSO)

CDCls) 6: 140.8 (C-5), 121.8 (C-6), 71.9 (C-3), 56.8
(C-14), 56.1 (C-17), 50.2 (C-9), 45.9 (C-8), 42.4
(C-4), 42.3 (C-13), 39.8 (C-12), 37.3 (C-1), 36.6
(C-10), 36.2 (C-20), 34.0 (C-24), 32.0 (C-7), 31.7
(C-2), 29.8 (C-28), 29.2 (C-25), 28.3 (C-16), 26.1
(C-22), 24.4 (C-15), 23.1 (C-23), 21.2 (C-11), 19.9
(C-26), 19.5 (C-27), 19.1 (C-19), 18.9 (C-21), 12.1
(C-29), 11.9 (C-18). LA L#%i#iE 5 SCkfiE A —
;P WA EAAY 1108 B-A .
4 L EMXIFHEERIFE SR MING 4855220
el & AR R R B L (R T P4t pf 24 h 5, SR
F CCK8 VLRI I MING 4 A FI 3 AT /7. 455
B, {EAZAEIRISG S MING difutnts)s, 4 Tihaw
T, tbE% 1 (0.39~25 pmol/L) B 11 (125~
50 umol/L) SR HHIBR 3 [F] Ab 35 J5 1) 45 4 4 i B L %
JI¥ B E5R (P<<0.05. 0.01. 0.001); H:A4xilit
WAV SEERAM L, NP s s 1 E &
75 (P>0.05). UtiLEY 1 A 11 Relg iy
REER AT MING ZHBR I IH 1, 22k 40 f i AR
5, i 4 fos.

1205
100
80
601

i ###
404

1 iannanil

0
UE Mm« 039 078 1563125625 125 25 50
L&Y 11/(umol -LY)

A IE /(% of DMSO)

*P<<0.001; SEEHIMRZHELEL, #*P<<0.05 #P<<0.01 *#P<<0.001

P < 0.001 vs control group; P < 0.05 #P <0.01 *#P <0.001 vs PA group

B4 1A 10 11 3FIRHEER IS SR MING 4HRRIRIABYSNE (x+s,n=5)
Fig. 4 Effect of compounds 1 and 11 on PA-induced MING cells damage (x+s,n=5)
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95% L B S I A R A UG A Th 4y 5945 3] 11 A
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9~10 HIX M FJE 7 B3 3. s 11 Mu G
v, 4 ANETF 9,10-—AFES, 4 ANE T EER.
A LA 1L AE — e B SR HE B B A AR 155 5 45
/5 8 MING ZHRRHITE /7, F5PUREIHERXT MING 2
PRI AR, Po AR MING 4R AR 7R . 25
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