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Abstract: Objective To investigate the chemical components and anti-inflammatory activities of the roots of Stemona tuberosa from
Hainan province. Methods The chemical constituents of S. tuberosa were isolated and purified using chromatography techniques
such as silica gel, gel column chromatography, and semi-preparative high-performance liquid chromatography (HPLC). Subsequently,
the structures of the purified compounds were identified by modern spectroscopic methods such as nuclear magnetic resonance (NMR)
and mass spectrometry (MS). Finally, the anti-inflammatory activities of the compounds were evaluated using the lipopolysaccharide
(LPS)-induced murine monocyte-macrophage RAW264.7 cell model. Results A total of seven compounds were isolated from S.
tuberosa, and identified as (4R)-3,5,5-trimethyl-4-(3-methylbut-2-enoyl)cyclohex-2-en-1-one (1), oxystemofoline (2), methyl 4-

hydroxycinnamate (3), (—)-stemoamide (4), tuberostemospiroline (5), stemanthrene C (6), stilbostemin F (7). Compounds 2 and 3
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exhibited inhibitory activity against NO production in LPS-induced RAW264.7 cells, with median inhibition concentration (ICso)
values of (42.99 £ 4.96) and (70.22 + 0.81) umol/L, respectively. Conclusion Compound 1 was identified as a new compound, named
tuberostemoterpenone. Compound 2 was isolated from S. tuberosa for the first time. Compounds 2 and 3 exhibited no significant

cytotoxicity within the tested concentration range and demonstrated certain anti-inflammatory activity.

Key words: Stemona tuberosa Lour.; alkaloids; norsesquiterpenoids; anti-inflammatory activity; tuberostemoterpenone; oxystemofoline;

methyl 4-hydroxycinnamate
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Fig. 1 Structures of compounds 1—7
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CO, %/~ DMEM #5783 (% 10% FBS) HIEH
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[M+Nal* G54 C14H20NaO, m/z 243.135 6), 45
HoatraEiE SasEdE Gk D, ez &mn 1
N CraHo02, AHIFIEEN 5. H4E 'H-NMR (500
MHz, CDsOD) RIAILEY) 1 4775 5 NHER 715
5 6n 1.04 (3H, s, H-11), 1.09 (3H, s, H-12), 1.91 (3H,
d, J = 1.2 Hz, H-13), 2.00 (3H, brs, H-10), 2.17 (3H,
brs, H-14); 1 MR 755 01 2.66,1.98 (% 1H,
d, J = 16.7 Hz, H-6); 3 ™MXHEE T{55 ou 3.43
(1H, s, H-4), 5.97 (1H, brs, H-2), 6.41 (1H, m, H-8).
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AR IR 5S¢ 127.5 (C-2), 126.6 (C-8), 65.9 (C-4);
1 AN H EEBR ¢ 47.7 (C-6); 5 MNHEEK 6c 29.1 (C-
12), 27.9 (C-10), 27.6 (C-11), 24.1 (C-13), 21.2 (C-14).
IXEE 1D NMR #dis 5 SCHRHRIE 1) 3-ox0-a-damascone
#£1 1L&4 1 #) '"H-NMR (500 MHz, CD;0D) 5 BC-
NMR (125 MHz, CD;0D) #1&
Table 1 'H-NMR (500 MHz, CD30D) and 3C-NMR (125
MHz, CD30D) data of compound 1

{3A OH Jc
1 202.3,C
2 597 (1H, brs) 1275, CH
3 160.9, C
4 3.43(IH,s) 65.9, CH
5 378,C
6 2.66 (1H,d, J=16.7 Hz) 47.7, CH2

1.98 (1H, d, J = 16.7 Hz)

7 200.1,C

8  6.41(1H,m) 126.6, CH

9 160.3,C
10 2.00 (3H, brs) 27.9, CHs
11 1.04(3H,s) 27.6, CH3
12 1.09 (3H,s) 29.1, CHs
13 1.91(3H,d, J=12Hz) 24.1, CHs
14 2.17 (3H, brs) 21.2, CHs
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27.9) fAAEMRES: H-10 5 C9 (6c 160.3) fEEA
K55 . aia Ul EEARME THEY) 1 IS5 .
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Fig. 2 Key 2D NMR correlation signal of compound 1
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ECD &= b2t 515 Ui e, MR4E ROESY i,
H-8 5 H-10 ¥] NOE 2%t ¥ H-8 5 H-10 Az T3
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&Y 2: Atgs s (WED. [o]y +277.0(c0.5,
MeOH). HR-ESI-MS m/z: 404.207 2 [M+H]* (it5
18 C2oH30NOg m/z 404.206 8), 4E& 3 HrEiE Shrit
B, #E iz &5 T30 CoHwoNOs. 'H-NMR

(500 MHz, CD;0D) 6: 4.27 (1H, brs, H-2), 4.19 (3H, s,
H-22), 3.55 (2H, t, J = 6.3 Hz, H-21), 3.48 (1H, t, J =
3.5 Hz, H-9a), 3.10 (2H, m, H-5), 3.10 (1H, m, H-10),
2.65 (1H, d, J= 6.3 Hz, H-7), 2.03 (3H, s, H-17), 1.98
(1H, m, H-18p), 1.95 (1H, m, H-1B), 1.93 (1H, dd, J =
10.2, 3.5 Hz, H-9), 1.83 (1H, m, H-180), 1.63 (2H, m,
H-20), 1.56 (2H, m, H-6), 1.56 (1H, m, H-1a), 1.45
(2H, m, H-19), 1.37 (3H, d, J=6.6 Hz, H-16); 3C-NMR
(125 MHz, CD;0D) &: 172.4 (C-15), 165.1 (C-13), 151.1
(C-11), 129.0 (C-12), 114.1 (C-8), 99.1 (C-14), 84.5 (C-
3),79.5 (C-2), 62.6 (C-21), 62.2 (C-9a), 59.9 (C-22), 50.7
(C-7),48.3(C-9),48.3 (C-5),36.0 (C-10),33.9 (C-6),33.7
(C-1), 32.4 (C-20), 27.0 (C-18), 22.5 (C-19), 18.2 (C-16),
9.0(C-17). LA FEdE- 5 3CHRAT LEIEAR— S, e
WA 2 FREE R

&Y 3: FItgE i CamEL . [a]y +4.0(c0.1,
MeOH). HR-ESI-MS m/z: 201.052 5 [M+Na]" (i}
BB CioH10NaOs m/z 201.052 2), 4iarhait s
TRISEAE, Wz &1 CioHi03. 'H-
NMR (500 MHz, CD;0D) é: 7.61 (1H, d, J= 16.0 Hz,
H-7), 7.45 (2H, d, J= 8.7 Hz, H-2, 6), 6.81 (2H, d, J =
8.7 Hz, H-3, 5), 6.32 (1H, d, J = 16.0 Hz, H-8), 3.76
(3H, s, CH30); 3C-NMR (125 MHz, CDs;0D) J: 169.7
(C-9), 161.2 (C-4), 146.5 (C-7), 131.0 (C-2, 6), 127.0
(C-1), 116.8 (C-3, 5), 114.8 (C-8), 52.0 (OCH3). LAk
B 5 SR PR AR — 3022, MU e S 3 T 4-
2 HE AR R

e 4: Afgsil (FED. [a]y-167.0(c0.1,
MeOH). HR-ESI-MS m/z: 246.110 3 [M+Na]* (i}
HAH C1oHi7NNaO3; m/z246.110 1), 45&nirait 5
s EdE, w8 s =8 CHisNOs. 'H
NMR (500 MHz, CD;0D) §: 4.32 (1H, td, J=10.5,2.9
Hz, H-8), 4.09 (1H, dt, J = 10.7, 6.5 Hz, H-9a), 3.98
(1H, dt, J = 14.2, 2.6 Hz, H-5f), 2.85 (1H, t, J= 13.2
Hz, H-5a), 2.74 (1H, dq, J = 12.5, 7.0 Hz, H-10), 2.59
(1H, ddd, J = 12.5, 10.2, 6.8 Hz, H-9), 2.44 (1H, m, H-
1B), 2.35 (1H, q, J = 9.2 Hz, H-1a), 2.30 (1H, m, H-2p),
2.07 (1H, m, H-6B), 1.87 (1H, m, H-60)), 1.84 (1H, m, H-
7B), 1.58 (1H, m, H-2a), 1.48 (1H, m, H-7a), 1.25 (3H, d,
J=6.9Hz, H-12); 3C-NMR (125 MHz, CD;0D) d: 180.3
(C-11), 177.1 (C-3), 79.4 (C-8), 57.7 (C-9a), 53.1 (C-9),
41.1 (C-5), 38.5 (C-10), 35.5 (C-2), 31.6 (C-1), 26.6 (C-
7), 23.1 (C-6), 14.0 (C-12). LA EEdE 5 Skt LA
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— M, M EAY 4 ()BT .

a5 AEadidn (FED. [a]-30.0(c0.1,
MeOH). HR-ESI-MS m/z: 260.125 4 [M+Na]* (it
HAH C13H190NNaOs, m/z260.1257), St
ik HdE, ez a0~ CisHisNOs.
'H-NMR (500 MHz, CD;0D) 6: 4.05 (1H, dd, J = 9.0,
7.1 Hz, H-9a), 3.67 (1H, ddd, J = 13.7, 6.4, 2.9 Hz, H-
5p), 3.22 (1H, m, H-5a), 2.88 (1H, m, H-11), 2.55 (1H,
dd, J=13.5,10.0 Hz, H-10B), 2.40 (2H, m, H-2), 2.21
(1H, m, H-1B), 2.00 (1H, m, H-7p), 1.93 (2H, m, H-8),
1.79 (1H, dd, J=13.5, 7.9 Hz, H-100), 1.73 (1H, m, H-
6p), 1.68 (1H, m, H-1a), 1.62 (1H, m, H-7a), 1.57 (1H,
m, H-60), 1.31 (3H, d, J = 7.3 Hz, H-13); 3C-NMR
(125 MHz, CD;0D) §: 181.2 (C-12), 177.5 (C-3), 89.2
(C-9), 67.7 (C-9a), 43.3 (C-5), 38.6 (C-8), 38.5 (C-10),
36.5(C-11),30.9 (C-2), 28.6 (C-6), 23.5 (C-7), 23.1 (C-
1), 17.4 (C-13). PL_Edi 5 SCihoxs b 3 A — 523,
WS SEEY 59 (2S,4R,9'a8)-4-H 5: )\ S I [ 2k
IR J5E-2,9 - [ 1,2-a]) B 44 B51-37,5- o

B 6: BREHARY. [aly +5.0(c0.1, MeOH).
HR-ESI-MS: m/z 301.140 9 [M + H]* (it #H 14
CisH2104, m/z301.143 4), Z5E TS Shi A
I, EIZ AW 73+ N CisHa0040. 'TH-NMR (500
MHz, CD;0D) d: 7.91 (1H, d, J = 8.7 Hz, H-5), 6.73
(1H, d, J = 8.7 Hz, H-4), 3.77 (3H, s, 2-OCH3), 3.44
(3H, s, 5-OCH3), 2.72 (2H, m, H-2"), 2.62 (2H, m, H-1"),
2.19(3H, s,4'-CH3),2.18 (3H, s, 2"-CH3); 3C-NMR (125
MHz, CD;0D) d: 155.6 (C-5"), 153.4 (C-3"), 149.1 (C-3),
145.0 (C-2), 137.0 (C-1"), 132.7 (C-1), 127.5 (C-6), 124.8
(C-5), 120.9 (C-6"), 118.9 (C-2"), 117.5 (C-4'), 114.8 (C-
4), 61.1 (2-OCHs), 60.0 (5-OCHs), 26.7 (C-1"), 23.1 (C-
2", 12.3 (2-CHa), 9.6 (4-CHa). DL %l 5 3ciikxt b
B0, WeEEEY) 6 v 2,7-—FHk48-—H
AFE-1,3- T H3E-9,10- & JE

e 7. WEMRY. [a]y +3.0 (¢ 0.1,
MeOH). HR-ESI-MS m/z: 311.123 1 [M+Na]* (iF
Y C17H20NaOs m/z 311.125 4), S5 irait 5
WRiE G, ezt A AN CisH00s. 'H-
NMR (500 MHz, CD;0D) ¢: 6.83 (1H, t, J = 7.9 Hz,
H-5), 6.69 (1H, dd, J= 8.1, 1.6 Hz, H-4), 6.65 (1H, dd,
J =16, 1.6 Hz, H-1), 6.23 (1H, d, J = 2.6 Hz, H-4"),
6.21 (1H, d, J = 2.6 Hz, H-6"), 3.75 (3H, s, 2-OCH3),
3.67 (3H, s, 5-OCH3), 2.78 (2H, m, H-1"), 2.78 (2H,

m, H-2"), 2.11 (3H, s, 6'-CH3); '3C-NMR (125 MHz,
CD;OD) d: 159.4 (C-5'), 157.2 (C-3"), 151.2 (C-3),
1473 (C-2), 143.5 (C-1%), 136.8 (C-1), 125.2 (C-5),
122.0 (C-6), 115.9 (C-2"), 115.6 (C-4), 106.9 (C-6"),
100.0 (C-4", 60.9 (2-OCH3), 55.5 (5-OCH3), 36.6 (C-
2"),32.5(C-1"),10.9 (6'-CH3)o LA 0¥ 5 SCik % b
BEAR—5T, WS EY 7 N 3-[2-3-F2-H
AL 2B )-5-F A AR 2- B K
3.2 MRREMIKIEN

B ARG T k% (WPIRGE 280 ), HURA R
W AR IAT TISHERITE, SR E R A RE
PRGN, B RGP AT T T B AL S
YL 1, KA T LPS i 511 RAW264.7 /)N iR B
Y Hf 9 RERE TN F AT TR

ff /] RAW264.7 4RI MTT 301K T 46&
V2 M B g 1, 45 SR IR B YE LN (6.25~
100.00 umol/L) k&4 2~5 34175 W 0 41 it 74 9 1 5
&Y 6 F1 7 RIS AR RS, 78 100.00
pwmol/L & 5% I S5 4 (18] A= KA i 26 43 Sl 1A 3] 89.2%
1 82.2%, Htb &4 6 A1 7 Ritt—B e PR iE .

I LPS -3/ B A% E VR 4l RAW264.7
PRI T AP HIP 2 TGP 45 R IR
WREETEE N (6.25~100.00 umol/L) 1L&4) 4 Fil 5
BIGHEIRIENE, EW 2 A3 R H—E Rt
RigPE, 1Cso /35N (42.99+4.96) pmol/L Fl
(70.22+0.81) pmol/L, BHM:XJ REHM 57 251 ICso {H N
(8.2610.58) pmol/L.
4 Tig

EN W N O WE R R i EE Gk by
HEOE T T AMEEY, o 1T ANEBR LS (fk
0 3IANED (LAY 2. 4. 5 1 MR
a3 1 AN ERLAY (& 6) Rl 1T AN
ARG B T S ST T 400
BEAIPT R IE NI, S5 RRAGY 2 F13 A —
SE PRGN, 1Cso 1E 2518 (42.99£4.96) pmol/L
Al (70.224+0.81) pmol/L, H7E MR FF ¥u Fl N
(6.25~100.00 pmol/L) JEHH B AN ERIEME, FRIAXT
4 i B B ) e Ak

(PN MESE 3 e R e ot/ TR RR A C DS
TR AT SR AR B, H RO B AR
AR oy B 25 BRI S AN IR E, eSS
VIR . REIEH, ZRRPRER, (HACH
FAFARNES2N, KRBT AR RIS 4550k
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