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W E: BEY WHIURSEY Stellaria dichotoma WIAEMIB s> M HBURIENE. ik FIHRERAE (g . MCI A 3 A s AH ]
FAR L ST B AT A B dlidk, IRl THANMR. PC-NMR %R ARG T 450 % e . RAMRZ P (LPS) HESH/NRE
W20 RAW264.7 HAE S SIS , R FUARSEHT -k AR AEWms T B2 LPS HIWUS ™ AE M R AEE T [IEIAZER T~
(TNF-0) K EAMANFR-6 (DL-6) ] KW, PWNHPIREN. R MRSEHIE TR - 8515 21 9 AR M6,
7 % E N geleboline A (1). geleboline B (2). cordysinin E (3). 3,10-dihydroxy-B-carboline (4). 6-hydroxy-3-
methoxycarbonyl-B-carboline (5). 1-methyl-3-(2-hydroxypropan-2-yl)-2-(5-methoxy-9H-B-carbolin-1-yl)-cyclopentanol (6 )
2-aldehydetetra-hydroharmine (7). pegaharmine ] (8). pegaharmine K (9). FU#RIGEVEMIMZERT, 1b&4) 1~9 X+ LPS ¥ T
EWRAAE IL-6 #AE TR EAEGRKMHIEM . S8 Ira e aWiE XM ZED PS5 E, R a1, 2 X8~
5 IL-6 (A E B, e 1Cs fE R /MXA 5.21 pg/mL, ZHIF 8 R DUARSEHA IO BT 48 14«
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Study on anti-inflammatory activities of alkaloids from Stellaria dichotoma

LI Jing, AO Liang
Department of Rheumatism, Yan’an University Affiliated Hospital, Yan’an 716000, China

Abstract: Objective To study the alkaloids and its anti-inflammatory effect of Stellaria dichotoma. Methods The chemical
constituents of S. dichotoma were isolated by different column chromatographic techniques, including silica gel, MCI, and reversed
phase prep-HPLC. The structures of these compounds were identified by a comprehensive analysis of the spectroscopic data.
LPS-induced RAW264.7 inflammatory cell model was established to evaluate the effect of carboline alkaloids in S. dichotoma on
proinflammatory factors (TNF-o and IL-6) of RAW264.7 inflammatory cells. Results Nine compounds were isolated from
Stellaria dichotoma. The compounds were identified as geleboline A (1), geleboline B (2), cordysinin E (3), 3,10-dihydroxy-§3-carboline
(4), 6-hydroxy-3-methoxycarbonyl-p-carboline (5), 1-methyl-3-(2-hydroxypropan-2-yl)-2-(5-methoxy-9H-f-carbolin-1-yl)-cyclopentanol
(6), 2-aldehydetetra-hydroharmine (7), pegaharmine J (8), pegaharmine K (9). The anti-inflammatory activity assay showed that these
nine compounds all had strong inhibited effect on production of IL-6 in RAW264.7 inflammatory cell model. Conclusion All the
compounds are isolated from this plant for the first time. Activity assay showed that compound 1 and 2 presented better inhibition for
proinflammatory factor IL-6, the minimum ICsq is 5.21 pg/mL, and it is the first time to discover the anti-inflammatory constituents
of S. dichotoma.
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geleboline A (1) geleboline B (2). cordysinin E (3).
3,10-dihydroxy-B-carboline ( 4 ) .
methoxycarbonyl-B-carboline (5) .

6-hydroxy-3-

1-methyl-3-(2-
hydroxypropan-2-yl)-2-(5-methoxy-9H-B-carbolin-1-
yl)-cyclopentanol (6). 2-aldehydetetra-hydroharmine
(7). pegaharmine J (8). pegaharmine K (9), *XH
fEZ B (LPS) 2/ EMELIE RAW264.7 &
i SN, WA 1~9 BT T HU R S e,
P A& 00 LPS H ¥ B 20 1 5 0 [R5 5
LR M EIE T, (S8 1 A0 2 X B4l -6
(IL-6) MRS ME i, e 1Cso 205108 6.74 A
5.21 pg/mL. Mgt — D58 2t % AF HHLEI DL &
R ST ) M R L FH 4 AR A
1 XFES5HH

Bruker AM-400/AM-500 Spectrometer 1%tz
{%; VG Autospec 3000 system Spectromete J5i it 1% ;
AE240 H 770 #r R-F (Hi b Mettler 2 @] )
SW-CJ-2F U5 TAE & (Fp M 2R ABARA R A
H); CO, 15774 (Thermo scientific 3100); {55 &
Bt (OLYPMS, CKX41SF); 96 FLANMIE: IR
M BE IR (ZEE Costar AF]), MREIAILHE F-o
(TNF-a) A IL-6 ARG G = RAEVBORT
T FECORRERL . SRR GFoss HZ R (5 8
WAL ] ); MCI (Pharmacia A &) ); Agilent1200
HPLC (Agilent A F]); Pl & (il LI DURE
HAHMRAFD; A Dubhe-Cg i (250 mm X
20 mm, 10 pm; 250 mmX4.6 mm, 10 um, H[E*E
WRHEA IR DT 2 7)) s = ROBUH i F s Dy i
% (TEDIA ~#]), il B HI725 7 Hrat.

HREEHAT 2016 K B S LR, & [E R
eV R AR ST T T A R E
Stellaria dichotoma L. var. lanceolata Bge. .

/IR E MR RAW264.7 20 AR T o (5 R4
e g R 1% SR DRl oL I P
2 7k
21 REESE

BTSRRI K 15 kg, Bh 95% LFE=
IRIRH 3 K, BEK S h, BHRECON 1010, &FF5H
W WEWRYE, 1325 5.2 ke, BURTE 3.0kg, hNi&E
HKRE, WKXHED . BN 1T R
PRl (SO IE 77 23 A3 ST 2 213 g BETR
W) 954 g AR T EEZEHNY) 553 g L 400 g IET
BRI BEAT RE A (03 0 1, DL =S e - R

(6 :4) BEML, WIEKRYE, 19982E 302g, BUZERE
250 g, #AT MCI A 1S, LL 70% F EE-7Ki2E47 5,
13 BB R Rk 4, 1HRE 200 g (Bw), Bu fl
SR EIER, ZERCEH S el x 5 4t
KA CIE-KAE B, BN Bu F13 210 &)
1 (33mg). 2 (2.7mg). 3 (22 mg). 4 (1.7 mg).
5(22mg). 6 (3.1 mg). 7 (5.1 mg). 8 (1.9 mg).
9 (2.1 mg)-
22 MATEMMR
221 HEHASPIEH A 1~9 & 1 mg, 7
5/ DMSO Bk 5 mg/mL fEAE0L Izt 8
175 DMEM ¥5 37255 A BE R 1,574 1525 pg/mL
CHITIZE AR5 40 o R 5 35 A 5o At P 7 A B PR AE DY
PR T2
222 ZHEREIE RAW264.7 4 10% FBS
DMEM £53%, B 5% CO,. 37 ‘C. WRIVEE 4 f
BE IR TP S IR o AR AR K 2 U KA T AR AR,
2~3d AR 1 k. AR 3 RJE MR T 55 .
2.2.3  RIEHE TR BN EAE K I RAW264.7
4HAEH 10% FBS DMEM 1% 7= FL 5 82 Wk FT Rl B4 g
B, B0 EER, ARl E SR It
UG, AR E 1X10° AY/mL, #4571 100 uL
BRI 96 LB IR, 37 C. 5% CO,. YRR
PR EEFE 24 h, WRBRAL BIEWL BFLIIA 100 pL
TGl DMEM #5583k, FEAL AR, LPS (1
pug/mL) 4. LPS (1 ug/mL) +4bE41~9 (1. 5.
7. 15, 25 pg/ml) A, MAMNZY)E, fHE3
MNEAL, 5% CO, 37 C. WA St R 1597 24
h 5, B RSB T TNF-a. IL-6 408 F T R4,
HAF BV BRI (ICse), RAEF T4
IR A BB ZE W B 58 (ELISA) ¥, HAk#fE
T R TR B U B P AT
3 #£R
3.1 HMETE

&1 Atk K, HR-ESI-MS m/z: 321.1572
[M+H]" G4 321.154 5, Ca0H2N>0,). 'H-NMR
(600 MHz, DMSO-ds) d: 8.43 (1H, d, J = 5.3 Hz,
3-H), 7.97 (1H, d, J = 5.3 Hz, H-4), 8.15 (1H, d, J =
8.0 Hz, H-5), 7.27 (1H, m, H-6), 7.62 (1H, t, J = 8.0
Hz, H-7), 7.54 (1H, d, J = 8.0 Hz, H-8), 6.03 (1H, s,
H-1'), 5.86 (1H, s, H-3"), 2.44 (1H, m, H-4'), 1.67 (1H,
m, H-5'), 1.55 (1H, m, H-6"), 2.21 (1H, m, H-7"), 3.82
(3H, s, -OCH3), 10.85 (1H, s, -NH); "“C-NMR (150
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MHz, DMSO-ds) : 142.4 (C-1), 140.6 (C-8a), 138.7
(C-7a"), 137.3 (C-3), 133.5 (C-9a), 1312 (C-3a’),
129.7 (C-4a), 128.2 (C-7), 121.6 (C-5), 120.7 (C-4b),
119.5 (C-6), 114.7 (C-4), 112.6 (C-3"), 111.7 (C-8),
91.1 (C-1), 56.5 (OCHj), 22.3 (C-4"), 21.8 (C-7"),
21.4 (C-5"),21.2 (C-6")o LA b3 ds 5 SRR He A —
HP, WA 1A geleboline A

&9 2: AMRA, HR-ESI-MS m/z: 335.176 2
[M+H]" GHE1H 335.169 1, CyHyuN,0,) . 'H-NMR
(600 MHz, DMSO-dg) 6: 8.34 (1H, d, J = 5.5 Hz, H-
3), 7.93 (1H, d, J = 5.5 Hz, H-4), 8.14 (1H, d, J = 8.0
Hz, H-5), 7.26 (1H, m, H-6), 7.54 (1H, t, J = 8.0 Hz,
H-7), 7.48 (1H, d, J = 8.0 Hz, H-8), 5.94 (1H, s, 1’-H),
5.92 (1H, s, H-3"), 2.08 (2H, m, H-4"), 1.63 (2H, m, H-
5%, 1.68 (2H, m, H-6'), 2.26 (2H, m, H-7"), 1.46 (3H,
t, J = 6.5 Hz, -OCH,CH;), 4.15 (2H, m, -OCH,CHj3),
3.86 (2H, m, OCH,CH;), 10.93 (1H, s, -NH);
PC-NMR (150 MHz, DMSO-dq) J: 142.6 (C-1), 140.5
(C-8a), 138.1 (C-7a’), 137.2 (C-3), 133.3 (C-9a), 131.6
(C-3a’), 129.7 (C-4a), 128.2 (C-7), 121.6 (C-5), 121.1
(C-4b), 119.4 (C-6), 114.6 (C-4), 111.5 (C-3"), 111.4
(C-8), 90.9 (C-1"), 65.3 (OCH,CH3), 22.1 (C-6'), 22.1
(C-5"),21.6 (C-4"), 21.3 (C-7"), 15.7 (-OCH3). A L%
W5 s A Y, MEEtam 2 A
geleboline B,

tEY 3. RFE AR K, HR-ESIMS m/z
243.117 5 [M+H]" GHEAE C14HsN,0,, 243.114 6D
'H-NMR (600 MHz, DMSO-dq) d: 8.45 (1H, d, J=5.0
Hz, H-4), 8.31 (1H, d, J = 5.0 Hz, H-3), 8.24 (1H, d,
J =19 Hz, H-5), 7.73 (1H, d, J = 8.0 Hz, H-8), 7.57
(1H, t, J = 8.0 Hz, H-7), 7.33 (1H, t, J = 7.9 Hz, H-6),
3.77 (1H, m, H-20), 3.56 (2H, m, H-30), 2.07 (1H, dd,
J =13.5, 4.8 Hz, H-10), 1.88 (1H, dd, J = 13.5, 8.6
Hz, H-10); "*C-NMR (150 MHz, DMSO-dj) 6: 143.5
(C-13), 138.6 (C-4), 137.5 (C-10),136.9 (C-1), 133.3
(C-11), 130.3 (C-7), 122.7 (C-5), 121.7 (C-12),121.6
(C-6), 120.1 (C-3), 113.5 (C-8), 72.8 (C-2"), 67.4
(C-3"), 29.0 (C-1"). LA bZ# 5 STk iE A —
HY, WA 3 M cordysinin E.

th&¥) 4. FafEK, HR-ESI-MS m/z: 199.053 4
[M—H] ", (518 199.054 8, C;;H/N,0,). 'H-NMR
(600 MHz, DMSO-ds) 6: 11.60 (1H, brs, H-1), 8.31
(1H, d, J = 5.2 Hz, H-5), 8.33 (1H, d, J = 5.2 Hz, H-

6), 7.64 (1H, d, J = 2.3 Hz, H-9), 7.17 (1H, dd, J =
8.8, 2.3 Hz, H-11), 7.62 (1H, d, J = 8.8 Hz, H-12);
BC-NMR (150 MHz, DMSO-dq) J: 165.4 (C-3), 151.9
(C-10), 136.7 (C-13), 135.7 (C-2), 133.6 (C-5), 131.8
(C-7), 120.7 (C-8), 119.6 (C-11), 118.4 (C-6), 113.5
(C-12), 105.4 (C-9) VA_FH¥cdfs 5 SCifdfis s A —5,
W A W) 4 4 3,10-dihydroxy-B-carboline .

&) 5. FtalE{k, HR-ESI-MS m/z: 241.065 0
[M—H] (GH54H CsHoN,Os, 241.064 3). 'H-NMR
(600 MHz, DMSO-ds) 6: 11.47 (1H, brs, H-1), 8.08
(1H, s, H-5), 8.24 (1H, d, J = 7.8 Hz, H-9), 7.27 (1H,
t, J = 7.8 Hz, H-10), 7.53 (1H, t, J = 7.8 Hz, H-11),
7.76 (1H, d, J = 7.8 Hz, H-12), 3.97 (3H, s, -OCH3);
BC-NMR (150 MHz, DMSO-dg) 6: 165.8 (C-14),
153.6 (C-6), 140.4 (C-13), 138.7 (C-2), 127.5 (C-11),
126.4 (C-5), 122.9 (C-9), 121.7 (C-3), 120.1 (C-10),
120.0 (C-8), 116.8 (C-7), 112.5 (C-12), 51.7 (OCH3).
DA %ds 5ok A — 5P, W aw s
°A 6-hydroxy-3-methoxycarbonyl-B-carboline.

& 6: %EEHH K, HR-ESI-MS m/z
337.191 6 [M+H—H,0]", (i+5H{E CyHyN,O0s,
337.191 9). 'H-NMR (600 MHz, DMSO-dj) &: 8.36
(1H, d, J = 4.8 Hz, H-5), 8.05 (1H, d, J = 4.8 Hz, H-
6), 6.69 (1H, d, J = 7.9 Hz, H-10), 7.44 (1H, t, J=7.9
Hz, H-11), 7.14 (1H, d, J = 7.9 Hz, H-12), 3.68 (1H,
brs, H-14), 2.49 (1H, brs, H-15), 1.83, 1.68 (2H, m, H-
16), 2.39, 1.56 (2H, m, H-17), 1.56 (3H, s, 19-CH3),
1.38 (3H, s, 21-CH3), 1.49 (3H, s, 22-CH3), 8.13 (1H,
s, -NH), 4.06 (3H, s, -OCH;); “C-NMR (150 MHz,
DMSO-ds) d: 156.9 (C-9), 141.8 (C-3), 141.7 (C-13),
138.3 (C-5), 134.3 (C-2), 128.9 (C-11), 128.3 (C-7),
115.5 (C-6), 111.6 (C-8), 104.5 (C-12), 100.5 (C-10),
88.7 (C-18), 79.6 (C-20), 55.5 (OCHj3), 54.3 (C-14),
51.3 (C-15), 33.7 (C-17), 29.5 (C-22), 25.7 (C-21),
23.4 (C-16), 18.8 (C-19). LA % 5 CRkIRkiE LA
— O, M EL AW 6 A l-methyl-3-(2-
hydroxypropan-2-yl)-2-(5-methoxy-9H-B-carbolin-1-yl)-
cyclopentanol.

&M 7: FF A, HR-ESI-MS m/z: 245.131 8,
[M+H]", GHEAH 245.129 0, C14H;¢N,0,) . 'H-NMR
(600 MHz, DMSO-d¢) d: 5.44 (1H, q, J = 6.6 Hz,
H-1), 3.53 (1H, m, H-3a), 3.95 (1H, m, H-3p), 2.77
(2H, overlapped, H-4), 7.28 (1H, d, J = 8.6 Hz, H-5),
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6.68 (1H, dd, J = 8.6, 2.2 Hz, H-6), 6.86 (1H, d, J =
1.76 Hz, H-8), 1.47 (3H, d, J = 6.7 Hz, 14-CH3), 8.19
(1H, s, H-15), 3.87 (3H, s, 16-OCHj); *C-NMR (150
MHz, DMSO-dg) d: 163.7 (C-15), 138.6 (C-13), 122.2
(C-12), 119.2 (C-5), 109.7 (C-6), 157.4 (C-7), 133.4
(C-10), 107.1 (C-11), 95.6 (C-8), 56.2 (C-16), 45.7
(C-1), 42.3 (C-3), 23.1 (C-4), 19.4 (C-14). LA %k
5 kR E A T, MR A T A
2-aldehydetetrahydroharmine.

54 8: Fky K, HR-ESI-MS m/z: 229.098 5,
[M+H]" GHEH 229.099 2, C13H12N,0,). 'H-NMR
(600 MHz, DMSO-dg) 6: 8.17 (1H, d, J = 5.0 Hz, H-
3), 7.87 (1H, d, J = 5.0 Hz, H-4), 8.08 (1H, d, J = 8.6
Hz, H-7), 6.86 (1H, dd, J = 8.6, 2.1 Hz, H-8), 7.14
(1H, d, J= 2.1 Hz, H-10), 4.94 (1H, d, J = 5.2 Hz, H-
14), 3.88 (3H, s, -OCH3), 5.53 (1H, t, J = 5.2 Hz,
-OH), 11.21 (1H, brs, -NH); “C-NMR (150 MHz,
DMSO-dg) d: 160.2 (C-9), 144.3 (C-1), 142.5 (C-11),
137.2 (C-3), 133.7 (C-13), 128.5 (C-5), 122.6 (C-7),
114.5 (C-6), 113.2 (C-4), 109.3 (C-8), 94.8 (C-10),
63.7 (C-14), 55.5 (OCH3). PA_E % ds 55 Sk i i F A
— 8, e LAY 8 N pegaharmine T,

WEW9: FERAR, HR-ESI-MS m/z: 213.101 8
[M+H]" GH514 213.102 2, C;3sH;;N,0). "H-NMR
(600 MHz, DMSO-de) o: 7.58 (1H, t, J = 2.4 Hz, H-
3), 7.03 (1H, dd, J = 2.4, 1.0 Hz, H-4), 8.12 (1H, d,
J = 8.8 Hz, H-7), 7.16 (1H, dd, J = 8.8, 2.6 Hz, H-8),
7.39 (1H, d, J = 2.6 Hz, H-10), 2.79 (3H, s, -CH3),
3.89 (3H, s, -OCH3), 11.95 (1H, brs, -NH); "*C-NMR
(150 MHz, DMSO-d) 6: 157.4 (C-9), 146.4 (C-13),
143.6 (C-11), 127.7 (C-1), 127.5 (C-3), 127.2 (C-5),
1242 (C-7), 117.3 (C-6), 115.8 (C-8), 108.6 (C-10),
100.5 (C-4), 55.3 (OCH3), 20.8 (CH3). LA F#uE5 ik
B A, #E A 9 4 pegaharmine K.
32 MEEM

Eff RS R, aW 1~9 X LPS ¥
RAW264.7 400 B i TNF-o0 Fl IL-6 33 2 AT AN [F R
MHHIER, B TR ks s, il
EW 1A 2 06 ROE R T TL-6 F 40 1)1 FH 26 0 A 0,
FIFE A B 55 S0 K7 TNF-o R30I 1 FH A X 4
55, TR IL-6 BOFMEIAE R R . R 1.

4 g
] P9 A1 55 A0 R AR 0 4 2 120 T 9 R B R T

F1 LEYW1~9 XF LPS R RAW264.7 4R 74 TNF-a
FAIL-6 R9RM (X ts,n=3)

Table 1 Effects of different compounds 1—9 on production
of TNF-0 and IL-6 in LPS-stimulated RAW264.7 cells

(xts,n=3)

ICso/(ng'mL™")

wEY)
TNF-a IL-6
1 8.981+0.61 6.7410.21
2 11.231+0.67 5.214+0.18
3 7.991+0.48 7.8610.36
4 6.8910.34 7.97£0.22
5 15.45+0.57 9.341£0.16
6 19.4310.45 8.891+0.22
7 10.79+0.33 8.741+0.41
8 9.73£0.72 7.21£0.66
9 11.794+0.29 7.8610.39

BN R, =i k=R, EEE . AR
SEBHE S BERZ WALy . BT A4
KW, AR RS 2 A GREEFHRTE R 24D
B REMARAEICY, ARFst RE, RS
R EARAE YD 9 H R 2 . R A
R MY EA A S RPUEA . PR, PUIAE
G2 MAEENE, SN AREAHERRSER. Cu
LR, R B AR Wit 4 0 R 1 LA e
(IAIHIE S X5 12 AR EARA YB3 A T 98 5 R -4
il R IR /S 1Cs0 I A 0.33 pg/mLo Rk, 5
B AR AR ] RE AR BT . 1RYT I o
W TR B SR F ) = B R gy, 3 — B IR 7L
BEE T HLB A .
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