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Chemical constituents from flower of Osmanthus fragrans var. thunbergii and
their anti-neuroinflammatory activities
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Abstract: Objective To study the chemical constituents of Osmanthus fragrans var. thunbergii and their anti-neuroinflammatory
activities. Methods The chemical constituents were isolated and purified by macroporous resin, silica gel and reversed-phase silica
gel, Sephadex LH-20 molecular exclusion column chromatography and semipreparative reversed-phase high performance liquid
chromatography. And their structures were elucidated by nuclear magnetic resonance (NMR), mass spectrometry (MS) and circular
dichroism spectroscopy (CD). The anti-neuroinflammatory activities were evaluated on NO release model in microglia (BV-2 cells)
stimulated by lipopolysaccharide (LPS). Results A total of 13 compounds were isolated from 70% ethanol extract of O. fragrans var.
thunbergii and identified as (4-methoxyphenylethyl) (2S,3E,4R,5R)-2-O-(B-D-glucopyranosyl)-3-vinyl-5-methoxycarbonyl-
tetrahydro-2 H-pyran-4-acetate (1), (8F)-ligstroside (2), oleuropein (3), 10-acetoxyligustroside (4), 10-hydroxyligustroside (5),
phillyrin (6), phillygenin (7), pinoresinol (8), lariciresinol dimethyl ether (9), eutigoside A (10), jasminoside O (11), oleanolic acid (12)
and p-coumaric acid ethyl ester (13), respectively. In anti-neuroinflammatory bioassay, compounds 1,2, 4, 5,9, 10, 11 and 13 inhibited
the production of the inflammatory mediator NO on LPS-induced BV-2 microglial cells. Compounds 1, 4 and 10 exhibited inhibitory

effects with ICso values of 3.27, 3.66 and 3.63 pumol/L, respectively. Conclusion Compound 1 is a new secoiridoid, and compounds
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8 and 9 were isolated from the genus Osmanthus for the first time. Compounds 1, 4 and 10 exhibited significant inhibitory effects on

NO production in LPS-induced BV-2 microglial cells.

Key words: Osmanthus fragrans var. thunbergii Makino; osthunoside A; secoiridoids; lignans; anti-neuroinflammatory; pinoresinol;

lariciresinol dimethyl ether

FEAE Osmanthus fragrans (Thunb.) Lour. X 4 A
B, FNAREF} (Oleaceae) AMEJE Osmanthus Lour.
Y, Tz oA T 3R E A R X . FETERIAE
R PRI TN, AR IR, A6, M. E
2, HARMA. HeEmmoiz, Wi T bR
A 9 5 7 2R bR -2, AN, T RAE AR
ARRTF AR, B2 H S B AT B, B
FEEMTTFEENE AR RS, HEAERT 7 et R
B PHERPUZEEPU R afl . IAREIEFERIN, IS
AR I, WIS, RNER. ROBE . MR
Wiy SIS RSy, BAUEM. FERE. PR,
Pros GPEPIT. Pk, FIESE 2 Fh2GEg Ee,

% ¥E O. fragrans var. thunbergii Makino &FEAE
RE W RN Z AR —, HAEE e,
AR R E AR AR AT e EE AR A
HIBLAIASAE ] S AL T A v A, < HEA AR
YIAE Z Ml R b 2RI TR, AR P AL
AT RE ST S-FR CIE RGO EE JEREA S
H RO AL A 7 B AR s PR TE D, e
TCREEOE T EHEE 60% LRF SR 2tk F 1k
MBRH RN, KIMEHELIRIAILL 5 g/kg KI5
B 14d, BB SMERE, &AL
K. Py mFEA (1. 24 4gkg) 76/ RESTR LA
AN R AR B B At RAE ] ER AR
RI HEAC KSR o~ %) B0 EF g B AT S 2 40|
W&, RH HPLC-ESI-QTOE-MS X} & FEAE/KIEY)
AL O AT T, SRR 73 MEE: AT
D S EIE R S AEAE 95% SRFHE I AT A0
SIEFL, ORI T 1 ASE B AL 7 AN SRS
ST HEN SRRt Fe A e 7y, t—
A B B AR 7Y, AT TR G AR 70% I HR Y
TFIEAL S BRI TT, I 7 453 13 M & (K
D, A%EN 4-HEIERCE (2S3E4R5R)-2-0-
B-D- Mt e ] 6 2k -3 - £ A ik -5- P S ik - D -2 H-
ntk i -4- Z /R g [(4-methoxyphenylethyl) (2S,3E 4R,
5R)-2-0O-(B-D-glucopyranosyl)-3-vinyl-5-methoxy-
carbonyl-tetrahydro-2H-pyran-4-acetate , 1] . (8E)-
ligstroside (2). HiHi#  Coleuropein, 3). 10-

acetoxyligustroside (4). 10-hydroxyligustroside (5)+
BT (phillyrin, 6)+ (+)-ERfFZE (phillygenin,
7). (+H)-AafEZ (pinoresinol, 8). (+)-7& M Fa# i
I — F gk (lariciresinol dimethyl ether, 9). eutigoside
A (10). jasminoside O (11). FFIIRER (oleanolic
acid, 12) MIX#F& IR LB (p-coumaric acid ethyl
ester, 13). H, (L&MW1 HWEY), e
FEHF A (osthunoside A); LG54 8 A1 9 N E IRMA
BIEH o sa3. REEZPE (lipopolysaccharide,
LPS) 15 51 BV-2 /NI 5T 40 M A5 AL VF 0 38 70 5444
BV HIPAE RTEE
1 NE5HH

Eyelan-1100 B Jig % 7% K AN R U BEAL A bk 20
At LX-200 BUNREGLHL (B EENTE BRI
ARRAF]D; BT25S B 7R (fE[H Sartorious 2
A]); Avance NEO 600 MHz W BE3EHR AL (i -
Bruker A 7]); Agilent 1260/G6230A FL i Bk FHAX
(£ Agilent AF]); Agilent 1260 infinity 1T /5 R
A TEA (2 Agilent AF]); LC-6AD &%l
A TS CHAEE#AF]); Chirascan V100 %Y [ —
1A (FE[E Applied Photophysics A 7] ); Genesys
10S B4 E{Y (3E[E Thermo Scientific A 7] );
Nicolet iS5 L 4 1E{% ( 3£ [E Thermo Scientific 2
F]); Combiflash Rf*H1 [ ffil] & €4 3% (X (3 [H Teledyne
ISCO ~w]); ARIEVKA (75 il /RFFF s A PR A
]); HRuREFEFE (3£ Thermo Scientific A );
Z AR CEBR D TAERHIRA D it
it k: Agilent Elipse XDB-Cjs (150 mm X 4.6 mm,
5 um); g i FE Agilent Zorbax SB-Cig (250
mmX9.4mm, 5um); HEIEH: Sephadex LH-20
(ZEH cytiva A \]); HP20 KALIFHRH R (H A =3%
Rt EE AR (5 B ET);
e RCBUAH BT A BT R D i Al HoAh e o A
afi; LPS (EH Sigma AF]D; FEIEPEIT (DLX, #r
LR IR M A R ~w] ), HZEKPAr (DEX, EHE
MedChemExpress A @ ); DEME i 7736 (X
HE EMBHA R A D CCK-8 & (i
TR AEMRHARAFD; PBS &l (ALt &K
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Fig. 1 Structures of compounds 1—13

FAEMBHEARARD:; NO A& (HigEEY)
FHCHR AT

Zipt I B AR RN, JEHE YA AR R R
IRV HE M LAEW I D AR 1L B e N
¥ O. fragrans var. thunbergii Makino, b3 4 (JG-2023-
06) TRAF T ZEH R 5 T Bt 2 25 Wi FE T
2 HE
21 RBRESEH

BT HEAE 1808.0. g, I 70% LI hn#i ]
WARE 3 I, BRR 20, HIFRBGH, JEIT, JEBIK
JEA&TEFISRE 673.4g. FHREINEE T /KA EL
R, SRR 3 . IURERUS EI’J7J<*IKQ%
HP20 RSB RAE G, ZBE-/KBEREBENL, 1
ARG

¥ 50% L BEPE IR ERAL (102.0 g) ZoRERF: (il
I3, DU TR - TR IR - B R Sl AR P e

L1459 30 NS CBEAMERE 1600mL). 44 11 CH
THBE-BE TR OB 95 & 5 BEBLITTS, 1.25 g)%4 Sephadex
LH-20 i (&R GE-HEE 121 9shsD, Fr
LSy 14 (0.11 g) G-l & m R AHZL Gt
AN 42%HEE-7K, AR 2mL/min), 1§65
Y2 (47mg, tk=62.5min). 15 12 CF M- AR
06 93 1 7 Wl TR, 2.00 g) £ Sephadex LH-20
AR (A R-HEE 1 1 RS, g
555 (0.11 g) 2l & S BoR A (i 4t GRishg
N A0%H EE-K, ARERREN 2 mL/min), S4LAY
4 (12mg, tr=33.0min). 3 (10 mg, tg=50.0 min)+

5 (4mg, tr=74.0min); A3 4% 7 (0.03g) &
H R B 45 AL & 10 (14 mg). ZH74) 50-13 ([
B CBE-HEE 9 1 1 BEMLATTS, 1.59 g) 4 Sephadex
LH-20 (=& Hbe-FEE 1 1 1 sl #E e, Br
A7 14 (0.09 g) & HFEEE L R & 6 (25
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mg). M5 15 (BEERCTe-HEE 8 - 2 Pefii, 1.40 )
28 Sephadex LH-20 (R J9iizhAH) HtiE, g
W44 3 (0.18 g) £+l & m A A 4kl QAL
N 50% HEE-/K, AFUREN 2 mL/min), fSEY)
11 (6 mg, tr=46.0 min).

B 70% LB AT (15.3 ) e (it 4)
B, DA K- R 216 F B R IR sl AR R B i, 3
7332 NS CBAMERE 800mL) . 4143 4 CHiiis-
BEER 2,08 3 - 1 Yelian s, 0.55g), & RAHER:
FEEIE B (10%~100%F EE-/K, BREELEND, BT
FFIAH 53 (70% HRE-/KBEliE, 0.04 g) 28F-Hil £ =il
WARZEAL GRBIAHA 53% FHE-0.1% IR /K, 7RFA
&4 2mL/min), 546G 13(12 mg, tk=33.0 min).
oy 6 Chilk-BEER 205 7 © 3 Lelbififs, 031¢g)
ZHEEEL S, B EW T (202mg). M7
THEE-BER 08 3 ¢ 2 BEBUITAS, 0.24 2) 4 Sephadex
LH-20 (& HRE-HEE 12 1 NshiD H ek, B
BT 11 (0.04 g) L& mBomra4itl Gt
AN 49% H EE-/K, RBUA RN 2 mL/min), 134t
A8 (6mg; tr=20.0min). 414> 8 (47 IHIEk-BE R
CWE 11, 0.65g) 4 Sephadex LH-20 ( &
FRE-FEE 101 NS B, Frffirds 8
(0.04 g) &Ml & m e AH 2L CRBIAEA 30% 4,
fi&-7K, PR EN 2 mL/min), 346&% 9 (7mg;
tr=46.0 min). 214} 19 (BAHR L BE-HIE =25 1 2 ¥k
i, 0.24 g) % Sephadex LH-20 ( & H %% @ HEE
111 9iRshAED A, FrRras) 23 (0.12g)
202 S RO AL (56%H EE- K, AR E
N 2mL/min), 3EMLEY 1 (6 mg; tk=40.0 min)

W 95% L BEVR IR ERAL (24.5 @) ZRERFE (i 5y
B, LUA I BE-BE R £ 8- R B R i Bl AR B e i, 3
5 28 NSy CEEABERE 800 mL). #4749 CfaiMifi-
BEER .06 13 0 7 VEMLTTR, 1.37g) SHEEEL M,
BbEY 12 (262 mg).
22 mEEMENE

ASEER A LPS S /NN 408 (BV-
2 JHH) WA RRERAL, SR Griess VEVPAN AT/ ES
(1) 8 MEAPIXT LPS i T BV-2 4= 4 NO 1
HEE. RS 10%06 4 M35 DMEM K772k,
37 CHMT, T 5%CO: (38 R E BV-2 4
i, HOS AR K HDIRAS AT A kA7 S5
2.2.1 ML SRH CCK-8 VM AL &
Yixt BV-2 AfEEPE, B8RRI E R4

MOEE PR IR, I B4 24 TR P AT T A 1 5
56 K BV-2 4T 96 FLAR H (29 4 X 10°4~/mL),
FFFL 100 uL. ¥ EF 24h J5, Wk BIER, WINAE
IR SR A XTI AL, 25 252090 100 pL &5 A
[ B F AR AL &9 (54 104 25+ 50+ 100 pmol/L)
irFRdk, FAHRE 3 ANETL, L E 240 )5,
FFLIIA 10 pL ) CCK-8, #4k&:859% 1 h, T 450
nm WK FIEBOLEE (4) 4, THEMEETEER.

AT R = (A ws— A 2)/(A sm— A 1)

222 BURIEVENE A4S AR BE 1 25 4
DMSO B ZE 7K 5 AR 1] RS BRI, S N FH 355 77 4
FikE . LPS FAMZE/KHECH A 1.0 mg/mL IERE, 5
B S FR MR 2 IR N 1.0 pg/mL. K BV-
2 AEEFT 96 FLARF (£ 4X 105 4~/mL), FE5L
100 uL, 7E37 ‘C. 5% CO, MH5E FigH 24h, W
F EW, 2 BRI SRR S 211
BRFR AL, PHMEZI A SRR A A I N A LR B (1)
TUE AT 1 h, BHKE3IANEI. 1ha
W IR AL, B AN SRR TR A, oA
IO 1 pg/mL 1) LPS ¥R, 423597 24h. KH
Griess 1AM E M _E3E W 0 NO BetE, W
M E3EW, ¥ 50 uL _BiEIIN 96 FLAR T SRR
50 pL ) Griess 157 T A1 I VE & . 7€ 550 nm P K T
W A EH. MRIEARAE 2 T B4 B3+ NO
IR

3 4R

3.1 SZHETE

WEY 1: W OTERM AR [a]y —0.72(c0.28,
MeOH). UV 2522 (nm): 203 (3.98). IR oy (cm™):
3395,2934,1734,1513,1248,1 058, HR-ESI-MS
BRED T FUEN m/z: 563.209 8 [M—+Na]* (it
5i{H 563.209 9, CyH36012Na) , %54 'H-NMR Fll
BC-NMR %K (£ 1), #iE H 973N CasHz6012,
ANHIFIEEN 9.

BN 1 AN B 7y e AL (3395
cmb) FIEREE (1734 cm™D. ik & 11 'H-
NMR I BC-NMR ##5, FHHLEMPAEE 3
B QANERD, SAMWHIE GAMNERD, 8 ME
WHEE (6 MBS, Hr 2 AN NG, 8 M5 HE
BERUBERR (5 N4, 2 AN BREE (8¢ 172.8,171.3).
'H-NMR (600 MHz, CDCl3) i &5~ 1 IR R
F{55 [ou7.09 (2H, d, J=8.5 Hz), 6.83 (2H, d, J =
8.5Hz)], WERYFEGHHUE R NG AEAE 1,4-—
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#=1 &% 189 HF B3C NMR ##E (600/150 MHz, CDCl;)
Table 1 'H and 3C NMR data of compound 1 (600/150 MHz, CDCls)

AL oc OH AL Jc OH
1 98.8  5.23(d,J=9.1Hz) 4 69.9  3.58 (m)
3 67.6  4.06 (d, J = 13.2 Hz), 4.15 (m) 5 764  3.43(m)
4 498 278 (m) 6’ 62.1  3.78 (m), 3.89 (d, J = 12.6 Hz)
5 330  3.70(m) 1" 129.7
6 346  2.44 (m) 2" 129.9  7.09(d, J=8.5 Hz)
7 171.3 3" 1141  6.83(d, J=8.5Hz)
8 1239  5.43(g, J=6.8 Hz) 4" 1585
9 132.2 5" 1141  6.83(d,J=8.5 Hz)
10 130  1.60(d, J=6.8 Hz) 6" 129.9  7.09(d, J=8.5 Hz)
11 172.8 7" 342  283(t,J=7.1Hz)
1’ 1028  4.60(d,J=7.7 H2) 8" 65.7  4.15(m), 4.21 (m)
2’ 743 3.36(m) 11-OCHs 526 3.72(s)
3! 760  3.58(m) 4"-OCHs 554  3.78(s)

HUAR IR S50 B B 0 4.60 (1H, d,J=7.7 Hz) ¥ é@y\g 2 daoch,

SWERT S, 4 SCNMR BESN 6 MHE o %

- Z (o)

5 5c 102.8, 74.3, 76.0, 69.9, 76.4, 62.1, FHALEH) T o/

H | MEIHEAER B 'HH COSY i R ﬁ;;(

LR EAE C-3-C-6, C-8—C-10 Fil C-7"—C-8" =/ D

ML HEAR (H 2) . &5 xR, thé — H-'HCOSY < \HMBC 7'\ NOESY

Y1 FIpsEdE (R O 52411k &4(8E)-4"-0O-
methylligstroside® £ HEAHAL, AN [FZ AbFE T4 &
W1 AR TRE R E Atk aYK 2, FFH. B
&Y 3 LRI FE (ouldc 7.51/155.3) Fil 4 £
(PR (0c 109.5) {55 70 AldE AL &4 1 o i F
R (6uldc 4.06, 4.15/67.6) X H K (Suldc
2.78/49.8) {55 HUX, UiMLEY 1 4 (BE)-4"-O-
methylligstroside ] 3,4 {37 X5 4 148 Ji 1 2L A I B '
HRI Y. EEY 1 HMBC iEEF, H-3 5
C-1 5%, H-4 5 C-7 A1 C-9 IR, #E—HArsk
H 18 Eiddsig . sk, £ HMBC i+ (K1 2) ,
11 f7An 4" H4EIE (0w 3.72, 3.78) 45 C-11 (oc
172.8) 1 C-4" (5c 158.5) #HIE, IUEHH 2 ANHIAHIE A
A F 11 F1 4467 H-1 (0n 5.23) 5 C-1' (dc 102.8) #f]
K, UEPAEIEINE S 1 ALAE; H-8"(0n4.20) 5 C-7 (6c
171.2) AHK, UFH 4-RAERER OIS 7 AIAHE; Hs-
10 (0n 1.60) 5 C-9 (5c 132.2) A%, EWIXUEAIT 9
fre PLEMCHE— DR 7AW 1 1 P THZER .
NOESY #/ (K 2) #, Hs-10 5 H-6 A%,
Ui H C-8/C-9 XN E #28Y; H-1 5 H-4 Fl Ho-6 #H
XK, M5 H-5 LR, WS+ H-1, H-4 Al Hy-
6 4 o HLIF, T H-54 B A H-1'5 H-1 /1%,

2 k& 1 K% '"H-"H COSY. HMBC 71 NOESY
HXES
Fig.2 Key 'H-'H COSY, HMBC and NOESY correlations

of compound 1
JfH "H-NMR & B, H-1"EE®HE N 7.7 Hz,
UL BES EE Dy B Y. 2R b, WE TAREY 1 A
xR AL
B 1 (a5 R R E et bl A sl 5 15 e
TR & (ECD) EEFEr, W1 gt
Feas s, B VAL S 1 R IBER SR BTN
HIETRE, DR R T T SR Tk T 45 R BT R
3 AR LaxT FIBLRITT . 7E B3LYP/6-31G(d)# i 7K
PR, REGH-%EiZE (TD-DFT) J5ik, Sk
AW 1 ATRER SERIMR 1a AT 1b #E4T ECD 509,
5K (] 3), 1a MiHH ECD #4555 ECD
mZeAHAT, IMfE THEY 1 4 il. fiik
A1 MEEHWEEN +-FREE LK (2S3E,
4R,5R)-2-O-B-D- ik Wi 4 %] 1% 5 -3- £ 0 -5 H1 4 ok
He-PUS-2H-ME I -4- 2RI . 48 SciFinder £4E FEAY
RIHWEY), o RNEEH A.
&Y 2: BEOFEIRARE 4, ESI-MS m/z: 547.17
[M—+Na]"; 'H-NMR (600 MHz, acetone-ds) J: 7.47
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Experimental ECD of 1
- - - - Calculated ECD of 1a
15 . Calculated ECD of 1b

Ag/(Mlem™)

195 245 295 345 395
A/mm
B3 &Y 1 TNFIHE ECD iEE
Fig.3 Experimental and calculated ECD spectra of

compound 1

(1H, s, H-3), 7.08 (2H, d, J = 8.5 Hz, H-2", 6"), 6.78
(2H, d, J = 8.5 Hz, H-3", 5), 6.03 (1H, q, J = 6.7 Hz,
H-8), 5.93 (1H, s, H-1), 4.84 (1H, dt, J = 7.8, 2.1 Hz,
H-17), 4.22 (1H, m, H-8"b), 4.09 (1H, m, H-8"a), 3.97
(1H, m, H-5), 3.86 (1H, d, J = 11.9 Hz, H-6'b), 3.69
(3H, s, 11-OCH3), 3.36~3.48 (4H, m, H-2'~5"), 3.69
(2H, m, H-6'a), 2.81 (2H, t, J="7.1 Hz, H-7"),2.71 (1H,
dd, /J=14.3,9.5 Hz, H-6b), 2.41 (1H, dd, /= 14.3, 4.2
Hz, H-6a), 1.68 (3H, d,J=7.1 Hz, 10-CHz); '3C-NMR
(150 MHz, acetone-ds) 0: 171.7 (C-7), 167.2 (C-11),
156.9 (C-4"), 154.2 (C-3), 130.8 (C-2", 6"), 130.4 (C-
1), 129.5 (C-9), 124.2 (C-8), 116.1 (C-3", 5"), 109.2
(C-4), 100.5 (C-1"), 94.5 (C-1), 77.9 (C-5"), 77.8 (C-3",
74.6 (C-2'), 71.5 (C-4'), 66.1 (C-8"), 62.9 (C-6"), 51.5
(11-OCHs), 40.7 (C-6), 34.8 (C-7"), 31.5 (C-5), 13.5
(C-10). VA% HE 5 SClfahiE — 2, #Hs e
AW 2 4 (8E)-ligstroside

WEY 3: AETCE R K, ESI-MS m/z: 563.16
[M+Na]*; 'H-NMR (600 MHz, acetone-de) J: 7.73,
7.69 (2H, brs, 4", 3"-OH), 7.47 (1H, s, H-3), 6.75 (2H,
m, H-2",5"), 6.58 (1H, dd, J = 8.0, 2.0 Hz, H-6"), 6.02
(1H, q,J = 7.0 Hz, H-8), 5.93 (1H, s, H-1), 4.84 (1H, d,
J=17.7Hz, H-1), 4.20 (1H, m, H-8"b), 4.08 (1H, m, H-
8"a), 3.97 (1H, dd, J=9.5, 4.1 Hz, H-5), 3.88 (1H, m,
H-6'b), 3.69 (3H, s, 11-OCH3), 3.68 (1H, m, H-6'a),
3.38~3.47 (4H, m, H-2'~5"), 2.76 (2H, t, J = 7.1 Hz,
H-7"), 2.71 (1H, dd, J = 14.2, 4.1 Hz, H-6b), 2.41 (1H,
dd, J=14.2, 9.5 Hz, H-6a), 1.68 (3H, d, /= 7.0 Hz, H-
10); 'BC-NMR (150 MHz, acetone-ds) 8: 171.7 (C-7),
167.2 (C-11), 154.2 (C-3), 145.8 (C-3"), 144.5 (C-4"),
130.5 (C-1"), 130.4 (C-9), 124.2 (C-8), 121.1 (C-6"),

116.9 (C-2"), 116.1 (C-5"), 109.2 (C-4), 100.7 (C-1"),94.6
(C-1), 78.0 (C-5"), 77.9 (C-3"), 74.6 (C-2"), 71.5 (C-4"),
66.1 (C-8"),62.9 (C-6"),51.5 (11-OCH3), 40.8 (C-6), 35.1
(C-7"), 31.5 (C-5), 13.6 (C-10)o LA ik i H ¥ 5 ik
I —312, WM ENEY 3 M

WEY) 4: o TCE R R, ESI-MS m/z: 605.18
[M—+Na]"; 'H-NMR (600 MHz, methanol-ds) o: 7.53
(1H, s, H-3), 7.05 (2H, d, J = 8.3 Hz, H-2", 6"), 6.71
(2H, d, J= 8.3 Hz, H-3", 5"), 6.08 (1H, t, /= 6.2 Hz,
H-8), 5.98 (1H, s, H-1), 4.82 (1H, d, J= 7.7 Hz, H-1"),
4.76 (1H, ddd, J = 13.4, 7.9, 0.9 Hz, H-10b), 4.57 (1H,
ddd,J=13.4,5.8, 1.7 Hz, H-10a), 4.25 (1H, m, H-8"b),
4.14 (1H, m, H-8"a), 4.00 (1H, dd, J = 9.8, 3.9 Hz, H-
5),3.90 (1H, dd, J = 11.9, 2.0 Hz, H-6'b), 3.72 (3H, s,
11-OCHs), 3.67 (1H, dd, J = 11.9, 5.8 Hz, H-6a), 3.41
(1H, m, H-3"), 3.33~3.35 (3H, m, H-2', 4', 5'), 2.83
(2H, t, J= 7.0 Hz, H-7"), 2.77 (1H, dd, J = 15.1, 4.0
Hz, H-6b), 2.50 (1H, dd, J=15.1, 9.8 Hz, H-6a), 2.01
(3H, s, H-13); BC-NMR (150 MHz, methanol-ds) &:
172.8 (C-7), 172.5 (C-12), 168.3 (C-11), 157.1 (C-4"),
154.9 (C-3), 133.9 (C-9), 131.0 (C-2", 6"), 130.0 (C-
1), 124.4 (C-8), 116.3 (C-3", 5"), 109.2 (C-4), 100.8
(C-1",94.3 (C-1), 78.5 (C-3"), 77.9 (C-5"), 74.7 (C-2"),
71.5 (C-4"), 66.9 (C-8"), 62.7 (C-6"), 61.8 (C-10), 52.0
(11-OCH3), 41.1 (C-6), 35.2 (C-7"), 32.4 (C-5), 20.8
(C-13). DA EPEHE 5o ikkiE — 308, #MssE
WA 4 N 10-acetoxyligustroside .

WEY) 5: T IoE RN K, ESI-MS m/z: 563.17
[M—+Na]"; 'H-NMR (600 MHz, methanol-ds) d: 7.53
(1H, s, H-3), 7.05 (2H, d, J = 8.5 Hz, H-2", 6"), 6.72
(2H, d, J = 8.5 Hz, H-3", 5", 6.14 (1H, t, J = 5.9 Hz,
H-8), 5.96 (1H, s, H-1), 4.82 (1H, d, J= 7.7 Hz, H-1'),
4.27 (1H, ddd, J=13.7, 7.5, 1.0 Hz, H-8''b), 4.22 (1H,
m, H-10), 4.14 (2H, m, H-5', 8"a), 3.94 (1H, dd, /=94,
4.1 Hz, H-5), 3.89 (1H, dd, J = 11.9, 2.0 Hz, H-6'),
3.71 3H, s, 11-OCHs), 3.66 (1H, dd, J = 11.9, 5.8 Hz,
H-6'a), 3.34~3.41 (3H, m, H-2'~4"), 2.82 2H, t, J =
7.0 Hz, H-7"), 2.72 (1H, dd, J = 14.9, 4.8 Hz, H-6b),
2.50 (1H, dd, J= 14.8, 9.4 Hz, H-6a); '3C-NMR (150
MHz, methanol-ds) d: 173.0 (C-7), 168.4 (C-11), 157.1
(C-4"), 155.0 (C-3), 131.0 (C-1"), 131.0 (C-2", 6"),
130.0 (C-9), 129.5 (C-8), 116.3 (C-3", 5"), 109.3 (C-4),
100.9 (C-1), 94.6 (C-1), 78.5 (C-3"), 78.0 (C-5'), 74.8



© 2770 ¢

20254E 4 H $56% $ 8  Chinese Traditional and Herbal Drugs 2025 April Vol. 56 No. 8
i3 P

(C-2'), 71.5 (C-4"), 66.9 (C-8"), 62.8 (C-6"), 59.2 (C-
10), 51.9 (-OCH3), 41.2 (C-6), 35.2 (C-7"), 32.3 (C-5).
DA 3o vl 5 5 Sk oE — S0, WS e S 5
A 10-hydroxyligustroside

&Y 6: HEEIREAE (HEE, ESI-MS m/z:
557.20 [M+Nal*; 'H-NMR (600 MHz, DMSO-ds) o:
7.04 (1H, d, J = 8.3 Hz, H-5), 6.96 (1H, d, J= 2.0 Hz,
H-2), 6.93 (2H, m, H-2', 5'), 6.87 (2H, m, H-6, 6"), 4.88
(1H, d, J= 7.3 Hz, H-1"), 4.80 (1H, d, J = 5.9 Hz, H-
7', 438 (1H, d, J= 6.8 Hz, H-7), 4.10 (1H, dd, J=9.1,
1.4 Hz, H-9b), 3.75 (9H, s, 3 X OCH3), 3.74 (2H, m, H-
9a, 9'b), 3.66 (1H, m, H-6"b), 3.44 (1H, m, H-6"a), 3.38
(1H, m, H-8'), 3.15~3.26 (4H, m, H-2"~5"), 3.09
(1H, t,J=8.6 Hz, H-9'a), 2.84 (1H, m, H-8); 3C-NMR
(150 MHz, DMSO-ds) 5: 148.9 (C-3), 148.5 (C-3'),
147.6 (C-4"), 145.9 (C-4), 135.3 (C-1), 131.2 (C-1"),
118.1 (C-6), 117.5 (C-6), 115.2 (C-5), 111.5 (C-5),
110.4 (C-2), 109.4 (C-2'), 100.1 (C-1"), 86.7 (C-7),
81.2 (C-7"), 77.0 (C-3"), 76.9 (C-5"), 73.2 (C-2"), 70.3
(C-9), 69.7 (C-4"), 69.0 (C-9), 60.7 (C-6"), 55.7 (4'-
OCH3), 55.5 (3, 3-OCH3), 54.0 (C-8), 49.3 (C-8"). LA
R S SRR IE — B0, SRS 6N
R

&Y 7. HEsHREAR (FED, ESI-MS m/z:
395.15 [M+Nal*, [a]h+146.40 (c 0.1, MeOH); 'H-
NMR (600 MHz, acetone-ds) J: 7.49 (1H, brs, 4-OH),
7.00 (2H, m, H-5', 6"), 6.92 (2H, H-2, 2), 6.85 (1H, dd,
J=28.1, 1.9 Hz, H-6), 6.79 (1H, d, J = 8.0 Hz, H-5),
4.84 (1H,d, J= 6.0 Hz, H-7"), 4.37 (1H, d, J= 6.9 Hz,
H-7), 4.11 (1H, dd, J=9.2, 1.3 Hz, H-9b), 3.84 (3H, s,
3-OCH3), 3.82 (1H, m, H-9a), 3.81 (3H, s, 3’-OCH3),
3.79 (3H, s, 4-OCH3), 3.76 (1H, m, H-9'b), 3.41 (1H,
m, H-8'), 3.19 (1H, t, J = 9.1 Hz, H-9a), 2.88 (1H, m,
H-8); '3C-NMR (150 MHz, acetone-ds) 6: 149.4 (C-
4", 148.5 (C-3"), 147.5 (C-3), 146.1 (C-4), 133.5 (C-1),
131.8 (C-1"), 118.9 (C-6), 117.8 (C-6'), 114.7 (C-5),
111.7 (C-5"), 109.9 (C-2), 109.7 (C-2'), 87.8 (C-7), 81.8
(C-7"), 70.8 (C-9), 69.3 (C-9"), 55.4 (C-3), 55.3 (C-3',
4'), 54.9 (C-8), 50.1 (C-8"). LAy it 5 SCk ik
08, WA TN ()RR

&Y 8: At TEE RN K, ESI-MS m/z: 381.12
[M+Na]*, [o]5+77.87 (¢ 0.1, MeOH); *H-NMR (600
MHz, acetone-ds) 0: 7.50 (2H, b s, 4, 4-OH), 6.99 (2H,

d, J=2.0 Hz, H-2, 2'), 6.83 (2H, dd, J = 8.2, 2.0 Hz, H-
6,6'),6.79 (2H, d, J = 8.2 Hz, H-5, 5), 4.67 (2H, d, J =
4.3 Hz, H-7, 7'), 4.20 (2H, m, H-9b, 9'b), 3.84 (6H, s,
3, 3'-OCHs), 3.80 (2H, dd, J = 9.1, 3.8 Hz, H-9a, 9'a),
3.09 (2H, m, H-8, 8"); 3C-NMR (150 MHz, acetone-
de) 5: 148.3 (C-3, 3"), 146.9 (C-4, 4'), 134.2 (C-1, 1),
119.6 (C-6, 6"), 115.5 (C-5, 5'), 110.6 (C-2, 2"), 86.7 (C-
7,77, 72.2 (C-9, 9), 56.3 (3, 3'-OCHs), 55.3 (C-8, 8').
DA 35 1 50 5 S kAo — 50, s e &) 8
N (+H)-FaflEER.

WEY 9: HBTCE RN K, ESI-MS m/z: 411.18
[M+Na]*, [o]5+16.80 (¢ 0.1, acetone); H-NMR
(600 MHz, acetone-ds) o0: 6.95 (1H, d, J = 1.8 Hz, H-
2), 6.86 (4H, m, H-5, 6, 5', 6'), 6.74 (1H, dd, J = 8.0,
2.1 Hz, H-2"), 4.82 (1H, d, J = 6.1 Hz, H-7), 3.96 (1H,
dd, J = 8.3, 6.7 Hz, H-9'b), 3.87 (1H, m, H-9'a), 3.79
(6H, s, 4, 4-OCHs), 3.78 (3H, s, 3-OCHs3), 3.77 (3H, s,
3'-OCHs), 3.69 (2H, m, H-9), 2.96 (1H, dd, J = 13.5,
5.0 Hz, H-7'b), 2.71 (1H, m, H-8"), 2.57 (1H, m, H-7"a),
2.31 (1H, m, H-8); 3C-NMR (150 MHz, acetone-ds)
5:150.4 (C-3), 150.3 (C-4), 149.5 (C-3"), 148.8 (C-4"),
137.9 (C-1), 134.7 (C-1), 121.4 (C-6'), 118.7 (C-6),
113.6 (C-5"), 113.0 (C-2"), 112.6 (C-5), 110.7 (C-2),
83.2 (C-7), 73.2 (C-9"), 60.4 (C-9), 56.2 (-OCH3), 56.1
(3 X OCH3), 53.9 (C-8), 43.4 (C-8), 33.5 (C-7"). LA I
WS HE 5O E — B0, W E A 9 N
()-¥5 I B I T R g

WEW 10: AR A (HEED, ESI-MS m/z:
469.14 [M+Na]"; '"H-NMR (600 MHz, acetone-ds) o:
8.90, 8.09 (2H, brs, 4", 4-OH), 7.62 (1H, d, J = 16.0
Hz, H-7"),7.52 (2H, d, J= 8.6 Hz, H-2", 6""), 7.08 (2H,
d, J= 8.4 Hz, H-2, 6), 6.88 (2H, d, J = 8.6 Hz, H-3",
5", 6.71 (2H, d, J = 8.4 Hz, H-3, 5), 6.37 (1H, d, J =
16.0 Hz, H-8"), 4.51 (1H, dd, J=11.8, 2.2 Hz, H-6'b),
436 (1H, d,J="7.7 Hz, H-1'), 4.31 (1H, m, H-6a), 3.94
(1H, m, H-8b), 3.68 (1H, m, H-8a), 3.55 (1H, m, H-5"),
3.40 (2H, m, H-3, 4", 3.22 (1H, m, H-2'), 2.81 (2H, t,
J=7.3Hz,H-7); BC-NMR (150 MHz, acetone-ds) J:
167.5 (C-9"), 160.6 (C-4"), 156.7 (C-4), 145.6 (C-7"),
131.0 (C-2", 6"), 130.8 (C-2, 6), 130.3 (C-1), 127.0 (C-
1), 116.7 (C-3", 5'), 116.0 (C-3, 5), 115.5 (C-8"),
104.3 (C-1"), 77.9 (C-3"), 75.0 (C-5"), 74.9 (C-2"), 71.6
(C-8), 71.5 (C-4"), 64.4 (C-6'), 36.2 (C-7)o LA by
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a5 CER Aol — B, WS EEY 10 A
eutigoside A

wEm 1. AL EMK K, ESI-MS m/z
485.18 [M+Na]"; 'H-NMR (600 MHz, methanol-ds)
0:5.75(1H, s, H-2), 5.47 (1H, d, J= 8.2 Hz, H-1"), 5.10
(1H, m, H-6),4.28 (1H, d, J=7.5 Hz, H-1"), 4.10 (1H,
dd,J=11.3,2.0 Hz, H-6'b), 3.84 (1H,dd, J=11.5,5.3
Hz, H-5'b), 3.72 (1H, dd, J=11.3, 5.4 Hz, H-6'a), 3.54
(1H, m, H-5"), 3.47 (1H, m, H-4"), 3.42 (2H, m, H-3',
4", 3.35 (1H, m, H-2"), 3.32 (1H, m, H-5"a), 3.18 (2H,
m, H-2", 3"), 2.21 (4H, m, H-4, 5), 2.19 (3H, s, 10-
CHs3), 1.69 (3H, s, 8-CH3), 1.62 (3H, s, 9-CH3); '3C-
NMR (150 MHz, methanol-ds) J: 166.5 (C-1), 164.5
(C-3), 133.5 (C-7), 124.1 (C-6), 115.8 (C-2), 105.1 (C-
1), 95.2 (C-1"), 77.9 (C-3"), 77.8 (C-3"), 77.7 (C-5"),
74.9 (C-2"), 73.9 (C-27), 71.2 (C-4"), 71.0 (C-4"), 69.4
(C-6"), 66.9 (C-5"), 42.0 (C-4), 27.1 (C-5), 25.8 (C-B),
19.3(C-10), 17.8 (C-9). LAy it i diE 5 Sk IE —
P, B EWAY) 11 8 jasminoside O.

WwEY 12: ABILERHAK, ESI-MS m/z
479.34 [M+Na]*; '"H-NMR (600 MHz, acetone-ds) d:
5.24 (1H, brs, H-12), 3.15 (1H, dd, J= 11.3, 4.6 Hz, H-
3), 2.89 (1H, dd, J = 15.2, 4.4 Hz, H-18), 1.17 (3H, s,
H-27),0.98 (3H, s, H-30), 0.94 (3H, s, H-26), 0.94 (3H,
s, H-29), 0.92 (3H, s, H-25), 0.80 (3H, s, H-24), 0.78
(3H, s, H-23); BC-NMR (150 MHz, acetone-ds) o:
178.9 (C-28), 144.9 (C-13), 123.1 (C-12), 78.6 (C-3),
56.2 (C-2),48.5(C-23),46.9 (C-5),46.8 (C-9),42.5 (C-
1), 42.2 (C-17), 40.2 (C-19), 39.5 (C-14), 39.3 (C-4),
37.8 (C-18), 34.5 (C-8), 33.7 (C-10), 33.4 (C-21, 22),
31.3 (C-29), 28.7 (C-7), 28.5 (C-20), 28.1 (C-15), 26.3

(C-27), 24.1 (C-11), 23.9 (C-16), 23.8 (C-30), 19.2
(C-6), 17.6 (C-26), 16.3 (C-25), 15.8 (C-24). VL L
eV E 5 Sk aE — 3P, W et A 12 0
R .

&P 13: wEtIEMNm KR, ESI-MS m/z:
215.04 [M+Na]*; 'H-NMR (600 MHz, acetone-ds) o:
8.88 (1H, brs, 4'-OH), 7.60 (1H, d, J = 16.0 Hz, H-3),
7.56 (2H, d, J = 8.6 Hz, H-2', 6'), 6.89 (2H, d, J = 8.6
Hz, H-3',5'), 6.34 (1H, d, J = 15.9 Hz, H-2), 4.18 (2H,
q, J = 7.1 Hz, -OCH>CH3), 1.27 3H, t, J = 7.1 Hz,
-OCH,CH3); *C-NMR (150 MHz, acetone-ds) J: 167.4
(C-1), 160.6 (C-4'), 145.2 (C-3), 130.9 (C-2, 6"), 127.0
(C-1"), 116.7 (C-3', 5"), 115.8 (C-2), 60.5 (-OCH,CH3),
14.7 (-CH2CHs)o A b iR i 5 Sk ioE — 2,
M AL A 13 N & SR LT
3.2 MEERFEHRFENER

KF CCK-8 VM E THAY 1. 2. 4. 5. 9~
11 113 MIEE A 259k, FFR A LPS ¥ 31 BV-
2 YU AN T i 2. SR L,
AW 2+ 11 F1 13 7EIRFE 25 umol/L N 4R A7 15 %
KT 80%, th&¥ 1. 4. 5. 9 A1 10 7£ 10 pumol/L
YRR KT 80%. #UEFILAY 2. 11 F1 13
WIEHN 25 umol/L,  HAtAL AR E N 10 pmol/L,
HHT LPS 5% BV-2 40T 23 VR4

SERRIFAGE 2), BWEDTE LRIKE T X NO
(R SO HAT AN RIFE B I E L, B0 B s
PG YT I3 N 46.18%, i ZE K KA (1 1) R N
27.66%. XFIE 10 pmol/L FHIHIZF KT 60%1k &
Y1, 4 8110 BN THE A EEHIREE (median
inhibition concentration, ICso), ZiRFHANEYI 1. 4
110 I ICso 718 3.27+ 3.66+ 3.63 pmol/L.

£2 L&Y LPS FS49 BV-2 458 NO F=4 B9l 16 A
Table 2 Inhibitory effect on LPS-induced NO produition in BV-2 cells

wEY R/ (umol L% ] 21% wEY) WK/ (umol L.7%) /%
1 10 79.17+18.87 10 10 74.65+10.66
2 25 86.68+8.53 11 25 58.81+2.35
4 10 64.69+0.26 13 25 69.991+3.92
5 10 35.19+21.58 FEIVEIT 30 46.18+5.80
9 10 4541+3.81 e S SN 20 27.66+9.72
4 g SRAALAT T FORIL, 4 HEAESRIUEE LPS ¥ 510

FIRRAE A RAE A, FIARE ) A0 B i
FOREF VIR, JF HKEFURY], MRE S
/INJBE o 200 S BT A 3 O I RAE SR R DR, A

AN BTN Y, AT DR 25 BRI BV-2 41/ NO
IR
KT TBGFEIER) 70% Z BRI 45 B
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BT 13 MEEY, G 5 ADIEEER RIS

Yi. 4 DRIERFUEA 4 MHARRNEY). H

o, LB JE e E T, EY) 8 A9 N E IR

ABRJET B35 KA LPS 5 T BV-2 41

RVE T H e ST s e, 49RR W] 1,

4 #1110 BABERIEVE, DL EACSYIRBUAE SRS

VES R E RARIE . AT FLEE R it — 0 [ ] G REAE

SERIGIAR 22 JOE RIS PR St 74K HE o
FAFR PIAEEAFARELEF G R
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