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Chemical constituents from water-soluble extract of Valeriana officinalis
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Abstract: Objective To study the chemical constituents of the water-soluble extract of Valeriana officinalis. Methods Silica gel
and ODS column chromatography, preparative high-performance liquid chromatography were applied for isolation of constituents
from the water-soluble extract. NMR, MS and other related spectroscopic analyses were used to identify their structures, and a Griess
method was used to evaluate their inhibitory activity on lipopolysaccharide-induced inflammation of BV-2 cells. Results Twelve
compounds were isolated and identified as tinnevellin-8-O-B-D-glucopyranoside (1), emodin-8-O-B-D-glucopyranoside (2),
(2R,3S)-ceplignan (3), (—)-olivil-9'-O-B-D-glucopyranoside (4), (—)-massoniresinol-3a-O-B-D-glucopyranoside (5), aurantiamide
acetate (6), pinoresinol (7), 8-hydroxypinoresinol (8), pinoresinol-4-O-B-D-glucopyranoside (9), prinsepiol-4-O-B-D-
glucopyranoside (10), (2S)-hesperidin (11) and didymin (12). Conclusion Compounds 1—4 and 6 are firstly isolated from the
genus Valeriana. Compound 3—4. 6. 9. 11—12 showed inhibition on the production of neuroinflammatory factor NO induced by
LPS in BV-2 cells, without any detectable influence on the cell viabilities.
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4 % Valeriana officinalis L. & & %4 Fl
(Caprifoliaceae) #i%%)& Valeriana Linn. 2 fF42 54
YN, FE TR EZRAL. TR A b XA,
SR DL TR AR ZENZY, MR 2 SOREE AR,
JRUBSE, NG, ARRAR, —REKEERIZ,
R By KYevb, e, wliE, YRR, TR
Je BIAT 24 FHEY . G 2 4t 59 BN 432 B 1)
g2y —, PO AN TR IR E
o AIE 2L, & 19 28k iz H TR IT Ltk
RGP, A “19Lme” 2mE. ERE,
FAE T CHrB AL i S ic a8, HkFE .
. PEE, HO. HE, BfRm. AL IR
iR, hERRZ RS A H TRIT Ay, &
MR & MeREMKOm . BRI AN R AT B 50
Ah, G — PR AN R B AN BT, 24,
ANRIPN, LERRPNEE X — EAE N EE A,
A 2281 7 5 o 450 B AR B P 42 B A ol
B T B R E WA I b 7 R T
FUE GRS, KA S T R A B
NI TR G 5 R 2 4, ARG R TR
AW R IR A A S R 4 BT IR 2 B AL
RO\ W AR EE . DU PUBIR . SGE A FIRE
71 fEE. TR . LIRS AL RYTEIE
A B 57 v R 2 45 4 o Ji TL 87 2R 498 95 95 45 7 1T 45
FERTE (S 1UN

AHIT T TE AR KA B A 5 B 53 53 B S 4
M%E, MHaBIsEl 12 MuEY, 75alh
tinnevellin-8-O-B-D-glucopyranoside (1), K¥i & -
8-O-B-D- Mt I % % 4 ¥ ( emodin-8-O-p-D-gluco-
pyranoside , 2) . (2R,3S)- it Z4F K & [(2R,39)-
ceplignan, 3], MM 2 -9'-O-B-D- N IR ] 4 B
[()-olivil-9'-O-B-D-glucopyranoside, 4]. 7 it & )&
Fa B g BE -3a-O-B-D- WL W W & M H  [(0)-
massoniresinol-3a-O-B-D-glucopyranoside, 5]. 4%
kB 2. B2 Ig  Caurantiamide acetate, 6). FAJlE &
( pinoresinol , 7). 8- 3 4 IF & ( 8-hydroxy-
pinoresinol , 8) . Fa i & -4-O-B-D- Mt i & %) b
(pinoresinol-4-O-B-D-glucopyranoside, 9). 8,8'- %%
I i g & -4-O-p-D- M IR %] 4 ¥¥ #F  ( prinsepiol-
4-0-B-D-glucopyranoside, 10). (2S)-#5 5 H [(2S)-
hesperidin, 11] FI#F#EFE (didymin, 12). o,
WG 1~4 16 88 IR GR = @A) o) B A5
B, LB 3~4. 6. 9. 11~12 FEARRI/NET

Y BV-2 1AM JTATHRE T, e I 2 b5
T BV-2 4 fl 2 2 R F— AL (NOD 1)
PR

1 N5

MS105DU/A +Jisr 2 —HT KV (LR
TR ZHIRAT); DLSB UL A HWMMERE
CIR T g T A AE R TAE L F D
EYELA-DPE-2150 Jie#% 25 KAX (H A EYELA A F]);
BUCH-R-215 Jigh% 25 KAX G LB AR A 7] D
SHZ-(DII) /KN ZHEZS R (RlgETARAEAL
827); HHS B IVER KB (RS s
IRARBEIT AT ) TH-N B EInAgs (EdR}
AR ER AT, ZF-20D B H &AM
A IR fEEAXAR) s Agilent 1260 11 B4 55t
ERmiAE (£ Agilent A5 ); 17 Prominence ]
B RO BB A CH A B EEA 7] SHIM-PACK
PRC-ODS(H) il ik (20.0 mm>x25cm, H
A B E A ] Bruker AV-111 600 MHz/500 MHz 4%
HEPRWEAL (B Bruker A®); EHIZHUEHHE
T 3 FHR B A 4. UPLC-Q-Exactive Orbitrap-MS
(Z[H Thermo Fisher Scientific A7) ); & H ki, 1F
TEE. BEIR OBE SRR R s Ll R
BT RERHELL A ) AR (F BiE
T )5 GFoss #HEBIERERHR (10 cmX 20 cm) Fl
GF sy 1 2 H 4 HERAR (20 cm X 20 cm, FRUALTH
FRAT]D; JeAH ODS Cig #EIHEL (HAR YMC A7)
D101 KALMLPA AR (CRESE AL TH R AR );
Sephadex LH-20 %% ME#&EE: (Fit: GE Healthcare
AFD. /N BV-2 /N RANRE (o E R 2R B
FABFFCAT); DMEM B57R3E. BEEE. AG 4R Iy
HER. HHER. JiZ P (lipopolysaccharide, LPS,
%[ Gibco AH]); CCK-8 kil (bR -ih2
AT, NO RINRF & (EEE A RATFD; K
% b REFEEAT]); Forma 3111 A CO, 1L 75
o BEFRIX (SEE Thermo A ] ); (IR B AL (5
Eppendorf A#]).

VR 5T FH AR 2560 B T b2 [ 20 T 3
(FEAYR 5 201907140185), £ R hEZG Kpzy
S 2R KA SR A e N AR G JE A A .
officinalis L./ TR MARZE . %2584 /K SRRy
K (5 ZDV190418) MG % IE R A FHE A IR 2
A ARSI TR o A bR AR BAEARIAE T R
AR 2 K2 R R 25T L B 2 50
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21 EEESEH

SRR K REY) 800.0 g, 4 L 4K 5 v s Ak
FARIBEIR LB REE 4 %, & 9F 4 IRERUH, IR
A IS A 5 TR EE IR CRE AN 8.2 g FR
IR R IR AR 5 22V VR T 145 K AL 786.0
g. BHIR CBRAGAL I — B 20kl (200~300 H)
FEEORE > B, & E-HEE (100 £ 0,50 : 50- 30 :
70, 0:100) ¥, #EAELINEI, 55 15
AKEALH s> (E1~E15). /K¥EMERALEN D101 K
FLI i (7K« 95% LI i ) 453 B 7K e i 25 2H 7 513.0
g 1 95% L EE B M4 5 111.4 9. 95% L FEHE i 2%
HorHgkiK (600 mL) ¥f#)E, 8 pH & 4.05, %5
PEFRIE T BEZE 3 IR, IRAFTHRAS BIE T BEZE )
749, #t—2% Sephadex LH-20 At (it (85%
HED 78, 3R 11 M4 B1~B1l. ¥4
44> E11 £ Sephadex LH-20 F:fai% (HEE). ODS
FFIBCRE B (FIEE-4fi7K 10 © 90, 30 @ 70. 50 : 50.
70 : 30~ 100 : 0), FZH|&% HPLC (25%. 36%
A1 25% 205, AR E 6 mL/min) 4ifbf3ik &4 1
(1.1mg, tg=10.6 min). 2 (1.1 mg, tg=18.2 min)
A9 (1.0mg, tk=18.5min). #4044 E9 (0.2 g)
2 ODS H A tail, HlE-4fizk (10 : 90, 30 : 70,
50 : 50, 70 : 30. 100 : 0) Vi Jm & il % 1 2 o
(CEHG-HEE 10 0 D #—B4aiBa8k a9 3
(1.5mg). k54417 B5 (560.0 mg) £ ODS JF A
s I EE-4K (10%. 30%. 50%. 70%7#1 100%)
Vet J5 & H) 4% 7 HPLC (56% 415, AR E 6
mL/min) 754k &4 4 (1.0 mg, t=40.0 min). 5(20.0
mg, tr=48.0 min) #1 10 (14.0 mg, tg=52.0 min).
FEA41 7> B3 (1.5 9) £ ODS JF 0 th i B -4 7K
(10%-. 30%- 50%-. 70%7F1 100%) ¥/t i 2 i) £ 7
HPLC (55%Z.Ji, A& 6 mL/min) 184654 6
(2.2 mg, tr=24.7 min). ¥E44H5> E6 (0.4 ¢) &
ODS JFjtiE i, HEE-2ti7k (10 1 90, 30 : 70,
50 : 50. 70 : 30~ 100 : 0) ¥t jimid #i &% HPLC
(40% 1, AR E 6 mL/min) B3L&4 7 (1.0
mg, tr=11.5min). ¥54417 ES (2.6 90, KHHE
Jiz (200~300 H ) FF e (i — &0 FF - H i (100 -
0.50 : 50,30 : 70.0 : 100) ¥/t Ji5 £ il & B HPLC
(42% )15, ARURE 6 mL/min) H&S1L&4 8
(3.2mg, tk=15.2min). FE4H41% E13 (0.59) Fl
E14 (1.1 ) 4 Sephadex LH-20 &tk (4 il H % 3k

BB 5 & JF, H4 ODS JFak: (i, FEE-/K
(10 : 90. 30 : 70, 50 : 50. 70 : 30. 100 : 0) ¥,
G 28 %8 HPLC (29%. 33%Zff, RFRiiE 6
mL/min) 4ifk 5444 11 (10.1 mg, tr=13.5 min)
112 (6.5mg, tr=28.1min),
2.2 LPSiFS8Y/NRRYBAE K FEHTIFN

BREL R AR 8 2 A A, 2 PR
FOARE H B A — 8 BIPUHIARAE Bl HIARSE n] fE 2
— N T AH LI s DR A /N T A BRI A
ZRIEMFFE L, SERRE R R A R )
FHORE-100, R, ARWFFCRIA LPS 55 1I/NR T 4
P A SERE TR, {5 ] Griess y2:0U2% 82 it 43 B 45 51 i1k
EWxE LPS 7 511 BV-2 41 2 PE 7 NO &1
SO, PR AN A SORE TS . IR S
BRI T DMSO H (7 EE 10 mmol/L) 5 H .
BV-2 41 T DMEM+10%FBS+ 1% 1% 7
BT 5%CO,. 95%% <. 37 CHIAIEEE 15540
W, RS 1 d FHBRBEVH ALARAR (10 6) BE3R.
221 RNk &YI% LPS 55 BV-2 4TS /1105
M BOGTRRZE . RERUZH . BHMEZ52H K 2 Ab E A
HOHOHA KM, FEFTE 48 fLIRH (4X 1054
mL, 400 uL/fL) F 37 ‘C, 5% CO, ¥5## L%,
SHEAINN S 0.1% DMSO FFERbR: -3, R
IO LPS (& EIKE N 0.1 pg/mL), FHMEZGA[A
IR LPS FUKIEIA R (ZIREN 10 umol/L), #
Wb R ZH [E] I NN LPS FHRC I Atk &4 (&
WA 10 umol/L), 24 h JaF % EiEIMAE 10 %
CCK-8 [£55£(400 pL/FL),37 CHFFE%E 30 min,
FEEARMCT 450 nm ABEEEUROERE (A) fH, H5fr
MDA LPS 955/ INI 5t 40 M i 77 150 o
222 FRMALEYINT LPS 75 S/ NKE 4 53 NO )
FUMR BRI, MRV BHYEZGA R 2 ERA
BSOS K A, AP TE 48 FLERH (4 X 108 4N/mL,
400 uL/fL) F 37 C. 5% CO F:#famadn, i
W JE A IR IR R 2 PSR S 3, P 254124
VIAC R P AR S 2 AbEE, 4355 T & 30 min,
30 min JExtERZ I 0.1%F%) DMSO, #8441 i LPS
(AJFREIREN 0.1 ug/mL), BATEZGAFEN A LPS
KRR (KRN 10 umol/L), 254k PR 4H R
IO LPS FHECHIEF FIfFF AL &4 (ZRE R 10
umol/L), 24 h J5f%I8 NO R & ik B HETHRAE,
WI5E 540 nm FKAL A fEH, RNHRARHERZ (Y=
128.19 X—6.799 5, R2=0.998) 1% NO W JE .
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a1 Ry, 10%6ER- 2 B 7
%3, [a]2-39.2 (c 0.05, MeOH); CD (c 0.05, MeOH)
MAg): 194.8 (43.61), 202.8 (+2.60), 230.5 (+6.89);
HR-ESI-MS 7£ m/z 409.148 5 [M+H]* (it 51H
409.149 3, CxoHx09) AbZh ey 7B T8, 456
1D-NMR #i#fs, #2770 720 CaoHa40g, ANHIAT
JERH 9. LT AMEIE TR H #E Cve.n 2919 em 1 2854
cm™. FI (1594 cm L Al 1628 cm ) A - Bk B
(ve-oc 1076 cm™) FI4FAEIR USRI . UV Amax (MeOH)
nm (loge): 238.3 (2.80). 250.0 (1.60). 280.0 (0.40).
336.9 (0.60). H-NMR (600 MHz, CDsOD) ¢: 7.04
(1H, s, H-4), 6.97 (1H, d, J = 2.1 Hz, H-5), 6.77 (1H,
d, J = 2.1 Hz, H-7), 5.03 (1H, d, J = 7.8 Hz, H-1"),
4.08 (3H, s, Ha-1"), 3.95 (1H, dd, J = 12.0, 2.2 Hz,
H-6"a), 3.71 (1H, dd, J = 12.1, 6.2 Hz, H-6"b), 3.54
(1H, m, H-5"), 3.50 (2H, m, H-2", 3"), 3.39 (1H, ddd,
J =92, 6.3, 2.8 Hz, H-4"), 2.59 (3H, s, H3-10), 2.29
(3H, s, Hs-11); 3C-NMR (150 MHz, CD30D) ¢: 207.9
(C=0), 159.2 (C-8), 158.5 (C-6), 154.2 (C-1), 139.0
(C-4a), 135.7 (C-3), 124.0 (C-2), 120.5 (C-4), 110.6
(C-8a), 105.0 (C-5), 102.3 (C-1"), 99.3 (C-7), 78.4
(C-5"), 78.0 (C-3"), 74.9 (C-2"), 71.5 (C-4"), 62.6
(C-6"), 57.0 (C-1'), 32.5 (C-10), 20.2 (C-11). LA L%k
W5 ORI GE R A — 0, M EY 1A
tinnevellin-8-O-B-D-glucopyranoside .

twEw 2. HETLERERK, 27N
C21H20010- (-)-HR-ESI-MS m/z 431.098 3 [M—H]"
(11518 431.098 4, C21H19010) - *H-NMR (600 MHz,
CDs0D) §: 7.52 (1H, s, H-4), 7.30 (1H, s, H-5), 7.07
(1H, s, H-2), 7.01 (1H, s, H-7), 4.95 (1H, d, J = 7.8
Hz, H-1'), 3.95 (1H, dd, J = 12.0, 1.8 Hz, H-6'a), 3.77
(1H, dd, J = 12.0, 4.8 Hz, H-6'b), 3.64 (1H, dd, J =
9.0, 7.8 Hz, H-2"), 3.53 (1H, t, J = 9.0 Hz, H-3"), 3.51
(1H, m, H-5"), 3.47 (1H, t, J = 9.0 Hz, H-4'), 2.42 (3H,
s, H-11); ¥C-NMR (150 MHz, CDsOD) &: 188.4
(C-9), 184.5 (C-10), 163.7 (C-1), 163.5 (C-6), 163.5
(C-8), 148.2 (C-3), 138.1 (C-10a), 134.2 (C-4a), 125.2
(C-2), 120.6 (C-4), 116.3 (C-9a), 113.5 (C-8a), 113.4
(C-5), 112.2 (C-7), 104.4 (C-1), 78.7 (C-5"), 77.4
(C-3), 74.8 (C-2), 71.2 (C-4), 625 (C-6'), 21.9
(C-11). DL RHR S SOl GE A — 308, Wk

A 2 K 5 25-8-0-B-D- ML I i 2

&Y 3. Bt LERm KR, »F+RKN
CisH1507. [a]> +32.0 (c 0.05, MeOH); CD (c 0.01,
MeOH) A(Ag): 213.7 (+3.02), 228.6 (-5.70), 259.3
(+4.00), 277.8 (+1.31), 293.2 (+2.35). (+)-HR-
ESI-MS m/z 347.111 8 [M+H]* (it%1} 347.112 5,
C1sH1907) . *H-NMR (600 MHz, CD30D) 6: 7.57 (1H,
d, J = 1.1 Hz, H-6), 7.52 (1H, s, H-4), 6.95 (1H, d, J =
1.9 Hz, H-2'), 6.83 (1H, dd, J = 8.2, 1.9 Hz, H-6"),
6.77 (1H, d, J = 8.2 Hz, H-5"), 5.61 (1H, d, J = 6.0 Hz,
H-2), 3.89 (3H, s, 7-OCHs), 3.87 (2H, m, H-9), 3.81
(3H, s, 3'-OCHa), 3.52 (1H, dt, J = 11.2, 5.9 Hz, H-3);
3C-NMR (150 MHz, CD;0D) ¢: 174.4 (C-8), 1515
(C-7a), 149.1 (C-3'), 147.6 (C-4"), 144.6 (C-7), 134.6
(C-1"), 132.8 (C-5), 129.0 (C-3a), 119.80 (C-4), 119.77
(C-6", 116.2 (C-5'), 115.2 (C-6), 110.5 (C-2'), 89.8
(C-2), 64.9 (C-9), 56.5 (7-OCHs), 56.4 (3'-OCHys),
55.1 (C-3). LA EEdl 5 SCiRIR B e AR — 214, s
EEY 3 N (2R3S)-IE4 K %K.

&Y 4. mELERHE K, 27N
C26H34012. [a]5—12.0 (¢ 0.05, MeOH). (-)-HR-ESI-
MS m/z 537.198 0 [M—H] (it51{4 537.197 8,
C26H33012) . TH-NMR (600 MHz, D,0) 8: 7.20 (1H, d,
J =1.6 Hz, H-2"), 7.00 (1H, d, J = 7.8 Hz, H-6"), 6.97
(1H, s, H-2"), 6.89 (1H, d, J = 7.8 Hz, H-5"), 6.88 (1H,
d, J=7.8 Hz, H-5), 6.83 (1H, d, J = 7.8 Hz, H-6), 4.81
(1H, d, J = 7.8 Hz, H-7"), 4.44 (1H, d, J = 8.4 Hz,
H-1"), 4.11 (1H, m, H-9'3), 3.97 (1H, d, J = 9.6 Hz,
H-9a), 3.91 (1H, d, J = 7.5 Hz, H-6"a), 3.90 (1H, dd,
J = 12.6, 7.2 Hz, H-9'b), 3.88 (3H, s, 3-OCHs3), 3.87
(3H, s, 3-OCHs), 3.71 (1H, dd, J = 12.0, 6.0 Hz,
H-9b), 3.70 (1H, d, J = 9.6 Hz, H-6"b), 3.48 (1H, t,
J=9.0 Hz, H-3"), 3.43 (1H, m, H-5"), 3.38 (1H, t, J =
9.0 Hz, H-4"), 3.29 (1H, t, J = 9.0 Hz, H-2"), 3.07
(1H, d, J = 14.0 Hz, H-7a), 2.99 (1H, d, J = 14.0 Hz,
H-7b), 2.61 (1H, q, J = 6.8 Hz, H-8); 3C-NMR (150
MHz, D;0) &: 150.7 (C-3), 150.1 (C-3"), 148.9 (C-4),
146.9 (C-4"), 135.4 (C-1), 132.2 (C-1'), 126.1 (C-6),
123.4 (C-6'), 118.4 (C-5), 118.3 (C-5'), 117.7 (C-2),
114.2 (C-2'), 105.6 (H-1"), 87.2 (C-7'), 84.2 (C-8),
79.2 (C-9), 78.8 (C-3"), 78.5 (C-5"), 76.0 (C-2"), 72.6
(C-4"), 70.6 (C-9), 63.6 (C-6"), 60.3 (C-8), 58.9
(3'-OCHs), 58.8 (3-OCHg), 41.7 (C-7). LL E¥dlE 53¢
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R AR — S, WA G 4 T e
#-9'-O-B-D-Mt MR B & B 7 .

&Y 5. mEaLERHE KR, »+XN
C26H34013. [a]5—11.8 (c 0.78, MeOH). (+)-HR-ESI-
MS m/z 555.207 0 [M—+H]* G544 555.207 2,
CasH35013)« 'H-NMR (600 MHz, D,0) §: 7.08 (1H, s,
H-2"), 7.01 (1H, d, J = 1.3 Hz, H-2"), 6.93 (1H, d, J =
8.2 Hz, H-5"), 6.92 (1H, d, J = 2.4 Hz, H-5"), 6.91
(1H, d, J = 2.4 Hz, H-6"), 6.85 (1H, dd, J = 8.2, 1.3
Hz, H-6"), 5.16 (1H, s, H-2), 4.50 (1H, d, J = 7.9 Hz,
H-1"), 4.18 (1H, d, J = 10.8 Hz, H-3aa), 3.97 (1H, d,
J = 9.6 Hz, H-5a), 3.94 (1H, dd, J = 9.0, 1.8 Hz,
H-3ab), 3.92 (1H, m, H-6""a), 3.89 (3H, s, 3"-OCHy),
3.88 (3H, s, 3-OCHy), 3.76 (1H, m, H-5b), 3.74 (1H,
dd, J = 12.0, 6.0 Hz, H-6""b), 3.53 (1H, t, J = 9.0 Hz,
H-3"), 3.48 (1H, ddd, J = 8.2, 6.0, 2.1 Hz, H-5"),
3.41 (1H,t,J = 9.6 Hz, H-4"), 3.36 (1H, t, J = 9.6 Hz,
H-2"), 3.03 (1H, d, J = 14.4 Hz, H-4aa), 2.95 (1H, d,
J = 14.4 Hz, H-4ab); 3C-NMR (150 MHz, D;0) o:
150.0 (C-3"), 149.99 (C-3), 147.8 (C-4"), 146.7
(C-4"), 132.3 (C-1'), 131.9 (C-1"), 126.3 (C-6"), 123.7
(C-6", 118.2 (C-5"), 117.9 (C-5'), 117.8 (C-2"), 115.0
(C-2"), 105.6 (C-1"), 87.4 (C-2), 84.3 (C-4), 83.5
(C-3), 78.9 (C-5"), 78.5 (C-3"), 76.0 (C-2"), 75.1
(C-5), 73.9 (C-3a), 72.6 (C-4™), 63.6 (C-6™), 58.8 (3,
3"-OCHj3), 41.5 (C-4a). LA b¥s 5 ik iE A —
e, WA e A 5 NS A g EE -3a-
O-B-D- bk e 7] 7 B £ o

twE 6: B LERBR K, TR
Co7H28N204. (+)-HR-ESI-MS m/z 445.211 2 [M+
H]* GiHR{A 445.212 2, C27H20N204) . *H-NMR (600
MHz, CD30D) ¢: 7.72 (2H, dd, J = 8.3, 1.2 Hz, H-3",
7"), 753 (1H, t, J = 7.2, 1.2 Hz, H-5"), 7.44 (2H, t, J =
7.7 Hz, H-4", 6", 7.11~7.26 (10H, overlapped, H-5,
6, 7, 8,9, 5'~9", 478 (1H, m, H-2), 4.31 (1H, m,
H-2'), 3.98 (1H, dd, J = 11.2, 4.4 Hz, H-1'a), 3.91 (1H,
dd, J = 11.2, 6.1 Hz, H-1'b), 3.13 (1H, dd, J = 13.7,
6.8 Hz, H-3a), 2.99 (1H, dd, J = 13.7, 8.4 Hz, H-3b),
2.85 (1H, dd, J = 13.8, 6.7 Hz, H-3'a), 2.79 (1H, dd,
J = 13.8, 7.9 Hz, H-3'b), 2.01 (3H, s, 1'-OCOCHs3);
BC-NMR (150 MHz, CD3;0D) 4: 173.3 (1'-OCO),
172.6 (C-1), 169.9 (C-1"), 138.9 (C-4), 138.5 (C-4"),
135.3 (C-2"), 132.9 (C-5"), 130.4 (C-6, 8), 130.3

(C-6', 8, 129.51 (C-4", 6"), 129.48 (C-5, 9, 5', 9"),
1285 (C-3", 7"), 127.8 (C-7"), 1275 (C-7), 66.1
(C-1%, 56.6 (C-2), 51.2 (C-2'), 39.0 (C-3), 38.1 (C-3"),
20.7 (1'-OCOCHs). LA F2#5 5 Sk A —# 0,
WS WA 6 S CIRIEIE LRI .

a7 Bt ERKR KR, 4 TFARN
C20H206. (-)-HR-ESI-MS m/z 357.133 3 [M—H]
(11518 357.134 4, CyoH2106). *H-NMR (600 MHz,
CD30D) §: 7.05 (2H, d, J = 1.8 Hz, H-2, 2"), 6.85 (2H,
dd, J = 8.4, 1.8 Hz, H-6, 6'), 6.78 (2H, d, J = 8.4 Hz,
H-5,5'), 4.97 (2H, s, H-7, 7'), 4.10 (2H, d, J = 9.6 Hz,
H-9,9'), 3.98 (2H, d, J = 9.6 Hz, H-8, 8'), 3.86 (6H, s,
-OCHs); 3C-NMR (150 MHz, CD30D) ¢: 148.7 (C-3,
3", 147.5 (C-4, 4'), 129.6 (C-1, 1'), 121.6 (C-6, 6"),
116.3 (C-8, 8'), 115.6 (C-5, 5, 112.9 (C-2, 2'), 89.1
(C-7,7),76.7 (C-9, 9"), 56.4 (-OCHa). L _E¥i#E 5
BRARIE B AR — 1800, MU AW 7 AR

k&M 8: B LERH K, 4N
C20H2207 [0]5 +33.0 (¢ 0.10, MeOH). (+)-HR-ESI-
MS m/z 375.142 9 [M-+H]* (it51{4 375.143 8,
C20H2307) . tH-NMR (600 MHz, CD30D) 6: 7.05 (2H,
d, J = 2.0 Hz, H-2, 2"), 6.87 (1H, dd, J = 8.4, 2.0 Hz,
H-6"), 6.85 (1H, dd, J = 8.4, 2.0 Hz, H-6), 6.78 (2H, d,
J = 8.4 Hz, H-5, 5, 4.84 (1H, s, H-7'), 4.68 (1H, s,
H-7), 4.46 (1H, dd, J = 9.1, 8.2 Hz, H-8'), 4.04 (1H, d,
J = 9.6 Hz, H-9a), 3.87 (3H, s, -OCHs3), 3.86 (3H, s,
-OCH3), 3.86 (1H, d, J = 9.6 Hz, H-9b), 3.76 (1H, dd,
J=9.0, 6.0 Hz, H-9'a), 3.04 (1H, dt, J = 8.2, 5.8 Hz,
H-9'b); 13C-NMR (150 MHz, CD;0D) 4: 149.1 (C-3),
148.7 (C-3'), 147.5 (C-4), 147.4 (C-4"), 133.6 (C-1",
129.1 (C-1), 121.6 (C-6), 120.5 (C-6"), 116.0 (C-5),
115.7 (C-5"), 112.8 (C-2), 111.3 (C-2'), 92.8 (C-8"),
89.3 (C-7), 87.8 (C-7"), 76.1 (C-9"), 72.0 (C-9), 62.4
(C-8), 56.39 (-OCHs), 56.38 (-OCHs). PL_E%idi 5 ik
OB A — 20, MOE G 8 N 8- EA R R .

& 9. Bt LERKM K, »FRKN
Ca26H32011. (+)-HR-ESI-MS m/z 521.203 2 [M+H]*
(11518 521.201 7, C26H33011) - *H-NMR (600 MHz,
CD30D) 8: 7.15 (1H, d, J = 8.4 Hz, H-6"), 7.03 (1H, d,
J = 1.8 Hz, H-2"), 6.95 (1H, d, J = 1.8 Hz, H-2), 6.92
(1H, dd, J = 8.4, 1.8 Hz, H-5"), 6.81 (1H, dd, J = 8.1,
1.8 Hz, H-6), 6.77 (1H, d, J = 8.1 Hz, H-5), 4.88 (1H,
d, J = 7.5 Hz, H-1"), 476 (1H, d, J = 4.0 Hz, H-7),
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471 (1H, d, J = 4.0 Hz, H-7"), 4.23~4.27 (2H, m,
H-9), 3.85~3.88 (2H, m, H-9"), 3.87 (3H, s, 3-OCHy),
3.86 (3H, s, 3'-OCHs), 3.69 (1H, dd, J = 11.5, 3.6 Hz,
H-6"a), 3.52~3.44 (2H, m, H-2", 3"), 3.39 (1H, m,
H-6"b), 3.39 (1H, d, J = 6.8 Hz, H-8), 3.14 (1H, d, J =
4.4 Hz, H-8"), 3.14 (2H, m, H-4", 5"); 3C-NMR (150
MHz, CD3;0D) ¢: 151.0 (C-3"), 149.1 (C-3), 147.5
(C-4"), 147.4 (C-4), 137.5 (C-1'), 133.8 (C-1), 120.1
(C-5), 119.8 (C-5"), 118.0 (C-6), 116.1 (C-6'), 111.6
(C-2), 111.0 (C-2Y), 102.9 (C-1"), 87.5 (C-7), 87.1
(C-7), 74.9 (C-3"), 55.5 (C-8'), 55.4 (C-8), 78.2
(C-2"), 77.9 (C-4"), 72.73 (C-9'), 72.68 (C-9), 71.3
(C-5"), 62.5 (C-6"), 56.7 (-OCH3), 56.4 (-OCH3). DL
RS SCER OB R A B, AT 9N
P g 2% -4-O-B-D- M Wi A1 4

&Y 10: At LE MR, 4FHR
C26H32013. [a]5—60.0 (¢ 0.73, MeOH). (-)-HR-ESI-
MS m/z 551.177 0 [M—H]" Gi+5&1H 551.177 0,
Ca6H31013) IH-NMR (600 MHz, DZO) 0.7.22 (lH, d,
J = 8.4 Hz, H-5", 7.16 (1H, d, J = 1.6 Hz, H-2"), 7.10
(1H, s, H-2), 7.04 (1H, dd, J = 8.4, 1.6 Hz, H-6"), 6.95
(2H, s, H-5, 6), 5.20 (1H, s, H-7), 5.16 (1H, s, H-7"),
5.15 (1H, d, J = 7.8 Hz, H-1"), 427 (1H, d, J = 9.6
Hz, H-9a), 4.26 (1H, d, J = 9.6 Hz, H-9b), 4.05 (2H, d,
J = 9.6 Hz, H-9"), 3.93 (1H, dd, J = 12.0, 2.4 Hz,
H-6"b), 3.91 (3H, d, J = 12.8 Hz, 3'-OCHj3), 3.89 (3H,
d, J = 12.8 Hz, 3-OCHj), 3.76 (1H, dd, J = 12.0, 6.0
Hz, H-6"a), 3.61~3.65 (3H, m, H-3"~5"), 3.52 (1H,
t, J = 9.0 Hz, H-2"); BBC-NMR (150 MHz, D;0) o:
151.4 (C-3"), 150.3 (C-3), 148.3 (C-4'), 148.2 (C-4),
134.0 (C-1), 130.7 (C-1"), 123.3 (C-6), 122.9 (C-6"),
118.5 (C-5'), 118.2 (C-5), 114.6 (C-2'), 114.5 (C-2),
103.3 (C-1"), 90.8 (C-8), 90.7 (C-8"), 90.0 (C-7), 89.8
(C-7), 79.0 (C-3"), 78.4 (C-5"), 77.4 (C-9), 77.3
(C-9), 75.7 (C-4"), 72.2 (C-2"), 63.4 (C-6"), 58.80
(3-OCHs), 58.76 (3'-OCHa). LA %# 5 sCiik i i 3t
A, %A 10 4 8,8- I IE -
4-O-B-D- N MR 5] 46 pE o

&Y 11: HELERHm AR, 7 FAN
CogH340150 [a]é5—37.2 (C 0.50, MeOH); CD (C 0.02,
MeOH) M(Ag): 331.9 (-1.71), 238.8 (40.50), 209.9
(+450), 193.2 (+7.29), 289.8 (+ 3.62), 222.3
(-1.42), 202.6 (+0.19). (+)-HR-ESI-MS m/z 611.195 7

[M+H]* G5 611.197 0, CasH3s015). H-NMR
(600 MHz, DMSO-ds) d: 12.01 (1H, s, 5-OH), 9.09
(1H, s, 3-OH), 6.95 (1H, d, J = 8.3 Hz, H-6'), 6.93
(1H, d, J = 1.9 Hz, H-2"), 6.90 (1H, d, J = 8.3, 1.9 Hz,
H-5'), 6.14 (1H, m, H-6), 6.12 (1H, m, H-8), 5.49 (1H,
dd, J = 12.3, 3.0 Hz, H-2), 4.98 (1H, t, J = 7.7 Hz,
H-1"), 451 (1H, s, H-1"), 3.77 (3H, s, 4'-OCH3), 3.14
(1H, dd, J = 18.3, 5.2 Hz, H-3a), 2.76 (1H, dd, J =
17.0, 3.0 Hz, H-3b), 1.09 (3H, d, J = 6.2 Hz, H-6");
3C-NMR (150 MHz, DMSO-ds) 6: 197.1 (C-4), 165.1
(C-7), 163.0 (C-5), 162.6 (C-9), 148.0 (C-4'), 146.5
(C-3", 131.0 (C-1"), 118.0 (C-6"), 114.2 (C-5), 112.1
(C-2", 103.3 (C-10), 100.6 (C-1"), 99.4 (C-1"), 96.4
(C-6), 95.6 (C-8), 78.4 (C-2), 76.3 (C-3"), 75.5 (C-5"),
73.0 (C-2"), 72.1 (C-4™), 70.7 (C-3"™), 70.3 (C-2"),
69.6 (C-4"), 68.3 (C-5"), 66.1 (C-6"), 55.6 (-OCHS3),
42.2 (C-3), 17.8 (C-6""). LA ¥ 4 5 SC Rk I8 Fe A —
#H22A), WsE A 118 (2S)-F K H .

thE 12 mELERMAK, 7N
CasH340140 [0]Z—42.7 (c 0.52, MeOH); CD (c 0.06,
MeOH) A(Ag): 305.0 (-0.12), 244.0 (—0.02), 224.2 (+
0.48), 203.5 (+0.17), 286.0 (—0.58), 235.6 (—0.18),
216.0 (+0.54), 195.1(+0.84). (+)-HR-ESI-MS m/z
595.2013 [M+H]* (i+5E 595.202 1, CzsHz5014)-
IH-NMR (600 MHz, DMSO-dg) d: 12.01 (1H, s,
5-OH), 7.47 (2H, m, H-2', 6), 6.99 (2H, dd, J = 8.9,
2.7 Hz, H-3', 5), 6.14 (2H, s, H-6, 8), 5.58 (1H, m,
H-2), 4.98 (1H, t, J = 8.1 Hz, H-1"), 452 (1H, s,
H-1"), 3.77 (3H, s, 4'-OCHj3), 3.12 (1H, m, H-3a),
2.78 (1H, ddd, J = 17.0, 10.2, 2.9 Hz, H-3b), 1.09 (3H,
dd, J = 6.3, 3.9 Hz, H-6"); 3C-NMR (150 MHz,
DMSO-ds) d: 197.1 (C-4), 165.1 (C-7), 163.0 (C-5),
162.6 (C-9), 159.5 (C-4"), 130.5 (C-1'), 128.5 (C-6"),
128.3 (C-2"), 113.95 (C-5'), 113.91 (C-3), 103.3
(C-10), 100.6 (C-1"), 99.3 (C-1"), 96.5 (C-6), 95.5
(C-8), 78.4 (C-2), 76.3 (C-5"), 75.6 (C-3"), 73.0
(C-2"), 72.1 (C-4™), 70.7 (C-4"), 70.3 (C-3"), 69.6
(C-2"), 68.3 (C-5"), 66.0 (C-6"), 55.2 (4'-OCHs),
42.3 (C-3), 17.85 (C-6"") LA %di 5 ek g Fa A
—EROL, WA 12 N IR
32 MWERFEFMEEN

th&Y) 3. 4. 6. 9. 11. 12 FE RGN BV-2 41
MLFILEMLE 3100 R, v LA — @ R B4 LPS 5
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S BV-2 4 A L1 T NO HI7=4: (| 2),
200 0 23.01%. 7.35%. 12.12%. 13.37%.
14.60%71 15.75% (3 1), K1k &4 3 [(2R,3S)-
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Fig. 2 Effects of compounds 3—12 on cell viability and inflammation induced by LPS in BV-2 cells (x+s ,n=6)

F1 EY3~123 LPS FSHI BV-2 AMME R IERF
NO HyHp#H]

Table 1 Inhibition activities of compounds 3—12 on
production of neuroinflammatory factor NO induced by
LPS in BV-2 cells

(&L i 2% el P %%
3 23.01 9 13.37
4 7.35 10 -13.00
5 -9.65 1 14.60
6 12.12 12 15.75
7 -1.00 KB E 69.88
8 -15.73
4 g
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[ A2 FE A1) LPS 55 () BV-2 40 B #2258 AOAE
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[Fricsmit I AF]

c HBEANE -

# F

B F A & A A4 F Citrus medica L. var. sarcodactylis
Swingle # TR 5%, FHRAKDALR, FELA, HHEZLH,
otz RKWRY, HEARE, KRG, %mhbE W
S, FRFFIK, ®LHF, Aa, LFHF.

BFAR. ZE, eh, 6. RFTAY, ERSRF F, KHE A
By B, W%, BHAEA, RHRGAR, GRS
Jh. M, R A R AURZRMEIRR. A 8O, ABRS,

BFFIKAEE, RETk2kg, REAKRE, 4k, RAEL
B, ERE, ARG ERREKE, M, K, E10~15 %, RA
e, LERIKIFE, JIE, REBRRH, AHFR; HF0, FE,
Friila e, REE AFAANT. EMA~5 A, RM10~11 A,



