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Abstract: Objective To study the chemical constituents of the ethyl acetate extract from the whole herb of Menyanthes trifoliate of
Gentianaceae. Methods various chromatographic techniques, including positive phase silica gel column chromatography, thin-layer
chromatography, AB-8 macroporous resin column chromatography, Sephadex LH-20 and preparative HPLC were used to separate
and purify the chemical constituents. In vitro cell model was used for preliminary confirmation of the neuroprotective ability of
compounds on corticosterone (CORT)-induced neurotoxicity in differentiated PC12 cells. Results Their structures were determined
by various spectral data. Finally, 21 compounds were isolated from the acetic ether extract of M. trifoliate and the structures were
identified as 4-O-caffeoylquinic acid methyl ester (1), methylchlorogenate (2), chlorogenic acid (3), isofraxetin (4), isofraxidin (5),
7R,7'R,88,8'S-(+)-neo-olivil-4-O-B-D-glucopyranoside (6), conicaoside (7), (—)-syringaresinol (8), threo-(7R,8R)-guaiacylglycerol
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8-vanillin ether (9), (7S,8R)-dihydrodehydrodiconiferyl alcohol-4-O-B-D-glucopyranoside (10), (—)-lariciresinol-4-O-3-D-
glucoyranoside (11), kaempferol-3-O-rutinoside (12), quercetin-3-O-rutinoside (13), dehydrovomifoliol (14), blumenol A (15),

loliolide (16), (E)-6-hydroxy-2,6-dimethylocta-2,7-dienoicacidmethylester (17), 3-methoxyphenol 1-O-a-L-rhamnopyranosyl-

(1-6)-0-B-D-glucopyranoside (18), 2-hydroxybenzimidazole

(19), syringaldehyde (20), 1-phenyl-1,2-ethanediol (21). The

neuroprotective effects investigation of compounds on CORT-induced neurotoxicity in differentiated PC12 cells showed that

compounds 1—3, 7, 9 had significant protective effects on PC12 cells, and compounds 4, 5, 10, 11, 15—17 showed moderate

protective effects. Conclusion Compounds 1—9, 11—12, 14—21 are isolated from M. trifoliate for the first time. Some

compounds exert neuroprotective activity to corticosterone-induced injury of PC12 cells.

Key words: Menyanthes trifoliate L.; anxiolytic activity; PC12 cell; neuroprotective activity; 4-O-caffeoylquinic acid methyl ester;

chlorogenic acid; isofraxetin; threo-(7R,8R)-guaiacylglycerol 8-vanillin ether
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&1 AKER, EI-MS m/z: 368 [M]*, 7
F 3N C17H2009. 'H-NMR (400 MHz, DMSO-ds) :
7.51 (1H, d, J = 15.9 Hz, H-7'), 7.06 (1H, d, J = 1.9
Hz, H-2"), 7.02 (1H, dd, J = 8.1, 1.9 Hz, H-6'), 6.78
(1H, d, J = 8.1 Hz, H-5'), 6.28 (1H, d, J = 15.9 Hz,
H-8'), 4.74 (1H, m, H-4), 4.08 (1H, m, H-5), 3.95 (1H,
m, H-3), 3.63 (3H, s, -OCH;), 1.81~2.09 (4H, m,
H-2, 6); '3C-NMR (100 MHz, DMSO-ds) d: 173.7
(C-7), 166.5 (C-9'), 148.5 (C-4'), 145.6 (C-7'), 144.8
(C-3"), 125.7 (C-1"), 121.3 (C-6'), 115.9 (C-5"), 114.7
(C-2'), 114.5 (C-8"), 75.6 (C-4), 73.5 (C-1), 65.4 (C-5),
64.5 (C-3), 51.7 ((OCH3), 40.9 (C-2), 38.1 (C-6) - LA
L EE S SRR IE B, MRt A Y 1N 4-0-
IiNHETE 22 R R

& 2. AR, EI-MS m/z: 368 [M]*, 4
F 3N C17H2009. 'H-NMR (400 MHz, CD;0D) 6:
7.51 (1H, d, J = 15.9 Hz, H-7'), 7.05 (1H, d, J = 1.9
Hz, H-2), 6.95 (1H, dd, J = 8.1, 1.9 Hz, H-6"), 6.79
(1H, d, J = 8.1 Hz, H-5'), 6.20 (1H, d, J = 15.9 Hz,
H-8"), 5.26 (1H, m, H-3), 4.13 (1H, m, H-5), 3.72 (1H,
dd, J=17.5,3.1 Hz, H-4), 3.69 (3H, s, -OCH3), 2.00~
2.23 (4H, m, H-2, 6); BC-NMR (100 MHz, CD;OD)
5: 175.5 (C-7), 168.3 (C-9'), 149.6 (C-4"), 147.4 (C-7),
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146.6 (C-3'), 127.5 (C-1"), 123.1 (C-6"), 116.2 (C-5),
115.2 (C-2"), 115.0 (C-8"), 75.7 (C-1), 72.3 (C-4), 72.1
(C-3), 70.1 (C-5), 53.0 (-OCH3), 38.1 (C-6), 37.6
(C-2). DA HuR 5 ol — 200, M a4
2 AZRIF IR B .

th &Y 3: AERAK, EI-MS m/z: 354 [M]*, &
TN CisH1309. 'H-NMR (400 MHz, CDs;OD) §:
7.58 (1H, d, J = 15.9 Hz, H-7'), 7.02 (1H, d, J = 2.0
Hz, H-2"), 6.95 (1H, dd, J = 8.1, 2.0 Hz, H-6"), 6.76
(1H, d, J = 8.0 Hz, H-5"), 6.32 (1H, t, J = 15.9 Hz),
5.35 (1H, m, H-3), 4.15 (1H, m, H-5), 3.65 (1H, dd,
J=28.5,3.4 Hz, H-4), 1.96~2.22 (4H, m, H-2, 6); 13C-
NMR (100 MHz, CDs;OD) d: 178.3 (C-7), 169.1
(C-9"), 149.5 (C-4"), 146.6 (C-7'), 146.6 (C-3"), 127.8
(C-1"), 122.8 (C-6"), 116.5 (C-5"), 115.9 (C-8"), 115.1
(C-2"), 75.5 (C-1), 74.8 (C-4), 73.1 (C-3), 68.3 (C-5),
41.6 (C-6), 36.6 (C-2). LA_FH4 5 ikl — k10,
WS e EY) 3 AR

& 4. AEKER, EL-MS m/z: 220 [M]5, 4
F 3N C1iH100s. 'H-NMR (400 MHz, CD;OD) 4:
7.89 (1H, d, J = 9.5 Hz, H-4), 6.77 (1H, s, H-5), 6.32
(1H, d, J = 9.5 Hz, H-3), 3.81 (3H, s, 6-OCH3), 3.77
(3H, s, 7-OCH3); 3C-NMR (100 MHz, CD;OD) §:
160.3 (C-2), 149.9 (C-6), 144.9 (C-4), 140.3 (C-7),
138.5 (C-9), 138.4 (C-8), 114.6 (C-3), 114.5 (C-10),
100.4 (C-5), 60.7 (7-OCH3), 56.1 (6-OCH3). LA L%
P 5 SCHR RO — 20, S e S 4 N R R R

& 5. AEKER, EL-MS m/z: 222 [M]5, 4
FA: N CiiH100s. 'H-NMR (400 MHz, CD;OD) 6:
7.83 (1H, d, J = 9.5 Hz, H-4), 6.91 (1H, s, H-5), 6.20
(1H, d, J = 9.5 Hz, H-3), 3.94 (3H, s, 6-OCH3), 3.88
(3H, s, 8-OCH3), *C-NMR (400 MHz, CD;OD) d:
163.4 (C-2), 147.8 (C-8), 146.6 (C-4), 146.3 (C-9),
144.8 (C-7), 136.7 (C-8), 112.2 (C-3), 112.1 (C-10),
104.9 (C-5), 61.7 (8-OCH3), 56.7 (6-OCH3). DL %
I 5 ORI TE — B, MU A E S g R E

e 6: HEITERM AR, EI-MS m/z: 538
M, 43T 3N CaH34012. 'H-NMR (400 MHz,
CD;0D) d: 7.14 (1H, d, J = 8.2 Hz, H-5), 7.12 (1H, d,
J =19 Hz, H-2), 7.02 (1H, d, J= 1.7 Hz, H-2"), 6.97
(1H, dd, J = 8.2, 1.9 Hz, H-6), 6.87 (1H, dd, J = 8.1,
1.7 Hz, H-6"), 6.78 (1H, d, J= 8.1 Hz, H-5'), 4.98 (1H,
d, J = 8.1 Hz, H-7"), 493 (1H, d, J = 8.4 Hz, H-7),

4.89 (1H, d, J = 7.6 Hz, H-1"), 3.89 (3H, s, 3-OCH3),
3.88 (3H, s, 3-OCH3), 3.56~3.73 (4H, m, H-9, 9"),
2.32 (2H, m, H-8, 8'); '3C-NMR (100 MHz, CD;0D)
5: 151.1 (C-3), 149.2 (C-3"), 147.6 (C-4), 147.4 (C-4"),
138.8 (C-1), 134.7 (C-1'), 120.5 (C-6), 120.3 (C-6),
118.1 (C-5), 116.2 (C-5"), 111.7 (C-2), 111.2 (C-2"),
103.0 (C-1"), 84.9 (C-7'), 84.2 (C-7), 782 (C-5"),
77.9 (C-3"), 74.4 (C-2"), 71.4 (C-4"), 62.6 (C-2"),
61.9 (C-9), 61.7 (C-9), 56.8 (3-OCH;), 56.5
(3'-OCH3), 55.4 (C-8"), 55.2 (C-8); LA ¥ 5 ik
IE—), WS EEY) 6 9 TRT'R,8S,8'S-(+)-
- BN I 2 -4-O-B-D- M IR 1 2 HE Y

ey 7. BEEM AR, EI-MS m/z: 552
M]*, T3 A CyHiO12. 'H-NMR (400 MHz,
CD;0D) d: 6.77 (1H, d, J = 1.8 Hz, H-2), 6.71 (1H, d,
J = 8.0 Hz, H-5), 6.66 (2H, s, H-2, 6), 6.61 (1H, dd,
J=18.0, 1.8 Hz, H-6), 4.86 (1H, d, J = 7.6 Hz, H-1"),
475 (1H, d, J = 7.0 Hz, H-7), 3.99 (1H, m, H-9'a),
3.88 (1H, m, H-9a), 3.84 (6H, s, 3, 5-OCHs), 3.82
(3H, s, 3-OCH3), 3.71 (1H, m, H-9'b), 3.58 (1H, d,
J =175 Hz, H-7"), 2.88 (1H, dd, J = 13.4, 5.1 Hz,
H-7a), 2.67 (1H, m, H-8"), 2.48 (1H, dd, J = 13.4, 2.4
Hz, H-7'b), 2.32 (1H, m, H-8); 3C-NMR (100 MHz,
CD;0D) 8: 154.3 (C-3, 5), 147.5 (C-3"), 144.6 (C-4"),
141.4 (C-4), 135.4 (C-1), 133.6 (C-1), 122.2 (C-6"),
116.4 (C-5"), 113.2 (C-2'), 105.1 (C-1"), 104.5 (C-2,
6), 83.9 (C-7), 78.2 (C-5"), 77.7 (C-3"), 75.6 (C-2"),
73.8 (C-9"), 71.2 (C-4"), 62.6 (C-6"), 60.8 (C-9), 57.1
(3, 5-OCH3), 56.2 (3'-OCH3), 54.2 (C-8), 43.8 (C-8"),
33.5(C-7"). LA B 5 SCmkdiaE — 80, ke i
R /NS TE SR E R

ey 8: AEILEEMA, EI-MS m/z: 418
M]*, 2 73N CnHOs. 'H-NMR (400 MHz,
CDCL) ¢: 6.60 (4H, s, H-2, 2", 6, 6"), 4.72 (2H, d, J =
3.9 Hz, H-7, 7'), 4.29 (2H, dd, J = 8.9, 6.4 Hz, H-9a,
9a"), 3.88 (12H, s, 4 X OCH3), 3.86~3.92 (2H, m,
H-9b, 9b'), 3.10 (2H, m, H-8, 8'); 3C-NMR (100 MHz,
DMSO-ds) 6: 1472 (C-3, 3', 5, 5'), 134.5 (C-4, 4),
132.3 (C-1, 1), 102.6 (C-2, 2/, 6, 6"), 86.4 (C-7, 7'),
71.8 (C-9, 9'), 56.5 (4 X OCH3), 54.6 (C-8, 8"), LA L%
5 R E — B, et A 8 N T FRE.

tEY 9: HETTEEMAK, EI-MS m/z: 348
M]", %3 T30~ CisH07. 'H-NMR (400 MHz,
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DMSO-ds) 6: 9.80 (1H, s, H-7'), 7.46 (1H, dd, J = 8 4,
2.0 Hz, H-6'), 7.35 (1H, d, J= 1.9 Hz, H-2'), 7.23 (1H,
d, J = 8.5 Hz, H-5"), 7.01 (1H, d, J = 1.9 Hz, H-2),
6.80 (1H, dd, J = 8.1, 1.9 Hz, H-6), 6.67 (1H, d, J =
8.0 Hz, H-5), 471 (1H, d, J = 5.6 Hz, H-7), 4.65~
4.51 (1H, m, H-8), 3.80 (3H, s, 3’-OCH3), 3.73 (3H, s,
3-COHs), 3.65 (1H, dd, J = 11.9, 5.9 Hz, H-9a), 3.51
(1H, dd, J=11.9, 3.4 Hz, H-9b); '3C-NMR (100 MHz,
DMSO-dg) 5: 191.2 (C-7"), 154.1 (C-4'), 149.6 (C-4),
147.0 (C-3'), 145.5 (C-3), 132.8 (C-1), 129.2 (C-1"),
125.6 (C-6), 119.2 (C-6), 114.5 (C-5'), 113.7 (C-5),
111.1 (C-2), 110.3 (C-2'), 83.5 (C-8), 71.4 (C-7), 60.3
(C-9), 56.1 (3'-OCH3), 55.9 (3-OCH3). LA - %#5 53¢
BRI TE — 00, WM EY) 9 NI -(TR,8R)- 1
BIARTEDY = 7-8- A BT .

&M 10: AEOTERMA, EL-MS m/z: 522
M]*, 73 7R A CxH340n. 'H-NMR (400 MHz,
CD;0D) d: 7.13 (1H, d, J = 8.4 Hz, H-5), 7.01 (1H, d,
J = 1.7 Hz, H-2), 6.94 (1H, dd, J = 8.4, 1.7 Hz, H-6),
6.73 (1H, d, J= 1.7 Hz, H-6'), 6.71 (1H, d, /= 1.7 Hz,
H-2'), 5.53 (1H, d, J = 5.8 Hz, H-7), 4.89 (1H, d, J =
7.3 Hz, Glc-H-1"), 3.83 (3H, s, 3-OCH3), 3.82 (3H, s,
3-OCH3), 3.75 (1H, m, H-9a), 3.66 (1H, m, H-9b),
3.54 (2H, t, J = 6.5 Hz, H-9"), 3.45 (1H, m, H-8), 2.62
(2H, t, J=17.5 Hz, H-7"), 1.81 (2H, m, H-8'); 3C-NMR
(100 MHz, CD;0D) J: 149.4 (C-3), 146.3 (C-4), 146.1
(C-4"), 143.7 (C-3"), 137.1 (C-1), 135.6 (C-1"), 128.3
(C-5"), 118.0 (C-6), 116.8 (C-5), 116.5 (C-6'), 112.7
(C-2"), 109.7 (C-2), 101.3 (C-1"), 87.2 (C-7), 76.9
(C-5"), 76.4 (C-3"), 73.4 (C-2"), 70.1 (C-4"), 63.6
(C-9), 61.2 (C-6"), 60.7 (C-9'), 55.5 (3-OCH3), 55.2
(3'-OCH3), 54.3 (C-8), 34.5 (C-8), 31.5 (C-7), PA k-
Bl 5 SCHR o — 5007, S EEY 10 N
(7S,8R)- & FE KA MARE-4-O-B-D-NHE i 3 2 B HF

&Y 11: AEKA, EI-MS m/z: 522 [M],
43 F3AN Ca6H34011, 'H-NMR (400 MHz, DMSO-dj)
d: 7.01 (1H, d, J = 9.0 Hz, H-5"), 6.89 (1H, brs, H-2),
6.76 (1H, d, J = 1.9 Hz, H-6'), 6.75 (1H, s, H-6), 6.65
(1H, d, J = 8.1 Hz, H-5), 6.55 (1H, d, J = 2.0 Hz,
H-2'), 4.85 (1H, d, J = 7.0 Hz, Glc-H-1"), 4.73 (1H, d,
J = 6.0 Hz, H-7'), 3.89 (1H, m, 6.0 Hz, H-9"), 3.73
(6H, s, 2XOCH3), 3.45 (2H, m, H-9), 2.21 (1H, m,
H-8'), 3.66 (1H, m, H-8"), 3.59 (1H, t, J = 7.4 Hz,

H-9), 2.82 (1H, m, H-7"), 2.56 (1H, m, H-8), 2.40
(1H, m, H-7"), 2.20 (1H, m, H-8'); 3C-NMR (100
MHz, DMSO-ds) J: 148.6 (C-3"), 147.5 (C-3), 145.4
(C-4'), 144.5 (C-4), 137.1 (C-1"), 131.7 (C-1), 120.7
(C-6), 117.6 (C-6"), 115.4 (C-5), 115.4 (C-5"), 112.6
(C-2"), 112.6 (C-2), 100.2 (C-1"), 81.6 (C-7"), 77.0
(C-5"), 71.8 (C-2"), 71.8 (C-9), 69.7 (C-4"), 60.4
(C-6"), 58.4 (C-9'), 56.2 (-OCH3), 55.3 (-OCH3), 52.6
(C-8'), 41.8 (C-8), 32.2 (C-7). VA ¥l 5 CikikiE
— s, WK AAEY 11 NE)-TEM A NE -
4-O-B-D-MHk e 7] 4 B 1

b &Y 12: EEKAK, EI-MSm/z 594 [M]*, 4
?‘ﬁy\j C27H30015. TH-NMR (400 MHz, DMSO'd6) 0:
7.99 (2H, d, J = 8.0 Hz, H-2, 6), 6.86 (2H, d, J = 8.0
Hz, H-3', 5'), 6.35 (1H, s, H-8), 6.16 (1H, s, H-6), 5.29
(1H, d, J = 8.0 Hz, Glc-H-1"), 4.40 (1H, brs,
Rha-H-1""), 1.00 (3H, d, J = 7.5 Hz, Rha-H-6""); '3C-
NMR (100 MHz, DMSO-ds) d: 177.3 (C-4), 165.4
(C-7), 161.2 (C-5), 160.1 (C-4), 156.5 (C-2), 133.3
(C-3), 131.0 (C-2', 6'), 120.8 (C-1), 115.2 (C-3', 5"),
103.4 (C-10), 101.5 (C-1"), 100.7 (C-1""), 99.0 (C-6),
93.8 (C-8), 76.3 (C-3"), 75.9 (C-5"), 74.1 (C-2"), 71.9
(C-4""), 70.5 (C-4"), 704 (C-2"), 69.8 (C-3"), 68.2
(C-5"), 67.0 (C-6"), 17.7 (C-6""). LA_EH¥E 5 CiikdiE
— ), WEENEY) 12 L ZEE-3-0- = FHET

&P 13: Ak K, EI-MS m/z: 624 [M]',
7 F AN CasH320160 'H-NMR (400 MHz, DMSO-ds)
5: 7.87 (1H, s, H-2), 7.53 (1H, d, J = 8.0 Hz, H-6"),
6.93 (1H, d, J = 8.0 Hz, H-5"), 6.41 (1H, s, H-8), 6.20
(1H, s, H-6), 5.45 (1H, d, J = 7.2 Hz, Glc-H-1"), 4.44
(1H, brs, Rha-H-1""), 3.27 (3H, s, -OCH3), 0.99 (3H,
d, J = 6.2 Hz, Rha-H-6""), 0.99 (3H, d, J = 6.1 Hz,
Rha-H-6""); 3C-NMR (100 MHz, DMSO-ds) d: 177.3
(C-4), 164.5 (C-7), 161.2 (C-5), 157.1 (C-2), 156.1
(C-9), 149.1 (C-4"), 147.5 (C-3'), 133.1 (C-3), 122.4
(C-6'), 121.2 (C-1"), 115.4 (C-5"), 113.4 (C-2), 103.4
(C-10), 102.2 (C-1"), 101.0 (C-1""), 99.6 (C-6), 94.4
(C-8), 76.7 (C-3"), 76.1 (C-5"), 74.5 (C-2"), 72.1
(C-4"), 70.9 (C-2"), 70.7 (C-4"), 70.3 (C-3""), 68.5
(C-5""), 67.2 (C-6"), 56.0 (-OCH3), 18.0 (C-6""). LA E
s 5 SRR IE —ER0, MUS e G 13 M
R-3-0O-EF/ M

thE5Y)14: FEEOKK, EI-MS m/z: 222 [M]*,
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537N CisHis03. 'H-NMR (400 MHz, CD30D) 6:
7.01 (1H, d, J = 15.8 Hz, H-7), 6.46 (1H, d, J=15.8
Hz, H-8), 5.97 (1H, m, H-4), 2.65 (1H, d, J=17.8 Hz,
H-2), 2.32 (3H, s, H-10), 1.91 (3H, d, J = 1.4 Hz,
H-13), 1.07 (3H, s, H-12), 1.01 (3H, s, H-11); 3C-
NMR (100 MHz, CD;0D) 6: 199.2 (C-9), 199.0 (C-3),
163.1 (C-5), 147.0 (C-7), 130.4 (C-8), 126.5 (C-4),
78.4 (C-6), 49.2 (C-2), 41.7 (C-1), 26.3 (C-10), 23.4
(C-12), 22.1 (C-11), 17.5 (C-13), LA 3 5 SCHkR
B3R, B EEY 14 HEE B,

& 15: TCEIMIRYS, EI-MS m/z: 224 [M]*,
73 F RN Ci13H2003. 'H-NMR (400 MHz, DMSO-ds)
9:5.70 (1H, d, J = 15.5 Hz, H-7), 5.63 (1H, d, J= 15.5
Hz, H-8), 5.78 (1H, brs, H-4), 4.19 (1H, d, J = 6.4 Hz,
H-9), 2.35 (1H, d, J = 16.6 Hz, H-2a), 2.05 (1H, d, J =
16.6 Hz, H-2b), 1.82 (3H, d, J = 1.2 Hz, H-13), 1.11
(3H, s, H-10), 0.93 (3H, s, H-11), 0.91 (3H, s, H-12);
13C-NMR (100 MHz, DMSO-de) d: 197.5 (C-3), 164.5
(C-5), 135.8 (C-7), 127.9 (C-8), 125.5 (C-4), 77.9
(C-6), 65.9 (C-9), 49.4 (C-2), 41.0 (C-1), 24.1 (C-10),
23.7 (C-12), 23.1 (C-11), 19.0 (C-13), UL E¥HE 5 X
BRARTE — 322, WO R SN TR A

&P 16: HETLEHAK, EI-MS m/z: 196
M]*, 23X N CuHis03. 'H-NMR (400 MHz,
CD;0D) 6: 5.73 (1H, s, H-7), 4.18 (1H, m, H-3), 2.42
(1H, dt, J=14.0, 2.8 Hz, H-4b), 2.01 (1H, dt, J = 14.5,
2.8 Hz, H-2b), 1.77 (3H, s, H-11), 1.75 (1H, dd, J =
14.0, 3.8 Hz, H-4a), 1.51 (1H, dd, J = 14.5, 3.8 Hz,
H-2a), 1.47 (3H, s, H-9), 1.27 (3H, s, H-10); 3C-NMR
(100 MHz, CD;0D) 6: 185.4 (C-6), 174.4 (C-8), 113.2
(C-7), 88.8 (C-5), 67.2 (C-3), 47.7 (C-2), 46.3 (C-4),
37.2 (C-1), 30.7 (C-10), 27.1 (C-11), 26.6 (C-9), PA L
o 5 kIR IE — 80, MUSENAY) 16 NEE
ENLEp

AW 17: FEEMHRY), EI-MS m/z: 196 [M],
373N CiaHag02. 'H-NMR (400 MHz, CDCl3) 6:
6.75 (1H, dd, J= 7.1, 1.3 Hz, H-3), 5.88 (1H, dd, J =
17.2, 10.7 Hz, H-7), 5.21 (1H, dd, J = 17.2, 1.4 Hz,
H-8a), 5.08 (1H, dd, J = 10.7, 1.4 Hz, H-8b), 3.71
(3H, s, -OCH3), 2.19 (2H, m, H-4), 1.81 (3H, s, H-10),
1.62 (2H, m, H-5), 1.28 (3H, s, H-9); 3C-NMR (100
MHz, CDCl3) d: 168.7 (C-1), 144.4 (C-7), 142.1
(C-3), 127.6 (C-2), 112.2 (C-8), 73.1 (C-6), 51.7

(-OCH3), 40.7 (C-5), 27.9 (C-9), 23.5 (C-4), 12.2
(C-10). DL B 5 kol — 3029, MUE e s
W17 R (E)-6-$3%:-2, 6- — FA K -2, 7- Ml Hi g

&P 18: HETEMAK, EI-MS m/z: 432
M]*, T3 A CiHxO1. 'H-NMR (400 MHz,
CD;0D) 6: 7.15 (1H, d, J = 6.5 Hz, H-6), 7.03 (1H, d,
J =29 Hz, H-2), 6.95~7.02 (2H, m, H-4, 5), 4.86
(1H, d, J = 6.6 Hz, Glc-H-1"), 4.72 (1H, d, J= 1.2 Hz,
Rha-H-1"), 3.86 (3H, s, 3-OCH3), 1.21 3H, d, J= 5.2
Hz, Rha-H-6"); BC-NMR (100 MHz, CD;OD) o:
150.7 (C-3), 147.8 (C-1), 124.3 (C-2), 122.2 (C-5),
118.5 (C-6), 113.5 (C-4), 102.5 (C-1'), 102.2 (C-1"),
77.9 (C-3"), 76.8 (C-5"), 75.0 (C-2'), 74.1 (C-3"), 72.3
(C-4"), 722 (C-2"), 71.5 (C-4"), 70.1 (C-5"), 67.9
(C-6"), 56.8 (-OCH3), 17.9 (C-6"). LA ¥4 5 kIR
82, WEEEY 18 A 3-HEE KM -1-
O-0- L~ 5 2= 3 -(1—6)-O-B-D- 1 it 18 26 B 7

B 19: FRE AR A, EI-MS m/z: 134 [M],
21N C7HeN2O. 'H-NMR (400 MHz, DMSO-ds)
5: 10.71 (2H, s, 2XNH), 7.04~6.97 (4H, m, H-5, 6,
7,8); BC-NMR (100 MHz, DMSO-de) d: 155.3 (C-2),
129.7 (C-4, 9), 120.4 (C-6, 7), 108.5 (C-5, 8). A%k
5 SCHRARIE — B2, MU A 19 8 2-F 5
AFFIKME

&Y 20: LEEHIRGEE (FA7), EI-MS m/z:
182 [M]*, 4r 13N CoH1004. 'H-NMR (400 MHz,
CDCls) 6: 9.79 (1H, s, 1-CHO), 7.13 (2H, s, H-2, 6),
3.91 (6H, s, 3, 5-OCH3); *C-NMR (100 MHz, CDCl3)
5 190.5 (C-1), 147.1 (C-3, 5), 141.0 (C-4), 128.2
(C-1), 106.8 (C-6), 56.3 (3, 5-OCH3). LA EH#E 5
BRARE — 7], MU E LAY 20 O syringaldehyde.

& 21: LR AK, EI-MS: m/z 138 [M],
73 73N CsH1002. 'H-NMR (400 MHz, CD;0D) 6:
7.25~7.38 (5H, m, H-2~6), 4.67 (1H, dd, J = 7.4,
4.7 Hz, H-1'), 3.64 (2H, m, H-2"); '3C-NMR (100
MHz, CD;0D) d: 143.4 (C-1), 129.1 (C-3, 5), 128.4
(C-4), 127.5 (C-2, 6), 76.1 (C-1"), 68.5 (C-2"). AL L%
P 5 SCHR IR TE — 528, MU AE) 21 R 1- 2R K-
1,2-2. " F#.
3.2 RREAX PC12 4HABI5 15 K ik %

55 (B D SR, BB PC12 4 4
FEREREIR B A<M B, 4500 550, 650, 750
850 950. 1050, 1150 umol/L JiZ R HEA{EF PC12 4H
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100

50—

B AFVE 2/ %

XTHR 450 550 650 750 850 950 1050 1150
J BB/ (umol - L1

HXTHRALEE: " P<0.01
**P<0.01 vs control group

B 1 FEKREXRRWN PCl2 HEFEXENMN
(x+s,n=3)

Fig. 1 Effect of different concentrations of CORT on cell
viability in PC 12 cells (x +s ,n=3)

e 48 h J5, HANMIAAIEZER 708 (88.81£2.21) %.
(77.07+4.21) % (52.47+0.99) %. (44.78+0.95) %
(34.2640.91)%-(26.96+3.36)%- (12.324+0.22)%.

100 = B gk g

K%k
sox

#H
50 =

YA 2/ %

()
WA 1L 2 3 4 5 6 7 8

(13.21£2.02) %o ARGERIGUE 1 — 8 W BE 1) B2 Jot I
B SZRER G AI 2T, 650 umol/L 5 R B 1 1] 48 h %t
54 PC12 AR HD i 240 50%,  Mude s DUA
Ah 650 umol/L JZ 5 il 48 h 1 T PC12 40 g AR
FERIE M A IRES, A PR RS e A A
N R AR Y
3.3 B EMX KRS S8 PC12 a5 89
RIFIER

sEREOR, SEAAMLE, (AW 1~5. 7. 9~
11. 15~17 5 650 pmol/L J i li3t [F/EA PC12 4
48 h J5, MM AEZRNREE (9229£231) %,
(90.74+1.61) %- (91.62£1.83) %. (63.11£2.30) %.
(61.01+£1.21)%- (101.18 £1.56)%. (10523 £ 1.11)%.
(67.7711.89) %. (65.66+1.06) % (75.94+0.24) %.
(64.39£1.47) %. (72.88+1.82) %. HHFZE. KFEK.
T LGS A FIREFE It 5 B (650 pmol/L)
70 PC12 A FEMITER . o, (a9 1~3. 7.
9 i M (650 umol/L) S PCI12 it frd
TEFRBONEE, I 2.

9 10 11 12 13 14 15 16 17 18 19 20 21

HARAE A 200 pmol - L'+ K2 T i 650 pmol -L!

xR #P<0.01; SHMAILLE: "P<0.05 “P<0.01
#P <0.01 vs control group; "P<0.05 P <0.01 vs model group
2 ERENBKRLEYNEREIFSZIR PC12 ATEEEMEM (x+s,n=3)

Fig. 2 Effects of compounds isolated from M. trifoliata on cell viability in corticosterone-treated PC 12 cells (x +s,n=3)

4 it
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RBEAR FAEEFATEEAGA R



©992 . F8 B 2022628 $53% B4 Chinese Traditional and Herbal Drugs 2022 February Vol. 53 No. 4
S 3k related compounds from Boreava orientalis []].
[1] HERERESEEDERER LS. PEEDE M) Phytochem Anal, 2003, 14(1): 48-53.

(2]

(3]

(4]

(5]

(6]

[7]

(8]

0]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Jbnt: BHEH AL, 1989, 75(2): 300-301.

T EEAREEB AT AT, HEE M) dba AR

AL, 1993 105-108.

EXPEHERR (hHEARE) wEs. PEARREEE

B (M. i BEEEHEOR AR, 1999(19): 757.

M5, BRESC, skE, & EESEIRBUN N R 2R

P R B R IRVE TR 7T [0]. B SF TS S FF R, 2019,

40(11): 31-35.

Hertenstein E, Johann A, Baglioni C, ef al. Treatment of

insomnia - A preventive strategy for cardiovascular and

mental disorders [J]. Ment Heal Prev, 2016, 4(2): 96-103.

AR FEg ARG, THEPESLZS. FHisdE

I R S BRHR S AR RRE (2020-10-11) [J]. tH 5 o [ 24,

2021, 16(8): 1188-1191.

Anderson D J, Michelsohn A. Role of glucocorticoids in

the chromaffin-neuron developmental decision [J]. Int J

Dev Neurosci, 1989, 7(5): 475-487.

Zhou H, Li X, Gao M. Curcumin protects PC12 cells
Possible

Basic Clin

from corticosterone-induced  cytotoxicity:
involvement of the ERKI1/2 pathway [J].
Pharmacol Toxicol, 2009, 104(3): 236-240.
B, TkE, BEAHY, & WA RE RN
[1. %2, 2017, 48(8): 1513-1518.

Jung H A, Park J C, Chung H Y, er al. Antioxidant
flavonoids and chlorogenic acid from the leaves of
Eriobotrya japonica [J]. Arch Pharm Res, 1999, 22(2):
213-218.

XD, 5kT, ML, . AR IR 4 2 B2 B 5T
[J]. R T 5K, 2014, 26(12): 1953-1956.
E, whASy, A, SE B R AKIE PR AL
FRAWETC [ EZ, 2018, 49(4): 786-790.

Kikuchi M, Kikuchi M. Studies on the constituents of
Swertia japonica Makino II. On the structures of new
glycosides [J]. Chem Pharm Bull (Tokyo), 2005, 53(1):
48-51.

BEA, ME, HRE, & BHEEZEEDARIER
Kl FE A [J]. FEFBZRE, 2018, 43(5):
970-976.

YL, e, B, A K B R i A
RGP 0], R 5/ K, 2019, 31Q2):
264-268.
Sakushima A, Ohno K, Maoka T, et al

Guaiacylglycerol-7'-O-methyl 8'-vanillic acid ether and

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Zhao X C,DulJ L, Xie Y G, et al. Chemical constituents
of the flowers of Hemerocallis minor [J]. Chem Nat
Compd, 2018, 54(3): 556-558.

Su J, Wu Z J, Shen Y H, et al. Lignans from Daphne
giraldii [J]. Chem Nat Compd, 2008, 44(5): 648-650.
Sawabe A, Nesumi C, Morita M, et al. Glycosides in
African dietary leaves, Hibiscus sabdariffa [J]. J Oleo
Sci, 2005, 54(3): 185-191.

Ni L, Qiu Y T, Shi Y, ef al. Chemical constituents of the
roots of Ormosia hosiei [J]. Chem Nat Compd, 2019,
55(5): 972-974.

Demmak R G, Bordage S, Bensegueni A, et al. Chemical

constituents from Solenostemma argel and their
cholinesterase inhibitory activity [J]. Nat Prod Sci, 2019,
25(2): 115.

EEE, AR, R, . ATENCE R IE R BT
[7]. ThEZ4, 2017, 48(2): 247-251.

SR, EEAR, @WK, . U RIEE AL
AT [J]. HEZ, 2019, 50(3): 551-556.

Marco J A, Sanz-Cervera J F, Sancenon F, et al.
Oplopanone derivatives monoterpene glycosides from
Artemisia sieberi [J]. 1993, 34(4):
1061-1065.

Zhang Y M, Xu J, Xiao L, et al. A New Phenolic
Glycoside from Chamaecyparis obtusa var. breviramea f.
crippsii [J]. Molecules, 2013, 18(1): 1255-1261.

Liu P, Wang Z M, Hu X M. Highly efficient synthesis of

ureas and carbamates from amides by iodosylbenzene-

Phytochemistry,

induced Hofmann rearrangement [J]. Eur J Org Chem,
2012, 2012(10): 1994-2000.
Niu X M, Li S H, Peng L Y, ef al. Constituents from
Limonia crenulata [J]. J Asian Nat Prod Res, 2001, 3(4):
299-311.
FIIEET, BRI, BAENG, 5. EH RN KRS
P71, HEZE, 2019, 41(11): 2663-2667.
Kim S R, Lee M K, Koo K A, e adal
Dibenzocyclooctadiene  lignans  from  Schisandra
chinensis protect primary cultures of rat cortical cells
from glutamate-induced toxicity [J]. J Neurosci Res,
2004, 76(3): 397-405.
RWEEE. AR PR REE MR A AR LR AT 7 R 2
TEMERC X PCL12 AT sEm (D], B Wik
R 25K, 2017.

[FriEsmit T ]



