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Phenylpropanoids constituents of Pedicularis dichotoma

CHU Hong-biao, ZENG Hong, LIANG Sheng-lin, LIANG Zhao-chang, LI Qing-yao, ZHOU Qiu-gui
Medical School, Jinggangshan University, Ji’an 343009, China

Abstract: Objective To study the phenylpropanoid constituents from the whole plants of Pedicularis dichotoma and the anti-fatigue
activities in vivo. Methods The n-BuOH fraction of 95% ethanol extract from P. dichotoma was separated and purified by silica gel,
re-phase and Sephadex LH-20 column chromatography. The structures of the compounds were identified by physicochemical
properties and various spectroscopic methods. The compounds were tested on anti-fatigue activity using mice in swimming model.
Results Twelve phenylpropanoid compounds were isolated and purified. Their structures were identified as verbascoside (1),
isoverbascoside (2), leucoseptoside A (3), jionoside D (4), martynoside (5), isomartynoside (6), cis-martynoside (7), citrusin C (8),
robustaside B (9), darendoside B (10), zizybeoside I (11), and salidroside (12). Verbascoside could obviously prolong the swimming
time of mice. Conclusion Compounds 1—12 are obtained from the plant for the first time, and compound 11 is reported from the
plants of Pedicularis Linn. for the first time. Phenylpropanoids show obvious anti-fatigue activities.
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C R R AR A IR A 7)) ;. Sephadex LH-20
(Pharmacia A H]);  AHHE M B YMC*GEL ODS-
A-HG (50 ym) (HA YMC A ); MCI CHP20P
(=250 A 7)); HPLC (WondaSil ODS-Cg). %
M CEEFEESRZNARA R, #t5 011101,
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g); BEAT A (10 g, AURE4 A, 4 HPLC
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2 ERESE

TR T S AT EERE B 8 kg YRR, T 95% £
[FIREREN 3 K, BFIK 3 h, KPR R W 4 13 21 (1)
BREW TR, SEHAMEENE, FFLAE T REAEHL,
PR IRAG FIOA . 1E T BEARIY) (445 ) SAE
FEETE, B S MR- RERE REVEIN, 530 7 AR .
Moy 2 (63 g) KRERAEMIE, Bl L 16 H EErh %
Ve, 7957 NS (Fr. 1~7). Fr.2 (44 ) &
A, WETR L BE- FHBERR EEBENG, MCI 25,
7K - FE A B2 6 0, Sephadex LH-20 %A (4, 15 3]
&5 (1.1g). 8 (23mg). 9 (17mg). 11 (56
mg). Fr.3 (3.7 g) &RERM (1%, Sephadex LH-20
BRI 205 4 (8 mg). 6 (47 mg). 12
(84mg). Fr.5 (4.9 g) ARERF (AL, FBihI% sk

WA € 13% (WondaSil ODS-C g, 541 50% FHE-50%
K, AR E 1 mL/min) 524645 Y 2 (16 mg). 7
(100 mg). 10 (6 mg). Fr.6 (44 g) %4 MCI 43,
- KB B WE NG, Sephadex LH-20 BEARAE (01, 19
FMLAM1 (127 g). 3 (19 mg).
3 LT

WA 1: AERKR, CywpHs015, Molish Y
R, FeCly Y. 52 854 (0, $Eo A S Iy R L 1)1
FAB-MS m/z: 623 [M—H] (100), 477 [M—Rha]
(9), 325 (82). 'H-NMR (600 MHz, CD;0D) &: 1.08
(3H, d, J = 6.0 Hz, Rha-H-6""), 2.68 (2H, m, H-7),
3.27~4.01 (12H, m, sugar-H, H-8), 4.34 (1H, d, J =
7.8 Hz, Gle-H-1"), 5.18 (1H, s, Rha-H-1""), 6.26 (1H,
d, J = 15.6 Hz, H-a), 6.52 (1H, dd, J = 1.8, 8.4 Hz,
H-6), 6.68 (1H, d, J = 8.4 Hz, H-5), 6.69 (1H, d, J =
1.8 Hz, H-2), 6.77 (1H, d, J = 8.4 Hz, H-5"), 6.91 (1H,
dd, J = 12, 8.4 Hz, H-6'), 7.06 (1H, d, J = 1.2 Hz,
H-2'), 7.58 (1H, d, J = 15.6 Hz, H-); "*C-NMR (150
MHz, CD;OD) §: 131.5 (C-1), 117.2 (C-2), 145.8
(C-3), 144.3 (C-4), 116.5 (C-5), 121.4 (C-6), 36.3
(C-7), 72.1 (C-8), 127.6 (C-1'), 114.6 (C-2"), 146.5
(C-3"), 149.5 (C-4), 116.6 (C-5"), 123.4 (C-6'), 115.4
(C-a), 148.1 (C-B), 168.4 (C=0), 103.9 (C-1"), 75.6
(C-2"), 81.7 (C-3"), 70.4 (C-4"), 76.0 (C-5"), 62.2
(C-6"), 102.9 (C-1""), 72.2 (C-2""), 71.9 (C-3""), 73.7
(C-4""),70.3 (C-5""), 18.4 (C-6""). LA_L- ¥ 55 SRR
-, WA 1 BT

WA 2: HERIR, CywHs015, Molish Y
BRAYE, FeCly S W i SR g th, S8R S R L 4
'H-NMR (600 MHz, CD;0D) &: 1.21 (3H, d, J = 6.0
Hz, Rha-H-6""), 2.72 (2H, m, H-7), 3.26~3.99 (12H,
m, sugar-H, H-8), 4.28 (1H, d, J = 8.4 Hz, Glc-H-1"),
5.15 (1H, s, Rha-H-1""), 6.23 (1H, d, J = 15.6 Hz,
H-a), 6.48 (1H, dd, J = 1.8, 7.8 Hz, H-6), 6.59 (1H, d,
J =7.8 Hz, H-5), 6.63 (1H, d, J = 1.8 Hz, H-2), 6.72
(1H, d, J = 8.4 Hz, H-5"), 6.83 (1H, dd, J = 1.8, 7.8
Hz, H-6"), 6.99 (1H, d, J = 1.2 Hz, H-2'), 7.50 (1H, d,
J =15.6 Hz, H-p); "C-NMR (150 MHz, CD;0D) §:
131.5 (C-1), 117.2 (C-2), 146.7 (C-3), 146.1 (C-4),
116.5 (C-5), 121.4 (C-6), 36.7 (C-7), 72.4 (C-8), 127.7
(C-1), 114.9 (C-2'), 147.3 (C-3"), 149.6 (C-4), 116.7
(C-5"), 123.3 (C-6'), 115.2 (C-0), 144.6 (C-B), 169.3
(C=0), 104.4 (C-1"), 75.7 (C-2"), 84.0 (C-3"), 70.4
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(C-4"), 75.4 (C-5"), 64.7 (C-6"), 102.7 (C-1""), 72.4
(C-2", 72.3 (C-3""), 74.0 (C-4""), 70.1 (C-5""), 18.0
(C-6")o LLbHud 5 ks — 5, st
W2 hRESEATT.

A 3: AR, CioHisOr5. 'H-NMR (400
MHz, CD;0D+DMSO-dg) 6: 1.09 (3H, d, J = 6.1 Hz,
Rha-H-6""), 2.83 (2H, t, J = 6.4 Hz, H-7), 3.27~4.09
(12H, m, sugar-H, H-8), 3.82 (3H, s, 4-OCH3;), 4.39
(1H, d, J=7.9 Hz, Gle-H-1"), 5.19 (1H, s, Rha-H-1""),
6.28 (1H, d, J = 15.9 Hz, H-a), 6.69~7.06 (6H, m,
Ar-H), 7.59 (1H, d, J= 15.8 Hz, H-B); "*C-NMR (100
MHz, CD;OD + DMSO-d¢) d: 131.6 (C-1), 117.3
(C-2), 146.2 (C-3), 144.7 (C-4), 116.6 (C-5), 121.3
(C-6), 36.6 (C-7), 72.2 (C-8), 127.7 (C-1"), 112.0
(C-2'), 149.4 (C-3"), 150.8 (C-4"), 116.4 (C-5'), 124.4
(C-6"), 115.3 (C-a), 147.7 (C-p), 168.1 (C=0), 56.6
(4-OCHj3), 104.3 (C-1"), 76.1 (C-2"), 81.4 (C-3"), 70.7
(C-4"), 76.3 (C-5"), 62.4 (C-6"), 102.9 (C-1""), 72.4
(C-2""), 72.1 (C-3""), 73.8 (C-4"), 70.4 (C-5""), 18.5
(C-6")o L4 5 scikaion — 50, iseih s
Y 3 JKHATET A

WA 4: FER R, C30Hzs04s, Molish W i
FHE, FeCls o R AL, FAB-MS m/z: 637 [M—
H] (100), 491 [M—Rha]  (4), 339 (7). '"H-NMR (500
MHz, CD;0D+DMSO-dg) 6: 1.10 (3H, d, J = 6.2 Hz,
Rha-H-6""), 2.79 (2H, m, H-7), 3.35~4.06 (12H, m,
sugar-H, H-8), 3.87 (3H, s, 3'-OCH3), 4.38 (1H, d, J =
7.9 Hz, Gle-H-1"), 5.20 (1H, s, Rha-H-1""), 6.38 (1H,
d, J=15.9 Hz, H-a)), 6.58~7.22 (6H, m, Ar-H), 7.66
(IH, d, J = 159 Hz, H-p); “C-NMR (125 MHz,
CD;0D + DMSO-dg) d: 133.0 (C-1), 117.2 (C-2),
147.5 (C-3), 147.4 (C-4), 113.0 (C-5), 121.1 (C-6),
36.5 (C-7), 72.0 (C-8), 56.5 (3'-OCH3), 127.6 (C-1"),
114.8 (C-2), 146.9 (C-3"), 149.8 (C-4"), 116.6 (C-5"),
123.2 (C-6'), 115.3 (C-a), 147.8 (C-B), 168.0 (C=0),
104.2 (C-1"), 76.0 (C-2"), 81.4 (C-3"), 70.5 (C-4"),
76.0 (C-5"), 62.4 (C-6"), 102.9 (C-1""), 72.3 (C-2'"),
72.0 (C-3"), 73.7 (C-4""), 70.4 (C-5""), 18.6 (C-6"").
DL E s scmkipoE — 809, W s ) 4 %
B H Do

&Y 5: TR, C3HyOs. FAB-MS m/z:
651 [M—H] (100). 'H-NMR (600 MHz, CD;0D) ¢:
1.11 (3H, d, J = 6.0 Hz, Rha-H-6""), 2.83 (2H, m,

H-7), 3.29~3.94 (12H, m, sugar-H, H-8), 3.82 (3H, s,
4-OCHs), 3.89 (3H, s, 3-OCH3), 4.39 (1H, d, J = 7.8
Hz, Gle-H-1"), 5.21 (1H, d, J = 1.2 Hz, Rha-H-1""),
6.39 (1H, d, J = 16.2 Hz, H-0), 6.69 (1H, dd, J = 1.8,
8.4 Hz, H-6), 6.75 (1H, d, J = 8.4 Hz, H-5), 6.82 (1H,
d, J = 1.8 Hz, H-2), 6.83 (1H, d, J = 8.4 Hz, H-5),
7.09 (1H, dd, J = 1.8, 8.4 Hz, H-6'), 7.20 (1H, d, J =
1.2 Hz, H-2"), 7.67 (1H, d, J = 162 Hz, H-p);
BC-NMR (150 MHz, CD;0OD) ¢: 133.0 (C-1), 117.2
(C-2), 147.7 (C-3), 147.5 (C-4), 113.0 (C-5), 121.3
(C-6), 36.7 (C-7), 72.2 (C-8), 56.7 (4-OCH3), 127.8
(C-1"), 111.9 (C-2), 149.5 (C-3"), 150.9 (C-4), 116.6
(C-5"), 124.5 (C-6'), 115.3 (C-0), 148.0 (C-B), 168.4
(C=0), 56.6 (3'-OCH;), 104.3 (C-1"), 76.2 (C-2"),
81.7 (C-3"), 70.8 (C-4"), 76.3 (C-5"), 62.5 (C-6"),
103.1 (C-1"), 72.5 (C-2"), 72.2 (C-3"), 73.9 (C-4"),
70.5 (C-5"), 18.6 (C-6"). LA_E % 5 Scikdpas —a3™,
WOk EAL A 5l R

AW 6: TotalffR, C3HuOs5. FAB-MS m/z:
651 [M—H] (100). 'H-NMR (400 MHz, CD;0D) 6:
1.24 (3H, d, J = 6.2 Hz, Rha-H-6""), 2.79 (2H, m,
H-7), 3.30~3.99 (12H, m, sugar-H, H-8), 3.73 (3H, s,
4-OCHs), 3.85 (3H, s, 3-OCH3), 432 (1H, d, J = 7.9
Hz, Gle-H-1"), 5.17 (1H, s, Rha-H-1""), 6.38 (1H, d,
J=15.9 Hz, H-a), 6.60 (1H, d, J = 8.1 Hz, H-6), 6.65
(1H, d, J = 8.2 Hz, H-5), 6.68 (1H, s, H-2), 6.78 (1H,
d, J = 8.2 Hz, H-5'), 7.01 (1H, d, J = 8.1 Hz, H-6"),
7.14 (1H, s, H-2'), 7.61 (1H, d, J = 15.9 Hz, H-p);
BC-NMR (100 MHz, CD;0D) ¢: 132.6 (C-1), 117.0
(C-2), 147.5 (C-3), 147.3 (C-4), 112.7 (C-5), 121.1
(C-6), 36.7 (C-7), 72.3 (C-8), 56.4 (4-OMe), 127.6
(C-1"), 111.6 (C-2), 149.4 (C-3"), 150.7 (C-4"), 116.5
(C-5"), 124.3 (C-6'), 115.2 (C-0), 147.1 (C-B), 169.1
(C=0), 56.4 (3'-OCHs), 104.4 (C-1"), 75.7 (C-2"),
84.0 (C-3"), 70.5 (C-4"), 75.4 (C-5"), 64.7 (C-6"),
102.7 (C-1""), 72.2 (C-2'"), 72.2 (C-3""), 74.0 (C-4"),
70.0 (C-5"""), 17.9 (C-6"") LA L% ¥ 5 SCik i —
#O, e A 6 A IR .

& 7. TR, C3HyO5. FAB-MS m/z:
651 [M—H] (100). "H-NMR (400 MHz, CD;0D) §:
1.15 (3H, d, J = 6.2 Hz, Rha-H-6""), 2.81 (2H, m,
H-7), 3.29~3.92 (12H, m, sugar-H, H-8), 3.80 (3H, s,
4-OCHs), 3.88 (3H, s, 3-OCH3), 4.35 (1H, d, J = 7.9
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Hz, Glc-H-1"), 5.15 (1H, s, Rha-H-1""), 5.79 (1H, d,
J=12.9 Hz, H-u), 6.67 (1H, dd, J = 1.9, 8.1 Hz, H-6),
6.72 (1H, d, J= 2.0 Hz, H-2), 6.76 (1H, d, J = 8.2 Hz,
H-5), 6.81 (1H, d, J= 8.2 Hz, H-5'), 7.15 (1H, dd, J =
1.7, 8.3 Hz, H-6"), 7.88 (1H, d, J = 1.2 Hz, H-2"), 7.92
(1H, d, J = 13.0 Hz, H-B);: “C-NMR (100 MHz,
CD;OD) d: 132.8 (C-1), 117.0 (C-2), 147.5 (C-3),
147.3 (C-4), 112.8 (C-5), 121.1 (C-6), 36.5 (C-7), 72.1
(C-8), 56.4 (4-OCHs), 127.9 (C-1'), 111.5 (C-2"),
148.3 (C-3"), 149.8 (C-4"), 115.6 (C-5"), 127.4 (C-6"),
1153 (C-0), 147.7 (C-B), 166.9 (C=0), 56.4
(3'-OCH3), 104.2 (C-1"), 76.0 (C-2"), 82.0 (C-3"),
70.4 (C-4"), 76.1 (C-5"), 62.4 (C-6"), 103.2 (C-1"),
72.3 (C-2'"), 72.1 (C-3""), 73.8 (C-4""), 704 (C-5"),
18.2 (C-6""). LA b 55 scikapis — 8", e
B T - £ R -

A 8: Lk, CigHypnO7. FAB-MS m/z:
325 [M—H] (100). 'H-NMR (400 MHz, CD;OD) ¢:
3.30~3.50 (6H, m, sugar-H, H-7), 3.66 (1H, d, J =
12.3 Hz, H-6'a), 3.83 (3H, s, 2-OCHs3), 3.86 (1H, d,
J = 12.3 Hz, H-6'b), 4.84 (1H, d, J = 7.3 Hz, H-1"),
5.03 (2H, m, H-9), 5.95 (1H, m, H-8), 6.72 (1H, d, J =
8.2 Hz, H-5), 6.82 (1H, s, H-3), 7.08 (1H, d, J = 8.2
Hz, H-6); “C-NMR (100 MHz, CD;OD) &: 146.3
(C-1), 150.7 (C-2), 114.1 (C-3), 136.4 (C-4), 122.1
(C-5), 118.2 (C-6), 40.8 (C-7), 139.0 (C-8), 115.9
(C-9), 56.6 (2-OMe), 103.0 (C-1'), 74.9 (C-2'), 78.2
(C-3"), 71.3 (C-4"), 77.8 (C-5"), 62.5 (C-6"). LA ¥
28 553k — 2, MO A 8 N citrusin Co

WA 9: ToETEHR K, CaiHp0010. FAB-MS m/z:
433 [M—H] . 'H-NMR (500 MHz, CD;0D) ¢: 3.40~
3.44 3H, m, H-2', 3', 4", 3.64 (1H, t, J = 7.7 Hz,
H-5'), 4.34 (1H, dd, J = 6.5, 11.7 Hz, H-6'a), 4.52 (1H,
d, J=11.5 Hz, H-6'b), 4.72 (1H, d, J = 6.9 Hz, H-1"),
6.28 (1H, d, J = 15.9 Hz, H-a), 6.65 (2H, d, J = 8.8
Hz, H-3", 5"), 6.79 (1H, d, J = 8.0 Hz, H-5), 6.91~
6.97 (3H, m, H-6, 2, 6"), 7.05 (1H, s, H-2), 7.57 (1H,
d, J=15.9 Hz, H-p); "C-NMR (125 MHz, CD;0D) ¢:
127.7 (C-1), 115.1 (C-2), 149.7 (C-3), 146.9 (C-4),
116.6 (C-5), 123.1 (C-6), 114.9 (C-0), 147.2 (C-P),
169.0 (C=0), 103.8 (C-1'), 75.0 (C-2"), 77.9 (C-3"),
71.8 (C-4'), 75.5 (C-5"), 64.7 (C-6'), 153.9 (C-1"),
119.7 (C-2", 6"), 116.7 (C-3", 5"), 152.3 (C-4"). LL I

B 5 Scmk Rl — 2, e s 9 ok

robustaside B,

G 10: TLtali 4, CyH30120 FAB-MS m/z:
475 [M—H] (100). "H-NMR (400 MHz, CD;0D) §:
1.24 (3H, d, J= 6.2 Hz, H-6"), 2.80 (2H, t, J = 7.0 Hz,
H-7), 3.80 (3H, s, -OCH3), 3.25~4.02 (12H, m,
sugar-H, H-8), 4.28 (1H, d, /= 7.9 Hz, Glc-H-1"), 5.14
(1H, d, J = 1.3 Hz, Rha-H-1"), 6.67 (1H, dd, J = 2.0,
8.2 Hz, H-5), 6.72 (1H, d, J = 2.0 Hz, H-2), 6.81 (1H,
d,J=8.2 Hz, H-6); “C-NMR (100 MHz, CD;0D) §:
133.0 (C-1), 112.9 (C-2), 147.5 (C-3), 147.4 (C-4),
117.1 (C-5), 121.1 (C-6), 36.5 (C-7), 71.9 (C-8), 104.2
(C-1), 75.6 (C-2'), 84.6 (C-3"), 70.2 (C-4"), 77.8
(C-5"), 62.7 (C-6), 102.8 (C-1"), 72.3 (C-2"), 72.2
(C-3"), 74.0 (C-4"), 70.1 (C-5"), 17.9 (C-6"). LA L%k
o 5 ocwkik g — s, W% Ew 10 K
darendoside B.

&9 11: A, CoHygO1. FAB-MS m/z:
431 [M—H] (76). "H-NMR (500 MHz, DMSO-dj) &
2.85~4.62 (14H, m, sugar-H, H-7), 443 (1H, d, J =
7.8 Hz, Gle-H-1'), 4.86 (1H, d, J = 7.8 Hz, Glc-H-1"),
7.23~7.43 (5H, m, Ar-H); "C-NMR (125 MHz,
DMSO-dg) J: 138.1 (C-1), 127.2 (C-2, 6), 128.0 (C-3,
5), 129.0 (C-4), 69.6 (C-7), 100.7 (C-1'), 82.3 (C-2"),
77.0 (C-3"), 69.8 (C-4"), 76.2 (C-5"), 61.0 (C-6"), 104.3
(C-1"), 75.0 (C-2"), 76.8 (C-3"), 69.7 (C-4"), 76.2
(C-5"), 60.8 (C-6") o LA - %udi 15 Scikafiss —a'Y,
WS B A 11 R TC RIS 1.

& 12: %’élﬂk C14H207. FAB-MS m/z:
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H-3, 5), 7.06 (2H, d, J = 8.3 Hz, H-2, 6); C-NMR
(125 MHz, CD;0D) ¢: 156.8 (C-1), 116.1 (C-2, 6),
130.9 (C-3, 5), 130.8 (C-4), 36.4 (C-7), 72.1 (C-8),
104.4 (C-1"), 75.1 (C-2"), 78.1 (C-3"), 71.7 (C-4"), 78.0
(C-5"), 62.8 (C-6")» LA - %d 55 Scikaiis —8(™,
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PLX +5 Kox, M CBER 7 2250 BT fi ¢ A5 o
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WK R TR (P<<0.01). 52244l
5, BSAe T RN S e ngl W) 2E e g vk
B RS AT AV W RPUR . 4R
* 1,
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Table 1 Effect of verbascoside on loaded swimming time

of mice (x+s,n=12)

20 531 FilE / (gkg ™) VEIKISA] /s
aifroK — 41595+ 64.93
gl 0.048 859.02+103.38™
BT 0.2 846.57+ 90.76™

0.1 567.13+ 69.93"
0.05 54526+ 89.22"
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N
i
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SoifkALEE: TP<001; Sackmditts: ¥P<o.01
*Pp<0.01 vs water group; #p<0.01 vs caffeine group
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