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Isolation of flavonoids from male flowers of Eucommia ulmoides and their
anti-oxidantive activities
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Abstract: Objective To isolate the chemical constituents from the male flowers of Eucommia ulmoides and to determine their
antioxidantive activities. Methods Ten flavonoids were isolated and purified by silica gel, Sephadex LH20, and ODS column
chromatographies. Their structures were identified by spectroscopic analyses. The anti-oxidantive activities were evaluated by DPPH
radical scavenging assay and apoptosis of PC12 cells induced by H,0,. Results Ten compounds were isolated from the male flowers
of E. ulmoides and identified as naringenin (1), quercetin (2), quercetin-3-O-a-L-glucopyranosyl (1—2)-B-D-glucopyranoside (3),
isoquercitrin (4), prunin (5), quercetin-3-O-B-D-glucopyranosyl (1—2)-p-D-glucopyranoside (6), kaempferol-3-O-(6"-O-acetyl)-B-D-
glucopyranoside (7), rutin (8), isorhamnetin-3-O-f-D-glucopyranoside (9), and astragalin (10). Conclusion Compounds 1, 5, 6, and
9 are isolated from the male flowers of E. ulmoides for the first time. Compounds 2—4, 6, and 8 are found to have the potent
anti-oxidative activity on DPPH scavenging and inhibit the apoptosis on the PC12 cells.

Key words: male flowers of Eucommia ulmoides; flavonoids; anti-oxidantive activity; naringenin; quercetin; prunin; astragalin

AR X 2 AL (CAREY), AR RHE YL
Eucommia ulmoides Oliver [ T 1M 57, —J&—Fk,
SAERE PO, 228, Berh. Widb. W S
ZFS UL HON. . TS ARt 3
HAMIFE . e M. 2265 2 i, #t

ks BEA: 2013-11-17

EEWB: EFAMETL LIS (201004029)

PEZ Y. THIEE, YW, BFS0T7 0h RAR BRI 53 25
«BEEE 2 K Tel: 13937859989  E-mail: ligin6006@163.com

ot WERESRRRIOBY,  HELE LA AR HER T IAE, B
FURDULAFHEAE S 60 22 AT AR e » WA K
WL AR, BRI . U
R 243 1 73 (1) B3z v AL AR R R, TR 4.01%!,
FEARHEAE A L S A A AR AT (R DR A D2 BAX

Tel: 13938605302 E-mail: dingyanxia@henu.edu.cn



©324 ¢ 3% Chinese Traditional and Herbal Drugs 38 45% 25 38 201445E2 A

WY, AL i sy A RIERIE . HtE
AL, Priadb. . PURTEEER, Bkt ph
T AN A 4 ) A A T A A A 24 R A O i
R EEIRRR, P EEER S T Hr
X AEAT S A S DA TOSAY PR T3, HAk
TR B A AR o DRI AR SIS REAL ffrfE {
AL T AT ST, L 95% SR 43 5
53] 10 MR RAEY, 500 %E ARl R
(naringenin, 1), #f}% 2% (quercetin, 2). #f 7 %-3-O-
o-L-BT R AABESE (1—>2)-B-D-#i 2 B 1T [quercetin-3-
0-a-L-glucopyranosyl (1—2)-B-D-glucopyranoside,
3] FMit 2 (isoquercitrin, 4) . YT/ %46 (prunin,
5). Mt Sz 3R -3-0-B-D-H A B (1—2)-B-D- 11 %0 B
1f [quercetin-3-O-B-D-glucopyranosyl (1 — 2)-B-D-
glucopyranoside, 6]+ LLI 45 1)-3-0-B-D-(6"-O- LI E)-
B-D-F % BT [kaempferol-3-O-B-D-(6"-O-acetyl)-p-
D-glucopyranoside, 7]« 7] (rutin, 8). 5 H4%-
3-0-B-D-#5i %5 §i # (isorhamnetin-3-O-B-D-glucopyra-
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LH-20 (%8t Pharmacia A &), - ZRACT IR JFIE
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WEY 1: okt ih CHEE; ESI-MS m/z: 272.2
[M+H]". "H-NMR (400 MHz, CD;0D) ¢: 5.81 (2H,
d, J = 2.4 Hz, H-6, 8), 7.23 (2H, d, J = 8.4 Hz, H-2',
6'), 6.74 (2H, d, J = 8.4 Hz, H-3', 5"), 5.23 (1H, dd, J =
13.1, 2.7 Hz, H-2), 3.28 (1H, dd, J = 17.3, 3.0 Hz,
H-3a), 3.01 (1H, dd, J = 17.3, 3.0 Hz, H-3p);
BC-NMR (125 MHz, CD;OD) d: 80.5 (C-2), 44.1
(C-3), 197.8 (C-4), 164.9 (C-5), 97.2 (C-6), 168.6
(C-7), 6.3 (C-8), 165.5 (C-9), 103.43 (C-10), 131.2
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(C-1), 129.2 (C-2', 6"), 116.4 (C-3', 5"), 159.1 (C-4").
DL_E$de 5 scmkapoE SEA 8, M et

e 2: SERAR (FEE; ESI-MS m/z: 302.2
[M-+H]". 'H-NMR (400 MHz, CsDsN) &: 13.38 (1H,
s, 5-OH), 6.75 (1H, s, 6-H), 6.79 (1H, s, H-8), 8.15
(1H, d, J = 8.0 Hz, H-5), 7.55 (1H, d, J = 8.0 Hz,
H-6'), 8.66 (I1H, s, H-2"); "“C-NMR (125 MHz,
CsDsN) 0: 158.3 (C-2), 138.8 (C-3), 178.2 (C-4),
163.3 (C-5), 100.1 (C-6), 166.4 (C-7), 95.1 (C-8),
158.3 (C-9), 105.3 (C-10), 121.9 (C-1"), 117.5 (C-2"),
147.9 (C-3"), 148.6 (C-4'), 117.5 (C-5"), 121.9 (C-6').
A_E$de 5 Seik s A s, s R

WEY 3: Bk R (HEE; ESI-MS m/z: 596.1
[M+H]". 'H-NMR (400 MHz, CD;0D) 8: 6.1 (1H, s,
H-6), 6.32 (1H, s, H-8), 7.58 (1H, s, H-2), 6.82 (1H,
d, J = 8.4 Hz, H-5'), 7.60 (1H, d, J = 8.4 Hz, H-6),
5.45 (1H, d, J = 7.6 Hz, Glc-H-1), 4.72 (1H, d, J = 6.8
Hz, Ara-H-1"); PC-NMR (125 MHz, CD;0D) J: 158.4
(C-2), 135.2 (C-3), 179.6 (C-4), 163.1 (C-5), 100.8
(C-6), 165.8 (C-7), 94.6 (C-8), 158.3 (C-9), 105.7
(C-10), 123.2 (C-1"), 117.3 (C-2'), 146 (C-3"), 149.7
(C-4", 116.1 (C-5'), 123.4 (C-6"), 100.8 (Glc-C-1),
82.2 (Gle-C-2), 78.1 (Gle-C-3), 70.92 (Gle-C-4), 76.9
(Gle-C-5), 62.3 (Gle-C-6), 105.8 (Ara-C-1), 74.8 (Ara-
C-2), 78.2 (Ara-C-3), 71.0 (Ara-C-4), 66.6 (Ara-C-5).
DA Kt 5 Sk A8, et 3 h
Wi 32-3-0-0-L-BHiATHE L (1—2)-B-D-i %W 11

e 4: EEK K (FEE; ESI-MS m/z: 464
[M+H]". "H-NMR (400 MHz, CD;0D) 6: 6.19 (1H,
s, H-6), 6.38 (1H, s, H-8), 7.69 (1H, s, H-2'), 6.85 (1H,
d, J = 8.5 Hz, H-5'), 7.56 (1H, d, J = 8.5 Hz, H-6"),
524 (1H, d, J = 7.6 Hz, Glc-H-1), 3.69 (1H, d, J =
11.8 Hz, Gle-H-6a), 3.55 (1H, d, J = 11.8 Hz,
Gle-H-6B); “C-NMR (125 MHz, CD;0OD) §: 159.5
(C-2), 136 (C-3), 179.9 (C-4), 163.5 (C-5), 100.3
(C-6), 166.5 (C-7), 95.1 (C-8), 158.9 (C-9), 106.1
(C-10), 123.6 (C-1"), 117.9 (C-2"), 146.3 (C-3"), 150.3
(C-4"), 116.4 (C-5'), 123.5 (C-6"), 104.6 (Glc-C-1),
76.1 (Glc-C-2), 78.5 (Gle-C-3), 71.6 (Gle-C-4), 78.7
(Gle-C-5), 62.9 (Gle-C-6) Lh_FH# 5 SCHR B FEA
— 5, LAY 4 R

&Y 5: B AT (R EE ; ESI-MS m/z: 435
[M+H]". 'H-NMR (400 MHz, CD;0D) &: 7.30 (2H,
d, J = 8.5 Hz, H-2', 6"), 6.80 (2H, d, J = 8.5 Hz, H-3',
5", 6.19 (1H, d, J = 1.2 Hz, H-6), 6.17 (1H, d, J=1.2
Hz, H-8), 5.33 (1H, dd, J = 10.5, 2.0 Hz, H-2), 3.15
(1H, dd, J = 17.6, 6.0 Hz, H-3a), 2.72 (1H, dd, J =
17.6, 6.0 Hz, H-3B); '*C-NMR (125 MHz, CD;0D) §:
80.9 (C-2), 44.3 (C-3), 198.9 (C-4), 165.2 (C-5), 98.2
(C-6), 167.3 (C-7), 97.1 (C-8), 164.9 (C-9), 105.3
(C-10), 131.1 (C-1"), 129.4 (C-2, 6'), 116.5 (C-3', 5'),
159.3 (C-4'), 101.4 (Gle-C-1), 74.8 (Glc-C-2), 77.9
(Gle-C-3), 71.3 (Gle-C-4), 78.4 (Gle-C-5), 62.5 (Gle-
C-6)o LL_EXds 5 SemkipaE s A — 5, ket
B S RIS AT .

WA 6: Bk AR CHEE) . "H-NMR (400 MHz,
CD;0D) 6: 12.42 (1H, brs, H-5), 7.51 (1H, dd, J=2.2,
8.3 Hz, H-6'), 6.86 (1H, d, J = 8.5 Hz, H-5"), 7.65 (1H,
d, J = 2.2 Hz, H-2), 6.35 (1H, d, J = 2.0 Hz, H-8),
6.14 (1H, d, J = 2.0 Hz, H-6), 5.32 (1H, d, J = 7.6 Hz,
Gle-H-1), 4.75 (1H, d, J = 7.1 Hz, Glc-H-1"); *C-NMR
(125 MHz, CD;0D) 6: 159.4 (C-2), 135.7 (C-3), 180.3
(C-4), 163.7 (C-5), 100.4 (C-6), 166.5 (C-7), 95.2
(C-8), 159.0 (C-9), 106.3 (C-10), 123.6 (C-1"), 118.3
(C-2'), 146.5 (C-3"), 150.4 (C-4"), 116.7 (C-5"), 123.6
(C-6"), 101.7 (Gle-C-1), 83.5 (Gle-C-2), 78.5 (Gle-C-
3), 71.6 (Glc-C-4), 78.8 (Gle-C-5), 62.9 (Gle-C-6),
105.6 (Gle-C-17), 76.1 (Gle-C-2'), 78.5 (Gle-C-3"),
71.5 (Gle-C-4'), 78.6 (Gle-C-5"), 62.9 (Gle-C-6"). LA |
Kot 55 SCmk B SEA S, M et A 6 i
Ji #2-3-0-B-D-H% 5 (152)-B-D-H B 1

WA T: BB A (FED. "H-NMR (400
MHz, CD;OD) 6: 7.98 (2H, d, J = 7.0 Hz, H-2', 6"),
6.83 (2H, d, J = 7.0 Hz, H-3', 5), 6.15 (1H, d, J= 1.2
Hz, H-6), 6.34 (1H, J = 1.2 Hz, H-8), 5.13 (1H, d, J =
7.6 Hz, Gle-H-1), 4.15 (1H, d, J = 11.6 Hz, Glc-H-6a),
4.03 (1H, d, J = 11.6 Hz, Glc-H-6p), 1.80 (3H, s,
-COCH3); "“C-NMR (125 MHz, CD;0OD) &: 159.8
(C-2), 135.8 (C-3), 179.8 (C-4), 163.4 (C-5), 100.3
(C-6), 166.5 (C-7), 95.2 (C-8), 158.9 (C-9), 106
(C-10), 123.1 (C-1), 132.7 (C-2"), 116.4 (C-3"), 162
(C-4"), 116.4 (C-5"), 132.7 (C-6"), 104.7 (Gle-C-1),
75.8 (Gle-C-2), 76 (Gle-C-3), 71.7 (Gle-C-4), 78.2
(Gle-C-5), 64.6 (Glc-C-6), 173.0, 20.8 (COCH3). EA I
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G 9: TR R (HEE; ESI-MS m/z: 501.1
[M+Na]". 'H-NMR (400 MHz, DMSO-d;) J: 12.31
(1H, brs, 5-OH), 7.88 (1H, d, J = 1.5 Hz, H-2'), 7.52
(1H, dd, J = 8.5, 1.5 Hz, H-6'), 6.85 (1H, d, J = 8.5
Hz, H-5), 6.31 (1H, s, H-8), 6.13 (1H, s, H-6), 5.37
(1H, d, J = 7.5 Hz, Glc-H-1), 3.84 (3H, s, -OCH3);
C-NMR (125 MHz, DMSO-dg) 6: 177.8 (C-4), 164.9
(C-7), 161.7 (C-5), 156.7 (C-2), 156.7 (C-9), 149.9
(C-3"), 147.4 (C-4"), 133.4 (C-3), 122.5 (C-6'), 121.5
(C-1"), 115.7 (C-5"), 113.9 (C-2'), 104.4 (C-10), 101.3
(Gle-C-1), 99.2 (C-6), 94.2 (C-8), 78.0 (Glc-C-5), 76.9
(Gle-C-3), 74.8 (Glc-C-2), 70.4 (Gle-C-4), 61.3 (Gle-C-
6), 56.1 (3'-OCHz). LI % 5 Sk S A —5d,
WS EAY 9 4 e AR 25 -3-0-B-D- %W 1T -

A 10: F AR R CFED; ESI-MS m/z: 471.1
[M+Na]". "H-NMR (400 MHz, DMSO-d;) J: 12.33
(1H, s, 5-OH), 8.00 (2H, d, J = 8.0 Hz, H-2, 6'), 6.83
(2H, d, J = 8.0 Hz, H-3", 5), 6.31 (1H, d, J = 1.5 Hz,
H-8), 6.13 (1H, d, J = 11.5 Hz, H-6), 5.20 (1H, d, J =
7.6 Hz, Glc-H-1); “C-NMR (125 MHz, DMSO-dy) J:
177.9 (C-4), 164.9 (C-7), 161.7 (C-5), 156.8 (C-2),
156.8 (C-9), 115.6 (C-3"), 160.4 (C-4), 133.6 (C-3),
131.4 (C-6'), 121.4 (C-1"), 115.6 (C-5"), 131.4 (C-2"),
104.4 (C-10), 101.3 (Glc-C-1), 99.3 (C-6), 94.2 (C-8),
77.9 (Gle-C-5), 76.9 (Gle-C-3), 74.7 (Gle-C-2), 70.3
(Gle-C-4), 61.1 (Glc-C-6)» LA_FHidh 5 SCHkIRIE FEA
— 5, R E A 10 N ST,

3.2 k&YX DPPH HHEASH%

M 1A%, a2, 3. 4 P tbimrheean,
BN THiEAH TBHQ: 6. 7. 8. 9. 10 [5Gk
bt TBHQ WA, IX AT g2 i1 25l B 28 IR R 54k
HTE. % B 3 IR %, Bl Hu A fbig
e, B LA 25 183-3-0-B-D-(6"-0- 2.t 3 )-p-D-7i %4
B 7 A2 -3-0-B-D-HI A H T AVE = e TG
LA e 22 S AP AR X E MER mR, — B
C-2, 3 XA G, gk Tk R, S8BT
TIPSR, BAG T RIS, AR T2

YR AR PN, IR S S A i
FHNL PR IS AR o
3.3 &YX PC12 HABEEMEHIS

BRI PC12 40 vy v 55 0 JRUA L B B T %
UEHIPTIE AR L. (a2, 3. 4. 6. 8 1EIK
9 500 pmol/L X HyO, 35 i) PC12 40 it
BB AR 1R T (P<<0.01), 25K 2. g R

£1 &1 1~10 3 DPPH BHEFRE ICs,
Table 1 ICs, of compounds 1—10 on scavenging DPPH

free radicals

&Y ICso/ (umol'L™") | Ab&4)  ICse/ (umol-L™)
1 — 6 69.20
2 1.34 7 73.70
3 1.90 8 65.20
4 30.90 9 70.15
5 — 10 7236
TBHQ 54.00

#2 HEY1~10 3 H,0,FS PC12 AT HISIE
(x+s,n=3)
Table 2 Effects of compounds 1—10 on survival rate
of PC12 cells induced by H,0, (x+s,n=3)

4151 (Hi”iﬁ) e | g (ujii/*) tin
XEAE  —  0.87+0.11 M —  03240.04°°
1 500 0.10£0.05 6 500 043%0.12"
50 0.09£0.06 50 0.12£0.05
5 0.1140.02 5 0.13£0.06
05  0.11£0.01 05 0.11£0.02
2 500 0750127 | 7 500  0.22+0.12
50 0.58+0.07 50  0.18£0.03
5 0.51%0.04 5 0.19£0.06
05  044£0.02 05 0.17£0.04
3500 049+0.13" | 8 500 0.41£0.03"
50 0.18£0.15 50 0.18%0.01
5 0.20£0.06 50214002
05  0.17£0.08 0.5 020£0.04
4 500 0.84%0.05" | 9 500 0.19£0.05
50 0.17£0.03 50 0.18%0.01
5 0.12£0.02 5 0.14%0.03
05  0.12£0.04 05  0.20%0.05
5 500 0.194£0.07 | 10 500 0.19£0.04
50 0.10£0.05 50 0.19£0.02
5 0.1240.02 5 0.18%0.04
05  0.1320.05 05 021£0.06

LRI 22 P<<0.01; SR HE: T P<0.01

4P <0.01 vs control group; P < 0.01 vs model group
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