¢EH 20214E2F #52% # 4  Chinese Traditional and Herbal Drugs 2021 February Vol. 52 No. 4 + 943 ¢

BERBILHETERS RAEVERR

RE&mL2, ¥ 462, R &3 HPFL2 FERS Fual

1. PR RERZEZ%E0E, TU)I 610041

2. AR R FA SN, RAMPREA S I E e =, A PRI RS A SRR E AR = - i
E R E S =R E M, P BRES 611137

3. HER AR A AT, W RS 610041

W E: BW WFEGEIRE Stellera chamaejasme 167 (& E R A E R K EPUEMPUEMIEE. F3& SGHEHEZM
i o B AR EAT S B alifh, IR A BRI 2 A T B AR 45 SCMRTROE B AT 45 52 o WAy B 1R B 9 MR E R A it
1T TR M EA TR PERR MR IR PR T . 128, R0 11- 28R 2- =1 (DPPH). 2,2"-BE - XU -(3- 2. R 2K I g
Wh-6-Ti L) 4% 3h (ABTS). 2B TiEJR/HEALAESE (FRAP) JEIFMN B S B b iE . AR5 P20 4 75 TN e
2k B Caenorhabditis elegans 325 BLER 75 5 AL RO, @i H.DCFDA KRGt siis, WA 9 X b N s
TS F5 A BT 2k B A= 1R e ) B AR IS R 4R (reactive oxygen species, ROS) 7KFHISMT. BhAL, H AR SRS 1)
HEATHL KT B Escherichia coli. %52 fllFF i Bacillus subtilis. 4 3% 473 % 3k % Saphyloccus epidermidis 1% & i
Saccharomyces cereviviae WG k. £5R M ERFAFERIIH 0 HE 2] 11 MEEY, SRS ERN T-RESFEER-
8-O-B-D-Hi &I FETF (1), W&EL (). FEHFER (3). T-HRESHFHEFER (4. REEZE (5). 57-"HEEEFTE (6).
IEIEARE (T FEER (8). WAMER (9. 3-O-MmmiZ gz (100 MR (1. &% 1. 6. 8. 10, 11 NH
WNZH R 53], LAY 1L A RNZBEY R 288 88 AN EE RS R &9 3 1 9 itk
B3, IHPTAEATEPESEIIE I A 9 (28 pumol/L) 8 i3 K48 i fE AL R A F R M54y (P<<0.000 1), H ATz
FARZE Rk N ROS 7K~F (P<<0.001), 3582k (b BIRE 1. WA 9 o — @ MK AAT B0 E, Fo/MIE
WE (MIC) fH25 1.0 mg/mL.
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Coumarins from flowers of Stellera chamaejasme and their biological activities
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Abstract: Objective To study the coumarins from the flowers of Stellera chamaejasme and their antioxidant and antimicrobial
activities. Methods The chemical constituents were isolated by column chromatography packed with macroporous resin DH-101,
silica gel, Sephadex LH-20, and ODS C18 silica gel, respectively, and the structures of the purified compounds were elucidated on the
basis of spectroscopic analyses. Firstly, the in vitro antioxidant activities of compounds 1-9 were evaluated by DPPH, ABTS, and
FRAP assays. Then, the in vivo antioxidant activity of compound 9 was further investigated on model organism C. elegans strain N2,
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which was evaluated by the survival of C. elegans under juglone-induced oxidative stress and the intracellular ROS level of C. elegans
was determined by H.DCFDA. Moreover, the activities of compounds 1-9 against Escherichia coli, Bacillus subtilis, Saphyloccus
epidermidis, and Saccharomyces cereviviae were studied by oxford cup method. Results The structures of compounds 1-11 were
respectively identified as 7-hydroxycoumarin-8-O-3-D-glucopyranoside (1), daphnin (2), daphnetin (3), 7-hydroxy-8-methoxycomarin
(4), scopoletin (5), 5,7-dimethoxycoumarin (6), umbelliferone (7), edgeworthin (8), daphnoretin (9), 3-O-caffeoylquinic acid (10), and
adenosine (11). Compounds 1, 6, 8, 10 and 11 are obtained from this plant for the first time. Compound 11 is firstly isolated from
Stellera. Conclusion Compounds 3 and 9 showed significant antioxidant activity in vitro. And compound 9 (28 umol/L) significantly
increased the lifespan (P < 0.0001) and attenuated the ROS accumulation in C. elegans under oxidative stress (P < 0.01). Meanwhile,
compound 9 showed moderate activity against E. coli with the MIC value of 1.0 mg/mL.

Key words: flowers of Stellera chamaejasme L.; coumarin; antioxidant activity; antimicrobial activity; Caenorhabditis elegans;

5,7-dimethoxycoumarin; edgeworthin; daphnoretin; 3-O-caffeoylquinic acid; adenosine
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WA TR HAT TS, M R A
FEEE T INMEERBMEWMN 2 M HABKE
Y, KixOy 7-Fad A S R -8-0O-p-D-H A BEE (7-
hydroxycoumarin-8-O-B-D-glucopyranoside, 1). i
A (daphnin, 2). %i## (daphnetin, 3). 7-%
F-8-HEIEA G ER (7-hydroxy-8-methoxycomarin,
4), KEFEE (scopoletin, 5). 57- - HEEET
% (5,7-dimethoxycoumarin, 6 ). <= 1t I g

(umbelliferone, 7). H¥i#r % (edgeworthin, 8).
WA FG A % (daphnoretin, 9). 3-O-MiHEREZS JE ik
(3-O-caffeoylquinic acid, 10) FIf+# (adenosine,
1D, HFfe&Y 1. 6.4 8. 100 11 NE M iZHEY)
o EAR R A 11 N E IR ZEEY o e
B, BT RAF R A ARG R AR R, JrE.
PURTE. DU PUIRSE 2 P2 EE I, AT
SR 1,1- R F-2- = SR (DPPH). 2,2'-
I 20 - X -(3- & Ak 2R I 8 Wk bk -6- T 1R ) — 4 £
(ABTS). BRI 7 ILJR /P e /1L (FRAP) V%
ML IR T SRR EY 1~9 RIMTEN
S5HiwiE e, SRRVINEY) 3 M 9 RILH B3E 1
oM ARSI, P DAY S I R AT 4k
AN IR L& 9 RN PL R AL TE s U
TEESLIG R, AEW 9 BoR H—E PR B
P, Hig/NMIEKRE (MIC) {84 1.0 mg/mL.
1 UESHR
11 &5

Ascend 400 MHz 1% # L 4R 9% 4% i - Bruker
/ni]); ODS Cig3HEL (HA YMC A 7]); Sephadex
LH-20 (GE Healthcare 2 7]); il & % 4: (ODS,
20 mmX10 mm, 10 pm), FRMNRRHR 0 H R
Aw]; LC-P100 =y R80AH A (R AR
FA AT RE-2000 Jig# 78 K AX (g4
IXZE]); M5 FEEFR{C (Molecular Device 3€H 2
A EEEER. AR GFRIBEN T ),
D101 KALMAE (e AR 4k Tk ) Nikon-
Eclipse Ti-E 9658 BiEt; 96 fLEFai (bR
HRMEEHRARD . HHEEEESEE Sigma-
Aldrich 7], HARscs i A5 A E 7).
1.2 st kRS EH
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RRARH R 24 K 2 E R E IR S e N A RIR R
T Y 35 & IR 5 S. chamaejasme L. [{I4¢, tx A&
(LMSC201801) fRAF(ET RS IR F 2% Fi. F50N
FaAT4£k i Caenorhabditis elegans BF4: N 3k [ 35 [
B JE 75 18 K & 2k B st % 2% 0 ( Caenorhabditis
Genetics Center ) . 91T 1 & 4 97 1 Bt FH K i #F 14
Escherichia coli. A% 2 {4 1% Bacillus subtilis. 4
{0 % A 3R Saphyloccus epidermidis. B £ 5
Saccharomyces cereviviae 4 Fi g A RA7 T b E Rl
Bt 0 A= Pt C T
2 Fk
21 ERESSH

BT B B R AL 5.0 kg, BiE)s, 4l
fig 50 “C[RIJiFEH 3 Ik, Mk 3h, e, HIFFEE
W, IR RS 3 28R 500.0 g. K AR E LUE
KB, R IKFHBERR 2 Ee AN IE T BE AR AR R,
Iy WIAR BB IR 2 BE#0A7 148.3 g FIIE T FE#iA7 113.3
g. IETHEEERAIIRE (113.3 ) 4 KFLM s DH-101,
FIfE-7K (0 100100 : 0) KREWEL, 4 TLC ¥
WM& FH1E3] 4 NS Fro1~4. Fr. 1 (3.09) 4 ODS
Cag FEEAHE, FHE-7K (10 1 100—100 : 0) BB,
Ford 209 Y e it 5 47 28 il £ HPLC 735 (13% 2,
&, 8 mL/min, 254nm) HREEY 1 (20mg, tk=
18 min). 10 (20 mg, tr=15min), 40% 9 FE /i 4
fi1 % Sephadex LH-20 F: i (FHED) 25210 E
Y2 (0.49) A3 (10g). Fr.3 (18.6¢9) L IEAME
At (200~300 H), & kE-FEE (50 :
1—1 1) BEVER, 4 TLC /& IEh 3 MY
Fr. 3-1~3-3. Fr. 3-1 (10.0 @) & FMRERA: R
(200~300 H)>, & &ke-FHlE (25:1-1: 1D ¥
Jit, BEMLIR /2 Sephadex LH-20 A1 fhis (HIEE) 43
HhE, EAMRRENEY 4 (8mg) 15 (10 mg).
Fr. 4 (8.0 g) Z&HrERAEEIE (200~300 H), —&
CIE-HEE (50 1 1—1 0 1) ¥, TLC B& 15
B 4 ANy Fr. 4-1~4-4, Fr. 4-1(0.6 g) 4 Sephadex
LH-20 #: ik [S-HEE (11 1) 1R HPLC )
B (33%ZJi5, 8 mL/min, 254 nm) 4rEA34LE
) 8(15 mg, t=16 min). BEEE Z e &R 715 5 (148.3
0) ZIEMEERAEEIE (200~300 H), & k-
FEE (100 © 150 @ 1) BEEEBEM, 4 TLC &l& 9
53 5 N4y, B Fr.5~9, Fr.5 (1.0 g) & . IkkE
Akt (200~300 H), & ZKE-HEE (60 :
1—10 1) BEFEEBEM, TLC &5 &3k 3 M

Fr.5-1~5-3. Fr.5-1 (0.1g) %4 Sephadex LH-20 ¥
BREED-FE (1D 198h, EEREIhE
Y6 (10 mg) F17 (20 mg). Fr.5-3 (0.7 g) £l
% HPLC 735 (35%Z.Jf5, 8 mL/min, 254 nm) 3
FMLEY 9 (059, k=16 min). Fr.6 £ Sephadex
LH-20 FEEIE[EG-HEE (1D [0 EA3hEw
11 (10 mg)»
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221 FRAP &l Sptiafuae ) ByiE ke
Kol 2 W SC kR FRAP R, Bt A AL A 1
FRAP 7R .

FRAP /B FBCH - pH 3.6 HIEEFR 2% i . 10.0
mmol/L Fe¥*- = Itmg = (TPTZ) ¥ WA 20.0
mmol/L FeCls 4% LLf] 10 1 11 1 RA, IEHL
. FRAP LAEWRECHI)5 37 ‘C/K¥ 15 min, FT 3
h A e .

FRAErh 2R T 96 FLMC Rk i A EE
7905, 0.4, 0.3. 0.2. 0.1 mmol/L KIHRER V2RV
5.0 uL, N 180.0 uL FRAP TR, E21)5 37 C
5 10 min, 593 nm AAPERLE (A, HAH
(Y) SWBRWEIKE X) BRLiRIHTE Y=
1.156 4 X+0.120 2, R2=0.998.
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TEBR RN T 2 SR EBE AT . HERAFREL DPPH
2.0mg, DAFEEVEME, B 0.2 mol/L DPPH 4
W, BRI EEEAE R C (Vo) NBHMEXT
1R, MERRFREX 1.0 mg Ve AIFE 5 AT DMSO H,
R R AR EE (100.00~0.05 pmol/L) ¥, #%
Fi . DPPH 2% Vi A FH ) FH FH A RS, 7E 517 nm &b
15 A 54 (0.4540.05) ~ (0.80+0.05). HX 100.0
uL DPPH - #in%: 96 FLAR 1, Ff &L hnA
— RAVFE SRR PP R, iR SR T s
30 min, &P5E4SE FEFRMXAE 517 nm ALlllE A
H (CEAMFESEE 3 NI, BCPIMED. AT
DPPH H HaERMRRIEIE AN, DPPH K%
ReJTFPEANHNREE (1ICs0) IR

DPPH &% =[Ao— (Ai—A1)]/Ao
Ao N R IIEE S DPPH A {8, A NFERS DPPH B S5 [ A
B, AL N¥EI5 DPPH (1) A
223 ABTS*ENE HHEFERZE ABTSTHH
G BRI 2 2 EOSCHER7EE E . ABTS™ TAERE
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s 23 B HY 7.0 mmol/L ABTS™% i Fil 2.45 mmol/L
IERRERE AR L mL, WESARBRS, EHEE
N 12~16 ho ABTS™ ARV FAEERFE 30~60
%, fE 734 nm &WE A {EN (0.4540.05) ~
(0.80+0.05). HX 100.0 L ABTS™ LA/EWINZE 96 fL
R, &L A — RV S (100.0~
0.05 umol/L) FIRHEXT I (Vo) ¥, #EE M 1 h,
N 5E 4 I R AXAE 734 nm AbIIE A fE (B
FEMWHE 3 ANEIL, BUPBIMED. FEAXT ABTS™H
M2V R ik A X5, ABTS 5 BR e 71
ICs0 7R o

ABTS & =[Ac— (Ai—A1)]/Ao
Ao HARNNFE S 1) ABTS™ 1) A, ACFER S ABTS™ I M J5
B AME, AR ABTS™ A H
224 ZuitEabE KA Graphpad Prism 5.0 #f4:
HATEAR S, SEIREER DL (X £S) FoR,
PRALIAELECR  t ke, 2 2H A LR One-Way
ANOVA 5 .
225 AEEMVEINAPUEE M Lk R A AR EAM
O A 1~9 BHATHURIGIT . A5 2 AT
B S ORI A BRI . BEREE NG PEIRE, KRR
T DMSO, MIAXS R H A4, FEL DMSO
NBATEXT R, BT ERERE IR (A 37 C, HEE
30 'C) ¥k 12~24 hJa, tuEMEENE L. If
T £ LA BRI E B — E LR E AL S )
MIC 1H.
2.3 FAELTEMEN
231 ZA[EIN G S kAR,
FEFRAT AR N2 PR R T2 G752 (NGMD [l 14
RrFdt | 20 CHE9%, NGM [ERE:53E EikAi Ky
B OP50 1AL BYRIR. HabT 7= o0 I 75
AHZk A MO Z2iisise iU s, R Bleach 22fiiik
X 75 N 2% AT R BAAL AR BE, A3 S5 P v i R
59, I MO S e B TEIEEEIR (20 °C) [R5 HS
I 12 h, £ UL A L1 W15 88 258110 NGM
(ST

NGM [IfcH]: #RE 1.2 g NaCl. 1.0 g & A -
7.0 g BARVAET 400 mL /K, R K TR JE o il
% 60~65 ‘C, M 400 pL FHIEFRTE K KHPOL
KH2PO4 223 (1 mol/L)+ MgSO4 (1 mol/L). CaCl,
(I mol/L) KRHEEERS# (0.01 mol/L).

MO ZE L] : FREX 3 g KH2POs, 6 g
NazHPO4 #1 5 g NaCl ¥4 T 1 L #4izkd, &HJEimA

1 mL 1 mmol/L MgSOas.

S Ay N IR RIS 2520, SIR TR A T AR HL)
29 SOt R AR BRI N ELHEAS NN NGM - [l 4485 7%
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IREE ARG TR . WO, 5 24 /N
HAELFHCRAT OPS0 ) NGM [E A 775,
ZAEFA I, BRRFEIR LIk, HEXHAFIL R
AFRBOT,  LATSNZR B AU P I BTE s B A
RBETS, BB P B A L EE 1 FEATE AN .

S SCERITIER, WITR SR o N .
A& (5. 17, 28 pmol/L) ALY HRZL (M9 22 i),
fiX. HREHS AT R 2R, SOCRH
w2 (28 pmol/L) BE— LM HPT A B mE /15
2& UK Py ROS 7K
2.3.2  HAMKEE S T 75 0 Be AT 2R HUA PN A A R R
RS Gk S35 ek vk, 28
A3 A Ab B[R] 2.3.1 7550, A N 2457 20.0 u DMSO
RGN S-bassal ¥R A8 I He (29K JE 28
umol/L), SEEG4r AXFIEZE (20.0 uL DMSO). 7
H CGEABEEE 250 pmol/L) FghzizH (&% 9 28
umol/L). FSINZE & % L1, Wk hf ey
7 S-bassal W AE;FHE, B THEREK 20 CH#
72 h, BOHIEL BB, T EME N
W EE LR i B 2 A4 30 25/100 pl. BX 96 FLAR,
FEFLIIN 100 pb 28 g1 By e HBk R (2R 250
umol/L)ALEE 3 h, 1R 1 76 BT T T2k RAEE %L,
HZEFTA LA R AT, W ES 3 k.
2.3.3  FAMKER S T 055 U BROAT e d A Ak B e Y
R ROS AT 228 SOk 7 AR, 5256 73R
R AILE 2520 (28 pmol/L A& 9), HIBKER %
575 N B AT 4 A N S A BB A [R] «2.3.27 T,
TN 20,7- R  ZERNER LR (H2DCFDA)
PeIREL, AR 50 umol/L, 20 CHEH 2.5 h,
B MR 1% EH A Eg A, TR
B (BURVEK 480 nm, KSFHEHK 530 nm) FMEE
G
234 GiitsEab DL Image-Pro Plus #42br
g R, IR 56 % FE . K H Graphpad Prism
5.0 #fExf 2k 4T Kaplan-Meier 4425007, W2H
] LE IR t A e
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[M+H]*. H-NMR (400 MHz, DMSO-ds) ¢: 7.94
(1H, d, J = 9.5 Hz, H-4), 7.31 (1H, d, J = 8.5 Hz, H-5),
6.87 (1H, d, J = 8.5 Hz, H-6), 6.23 (1H, d, J = 9.5 Hz,
H-3), 4.96 (1H, d, J = 7.7 Hz, H-1"), 3.61~3.16 (6H,
m, H-2'~6"); 13C-NMR (100 MHz, DMSO-ds) J:
160.3 (C-2), 153.9 (C-7), 148.2 (C-9), 145.2 (C-4),
131.6 (C-8), 124.5 (C-5), 113.7 (C-3), 112.6 (C-10),
112.1 (C-6), 104.4 (C-1"), 77.7 (C-3"), 76.8 (C-5"),
74.4 (C-2'), 70.4 (C-4'), 61.6 (C-6"). iR%¥dE 5 ik
i — 0, MEEENEY 1N T-REEY R
-8-O-B-D-Hij & fiH

&) 2. SR CRED, ESI-MS m/z: 363.28
[M+Na]*. H-NMR (400 MHz, DMSO-ds) J: 7.96
(1H, d, J = 9.5 Hz, H-4), 7.13 (2H, overlapped, H-5,
6), 6.32 (1H, d, J = 9.5 Hz, H-3), 5.15 (1H, d, J = 4.7
Hz, H-1), 5.10 (1H, d, J = 7.4 Hz, H-6'a), 4.86 (1H, d,
J = 7.4 Hz, H-6'B), 4.64 (1H, 1, J = 5.0 Hz, H-2"), 3.77
(1H, m, H-5"), 3.48 (1H, m H-4"), 3.23 (1H, m, H-3");
13C-NMR (100 MHz, DMSO-ds) 0: 160.1 (C-2), 148.2
(C-7), 144.7 (C-4), 142.6 (C-9), 133.9 (C-8), 118.3
(C-5), 114.5 (C-10), 113.4 (C-3), 112.1 (C-6), 101.8
(C-1), 77.3 (C-3"), 75.7 (C-5'), 73.3 (C-2), 69.7
(C-4", 60.7 (C-6")o iR %Hs 5 SCiik4RoE — 804, i
YK E 2 NEET

&Y 3. wE Ok s (FEE, ESI-MS m/z:
179.10 [M+H]*. H-NMR (400 MHz, DMSO-dg) &:
7.89 (1H, d, J = 9.4 Hz, H-4), 7.01 (1H, d, J = 8.4 Hz,
H-5), 6.79 (1H, d, J = 8.4 Hz, H-6), 6.18 (1H, d, J =
9.4 Hz, H-3); 3C-NMR (100 MHz, DMSO-ds) o:
160.3 (C-2), 149.7 (C-7), 145.0 (C-4), 143.7 (C-9),
132.1 (C-8), 118.8 (C-5), 112.8 (C-6), 112.0 (C-10),
111.1 (C-3). FiREdl 5oCEkHE —5 4, e
&Y 3 NI E R

&) 4: B EFER (R EE, ESI-MS m/z: 191.05
[M—H] . *H-NMR (400 MHz, CDCl3) §: 7.63 (1H, d,
J = 9.5 Hz, H-4), 7.11 (1H, d, J = 8.5 Hz, H-5), 6.89
(1H, d, J = 8.5 Hz, H-6), 6.24 (1H, d, J = 9.5 Hz, H-3),
4.10 (3H, s, 8-OCHs); 3C-NMR (100 MHz, CDCl3) §:
160.2 (C-2), 151.9 (C-7), 147.0 (C-9), 144.2 (C-4),
133.4 (C-8), 123.1 (C-5), 113.0 (C-10), 112.2 (C-3),
112.0 (C-6), 61.3 (8-OCHz). _ik¥f 5 SCiikfRiE —
#;OA, MESEEY) 4 8 T-F 3-8 HEAEEFE R,

&Y 5: W Asrd (& Ohe-HED,

ESI-MS m/z: 191.17 [M—H] . H-NMR (400 MHz,
DMSO-dg) d: 7.91 (1H, d, J = 9.4 Hz, H-4), 7.22 (1H,
s, H-5), 6.78 (1H, s, H-8), 6.21 (1H, d, J = 9.4 Hz,
H-3), 3.81 (3H, s, 6-OCHz); *C-NMR (100 MHz,
DMSO-dg) J: 160.8 (C-2), 151.6 (C-7), 149.5 (C-9),
145.3 (C-6), 144.6 (C-4), 111.7 (C-10), 110.6 (C-5),
107.5 (C-3), 102.7 (C-8), 56.0 (6-OCHs). Lik¥i#E 5
SCERARE — B0, SR EY) 5 N AR E SR

&Y 6: WEEHE (ZHkE-FED,
ESI-MS m/z: 207.19 [M+H]*. 'H NMR (400 MHz,
CDCls) d: 8.09 (1H, d, J = 9.8 Hz, H-4), 7.66 (1H, d,
J = 2.1 Hz, H-8), 7.09 (1H, d, J = 2.1 Hz, H-6), 6.37
(1H, d, J = 9.8 Hz, H-3), 4.15 (3H, s, 7-OCHj3), 4.03
(3H, s, 5-OCHs); 3C-NMR (100 MHz, CDCl3) §:
145.5 (C-8), 140.2 (C-4), 113.8 (C-3), 104.6 (C-6),
62.5 (5-OCHj3), 61.3 (7-OCHa). iR ¥ 5 ek iE
— e, e A 6 N5 7- T HEREER.

e 7. WEEOH R (ZH k-,
ESI-MS m/z: 163.4 [M+H]*. H-NMR (400 MHz,
DMSO-dg) d: 7.93 (1H, d, J = 9.5 Hz, H-4), 7.52 (1H,
d, J = 85 Hz, H-5), 6.78 (1H, dd, J = 8.5, 2.2 Hz,
H-6), 6.71 (1H, d, J = 2.2 Hz, H-8), 6.19 (1H, d, J =
9.5 Hz, H-3); C-NMR (100 MHz, DMSO-ds) o:
160.2 (C-2), 160.1 (C-7), 155.4 (C-9), 1445 (C-4),
129.6 (C-5), 113.0 (C-6), 111.2 (C-10), 111.3 (C-3),
103.1 (C-8). iR%dE 5 kol — 34, Mo sE
WEW T NTEAEARE.

&a 8: MEEMAR (ZHLke-HED,
ESI-MS m/z: 339.01 [M+H]*. H-NMR (400 MHz,
DMSO-dg) d: 8.02 (1H, d, J = 9.5 Hz, H-4), 7.88 (1H,
s, H-4), 7.69 (1H, d, J = 8.5 Hz, H-5), 7.13 (1H, d, J =
2.2 Hz, H-8), 7.08 (1H, dd, J = 8.5, 2.2 Hz, H-6), 6.99
(1H, s, H-5"), 6.82 (1H, s, H-8"), 6.36 (1H, d, J = 9.5
Hz, H-3); 3C-NMR (100 MHz, DMSO-ds) 6: 160.1
(C-2), 159.9 (C-2"), 157.2 (C-7), 155.1 (C-9), 149.8
(C-9"), 146.6 (C-7"), 1442 (C-6"), 143.5 (C-4), 135.4
(C-3", 131.5 (C-4'), 129.9 (C-5), 114.4 (C-10), 113.9
(C-3), 113.4 (C-6), 112.3 (C-5'), 110.5 (C-10"), 103.8
(C-8'), 102.7 (C-8). bik#%#E 5 ClikfiiE—207,
WS EWEY) 8 A& R

&Y 9: AEPIRMAE (Z& k), ESI-MS
m/z: 353.02 [M+H]*. H-NMR (400 MHz, DMSO-ds)
5: 8.04 (1H, d, J = 9.5 Hz, H-4), 7.87 (1H, s, H-4"),
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7.71 (1H, d, J = 8.6 Hz, H-5), 7.21 (1H, s, H-5"), 7.19
(1H, d, J = 2.4 Hz, H-8), 7.11 (1H, dd, J = 8.6, 2.4 Hz,
H-6), 6.86 (1H, s, H-8"), 6.38 (1H, d, J = 9.5 Hz, H-3),
3.81 (3H, s, 6-OCHs); 3C-NMR (100 MHz, DMSO-ds)
J: 159.8 (C-2), 159.8 (C-2'), 156.9 (C-7), 154.9 (C-9),
150.3 (C-9"), 147.4 (C-7"), 145.6 (C-6'), 143.9 (C-4),
135.7 (C-3'), 130.7 (C-4"), 129.8 (C-5), 114.3 (C-10),
113.8 (C-3), 113.4 (C-6), 110.1 (C-10"), 109.5 (C-5"),
103.9 (C-8"), 102.7 (C-8), 58.0 (6-OCH3). Fi& % 5
SCHERARE — B, SR EY) 9 MW & .
&) 10: R ER R (HEE, ESI-MS m/z:
353.37 [M—H]". H-NMR (400 MHz, DMSO-ds) §:
7.42 (1H, J = 15.9 Hz, H-7'), 7.05 (1H, s, H-2'), 6.98
(1H, d, J = 8.2 Hz, H-6), 6.76 (1H, d, J = 8.2 Hz,
H-5%, 6.15 (1H, d, J = 15.9 Hz, H-8'), 5.06 (1H, d, J =
4.2 Hz, H-3), 3.92 (1H, dd, J = 8.4, 5.1 Hz, H-4), 3.60
(1H, m, H-5), 2.09~1.69 (4H, m, H-2, 6); 3C-NMR
(100 MHz, DMSO-ds) d: 175.9 (C-7, COOH), 166.9
(C-9"), 148.8 (C-4"), 145.9 (C-7"), 145.8 (C-3'), 125.9
(C-1%, 121.1 (C-6"), 116.6 (C-5'), 115.4 (C-2'), 74.0
(C-1), 71.9 (C-4), 71.1 (C-3), 68.3 (C-5), 37.9 (C-2),
37.6 (C-6). LiR¥idf b SCikei i — 5518, e fh

=1

40 10 9 3-O-WmmHER: 22 JE iR -

&Y 11: Atk R (HED. ESI-MS m/z:
268.04 [M+H]*. H-NMR (400 MHz, DMSO-ds) &:
8.35 (1H, s, H-8), 8.13 (1H, s, H-2), 7.35 (2H, s, NH>),
5.87 (1H, d, J = 6.2 Hz, H-1"), 5.44 (2H, m, 2/, 5'-OH),
5.20 (1H, brs, 3'-OH), 4.60 (1H, d, J = 5.2 Hz, H-2"),
4.14 (1H, brs, H-3"), 3.96 (1H, d, J = 3.1 Hz, H-4"), 3.65
(1H, m, H-5a), 3.55 (1H, m, H-5b); *C-NMR (100
MHz, DMSO-dg) J: 156.6 (C-6), 152.8 (C-2), 149.5
(C-4), 140.4 (C-8), 119.8 (C-5), 88.4 (C-1"), 86.4 (C-4"),
73.9 (C-2), 71.1 (C-3'), 62.1 (C-5"). LA EX¥E 5 ikl
TERA—, WS a&Y) 10 AR
32 MIMRENSIMEENER
3.2.1 FRAP. DPPH. ABTS iEHTEMIE MR 45
R ORH 3FAFEIPITHNE RN BRI E SR
KA AT T RSN PRSI, Soge 25
(R 1D Botb &9 3. 9 1) DPPH. ABTS ik
B FBHMEST IR Ve, Bfiare iR T HAbk &
Yo VLG 3. 9 RAMIUEMAE )1 B3 .

322 WL R SRR KRY, hEMR
A E PRI R E T, HRIE SR E R
BRI, B ESMSERBENENAEY 9 1

e 1~4. 7~9 BIIRELEM

Table 1 Antioxidant activities of compounds 1-4, 7-9

ICso/(umol-L™)

e . FRAP
DPPH ABTS™

1 1958.00+105.18 215.24+0.05 0.10£0.13

2 959.64+10.72 13.20+0.24 6.34+0.12

3 23.20+0.67 6.81+0.12 5.95+0.19

4 — 129.40£+12.80 0.114+0.04

7 334.64+88.37 115.60+0.59 0.97£0.01

8 28.84+0.13 131.70£1.30 0.86+0.15

9 64.91+1.10 17.85+0.59 6.68+0.12
Vc 345.43+1.00 97.26+1.10 —

MIC {E4 1.0 mg/mL.

33 HHRIMENEEMRER

331 LAY 9 XY AR YT N B AT 28 HU Ay (1 52 MR
WA AR AP TE M ZE B, LA N 4k e oA
A, SRFESAREE (IR 250 pmol/L) i Sk
PEEAL IR DA BTN HAR A P TE Y. & 1 By
N, SXTRRAARLE, A9 (28 umol/L) XfZRH
FEan G R, A A 9 TARBE ) £ i AE 2k

AL RO T B iR S, BT Log-rank
(Mantel-Cox) i+5, b &) 9 SHETALFTE R EE
S (P<<0.0001).

3.3.2 (LGN A SLECRAS L Bk g ROS /KF
s SRER % Y IRER H.DCFDA Fic 75 i Fa
FFL& HUR N ROS, ROS K Filisr, 9% 600K,
FHXTROGRE LR . 25 R (K] 2), SXHHRA (R
JEHE 146.40+£10.32) AHLL, A4 9 (28 umol/L)
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AALED) 9 MIEFARE TLBAFGIIE BB 9 MARIEE A T2 R 5 A IR0
A-The effect of compound 9 on the lifespan of C. elegans B-The lifespan of C. elegans treated with compound 9 under juglone-induced oxidative stress
1 &Y 9 IR BT R F A0
Fig. 1 Effect of compound 9 on lifespan of C. elegans (wild-type)

C *%
o 150 T
= o i
04
9 it}

i

A-BACREHAAAT M RATE LA N ROS /KF B-tb &) 9 1EHE AL R AT TSI AT 4R Hfk iy ROS JKF  C-B AR SOLE EAH, 15

MR ZH LA P <<0.01

A-ROS of C. elegans under juglone-induced oxidative stress B-ROS of C. elegans under juglone-induced oxidative stress treated with compound 9

C-The relative fluorescence intensity of control and compound 9, P < 0.01 vs model group

2 AW MEMNHFH TR ROS /KFHIFNT
Fig. 2 Effect of compound 9 on production of ROS in C. elegans

TER G By 28 dik g o i B (k% E
117.23+11.93) F#f%, ROS /K-FF&A%, H.p 4 %
EWREZR (P<0.01), #*M 28 umol/L itk &
) 9 BEMS AN 28 BUR Y ROS 74, ST E A5 1 1)
& AR E
4 g

AN A AL 25 (DPPH. ABTS. FRAP) J7
P, HNEKI S S Eh ik AR SN, AR
HMEACIE I A ARSI RPN A S PR fi A RE Jr . A
I, AHE SR AR A AMTUE AN R RS TR
A &P s AR

3 FhiRsMUEIE RS R B B, b
HY) 3. 9 [MHE HIEERREE T 8L & T BRI
B Ve, R BRI AR ST AT T o A4 P P K
NG EY) 9 BRI KA RIAR A T 2 )
F7f, HAl 3 R EOIRES F & kN ROS 7K
S, MR BT ACNIERE )T . RN PR TS T
gt R ERAMUEA IS RS R — 8, RALAED

9 HABEMFIEMTEE. LIRAIREY], MEE
FHEA —ERASMUEAENE, FARIIVE B
THRABTAL .

BETTARNAN, BORIMITFZ RS 5H
I B NI A 5%, B s
EBKAERELL e ORI BRI IEERIR « HE 5%,
PRI B R EE A TR ER E R TR
SP|EA. R, CARARRE BRI
FHEATT TR A A SCIRER W A A TR
PR 5 HPUAA M A o022, BLACZG BT
FOBIR W E & R AT — R IR, &S
RIS SN VEAR RO, AW T 1 5
FRTG A E R B RAME M EER, £5
TZEYM AR SAEETETF AR, IR &
B TS5, RN U2 Y2k
fifl, T KIRA R HEAL, D IF RN
IRFFHEM IR

HAAR PIAEEYERARELEF B R
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