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Abstract : Thirteen compounds isolated from the roots of Cynanchum auriculatum ,which structures were determined as cauda-
tin (1), qingyangshengenin (2), metaplexigenin (3), gagamine (4 ), kidjoranin (5), 3-hydroxyacetophenone (6),4-
hydroxyacetophenone (7) ,2,4-dihydroxyacetophenone (8) ,2,5-dihydroxyacetophenone (9) ,4-acetocatechol (10) ,baishou-
wubenzophenone (11) ,( + )-pinoresinol (12) and (-)-episyringaresinol (13) by comparison their NMR and ESI-MS data
with the literature reported data. Among them,compounds 12 and 13 were isolated from this plant for the first time. All isolates
were evaluated the scavenging activities on DPPH and ABTS. The results indicated that compound 10 had significant scaven-
ging activities on DPPH and ABTS (ICy, = 0.58 and 1.82 wg/mL,respectively).
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Wang 251 I\ C,, 85 A B HF 20 80 45 21 9 5 38
JiE 3-0-B-D-JEAT Bk i 4 £E- (1 —4 ) -B-D-HG JFR ML il
WEE-(1—4 ) -B-D-TE PRI B 08 I BRI g 22
LA — 5 BEVEAE s Tang %67 DL Gy, 8 M H 05
kSRR LR 5 A 10 mg/kg %F SPF 4 M KM
N BRI FE TSR, 2 B 1 S 5 38 5 /0N U 5T 2 T Bt
Ak LR i A A I T, il L S AL L L A
JFREZHZ 3R e B kA 000, 15 B B Y K A J A
SR TCHEE B B AT 9 HL Zhao 261 3 3 HUAHE
2 H T S RS B R S B S oo 2k B
P, R BUBE BR 7K i 5 S JC ) 2 ME 1 1 B 8 AR
PRI, FRATT AL 2= B2 R R EB A R sk, R
SRAK A AT IR 2 B 3 B K A 7= i oh 5
R PT AL IS PRy, O B 2R B2 B gk — 2P
TER AN SR — T iR BRI AR S
1 #E5FZ®
1.1 ##

LCQ Advantage %% 1Bt 5 1% 4% ( 25 [E Thermo
Finnigan 2\ 7] ) ; Epoch 8 13 & i fL A 43 066 3t
(EEHERE AR/ F]) ; Bruker Avance NEO 600
MHz B A HARAL (P& Bruker A7) o

2,215 (3- L HE- IR T e bk -6-R 1R ) — 25
( ABTS, J&K Scientific Ltd) ; AU EFBREERE B H 3t
(DPPH , B Z AL Tl & JE A IR F) ) s 4R &R C
(2 =99% , b BHKFERHEAR AT ;4 E R E
(ZEBE=99% , V9 ZHr g WA R A R A A 5 i
BRER PR (R Ay RUR AR A FR A ) ) 5 a3k H
(=R A2 T A BRA A 5 AR (S
Cambridge Isotope Laboratories /A #]) ; 8 HLIE R (A
Mt CPR MR CBE B R ) 24 5N A R
B FAR P ) A R S B R I T R
HAESEHH.

Lt A B BRI A BS54 11137, 22 58 H 48
rh R B AR P ) A R S I B AR Y
BYMEE , S B EERLE Sk JE AR B4 B2 I ( Cynan-
chum auricutalum Royle ex Wight. ), ¥ 7K ( No.
20180516 ) 777k T~ 5% JH 44 Hh L B 2% g K AR 7= W) Ak~
H R,

1.2 Fi&
1.2.1 #omuRBRs5 55

FRICH I 4= Jz 3 T 1 B A 100 kg, #9318, i
65% NN FPEE 3 (5.3 .2 h) KL Eui vk
AR B TORER , Hoh —FR W A 75 115 1. 245 kg IBH
(ERRE) , T AR o #e AR B G 1s 1 i A HY B2, 3
10% B 12 /K ¥ W, I el 3 h, ¥ 25 H 10%
NaOH T pH =7, 3+ 25 U BE, FH SR £ 1k
AR, W R W AR 152 2. 770 kg LR LR
(2.060 kg) 2 1EAHAEKE (200 ~ 300 H) #:ZEHr, LA
(e R = 100: 1—-0: 1) B EEGEME, 753 9 B
s Fr.l ~Fr.9,

Fr.4 22 MCI( 12/ 7K = 10% —100% ) 43 5515
F|5 B (Fr.4.1 ~Fr.4.5) Fr. 4.3 ZFEAHRER (300
~400 H) 28T (At N =1:1) 15 2] 4ifb &
¥p1(37.56 ) ;Fr. 4.2 ZIFARE R (300 ~400 H)
FENT (Al PR OEE =1:1) 453 Fr.4.2.1 ~
Fr.4.2.5,Fr.4.2.3 8% Sephadex LH-20 #f {1 ji%
(WEE) 1530260 9(1.015 g) ;Fr. 4. 4 ZEAHRENL
(300 ~400 H) H)JZHr (A M/ ROl =1:1),
R4 5 3(31.683 ¢) 5 10(0.235 ¢) .

Fr. 6 Z25EK Sephadex LH-20 (4,335 ( ) , 15
F4 BAES, Fr.6.1 ~Fr. 6.4, Fr.6.3 E45 5 (4
it/ IR W) A3 EMEA ) 11(8.689 g) ;Fr.6.2 28
IEAHAERE (300 ~400 H) A2 87 (£l L2 L1
=1:1) 45 8k59 6(0. 311 g) , R &R /48 MCI,
IEAHREREHE— 205 AR BN 4k 59 4(3. 688 g) Al
5(36.169 g) .

Fr.8 Z5EIE Sephadex TH-20 #0438 ( FH ) 15
F| Fr.8.1 ~ Fr. 8. 5; Fr. 8. 3 2 1F A ik e 4 (300 ~
400 H) ZHr (A imfk/ 79 =1:1) 155 Fr.8.3. 1
~Fr.8.3.11;Fr.8.3.5 fll Fr. 8.3.6 &2 FAH#E
4T (300 ~400 H) EAr (£l LR g =1:1)
R34tk 54 8(0.784 g) F17(0.365 g) ;Fr.8.3.9
1 Fr.8.3.10 434 RP-18 KX Sephadex LH-20 &
MCI GEL JZH1)5 , 15 5811b 5% 2(4. 186 g) ;Fr. 8.4 £
RP-18 IEAHAEEAT: (300 ~400 H ) JZHr (f1 ik, L2
LT =1:1) EHr)E 538k E4 12(16. 1 mg) ;Fr.8.5
28 RP-18 IEAHRERE (300 ~400 H ) A1 ZHr (54757 iz
=300: 1) JZH7 )5 5811654 13(20.2 mg) .
1.2.2  REAAE M,
1.2.2.1 DPPH [ Hy FEiE BRI

2 18 Huang %67 i3 8 1) DPPH [ 1 253 bR
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TP 0 7 VR ARG S ekt , D R i ), CORC i v
J# 0.15 mmol/L ff) DPPH % ¥ , MCAR7E, & F; @
T il B KR BE A 16 g/ mL (9 it V35 Y80 B 2 X6 R
25 Vo W, IR BB EEAR BE 6 VR (R B vk
JE¥1 100 pg/mL) ; R R SRR 200.0 wl, i
EBAPEXT L] a (160 pL Jo7K I EEFT40 wl DPPH) |
EAZH b(160 WL #f 5 F1 40 wL DPPH) FE 35 5
X HE ¢ (160 WL £ 5 +40 wL Jo/K B EE) , #6745
SV 30 min J5F 517 nm Zh e WG REASFE S
AT =W AR AKX (DPPH B B VEFR 3 = (4,4, +
A)/7A, x 100% ) i35 A BTG BR 3, JF 1 SPSS %X
A 1C5,

1.2.2.2  ABTS [ i I BRIE P

M8 Lee 251 SUHEIH G ABTS [ il S35 BRI 4

()7 ¥ I A8GE 2 kit , OB ABTS [ i 5 T /R
(0.2 mL ABTS(7.4 mmol/L) 5 0.2 mL K,S,04(2.6
mmol/L) ) FEABH H# & 12 h J5, H H B B
40 ~50 £, B UL F 734 nm [90% % BE R A 0. 70 +
0. 02 ;@ LA [ A 95 79) , e il d5e v 8 8 20 pug/mL
(R it V5 VRN PR P X RE 24 VIE W, D e vk B 0
WikE 6 AUk s QR R SRR 200. 0 pL, &% & [
PEXTIEZH a (40 pL JC7K B EEAT 160 wL ABTS [ i
) BESL b (40 wL KE S FT 160 pL ABTS [ iH
B FETE ST ¢ (160 pL JosK HEE +40 pL #
i), WESGFEST I 6 min J5 T 734 nm L0 E 2O
FE o BREATEAT 2R R A (ABTS F B0 B
= (A,A, +A)/A, x 100% ) 75 A b B R
R I SPSS #A4 R 105, fH .

2 HR
2.1 UEMENERE
KEM1L AETEEMA; [a]] +18.80(c

0.22,MeOH) ; ESI-MS:m/z 513 [M + Na]* 4+
KK CxH,0,;"H NMR (600 MHz, (CD,),C0)§:
5.52(1H,s,H-2"),5.35(1H,br s,H-6) ,4.55 (1H,
dd,J = 11.2,4.0 Hz,H-12),3.14(1H, m, H-3) ,
2.93(1H,m,H4"),2.17 (3H,s,H-7"),2.13(3H,
s,H21),1.47 (3H,s,H-18),1.14(3H,s,H-19),
1.08(6H,d,J = 6.8 Hz,H-5" ,H-6") ;" C NMR( 150
MHz, (CD,),C0) §:38.6 (C-1),30.6(C-2),71.4
(C-3),41.8(C4),140.4(C-5),117.6(C-6) ,34. 1
(C-7),74.1(C-8),43.5(C9),36.8(C-10),24.1
(C-11),71.6 (C-12),57.7(C-13),88.0 (C-14),

32.9(C-15),31.8(C-16) ,91.5(C-17) ,9.4(C-18) ,
18.4(C-19),209.0(C-20),27.1(C-=21),166. 8 ( C-
1'),112.8(C2"),165.9(C-3"),38.1(C4"),20.7
(C-5'),20.8(C-6"), 16.4(C-7"), VI ¥4
Bk R — B B AL A R IR

weEm2 HELEEBA; [a])-28.57(c
0. 14 ,MeOH) ; ESI-MS:m/z 523 [M + Na]* 4>+
A Cy Hy Og;'H NMR (600 MHz, ( CD,),C0) 8
7.72(2H,d,J = 8.7 Hz,H4',6"),6.74(2H,d, J
= 8.7 Hz, H-3',7"),5.26 (1H, br s, H6) , 4.68
(1H,dd,J = 11.6,4.2 Hz,H-12),3.41 (1H,m, H-
3),2.00(3H,s, H-21),1.49 (3H,s, H-18),1.05
(3H,s,H-19),1.08 (6H,d,J = 6.8 Hz, H-5', H-
6');”C NMR(150 MHz, (CD,),C0)8:38.6(C-1),
30.4(C-2),71.4(C3),41.6(C4),140.1(C-5),
117.9(C-6),34.1(C-7),74.0(C-8),43.6(C9),
36.8(C-10),24.2(C-11),72.5(C-12),57.9 ( C-
13),88.4(C-14),33.1(C-15),31.9(C-16),91.7
(C-17),9.7(C-18),18.2(C-19),210.4 (C-20),
27.2(C-21),165.5(C-1"),121.1(C-2"),131.7(C-
3'.7'),115.2(C4",6 ") ,161.7(C-5") , L) I H¥E
Sacmkt T a8 B E AL S W BB G,

HEWM3 AEHREGER(ZROEE) ;[ al)
21.05(c¢ 0.19, MeOH) ; ESI-MS: m/z 445 [ M +
Nal*,4r F~ C, Hy, O,;'H NMR (600 MHz,
CDCL,)6:5.22(1H,br s,H-6) ,4.39(1H,m,H-12) ,
3.35(1H,m,H-3),2.15(3H,s,2’-CH,) , 1. 82 (3H,
s,H21),1.40(3H,s,H-18),1.05(3H,s,H-19) ;" C
NMR (150 MHz, CDCl,)6:37.5(C-1),28.9(C-2),
72.0(C-3),39.0(C4),139.1(C-5),119.4(C-6),
34.5(C-7),74.5(C-8),44.7(C9),35.2(C-10),
25.6(C-11),74.3(C-12),58.1(C-13),89.3 ( C-
14),32.5(C-15),29.0(C-16),92.6 (C-17),10.0
(C-18),18.4(C-19),209.5(C-20),27.5(C-21),
169.7(C-1"),21.2(C2") . LA b % d 5 3cmk™™ 17
H—3, ez B Y S T,

wEwda AGCTEBRA;[a]]) +162.50(c
0.16,MeOH) ; ESI-MS:m/z 640 [M + Na]*, 43F
€, H;NO,;'H NMR (600 MHz, CDCI,)§:9. 17
(1H,d,J = 1.5 Hz,H2"") ,8.71(1H,dd,J = 4.8,
1.7 Hz,H-6"") ,8.10 (1H,dt,J = 7.9,1.9 Hz, H-
4''),7.38(1H,d,J = 16.0 Hz,H-3") ,6.08(1H,d,
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J = 16.0 Hz, H2'),5.37 (1H, br s, H6) , 4. 89
(IH,q,J = 6.2 Hz, H20),4.83 (1H,dd, J =
11.4,4.3 Hz,H-12),3.55(1H,m,H-3) ,2. 17 (3H,
s,H-7"),1.69 (3H,s,H-18),1.37 (3H, s, H21),
1.12(3H,s,H-19) ;" C NMR (150 MHz, CDCL,) §:
38.7(C-1),30.8(C2),71.8(C-3),42.0(C4),
140.2(C-5),117.9(C-6) ,34.3(C-7),74.3(C-8),
43.3(C9),36.9(C-10) ,24.9(C-11),73.4(C-12),
56.5(C-13),87.4(C-14),32.9(C-15),32.7 (C-
16),87.9(C-17),10.5(C-18),18.4 (C-19),75. 8
(C-20),15.0(C-21),166.4(C-1"),118.7(C-2"),
144.3(C-3"),134.1(C4"),128.1(C-5",9"),130. 3
(C-7'),128.8(C-6",8"),153.3(C-1""),150.8 ( C-
2'"),126.3(C-3""),137.4(C4""),123.3(C5""),
153.3(C-6""),163.8(C-7"") . Lk I %d 5 Scimk' ™
1B HA 3 B e Z A S W K T

WwEWSs HELTHEHMAE; o]l +36.36(c
0.22,MeOH) ; ESI-MS:m/z 533 [M + Nal]*, 4+
A K Cy Hy O,;'H NMR (600 MHz, CDCI;) §:7. 62
(1H,d,J = 16.2 Hz,H-3"),7.52(2H,m ,H-5",9") ,
7.39(3H, m,H-6",7",8"),6.31 (1H,d,J = 16.0
Hz,H2'),5.38 (1H,br s,H-6) ,4.70 (1H,dd,J =
10.9,4.9 Hz,H-12),3.57(1H,m,H-3),2. 20 (3H,
s,H21),1.48(3H,s,H-18),1. 15(3H,s,H-19) ;" C
NMR (150 MHz, CDCl;)8:38.7(C-1),30.8(C-2),
71.9(C-3),42.0(C4),140.6(C-5),117.6(C-6) ,
34.3(C-7),74.3(C-8),43.6(C9),37.0(C-10),
24.2(C-11),72.8(C-12),58.1(C-13),88.0 (C-
14),33.2(C-15),31.9(C-16) ,91.5(C-17) ,9. 4( C-
18),18.7(C-19),209.2(C-20) ,27.4(C-21),165. 8
(C-1"),117.7(C2"),145.5(C-3"),134.3(C4"),
128.9(C-5",9"),130.5(C-7"),128.2(C-6",8") . LI
e Sk R — B, W E A A R T
JCo

wEWme6 kA ;ESI-MS:m/z 135 [M -
H] 4 FXHk CH,0,;'H NMR (600 MHz,CD,0D)
5:7.44(1H,d,J = 8.5 Hz,H4),7.35(1H,d,J =
1.8 Hz,H-6),7.29(1H,td,J = 7.7,2.1 Hz,H-5),
7.0(1H,d,J = 8.0 Hz,H-2) ,2.54(3H,s,H-8);"C
NMR (150 MHz,CD,0D)§:138.3(C-1),114.2(C-
2),157.6(C-3),119.6 (C4),129.4 (C-5),120.2
(C-6),199.4 (C-7),25.4(C-8), VI ¥4 5 X

Bk R — B B E AL Ao 3R 2

hEMT B AK;ESI-MS:m/z 135 [M -
H] 4 FXH CH,0,;'H NMR (600 MHz,CD,0D)
5:7.91(2H,d,J = 8.7 Hz,H-3,5),6.87(2H,d,J
= 8.8 Hz,H-2,6),2.55(3H,s,H-8) ;°C NMR (150
MHz,CD,0D)§:128.8(C-1),130.8(C-2,6),114.9
(C-3,5),162.5(C4),198.3(C-7),24.9(C-8), Lk
et Sk Rl — B B E A 48
FER T

wEws HEOBA;ESIMS: m/z 151 [M -
H] /3 F3 K CH,0,;'H NMR(600 MHz,CD,0D)
5:7.69(1H,d,J = 8.5 Hz,H-6),6.34(1H,dd,J =
8.8,2.6 Hz,H-5),6.23(1H,d,J = 2.3 Hz,H-3),
2.50(3H,s,H-8);"”C NMR (150 MHz, CD,0D)§:
113.0(C-1),165.1(C2),102.2(C-3),164.8 (C-
4),107.8(C-5),133.1(C-6),203.0(C-7) ,24.8(C-
8) o A5 scmk > ol — 2, w0 %Ak e
R 2,4-TFRIR

wEWM9 HKAK; ESI-MS: m/z 151 [ M -
H] 4 FHk CH,0,;'H NMR (600 MHz,CD,0D)
5:11.33 (1H,s,2-0H),9.21 (1H, s, 5-0H) ,7.20
(1H,d,J = 2.2 Hz,H-6) ,6.99(1H,dd,J = 7.0,
2.2 Hz,H4),6.77(1H,d,J = 7.0 Hz,H-3),2.57
(3H,s,H-8) ;" C NMR (150 MHz, CD,0D)§:120.2
(C-1),153.8(C-2),118.3(C-3),115.4(C4),
149.4(C-5) ,124.5(C-6) ,204.0(C-7) ,27.7(C-8) ,
AL Bt 5 Sclik > ol — 8 sE Ak e ol 2,
5-TRIELIR TN,

wEW 10  WEEH AR ESI-MS: m/z 151 [M -
H] 4+ F K CH,0,;'H NMR(600 MHz,CD,0D)
5:7.42(1H,dd,J = 8.3,1.5 Hz,H-6),7.39(1H,
d,J] = 2.1 Hz,H2),6.81(1H,d,J = 8.2 Hz, H-
5),2.48(3H,s,H-8) ;" C NMR (150 MHz,CD,0D)
5:130.6(C-1),116.1(C-2),146.4(C-3),152.3(C-
4),115.8(C-5),123.6(C-6),200.0(C-7) ,26.2(C-
8) o A Hd 5ok Rl — B, i E A o
3,4-" R L

& 11 RO F A ; ESI-MS: m/z 325. 1
[M + Nal", %+ % C,H,O,;'H NMR (600
MHz, (CD,),C0)8:13. 11 (1H,s,1-OH) ,7. 87-7. 85
(1H,d,J = 9.0 Hz,H4),7.08 ~7.06(1H,d,J =
9.0 Hz,H4') ,6.85 ~6.83(1H,d,J = 9.0 Hz, H-
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3'),6.61 ~6.59 (1H,d,J = 9.0 Hz, H-5),2.59
(3H,s,10-CH,) ,2.06(3H,s,9-CH;) ;" C NMR (150
MHz, ( CD, ),C0) §:113.0 (C-1),163.7 (C-=2),
114.4(C-3),133.9(C4),108.7(C-5),162.9(C-
6),205.9(C-7),204.0(C-8),30.6(C-9),26.3(C-
10), 118.8 (C-1"), 148.8 (C-2"), 120.0 ( C-3"),
123.4(C4"),154.7(C-5"),124.6(C-6"), Lk I &
TR Sk R — B B E AL A
TR o

EWI12 AOIERMAG o) +20.00(c
0.1,MeOH) ; ESI-MS:m/z 357 [M -H] ", 5+ H
CyH,,0,;'H NMR (600 MHz,CDCL,)5:6.89(4H,m,
H-2,2"),6.82(2H,dd,J = 8.2,1.6 Hz,H-6,6"),
5.65(2H,s,H4 ,4") 4.74(2H,d,J = 4.2 Hz,H-7,
7'),4.25(2H,dd,J = 9.1,6.9 Hz,H-9a,9a’) ,3. 90
(6H,s,3,3'-0CH,) ,3.88(2H,dd,J = 9.2,3.6 Hz,
H9b,9b"), 3.10 (2H, m, H-88") ;" C NMR ( 150
MHz,CDCl,) §:132.93 (C-1,1"),108.6(C2,2"),
146.7(C-3,3"),145.3(C4,4"),114.3(C5,5"),

119.0(C-6,6"),85.9(C-7,7'),56.0(3,3'-0OCH, ) ,
54.2(C-8,8"),71.7(C9,9") . Lk I ¥4 5 k™
BB e ARG (+) - IERE

WwEW13 HOILEERA; [ «])-100.00(c
0.4,MeOH) ; ESI-MS:m/z 417 [M -H] ", 5 F= W
C,,H, O, ;"H NMR (600 MHz, CDCL,)5:6. 60(2H,s,
H-2,6),6.58(2H,s,H-2",6") ,4.85(1H,d,J = 5.3
Hz,H-7),4.42 (1H,d,J = 7.1 Hz, H-7"),4.14
(1H,d,J = 9.5 Hz,H9'a),3.90(12H,s,3,3",5,
5'-0CH,) ,3.86(2H,m,H9b,9b") ,3.33(1H, m, H-
9a),3.32(1H, m, H-8),2.91 (1H, m, H8") ;" C
NMR (150 MHz,CDCl,)8:129.5(C-1),102.3(C-2,
6),147.0(C-3,5),133.7(C4),82.2(C-7),50. 1
(C-8),69.7(C9),132.2(C-1"),102.8(C-2",6"),
147.2(C-3 ',5'),134.4(C4"),88.0(C-7"),54.6
(C-8"),71.0(C-9'),56.4(3,3",5,5-OCH;) , L) I
ol 5wk IR 2L ek e o (5 - T
ThEE .
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1 L&MW1 ~13 5

Fig. 1  Structures of compounds 1-13

2.2 mEAFEEFEER

J DPPH 058 A& W i Bt S84k 1, AR 1
A, A6A 9.10 11 12 #1113, 78 100 wg/mL i
TIEBRFALE 80% LA L, X DPPH [ i 35 Biiig SR

o, HiLAEY 9.10 11 12 113 %} DPPH F1 ABTS
A TR BRAE ST 1Cs, (W3 2) nl 1, AL 59 10 B BT
SEALRE SR s 76 DPPH J5 ik b AE5 1 10 11 1Cs,
JEAEA R C 1Y 2. 48 %, 72 ABTS Jiikh, {9 10



KIRF=YIBE R 5T K

Vol. 35

40
* 1 DPPH BHEFRBEAIFIE(100 pg/mL)
Table 1  Screening of DPPH radical
scavenging activity (100 pg/mL)
ew IR S
Compound ) Compound )
1 19.33 8 38.39
2 37.38 9 96. 49
3 21. 41 10 97. 45
4 25. 88 11 99. 88
5 17.57 12 85. 84
6 36.79 13 95. 88
7 42.86 Ve 99.70

T PRI

Note: * Positive control.
0 1C,, Z4E4E R E 19 5.4 £,

AN BEAL A 0%t DPPH R ABTS [ H FR i B
TP 2 3 iR, BEE VR RIS R, A G4 9 .10

F2 &% ~133F DPPH 1 ABTS BYE H
EEREES (x 25,0 =5)
Table 2 Free radical scavenging ability of compound 9-13
against DPPH and ABTS(; +s,n=5)

ey DPPH ABTS
Compound 1Cs5o (pg/mL) 1G5 (pg/mL)
9 0.98 = 0.02 2.34 = 0.06
10 0.58 + 0.06 1.82 + 0.03
11 3.56 + 0.09 9.78 + 0.26
12 5.12 + 0.47 5.18 = 0.11
13 312 +0.22 4.11 = 0.67
Ve© 1.44 + 0.09 -
N - 9.90 = 0.13

TE: " MRS

Note: * Positive control.
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Fig.2 Radical scavenging effects of compounds 9-13 on DPPH free radical
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Fig. 3 Radical scavenging effects of compounds 9-13 on ABTS free radical
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12 113 FEZAE o UGRIE , Gy, - ARSIk
BW 1 ~5 TR LI E Y 9 11 feiZ Ay h & i
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AE YIS EA R DPPH [ B35 1, HOK L
FIARNE R IAC S VG BRI PEIT R T C,, - A2 1k
B RO FR AL, Gy, - B AL W) BEA
FRIE R RN D R IR RARNR R KA
Py W, i AR AT 00 1y 2 ] R B4R
PTG R S, I HL 193 32 RS R0 R A 8 Y 2 i Ak
SRR O L5 LR A 9 10 11
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