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Synthesis and Antioxidant Properties of Pyrazine-Thiazole
Bi-heteroaryl Compounds
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Abstract In order to find novel pyrazine- and thiazole-based derivatives with potent antioxidant properties, eight pyra-
zine-thiazole bi-heteroaryl compounds were designed and prepared via active group splicing method between pyrazine-N-
oxides and thiazoles. They were structurally characterized by 'H NMR, '3C NMR, IR, and HPLC-MS. Antioxidant abilities of
the obtained compounds were evaluated by inhibiting radicals induced oxidation of DNA and quenching radicals. The results
showed that eight compounds can effectively inhibit radicals induced oxidation of DNA and quench radicals, which revealed
that the compounds have strong radical scavenging properties and reduction ability, and can be potential antioxidants. The
effective measurement factor (n) values of these compounds ranged from 1.48 to 2.12 in 2,2-azobis(2-amidinopropanehydro-
chloride) (AAPH) induced oxidation of DNA. The absorbance percentages of eight compounds to the blank thiobarbituric acid
reactive substance (TBARS percentage) were 54.3%~76.1% and 55.4%~68.3% in inhibiting HO+ and glutathione radical
(GS¢) induced oxidation of DNA, respectively. Eight compounds can scavenge 2,2-azinobis(3-ethylbenzothiazoline-6-sul-
fonate) cationic radical (ABTS¢) and 2,2-diphenyl-1-picrylhydrazyl radical (DPPHe¢). In addition, it was found that the antiox-
idant activity of pyrazine-thiazole bi-heteroaryl compounds was significantly higher than that of pyrazine-oxazole bi-heteroaryl
compound.
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1.1 HEMHNERK

D&Y 3a BIE RO, PRI T AN 1) R824
X 3a FEEMIR. HE 1 W LUEH, A 1,2- =8Ok
PRV, UL FeCly AMEALT, MN#ENRRREL 8 h, 26K
Hs e EMMBAET %, LG 3a /=% R 64%.
Khake 5F1MEL 1,4- 5N F, CsF il 4A 73 70N
TRIMF, R4 @A AL 2- S 2-(=1F T 345 0k)
WS e e A A8 AR K e N A S L W — W e G 5 SR AL 5 )
(Scheme 1a); Pandey 121 DMF i, Cul 1 K5PO,4
SRENING, R 4 R AR A 2- Tty 18R 5 2 R e A AT
AR 2 . A S ML 1 — WIE M B 75 R4k ) (Scheme  1b);
Wu Z5031 8 1k Bt s - N- S AL ) A e Ak & R sk, DY
T B AL (TBAB) N s I 5f, 8 = 2R 71 A DA
BuOLi Ak E i W — W L 55 210 & ) (Scheme
lo). {HIXREETT LR BIAAFFTZ A m, Fifsfta4) 3a
=N 46%, WIRAR T A 2. Kk, AL
JERA BRI R, A, RSN A. R
HEER T H e Bisth &9, i 'THNMR, C NMR.
IR 1 UHPLC-ESI-MS 5T B b & & AT 1 3RAL.
1.2 EPRIMENEN
1.2.1 Ab&-4h37#) AAPH 3] % DNA RALER M 547

ANFEEY) TBARS WO 2R BB B 1] B A2 A4 4 P
1 s, S B ERNRFE A 100 umol/L % 400
umol/L(4 N EAL &) 1a~1d Al 5 PMEEMAL &4 2a~
2d)B1LEF, TBARS WO Hh 285 2% (1 SE36 A L AT AT %
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Scheme 1 Synthetic methods of pyrazine-thiazole bi-heteroaryl
compounds

K1 AFRBFEAR BEMEEY) 3a & B0 2 K500
Table 1 Effects of reaction conditions on the synthesis of the
target compound 3a

N
bR —»ij;
JN/IH+\3(\/7 NS/\N/)
(o]

‘BuOLi, TBAB

(c)
N
A H N
¢
E,/ H SJ) xylene, 160 °C, 24 h
g

1a 2a 3a
Entry Catalyst Solvent  Time/h 7/C  Yield/%
1 FeCls Toluene 6 Reflux 31
2 FeCls CH3CN 6 Reflux 37
3 FeCls CHCI; 6 Reflux 47
4 FeCls CICH2CH2Cl 6 Reflux 61
5 FeCls CICH2CH2C1 8 Reflux 64
6 FeCls CICH2CH2Cl 10 Reflux 62
7 FeCls CICH2CH2C1 8 60 39
8 FeCls CICH2CH2Cl 8 25 Trace
9 BuOLi/TBABI!?!  Xylene 24 Reflux 46
10 InCls CICH2CH2Cl 8 Reflux 31
11 BiCls CICH2CH2C1 8 Reflux 34
12 LaCl3 CICH2CH2Cl 8 Reflux 25
13 CeCl3 CICH2CH2C1 8 Reflux 37
14 YbCls CICH2CH2Cl 8 Reflux 33
15 ScCl; CICH2CH2C1 8 Reflux 26
16 CuClz CICH2CH2Cl 8 Reflux 21
17 AgCl CICH2CH2Cl 8  Reflux 12
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Figure 1 Variation of the absorbance of TBARS in various concentrations compounds
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Tt X el S R PUEAAEA. (L&Y 3a~3h i
W (tn) SIREE 2 REHZE WA 2 Fow.

&) 3a~3h IHIHEnn) S E R TRER, BLK
BRGIERF MW 2 fiw. AT EENRIE S
ENAE AT RER T 5EMZBIMRR, BED
SERAIL n EERTE 3 . (LAY 3a 1 n fHR 178,
KA T 3a fEBHiZE 1.78 MEHBEE. WO T4
&, EW 3a T ERPRELRNPUELERIGE
B EUEE B ORERILSE), (HERIL T —E MR
Thfe F7, Tt B FR I | G AN Nk R S S M P — I I B
F5 A EYINE] DNA B L2 B Rel, Hahi w2
A B REUS I AAPH %4k DNA. L& 3a () n KT
SCHR[ 141338 (1IN R -RERRIEE 75 AL A1) Ta, 1 B e
IR LG E M 2R B A R TR O7 AL A i AAPH ik
DNA. &9 3b fil 3¢ 1) n X TAAEY) 32, HILED
3¢ 19 n {EmRA(.92), UiHH CH; BEWHE =1k & 44
AAPH %1k DNA [WgE/), T HBE%E CHs H=
HEYHIPUAYERE AW &Y. (AW 3d 1 0 HR
212, & 8 MEAWECORT), VUG ntLHi L 6E W
FIE LS AAPH 4L DNA [EE AL thad
3e I n MHA.8DEE E T 3a, ULHH CH; {7 B BUERENE R4
b & W] AAPH %4k DNA. L&Y 3f 1 n 1EH(1.85)

KT 3e 1 1.81, ULEARE KIURILRIZ BT RE J1REIE 1R
b &Y AAPH %4k DNA [RE ). 516&4 3a #
Eb, th&9 3g i n [HIINE 2.05, #t—2L &Y 3hfin
EIGIMZ 2.12, FFCULH G N SL A2 B2 508 N CH; Rede
B S IAIH] AAPH 44 DNA [1IRE
1.2.2  ##4] HO*F= GS+5| X DNA &AL AR & 54T
& IE HOF1 GSe5l & DNA % AL M)
TBARS Wt H 4L, Wi 3 Fros. @I 3 mT4n, 724l
il HO=5| & DNA At R Btk Z i, 8 AUk 4 MLk
G 1a~1d 1 4 NEBEALAY) 2a~2d)F1 8 ANitE -
MR T KA A P(3a~3h)AHXT 25 [ TBARS, WG H
SEIET 100%, R 16 MELEPEEAHNH] HOH
1k DNA FIT5 . 8 AN EAEHK TBARS H 4 H3 KT 87%,
M 8 MNHMELEY) 3a~3h 1 TBARS B 253/ T
73.4%, UiUH HARME A YNH] HOSA b DNA [3E Tz &
TR Hr, {tb&%3a i TBARS H 23 50N 68.7%, X
BR[14]HRE ML R -RERR I R4 A ) (1Ha) ] TBARS H
ECR 76.1%, Ut EEREIRAE A IRIE B AR TG
i HO<% k. DNA, 547 AAPH & ft. DNA 1A R 7 Ht
gEIR—5 1b& % 3b A 3¢ Y TBARS B K T1LE&
V) 3a, USRS S HH] HO% /L DNA fEE
JIBEAR, 1 BB CHs BRI, B0 T atatt
PEREAWIRRMK. LA 3d 1 3g 1) TBARS FH 4 $0HH &

300+ 3h - 300
3d 3c
N -—3b 3g
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E 3a 3f
100 3e L 100
01 Lo
T T T 1 T T T
0 150 300 450 0 150 300 450
c/(mmol-L™")
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Figure 2 Relationships between inhibition period (finn) and concentrations of compounds

R2 AN (6on) FIREZ ()RR ITFEXA L n (8
Table 2 Equations of inhibition period (#.) and compound concentration (c), and n of compounds
Compd. tinh(min) = (1/Ri)ccompound + constant n
3a tinh=0.53(30.03)c(32)—1.34(£0.07) 1.78(%£0.08)
3b tinh=0.54(%0.03)c(3b)+0.59(0.03) 1.81(%£0.09)
3c tinh=0.57(%0.03)c(3¢)—0.73(%0.04) 1.92(%£0.10)
3d tinh=0.63(30.03)c(3d)+0.68(+0.03) 2.12(%0.11)
3e tinh=0.54(30.03)c(3e)—1.72(%0.09) 1.81(%£0.09)
3f tinh=0.55(30.03)c(3f)+0.96(+0.05) 1.85(%£0.09)
3g tinh=0.61(30.03)c(3g)—1.66(£0.08) 2.05(£0.10)
3h tinh=0.63(30.03)c(3h)—0.99(+0.05) 2.12(%0.11)
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B3 an AAPH. HO=HI GSe51 K DNA %Ak 2 By 1
Figure 3 Properties of compounds in inhibiting AAPH, HO+and GSe induced oxidation of DNA.
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o, 8 MR R A YIS IR 45 5 HO51 K DNA 1
AR AR RME, HE— 5 0E B AL AP 3L Pk R
REMBIRMEH £ 5 HOM GSek A= H HFE I pR AL £, A
TR ISR 4 (R B S5 4R 40 DNA PEBEDS), T 5]\ H
FAF LA R ReHIE 2, NSRS EAR]T HOFH
GSe 5 2KIR 1] H H 3B R,
1.3 EYREIEERE MR

ABTSeH1 DPPHe¥<fE BER 8] frIAR b fh 2k an i 4 iy
N, EEEREY 1a~1d Al 2a~2d KR, ABTSHl
DPPHe ¢ 55 Fifi B [7] [ 386 K 35 R BRAK, 5 25 AR R AR A,
LI 8 AN E RN HAT K ABTS«A DPPH-[{IRE /). 2400
A BARb &40 3a~3h 5, ABTS«F1 DPPHe [ J3 i 52
N [A] PR3 ek /S, Wi 8 NIRRT 55 2K Ak
SR IRAE T 5 ABTSeHM DPPHeI A L 1 Hc %,
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HETMTE R ABTS«Ml DPPHe. Ny | 5 B Ltk & 4035
B E L PERE, B ABTSeHI DPPHeJK FF i i 5] 2% £k, ith
25k 15 HAntb &4 3a~3h 5 ABTS«#1 DPPHe % )/ 1800
s M E B EERR R, WK S frk.

LAY 3a X ABTS«iiFR% N 8.66%, TG
a1 6.37%, i B -BEREIE 75 A0 A 0I5 B ABTSe
RE IR T 0tE - W B 5 Rk & 4. ALE9 3b Al 3¢ X
ABTSJEBR RN 9.89%A1 11.24%, = TALEY) 3a,
HAEY) 3¢ HfEmK, WS CHs AR T &4
3k ABTSe, HFfi%E CH; =138 hn, L&Yk ABTS.
HIRE JI ARG 58, (k&9 3g AT 3h 5 bb 4 SRk — D I0AIF
TR, EY 3d A 3g X ABTSIE R4 5 K
12.28% A1 12.07%, BB & THAEY) 3a, W R E
W) L0 R R A B I R - T R I S SR AL A VK
ABTS IR 71, S50 E &5 & DNA FAfb e N —5L.
G 3e I ABTS-IERRFEA 9.47%, BE T EY) 3a,
VLB CH; 137 B 11 508 1 BE 52 M it R - aE e Bk 55 2540 &)
sk ABTSHIBES]. th&W 3f X ABTS«iHRREN
10.51%, = TA6EY) 3e, BLEINE KHUR L4, T B8
Retg 4 mAL SV K ABTS[IfE 1. BB 5 AT %n, k-
WML 75 KA S TE B DPPHe45 S 543k ABTSe W
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Figure 4 Decay of concentrations of ABTSe and DPPH?- in the presence of compounds
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Figure 5 Properties of compounds in scavenging ABTSe and DPPH« radicals
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3 XIES
3.1 X5

AT RF(0.0001 g), 18 [E Sartorius 7 7 ; HH-6 {H i
KR, TLIREIRT R EAES); DF-101S S IE IR
TN AT TP 2%, TR LT T ARAER A BR BT A
F]; SHZ-DIDfEFR /K RS, T EE ST T HA
AR TE AT, T2 RN, S KA %4, TH40 4>
B3l miA, Bl MR A IR A A Bruker
Avance AMX-400 #ZRFEHRIEAX, L Bruker 2 F];
S AR AT AN A, £ Perkin-Elme A &]; HERL
R 1 - WY S5 B R - R B A, £ Agilent
technologies A F]; UV1101 K4 WA ETH, R3E
(P EYEF AR A PR A A

2,5- T HIFENEBR-N-SE ALY (1) 2,3- - FF LI R -N-
AA(1b). 2,3- 2 FEMEE-N-SH ALY (1e) MR IRR-N-
AAPI(1d). VEME(2a), 4-FHEEBEME(2b). 4,5- T F L
Mh(2¢). RIEMEME(2d), Frbral, bR T oK =
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1Rk 2-BRAREE ELZ B2 (TBA), Z0#rall, [F 2548 Htk 2R
FIABRA T, B PEZIR B EL(DNA) 2,2
TIHEPE R R (AAPH), fiZi4l, ACROS ORGANICS
AFE; ERMABEHIK(GSH). 1WA S B(TCHQ), 7 HT
af, FigJEr AR AR AR, =& OMR(TCA) 4=
J VU 2. B8 —4H(EDTA)~ 1IE T BE. — F 2 TH(DMSO0), &
Mraf, B IAERE I A IR A A, 2,2 - %-8-(3-
L HETR I EMEIRR-6- R ) — 4 6 I FH B (ABTS») 2K
WK B A5 (DPPHe), figi4ll, 3 Sigma-Aldrich 2
Al

3.2 MER-IRMERITH &Y 3a~3h K&K

£ 100 mL KA, N E A RIS ik -
N-E AP 1 (5 mmol). F AR ER IR HERAL A9 2 (6
mmol). T/AKEILE(0.97 g, 6 mmol). HEE(2.44 o)1
K 1,2- = LKE(50 mL). BRI, 100 ChnFAlal
8 h. NG, WHZRER, WIEARER, 1Y
PLRE AL JZ 0T 20 &5 [VCR k) V(EtOAC) = 10/1 P11
B A L R - 5 L A 3a~3h.

2-(3,6- - FH LML MR -2- 3 )M (3a): [ B [l 4, P2
64%, R=0.61. m.p. 134~136 ‘C; 'H NMR (400 MHz,
CDCls) o: 8.34 (s, 1H, Pyrazine-H), 7.98 (d, J=3.2 Hz,
1H, Thiazole-H), 7.46 (d, /J=3.2 Hz, 1H, Thiazole-H),
3.00 (s, 3H, CHs), 2.58 (s, 3H, CH3); '*C NMR (100 MHz,
CDCly) d: 169.2, 150.1, 148.2, 144.1, 143.7, 143.2, 121.8,
23.4, 20.9; IR (KBr) v: 3100, 2918, 1496, 1435, 1339,
1320, 1177, 1028, 961, 874, 739 cm™'; HRMS-ESI calcd
for CoHoN3S [M+H]" 192.0590, found 192.0775.

2-(3,6- - F Lt R -2 5k )-4- L IBE I (3b): (L [
1, PR 59%, R=0.60. m.p. 167~169 ‘C; 'H NMR
(400 MHz, CDCl3) o: 8.32 (s, 1H, Pyrazine-H), 7.01 (s,
1H, Thiazole-H), 2.99 (s, 3H, CHs), 2.57 (s, 3H, CHa),
2.53 (s, 3H, CH3); '*C NMR (100 MHz, CDCl3) §: 167.9,
154.3, 150.0, 148.1, 143.8, 143.0, 116.6, 23.4, 20.9, 17.5;
IR (KBr) v: 3058, 2921, 1653, 1519, 1443, 1342, 1177,
1025, 978, 874, 801 cm™'; HRMS-ESI calcd for CjoH)o-
N;S [M+H]" 206.0746, found 206.0755.

2-(3,6-— FH LN W -2- 3k )-4,5- — FHBLME M (3¢): B
B4R, 72 54%, Ry=0.60. m.p. 181~183 C; 'H NMR
(400 MHz, CDCl3) o: 8.27 (s, 1H, Pyrazine-H), 2.96 (s,
3H, CH3), 2.54 (s, 3H, CH3), 2.41 (s, 3H, CH3), 2.40 (s,
3H, CH;); '3C NMR (100 MHz, CDCl;) §: 163.6, 150.1,
149.9, 147.9, 144.1, 142.4, 129.8, 23.4, 20.9, 15.0, 11.4; IR
(KBr) v: 2960, 2921, 1726, 1653, 1544, 1446, 1345, 1280,
1179, 1025, 952, 899 cm '; HRMS-ESI calced for CiH4-
N:S [[M+H]" 220.0903, found 220.0908.
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2-(3,6- — FH BE M e -2- 25 ) R I R Ik (3dD): 1 €[] 44k,
PR 76%, Re=0.61. m.p. 181~183 ‘C; 'H NMR (400
MHz, CDCl;) 0: 8.39 (s, 1H, Pyrazine-H), 8.11 (d, J=28.0,
Hz, 1H, ArH), 7.95 (dd, /=8.0, 0.3 Hz, 1H, ArH), 7.50
(td, /=8.0, 1.2 Hz, 1H, ArH), 7.43 (td, /=8.0, 1.2 Hz, 1H,
ArH), 3.12 (s, 3H, CH3), 2.62 (s, 3H, CH3); 3C NMR (100
MHz, CDCls) d: 169.2, 154.7, 150.3, 149.5, 143.9, 143.7,
136.0, 126.1, 125.8, 124.0, 121.6, 23.6, 20.0; IR (KBr) v:
2921, 2894, 1728, 1653, 1556, 1505, 1444, 1350, 1288,
1170, 1071, 1022, 1009, 958, 904, 765, 727, 687 cm;
HRMS-ESI caled for C;3H;p2N3S [M+H]' 242.0846,
found 242.0930

2-(5,6- B GR-2-JE ) BE M (Be): [ (i 4, 7= %
47%, R¢=0.62. m.p. 181~183 C; 'H NMR (400 MHz,
CDCl3) d: 9.11 (s, 1H, Pyrazine-H), 7.94 (d, J=2.9 Hz,
1H, Thiazole-H), 7.45 (d, J=2.9 Hz, 1H, Thiazole-H),
2.60 (s, 3H, CH3), 2.60 (s, 3H, CH3); *C NMR (100 MHz,
CDCl) o0: 167.2, 153.3, 152.0, 144.2, 143.7, 137.4, 121.3,
22.0, 21.9; IR (KBr) v: 2920, 2850, 1653, 1558, 1454,
1384, 1149, 961, 905, 874, 745 cm™ '; HRMS-ESI calcd for
CoH oN3S [M+H]" 192.0590, found 192.0719.

2-(5,6- . L Fk ML HE-2-FE ) EME (3): [ ElE A, PR
41%, Ry=0.60. m.p. 181~183 ‘C; 'H NMR (400 MHz,
CDCl3) d: 9.14 (s, 1H, Pyrazine-H), 7.94 (d, J=3.2 Hz,
1H, Thiazole-H), 7.44 (d, J=3.2 Hz, 1H, Thiazole-H),
291 (q, J=7.5 Hz, 4H, CHy), 1.37 (t, J=7.5 Hz, 3H,
CH3), 1.33 (t, J=7.5 Hz, 3H, CH;); '*C NMR (100 MHz,
CDCl) o: 167.7, 157.2, 155.5, 144.2, 143.5, 137.3, 121.2,
27.5,27.1,12.7,12.3; IR (KBr) v: 2918, 2948, 1729, 1656,
1460, 1446, 1308, 1280, 1177, 868, 722, 669 cm '; HR-
MS-ESI caled for C; HisN3S [[M+H]" 220.0903, found
220.0912.

2-(MEVR bk -2-JE ) E W (3g): 1 Bl 1A, 72 68%, Ry
=0.59. m.p. 181~183 “C; 'H NMR (400 MHz, CDCI;) ¢:
9.75 (s, 1H, Pyrazine-H), 8.14 (td, J=5.0, 2.2 Hz, 2H,
ArH), 8.05 (d, J=3.2 Hz, 1H, Thiazole-H), 7.78~7.83 (m,
2H, ArH), 7.58 (d, J=3.12 Hz, 1H, Thiazole-H); *C NMR
(100 MHz, CDCls) o: 167.0, 145.8, 144.7, 142.8, 142.5,
141.7, 130.6, 130.4, 129.4, 129.4, 122.7; IR (KBr) v: 2921,
2850, 1650, 1493, 1457, 1415, 1364, 1306, 1129, 1014,
947,773, 728 cm™ !'; HRMS-ESI calcd for C;1HgN;S [[M+
H]" 214.1433, found 214.1429.

4- I JE-2-(nE R bk -2- 5 ) E e (3h): [ E [l 1, 7o
53%, Rr=0.59. m.p. 181~183 “C; '"H NMR (400 MHz,
CDCl) o: 9.71 (s, 1H, Pyrazine-H), 8.11~8.15 (m, 2H,
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ArH), 7.77~7.80 (m, 2H, ArH), 7.13 (s, 1H, Thiazole-H),
2.59 (s, 3H, CH3); '*C NMR (100 MHz, CDCl3) §: 166.0,
155.0, 145.9, 142.8, 142.6, 141.8, 130.5, 130.2, 129.4,
129.3, 117.6, 17.3; IR (KBr) v: 3083, 2918, 2850, 1648,
1547, 1513, 1491, 1463, 1437, 1129, 1020, 972, 930, 759
cm '; HRMS-ESI caled for C;oH oN3S [[M + H] ©
228.1590, found 228.1596.
3.3 MmEMFEMEM
3.3.1 #74] AAPH 3] X DNA &ALRE MK

PR SR CARIE I 7R, £E 50 mL AR, N
N 26.8 mL 2.24 g/L DNA ¥+ 3 mL 400 mmol/L AAPH
WA 0.2 mL RRALA Y &(0 15+ 30+ 45 5 60
mmol/L), R/MREIEET 37 CAKH, AEBZI0.
1. 2+ 4. 6+ 8+ 10 AT 12 h) A FEH 2 mL, FEIIA 1 mL
1.0% TBA JF1 1 mL 3.0% TCA ¥, T 100 ‘C/Ki%
NFC1S min, AHIRER, WA 1.5mL IETERSIRY
A HL TBARS, 7F 535 nm RNl 1E T RERIOGHE A.

CAMR ' FE N A bR, s I B T) s A b A 1, G P
1 FR. $BESCER T EEUSISRAS I s A S P A )
B (tin), CAII) B (fian) WA R, A DD BE R A R
TEEL, Wl 2 Fros. SCERHRGEDOHT AR = A 14 1A
(ton) HIRPE REPER R, R A2 ATR:

tinh = (71/R;)Cantioxidant (1)
n APEAFINE SO ER T, BB PUE S TR
KEHFERBE; ROV AAPH 204 5t 0 E th 3t
SRR EA B AR, 55T 3.36 umol/(Lemin) 27,

F AL B DA (tin) PR B, 303 2R PE UL T 45 2
I (o) SR Z B T RE S, MR 2, 456 7R
()RR A RO R FE T, W%k 2.
3.3.2  #4#) HOF= GSe3| & DNA &AL R 3K,

TSR TR IR A P40 HO=51 & DNA %Ak
SN AEREHEATING. 7E 50 mL #EFEH T, MO 13.4 mL
2.24 g/L DNA %3~ 1.0 mL 30 mmol/L [1) H,O2 ¥~
0.5 mL 120 mmol/L TCHQ ¥ ¥ 1 0.1 mL 30 mmol/L fF
MALE Dt &, 8 IRAIT 37 C/K¥E 30 min. A
FE 2 mL, FAIA 1 mL 1% TBA %71 1 mL 3% TCA
W, T 100 C/AKMINI 30 min, AHE R, WA 1S
mL 1E T EE#EL TBARS, 7E 535 nm R 1E T B 1K
FEE. B EHSERAMAEY G TBARS RO EE
W Ao F A, A EMITUEALRE TT L A/A0 X 100% KK
7, B WIART 2 1 TBARS WO 1 4055

FERESCER T VRPN S 0] GSe51 & DNA %4k
SN REFEATINR. 7E 50 mL H#ERT, IiA 13.4 mL
2.24 g/L DNA ¥+ 1.0 mL 75 mmol/L ] CuSOq /& «
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0.5 mL 90 mmol/L GSH ¥ F1 0.1 mL 30 mmol/L £l
e EWIE &, FREIT 37 C/KIE 90 min. MHHE
B2 mL, FA0A 1.0 mL 30 mmol/L EDTA & 1 mL
1.0% TBA ¥ WA 1 mL 3% TCA W, T 100 ‘C/K#N
#0030 min, AHEER, A 1.5 mL 1E T EEA
TBARS, 7 535 nm Fills@ 1E T EEMIRGREE. KA
HO-<5| /& DNA 4t N T 771, A4 &40 GSe
51 % DNA A6 B AR XS 25 T TBARS PROGE H 704
34 TEEHREMEENR

T2 B SR T E B B Y K. ABTSPEREREA T
. BHL 1.9 mL ABTSe ZEEE (W OEEEN 0.961), I
0.1 mL 1 mmol/L fFIlfk &Mt &, Frilfb &MLk
FEH 50 umol/L, JREIIE], £ 734 nm JIE 0~1800 s
W RE. FH BAME PR s BT SRAS I %I ABTSeK
PL ABTS IRFE AP AR, SN A AR, 1E ABTSe
AR TS T ST 1) 4D ik 4.

F T SCHR T VAP A )7 K. DPPHPEBEEAT I
. #HL 1.9 mL DPPHe Z B (WO E N 1.076), TN
0.1 mL 2 mmol/L Rril{b &Mt &, Rl aeeik
f£759 100 pmol/L, &%), £ 517 nm W€ 0~1800 s
WG RE. RS K ABTS/ #1771, 1F DPPHeK % Fifi
1] %) 22 it 28
3.5 HESGITSHH

K H Origin 8.0 4%} Fr#3 8 3E1T ANOVA 77 %
AT, BEMALS 7N Duncan £ EAGL, BE/KTF
“H 0.05.

BBl (Supporting Information) I BE—19E ML X 55 1k
4% 3a~3h ] '"H NMR. 3C NMR 1 MS i [, ixsbtt
REAT DL G 2 WA F1) 9335 (http://sioc-journal.cn/)_F R %K.
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