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Compound effects of microcystin and anatoxin on homeostasis of
reactive oxygen species in lettuce
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Abstract The eutrophication of water leads to the increase of cyanobacteria toxin concentration in
water. To objectively evaluate the ecological risk of cyanobacteria toxins in irrigation water, we
studied compound effects of microcystin (MCs) and anatoxin (ANTXs) on growth and homeostasis

of reactive oxygen species (ROS) in lettuce. After Hydroponic lettuce being treated with MCs
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(5 pg'L™" or 100 ug'L™"), ANTXs (5 pg-L™" or 100 pg-L™") and MCs+ANTXs (5+5) pg-L™' or
(100+100) pg'L™" for 7 d, we found that low concentration (5 pug-L™") of MCs, ANTXs or MCs+
ANTXs increased fresh weight of lettuce by 63.3%—85.6%, indicating that the increase of SOD
activity and total antioxidant capacity (FRAP) induced by low concentration of toxin can maintain
H,0, and O,-~ balance and then avoid oxidative damage. However, high concentration (100 pg-L™)
of MCs, ANTXs or MCs+ANTXs inhibited lettuce growth, and the decreased degree of each
treatment was MCs(27.7%)>MCs+ANTXs(16.8%)>ANTXs(5.1%). Meanwhile, MDA, H,0O, and
O, contents, NADPH oxidase activity and LsRbohA expression, SOD and CAT activities were
increased with the order for increased degree as MCs>MCs+ANTXs>ANTXs. In addition, FRAP
showed different change among treatments. These results indicate that high concentration treatments
up-regulated LsRbohA expression for contributing to enhancing NADPH oxidase activity to produce
more ROS for stimulating defense systems. While the increase in SOD and CAT activities was not
enough to maintain the stability of ROS, resulting in oxidative damage and inhibition on growth.
Furthermore, characteristic analysis of compound effects of MCs+ANTXs on ROS homeostasis in
lettuce showed that MCs+ANTXs (5+5) pg-L™" posed synergistic effects on MDA and H,O, contents
as well as NADPH oxidase and CAT activities in lettuce whereas MCs+ANTXs (100+100) ug-L™
showed antagonistic effects on them. It can be included that compound effects of MCs and ANTXs
on homeostasis of ROS in lettuce was dependent on their concentrations, and the coexistence of
ANTXs at a certain concentration could reduce the oxidative damage caused by MCs to lettuce,
providing a new theoretical basis for guiding the safety of irrigation water.

Keywords microcystins, anatoxin, NADPH oxidase, antioxidant enzymes, reactive oxygen

species, lettuce.

IR B & E SR IR T K AR B B & X ANVE S AR SO, R SRR R, Y
K AE S R G R RRE AL AR &N FERZ R, MPEHFHE R (microcystins, MCs) & —F B A
5 T E B R 0 B BRI B R, R T R S MK AR il L HL e R ORI R R R R -
LR(MC-LR) /& MCs SR 70 A fie ) B PR Ao 1 — 2, 5 T A 20 40 (WHO) B HAE TR A e &%
AT 1.0 pg L7 AR %75 R (anatoxin, ANTXs) & — R 16 1L R AU A 20 82 2%, AR fit
S AR IO T, R T K -a(ANTX-a) J& P2 3 55 2 & 0 fi i 1 — Rl ek, i K
o K2R 3.0 png LB 7R 5 B K S8 000 & K 3k, 70% LA b W I 7K A4 A R ) s A 0 31 MCs 5
ANTXs, % B Wil 2 2 b 25 H6 47 2 %38 77 7F, H MCs 3% ANTXs ¥ 3 % 78 1—100 pg- L', H IR 40
SRR AN A 1000 pge L' DA E WL G S0k B Z0 e BEE L e U L AT H MR . MEIXIE B (RE IR R
BEMENE 5t A AR ) SRRk AR R G009 R B, MCs B RIED IR B I5 , ROGE AR VEDY)
AREE, MBEIOGE R SRR A . 0 HI b A S P50 Y, WA vl 38 o B R T d
B B A 8 U A AR D 0L AR A 35 FR AR B ER T MCs 45 3 7, MCs 5% B4 i e i 02
H:3% (Lactuca sativa), BXIT (Petroselinum crispum). 181 2F (Foeniculum vulgare) F135::0>3% (Brassica oleracea)
R, AR B K (Zea mays). W% D (Daucus carota) FI/NFE (Hordeum vulgare) Z5AEHMY. A K& F
PERE R YA Y B A ST T AR R A A2 G VR AR A W9 K2 4 thAE MCs X A8 9 A A AL A Y
SR, G T ANTXs (5T 2 5 h 7E K A AE 1, DG F MCs Al ANTXs X 47 114 52 65 5 e )1 5 A7 iz 38
RAEYFE N RRE LS 5 A FEZE A7, inEEPA A MCs Al ANTXs X RAEYI 2 A4 HIPLEL, Ko &
NPT B8 2 1 A 28 AU B2 (BT B , R AR B i 2 A S BT i 2540

15 P %8 (reactive oxygen species, ROS) s A8 YA A th BA R SR s R, F 2 Ak
A (H,0,). BEBEF (0, 7). I A WAL (OH) S AR5 5401, W55 30 R 40 i b AR R oK i
ROS D755 Bh AR 3 K] Y 2 38 , 1717 080 928 AL 40 %) 306 358 A o oy M (W] B R 1 B R %) ROS 235 R Ak i,
B SN AT T, R, B R AR AE R N ROS RS SR B AR i 37 M 1 S B 2 —. i,
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MCs Wri8 F K F8 (Oryza sativa) HH0EALEFE BE ROS AYHE 158 T35 I (Cucumis sativus), 3X 2 7K FFifif
% MCs Wi e 158 T8 R E 2R R Y, 5T ROS /K- SHYIM 2 5 i pLs i & v 0e R, WGtk
AR (BIF= A SRR Ta] A9 F-6) i FA B 25 FH A% MCs F1 ANTXs R A K52 i 18 &2 A VR FERAE, o]
TR BT 400 Tt 37 R P BE 2R U 30 0 A ML B A R A T, AR SCIE R Z R 9 A2 3R (Lactuca
sativa) HBFFEXS G, DLJRE 6 PR AU S R BR A B B2 )AL, #8598 MCs 5 ANTXs XA i
P AR RS FE MR A N TERILT, S8 2 UL DT i v i 2R 1) A 28 XU i 5 1) 8

1 MRLE )7 (Materials and methods)

1.1 HRERIE

A ST TR FH ) MCs Il ANTXs S8 A 15 S840 M. T $2 B 56 25 3 (MCs) B39 fif i P 4T 455
FJC8 K, 3RS 4307 51 2 B SCHR [9]. 38 5 B S % (ELISA) W 5 MCs W B, 38 2o = 380 A
{01 (HPLC) i 7E 45 MC 284K (5 [t (FLr MC-LR, MC-RR il MC-YR 7351 /5 62.66% . 28.48% Fil 0.68%).
PP ANTXs 7K A 10 12 3 (FACHB-1255) SR B H [E R4 Be IR K S Fh % (FACHB), $2 505 7347 5 ik
Z:BESCHR [15]. IR i ELISA JUE 8. ANTXs ¥R, Pl i HPLC i 8 ANTXs 228 f& it (ANTX-a:
HANTX-a=76.4%:23.6%).
1.2 MRS A

PR R 19 42 32 (Lactuca sativa L)) Fi ¥ 0.1% HgCl, 2 B F/KI2 U0 4 h, 76 B KGR 28 GRE
20 °C; MXFIRLE 70%). AR R P R B B A S A B IR 5 L R AR SEA T35 3% (B4R 6 #), 5
Fi 55 R EsR N 350 pmol-m™>s2(H /% 14 b/10 h), 18 25 °C/18 C(H /%), FIXHEEE 80%. 5 75 Wi &
7T REH 1K, JigF 30 d S AbHE. 2% [ SRR MCs 5 ANTXs Hi B 5 4 55 10 PR o 88 V0 I, 5 %
T2 Y LE SRR B S R [A B MCs. ANTXs M2 MCs+ANTXs B85 75 g AT A0 3. 5236 % IR (CK, &
FEM P LT R), H— MCs A B G FER T MCs ¥ 4058 5 ug L™ Al 100 pg-L™), B— ANTXs 4b
BB IR ANTXs #4351 5 pg L H1 100 pg-L™") il MCs+ANTXs &2 & 4B (5 35 th MCs 1
ANTXs e FE N (5+5) pg L™ 1 (100+100) pg- L™ AP & 3 ¥k, 4b34 7 d 5 U3k,
1.3 $8tnilE

KT RIS AR A . S5 WIS AR B 07 TR I e R N MDA & i, R F B R Bk vk
WME Hy0, & i AR Z AR E O, & 1. S JROCE 481 1 J7 ¥4 U % NADPH A AL 16 P R
FH Zhang 552 (1) 77 153847 LsRbohA 51yt Fy SR, BE DA X 638 5 R H 2-AACT L 7Tt 5.
KT FRAP V£ I 58 M bR B B8P L fE J7BY. SOD FIl CAT 376 M fR 300 5 2 2% T 55 45220 1 7 9 9T R A ek
3lj. MCs Fl ANTXs Xf A= 32 1 & G52 e A Abotts 202020 77 BLARIEAL.

AXB

Cexp:A+B_W (1)
Ri=-C 2
Cexp

i) 4 J& M — MCs 5] 2 A= 3248 A5 0 3 ) F2 B 5 B J& M — ANTXs 5] A2 A= 38 48 bn 09 0 il #2 & 5 C &
MCs+ANTXs &4 A0 315 A AR AR YA I FRBE 5 Coyp A2 TN RI A0 HL .
1.4 diidb B

A B s LA 3 RO AT IR A9 EE PR HE TR 22 (Mean+SD) 27~ SR Levene #5043 M1 45 2H 7 22
(4 [ i, 2 1) 22 S8 ok LSD A5 1) 5 [N 3R O 22 AT 1RAl (P<0.05).

2 5 545718 (Results and discussion)

2.1 MCs 5 ANTXs X AESA Y N S TS B A R0
Fgh DAY (FW) RAEA A KGO, LA % (MDA) & it i i A ) A AL B R P, 45 G
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ROS W 51 H,0, Fl O, & 5784k, #59% MCs 5 ANTXs %4225 ROS Fa S 15200 . Wi 1 iR,
5 CK M He, ARV (5 pg'L")MCs. ANTXs & MCs+ANTXs((5+5) pg-L ") 5 4 b BR43 SIAE #F2E S A4 W)
N 75.3%. 85.6% F 63.3% (P<0.05), H:ft MCs+ANTXs((5+5) pg-L ") 44K T-Hi— MCs(5 pg'L ™)
5 ANTXs(5 pg-L™). [A B, fRH# 2 (5 ng-L)MCs 8 ANTXs X} F # MDA, H,0, fil O, & 8 0 i F 5
M (P>0.05), H:H MCs+ANTXs(5+5) pg L' B A 4B S H,0, A1 O, & 5 /Mg L T+ H MDA & 12 I 5
T CK(P<0.05). Z¢ b 45 B 0] A1, fK W JF MCs. ANTXs & MCs+ANTXs & & 4b FEAE 3F 2 3 A K, 29
Hormesis R0 . 3 ARk B 25 R A2 oEVE AT BE 5 A W IR A KRAR E AL R (CE KRR TAA. BKRE
ZT MR R GAz) B Fh A O tAbh, IR LB 2 R 5 i A Sl M AR AR, AR5 AR MRt 4
A0, 3R B AN R 2R 3 iR B R A SR B IR Y L, Xt T B R A S AR AT R E B H#E T Y X —
JRIA. SR AL BN TR], @59 B (100 pg-L")MCs 5 MCs+ANTXs(100+100) pg-L™" & A Ab BR AR A4 5%
AW 27.7%. 5.1% Fl1 16.8%(P<0.05), F =5 i B (100 pg L ™HANTXs X AE 3¢ A= 9y 5 Tt B i 5%
(P>0.05), X T BE 58 R A G 1 BALME T, W75 . VR 5 KDL R 1 22 57 A5 i R AT G2, Arrdel 402
K IN ANTX-a ¥ =ik 5000 pg L B A 25 F 06 S e A A 4. =V BE MCs. ANTXs 2 MCs+ANTX
AbEE T80 B H MDA H,0, Fl O, 7 2 i 3 9 (P<0.05), Horp MDA, H,0, fil O, & S i HE 7 4
MCs>MCs+ANTXs>ANTXs. L1 4553588 100 pg-L'MCs 8% ANTXs iS5 T ROS & & I+ 5 1 S BUIE I
105, X ] AR T EUR W MCs il MCs+ANTX # il A= 26 AR 4 19 Jt [N 22— b s v B2 MCs+ANTXs
PP AR SR K B TR BRI T 80— MCs, 7] fiE 5 MCs+ANTXs 35 34 32 7742 ROS & =K T8 — MCs A
K. BT A SE AR & B8 MCs X 4 41 i ROS - 11 52 M B2 5 52 MCs W B | 2% 55 B[] A S A ) Fp 2 45
PRIZR T, AT DL WA T 32 MCs (88 11, 45 & AP0 . ROS 7KF-H1 MDA 4341, A= SR REAE T 32 (IR
JE (5 pg L) FEE WA, (HAREN 2 2 W (100 pg L) e, HXF 5k B MCs+ANTXs &4 W36 A i
Z M5 T . — MCs #0155 T 5— ANTXSs, iX 1] BE-5 25 20 At P9 36 P SR I RE T A oK.
F 1 MCs Al ANTXs X AE Y. MDA Hy0, Fil O, & BN E G 50
Table 1 Combined effects of MCs and ANTXs on biomass and contents of MDA, H,0, and O,"" in lettuce leaves
GSziE ] W/ (ug L)

Lol ol . e |
Treatments Concentration FWig MDA/(pmol-g™ FW) - H,0,/(ug-g" FW) Oy /ngg” FW)
CK 0 20.772+1.292¢ 0.74+0.06d 6.27+0.74¢ 4.18+0.07¢
5 36.415+1.290a 0.75+0.06d 5.50+0.44¢ 4.25+0.14c¢
MCs
100 15.093+0.791d 1.57+0.13a 15.83+0.66a 10.71£0.98a
5 38.552+0.888a 0.73+0.12d 5.47+0.29¢ 4.86+0.11c¢
ANTXs
100 19.720+1.764c¢ 1.24+0.10b 10.06+0.61¢ 8.57+0.53b
5+5 33.913+1.158b 0.89+0.03¢ 8.83+1.00d 4.78+0.26¢
MCs+ANTX
100+100 17.283+0.983d 1.37+0.08b 11.31+£0.47b 8.97+0.49b

TE: ARRITHERR 48 Ab 4] 7] 22 7 52,35 (P<0.05). Note: Different letters represent significant differences between treatments (P<0.05).

2.2 MCs 5 ANTXs XAz S i i P 0 A i &2 A 52

JB I 1 ) NADPH 48 A4 i e A 400 200 B 136 40 A 1) R B2l 2 — 27, BRSNS O, fiEfb K O, It
A R R AEAE Y ROS A BLEE 7112, LsRbohA J&4mtH A= 5% NADPH A ALY s 3L . 5 CK A L, Il
JZ (5 pg-LY)MCs 8{ ANTXs b Bt A4 32 F b NADPH A0 B 35 4 S LsRbohA FXT 36 158 1 6 i 2%
S0 (P>0.05)( 1), MCs+ANTXs & G AR 242 5 T NADPH S fLHGE 1, LsRbohA WIAHX ik & b
4 137.8%(P<0.05). 1% & WAL B MCs B ANTXs XF 4= 3 - rp ROS 18 42 BLTC 2 W), X S22 32 M | v
ROS AEFFRA A R 2 —. MR EE (5+5) pg L 'MCs+ANTXs & & A0 5 LsRbohd ik & 1) -
P4 n] 2 NADPH &AL RGP A0 I 2 —. 45 & AR SAE Wi . ROS & & il MDA & it (% 1) 4047
A, AU BE MCs+ANTXs &4 40 30 53 48 #F NADPH AL I PE5 S ROS A= iU 22, {2 (8 B 1 2 5t
S A0 B A 5 7 A Al R PR N 9, 3R e R A A 0 1T AN S M AR ) A K R R EE MCs. ANTXs Fil
MCs+ANTXs &5 4L B R 3 F i LsRbohA 33k 272%—657%, Hi%S NADPH LS E T (P<0.05),
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H: g PR 35 0% HEFE 8 MCs>MCs+ANTXs>ANTXs. 26 B 25 ik B (100 pg-L")MCs, ANTXs Fil MCs+
ANTXs & G AT A 38 i LsRbohA 323k 5 KR L F, & MU £ 3 £, iX Al f8 & NADPH A fL.1
LT R 2 —. NADPH 484k B 1k A5 B R ROS, 2 4 Bl 2 Go I 8, (EATS I 16 FR A0 v vk 3 53
ZI05E, Ao ARG T A 1 (55 1), Pérez 25059 1 % B, NADPH 4801k filg-J2 4 4 i 17 3E 2 4y
firi0 R 914G ROS T 1 E B R K 2 —. [[liF H,0, 7] LLE S NADPH A AL HE R Rboh 33508 3X 2 AH
Y18 37 AR A W3 55 0 JBUB S, A5 521 HaO, Ja Bl1— R B0 AH DG HE DR 38 3K K 22 i sl AR 3 A6 4 1o B
FoIR 360 %o R i ) s 2 O 320, DR T AS S 36 vp i TR B MCs+ANTXs 24 A 3R £E3% NADPH 48 AL i P
BT — ANTXs #K T MCs, X 7] figJ& MCs+ANTXs 2b F2H 4 3% h ROS & & 8 T 8— ANTX i
TH—MCs FFEEHNEZ—.

[ 1MCs []ANTXs [ MCs+tANTXs

100 1
80

60

e e e e © d [ L
401
I d
20 ‘ e e e e ¢
0 L1m Tl
0 5 5

100 0
Toxin concentration/(ug-L™!) Toxin concentration/(pug-L™")

Bl 1 MCs Hil ANTXs Xf4E 3¢ NADPH S ALRHE TEAN LsRbohd KX K 1) 2 4 11
e A AR A AL PR 7] 22 57 [ 3 (P<0.05)
Fig.1 Combined effects of MCs and ANTXs on NADPH oxidase activity and expression of LsRbohA in lettuce Note:

Different letters represent significant differences between treatments (P<0.05)

2.3 MCs 5 ANTXs % AE S30 H EUE BR BE 1 10 52 5 52

Y20 h ROS A 32 Hi A Ak R SR IE . SOD VE W MiHt B AL RS04 — B B 48, i i
F R Oy B AL HyO, il O, HyO, 7E55 BB 2k CAT RYEAL T 43-% R HyO Fl O,. 25 &2 M4
AR ZPURAEEZ ARG, Kb B AL TG S R PTELRE J1 (FRAP) 4545 R 4 1l b sz WA 420 400
THBR ROS BYRE ST, AN 2 FR, 5 CK AHLEL, IRHRBE (5 pg'L)MCs. ANTXs Al MCs+ANTXs(5+5) pg-L™
S A5 b BN 3 4R A2 SR Y FRAP (P<0.05), {2 3 SOD % 1 |t (% 88— ANTXs 4b 2826 41), ifif X
CAT i PETC & 50 (P>0.05). 26 WKk i 75 K AL FRZH %S SOD {5 PEF1 FRAP FJF, i3RI ROS £
E AR B R AN NS B Y CAT AN U sl FRUIE 52, 1250 5 Jolh 36 A 8 HE A St A2 Y L. 1=
e B (100 pg-L)MCs, ANTXs il MCs+ANTXs i 2 i #F 4= % il B f f% SOD Al CAT i 1 I Ft+
(P<0.05), 3% & HE -~ MCs>MCs+ANTXs>ANTXs. 4= 3% M F 1 FRAP 28 4k 51 AR R — 2, ££ 100 pg-L™
MCs 4t 3 F B X (P<0.05), 7E 100 pg-L™" ANTXs 4t 3 F b J} (P<0.05), 1fi 7£ MCs+ANTXs(100+
100) pg- L™ Ab 38 F 6 B 3 725 4k (P>0.05). 454 FW. MDA Fl ROS & #7284k (1) 70 #r & 9, & e
(100 pg- L") FEEAME & SOD Fl CAT 3P T3 A JE AT B i &4 1 ROS, iE PN ROS Fa 59 idn, %1k
Pt KA, XA AR A2 A Y i R 22— AN () v U B B R AL T A3 FRAP 22 bR — 3, X AT fig 2
T R B S AT S RN A il 28 0 AN ] 25 28 W3 178 i) o7 52 8 A 2 5 81 AN RR R 38 R UK R 7 SOD
CAT FUBE S PR Il R 1A JFL i (DHAR) I P 36 Jin, i Hi 3K i B8 13 S Ak P (APX) A4 e H K38 i il
(GR) 16 PE AR 30, Be A, By 2R 28 8 40 o th J8 R4 B AR g B S804k 700 B 480 R Ge il B3, H 5 o
PRAAR A 235 i 240 M ST AU RE 1 Rk, AR St SOD. CAT Ml FRAP X /= v B (100 pg-L™)
MCs. ANTXs Fll MCs+ANTXs &b 30 i A7 75 25 5, H 45 i SOD Fil CAT 1 7 2 FRAP A B T 22 fif
R ETERE T ROS fl B R, X4ERE ROS R85 A, X A4 /& MCs+ANTXs 4 ROS 7 i T
— ANTXGs MMi{&F 5 — MCs 1) X — 5 A,

Relative expression level/%
~

100

NADPH oxidase activity/(nmol-mg™!-min™")
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[ IMCs [[]ANTXs Bl MCs+ANTXs

a Ps 1000 28F a
252000+ b = a - 26f a
= E 00 M, 2 24f b
= 5 800r 2g 20} =
= 1500 & 22 2ok
7, 1300r d c o ¢ 2T, 18} c
: e L = .
= e e ed ;5600 ddd dgqd L ._3;' I'G_ddd
21000} : s B 14 de
£ £ 400} g8 1 :
z £ S =2 1.0
® & B o8k
O it £70.
g 500 < 200} = 06f
04r
0.2f
0 0 0
0 5 100 0 5 100 0 5 100
Toxin concentration/(jg-L™") Toxin concentration/(ug-L™") Toxin concentration/(pug-L™")

B2 MCs fl ANTXs %43 SOD i # Il CAT 6 P4 K S P4 b Ak 1 i 52 5 5
e ARRIFRE R IR A AL Bl 0] 22 57 i 3 (P<0.05)
Fig.2 Combined effects of MCs and ANTXs on total antioxidant capacity, SOD and CAT activities in lettuce Note: Different

letters represent significant differences between treatments (P<0.05)

2.4 MCs 5 ANTXs X AE S0 P A A R 0 B 2 5 AR RHE 23 B
PR AN ) 975 G W o0 32 160 AE ) B2 Wi vl RE 2 B S AR L B RIPE A L I ANE R S5 5 /e . %
WP MCs Hl ANTXs 3 24£ 506 PE RS SR AW, 708 T MCs+ANTXs X A2 5 ROS Fa A5 AH K 45
PR AR RRIE (3 2). 24 RUE>1 B, 2 ILEMEZN; RI=1, IR ; RI<1, D0 52 B04E Bl e
F 2 MCs fl ANTXs XA 3% ROS Fa s s ) 5 4 A FIARRAE 3B
Table 2 Characteristic analysis on combined effects of MCs and ANTXs on homeostasis of ROS in lettuce
Ei=t7n MCs/ ANTXs/ MCs+ANTXs/

0, 0, 0,
Index (gl A% (ug L) B/% (gl 1% Coxpl% RI
5 7531 5 —85.60 5+5 -63.27 -225.36 0.28*
FW

100 27.34 100 5.06 100+100 16.80 31.02 0.54*
5 222 5 1.31 5+5 -28.44 -0.88 32.44%

MDA
100 ~113.39 100 ~68.59 100+100 85.52 ~259.74 0.33*
5 12.24 5 1277 5+5 ~40.95 23.45 -1.75*

H,0,
100 ~152.58 100 -60.54 100+100 ~80.44 ~305.49 0.26*
o 5 -1.63 5 -16.11 5+5 -14.13 -18.01 0.79*

N
100 ~155.90 100 -104.75 100+100 11431 ~423.96 0.27*
5 525 5 1.38 5+5 809 6.56 ~1.23*
NADPH

100 ~81.90 100 —45.44 100+100 ~62.80 ~164.55 0.38*
5 -20.59 5 -4.22 5+5 -16.42 -25.67 0.64*

SOD
100 ~94.40 100 -32.65 100+100 ~76.28 ~157.86 0.48*
5 2.18 5 1.72 5+5 -4.43 3.87 -115*

CAT
100 ~66.98 100 -18.99 100+100 -49.37 ~98.69 0.50*
5 ~70.13 5 ~86.76 5+5 ~87.78 -217.73 0.40*

FRAP
100 26.41 100 ~17.14 100+100 11.89 13.80 0.86*

T B bR s, *IRE 5 1 2 Y i E P (P<0.05).,
Note: The data is denoted as meantstandard deviation, * represents the significance between RI and 1 (P<0.05).
W5 2 7R, MCs+ANTXs(5+5) pg-L™' X MDA & HyO,. NADPH A fLHi 5 CAT T Ml L4
RI{H ) B E>1, BIPRS00V ; 1 MCs+ANTXs(100+100) pg-L™' %} MDA %4 . H,0,. NADP A fLJiF 5
CAT TEPEAN I b % RU(E Y 25 <1, SRS PRk . RUIBEE MCs Fl ANTXs ik B T, W35 (0] 2 G4
FHAFE fh O VR 5% D5 Hi/E . Wang S50 BF5E e AR B2 MC-LR FIZ 305 8 (IE) X A K
PrEAL R G A PRIV, i v B S IS S s A E . AL, MCs 5 ANTXs XA 30 E K 5 ROS 2
B E A VEREEZ T Z WA 52m. HorP, MCs+tANTXs(100+100) pg L™ %F D b Fr A 2800y 0 4
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41 &

R (RD) ¥I<1, £ EHE MCsHANTXs X A4 302 A VE L FRIE B2 2 35P0800 , X5 Li FF0F 04 8- —
O, AT & B MC-LR I ANTX-a % 7 B AE RKORTVER (9 2 A VB 2 S HLRLUN. 3X 5 MCs 5%
ANTXs i AGHMLAEAE 50 A O, ] B 5 A S I 2 98 55 /K A2 0 R P 2 M AR A s 4 G 3 % il n A 3L
KRB ST, K AR A AL 3 X A S o A S 35 A o O L AT A, K AR — o TR 1
ANTXs A] DAV MCs Sf A= SE R B A 07 E

3 %518 (Conclusion)

(1) e (5 pg'L")MCs. ANTXs 5 MCs+ANTXs 75 54 3¢ SOD & E Lt A L BE /1 (FRAP)
T, BT 4ERE ROS -7, sk fe 1 A ka4, e AR Y iE N 63.3%—85.6%, RUIMLIKE (5 pg'L " )MCs.
ANTXs I MCs+ANTXs Xif A5 324 K A7 ).

(2) EVEIE (100 pg'L " )MCs, ANTXs 5 MCs+ANTXs b i#4E 320 |-t LsRbohA 3353145 % NADPH
A PE, A pK R ROS 2 & B R SR 34, 10 SOD A CAT & PEAY L TR & LA bR K & ROS, i
SR AE ARG TN ) 2B S K, IR R MCs(27.7%)>MCs+ANTXs(16.8%)>ANTXs(5.1%).

(3) E A HHIE S H & B, MCs+ANTXs(5+5) pg- L™ % MDA & 4. H,0,. NADP &4k 5 CAT I 14
S0 5L I P [R]500E, 1 MCs+ANTXs(100+100) pg- L7 1 52 BEAEHLRON . 22 MCs+ANTXs 3 4= 385 &
YEFHZ RS2, Rk B ANTXs A — @R LIAE T MCs X AR SR i 3.
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