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Effects of soaking seed with humic acid on antioxidant system of maize seedlings

under low-temperature stress
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Abstract: Chilling damage in Heilongjiang Province is an important agricultural meteorological disaster that leads to
unstable maize yield and low quality in this region. However, there are few studies on the ability and degree of antioxidant
stress in maize under low-temperature stress. Mass concentration of humic acid were 0.2% , 0.4%, 0.8%, 1.2% , 1.6% and
2.0% , and water as the control, the changes of activities of representative antioxidant enzymes, ascorbic acid-glutathione
(AsA-GSH) cycle, systemic resistance and carbon-nitrogen metabolism of maize seedlings under low-temperature stress of
day and night for 48 h at 15°C/8°C were studied to illustrate the tolerance mechanism of humic acid for low-temperature
stress and the appropriate concentration of soaking seed. The results showed that soaking seed with humic acid was mainly

induced by H,0, accumulation under low temperature stress. With the increase of seed soaking concentration, most of the
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activity of antioxidant enzymes and system resistance enzymes, the AsA-GSH cycle and main substance content of carbon
and nitrogen metabolism, root activity and fresh weight showed unimodal curve distribution. The soluble protein content of
leaves and roots increased by 23.3%—34.9% and 31.9%—89.6% at the concentration of 0.8%—2.0%, respectively. The
activity of phenylalanine ammonia-lyase increased by 16.8% and 38.8%, the activity of polyphenol oxidase increased by
27.7% and 13.4% , the content of ascorbic acid increased by 62.6% and 55.3% , and the content of dehydroascorbic acid
increased by 31.9% and 66.4% in leaves and roots at the concentration of 1.6% , respectively. The activity of hydrogen
peroxide in leaves and roots increased by 66.4% and 108.1% at the concentration of 0.8%. Therefore, H, O, content in
leaves and roots after soaking seed significantly reduced by 18.7%—37.6% and 27.5%—49.7% compared with the CK,
respectively. The fresh root weight increased significantly by 85.2% and 105.3%, and the fresh weight of single plant
increased significantly by 31.9% and 40.8% at the concentration of 0.4% and 0.8% compared with the control,
respectively. In this study, the treatment at the concentration of 0.4%—0.8% enhanced the operation activity and systemic
resistance of the AsA-GSH circle system with AsA as the core, improved the antioxidant stress ability of maize seedlings,
and obtained the maximum root activity and fresh weight of plant, which were a relatively appropriate seed soaking

concentration under hydroponic condition.

Key Words: maize; low-temperature stress; antioxidant system; humic acid
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( APX, ascorbate peroxidase) %5, #H 4% H H & ( SAR, superoxide anion radical ) 7£ SOD 1EFH T #4b Ry id A L &
(H,0,, hydrogen peroxide ), #f 1fif 76 CAT. POD =% it K Ifl BR-7 Bt H BK ( AsA-GSH, ascorbic acid-reduced
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et HESRAR R 0 AR R VR R B R SCTE AT T A 1 S A R Ak B K BT
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APRE ST 3 U, A R SR 48 h R HBUREINE
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R R FHRA B LY 22 e 2,320 5 P - ( MDA , malondialdehyde ) 5 & 5 51 FH % Sh 32 w5 b (03200 5 n] ¥ 1 2
F1J5i (SP, soluble protein ) 7t 5 R FH JEUER b €4 100 22 RT ¥R (SS, soluble sugar) % & ;>R H 2,6- A B Ge Bk
g AsA LS PUIRILER ( DHAA , dehydroascorbic acid) % 5 >R FH 8 (2- IR IR ) 200 %2 GSH & 1k
BRI WEH K (GSSG , oxidized glutathione ) & 3 SR JH 23 GG RE N APX 35 4 5 SR FH S8 Ak — A8 3k D 80w 12 00
WA S, S Hh ER B bR A BRI T2 00 7 6 R FH 3 6 0 B 2 00 2 T 4 R it % It ( PAL,
phenylalnine ammonia-lyase) . Z W} 4 fLl ( PPO , polyphenol oxidase) i 4 % H,0, % & ,
1.3 Hdlasab

FIH WPS A TEE AL B 54T B 225 (8], SPSS Statistics 25 XA THHR ST 40T, Duncan 37 & i 24 1k
1125 W EMERR (P<0.05)
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TR = 1.2 4b B %) BARR fof B -5 6 R A1) Gt 38 22 5 s AR S Lb S 3 e T R 41.89%0—84.7%

P L 2 AT Hb bR R i 5 LR i A AR AL, I A R B e R R T, S i R R i
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Fig.1 Effects of soaking seed with humic acid on plant fresh weight and root shoot radio of maize seedlings under low temperature stress
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Fig.2 Effects of soaking seed with humic acid on fresh weight of shoot and root in maize seedlings under low temperature stress
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Fig.3 Effects of soaking seed with humic acid on soluable protein content in maize seedlings under low temperature stress
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Fig.4 Effects of soaking seed with humic acid on soluable sugar content in maize seedlings under low temperature stress
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Fig.5 Effects of soaking seed with humic acid on phenylalnine ammonialyase activity in maize seedlings under low temperature stress
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Fig.6 Effects of soaking seed with humic acid on polyphenol oxidase activity in maize seedlings under low temperature stress
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66.4%;0.8%F1 1.2% W FEALFEAUMRZR CAT TEPEBXT B pig 7 Btfects of soaking sced with humic acid on root activity in
SrABEINT 108.1% Fl1 98.5%, BEE 1= Fh M BEBUHE T,  maize seedlings under low temperature stress
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Table 1  Effects of soaking seed with humic acid on oxidation characteristics and antioxidant enzyme activity in maize under low

temperature stress

FE PR HAC/% SAR/ SODb/ CAT/ POD/ H,0,/
Plant (g g min™'BEE) (U g™ min'#F ) (Ug ' min'8fH) (x10°U ¢! min ' &) (mol/g £ 5 )
- H Leaf 0 10.79a 0.66a 200.96¢ 2.17abe 44.50a
0.2 9.74ab 0.68a 189.85¢ 1.81¢ 36.18b
0.4 9.92a 0.66a 405.31a 2.71a 33.01bc
0.8 9.35ab 0.63a 334.33ab 2.52ab 34.43b
1.2 9.37ab 0.58a 298.54bc 2.48ab 27.76¢
1.6 8.17b 0.45a 204.18¢ 2.51ab 28.16¢
2.0 8.31b 0.23b 216.23¢ 1.94bc 29.06¢
A Root 0 5.88a 1.76a 139.81b 12.81a 11.80a
0.2 6.44a 1.96a 73.02b 13.24a 6.15¢
0.4 5.48a 1.80a 120.77b 12.79a 6.50c
0.8 5.74a 1.59a 290.94a 12.35a 5.9%c¢
1.2 5.47a 1.69a 277.54a 12.51a 7.86bc
1.6 5.94a 1.73a 175.57b 12.90a 7.88bc
2.0 6.24a 1.74a 157.98b 13.69a 8.56b

HAC : JEHIFRIZ i Soaking seed content with humic acid ; SAR ; #8457 H H % Superoxide anion radical ; SOD ; #8 & fb 9 5 fL T Superoxide
dismutase ; CAT; i %8 fb & Catalase ; POD ;1 S ALY Peroxidase; H, 0, : i3 A LA Hydrogen peroxide
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JERE TR IR Rh AL B i H, 0, 2 B 5 K T X IR 18.7%—37.6% , R & H,0, & &t 5 K TXf I8 27.5%—
49.7% , FLARYR FE AL BRI | H,0, & K T i W B AL B I (R B AL AR R HL 0, S /N T ik R A B, 255
POD CAT 1& AL AT 1581, H,0, 7] BES2 AR IR0 TR R0 i S i =25y

FH GSH-AsA fE¥R (35 2) nJ 01, Bl 4 JO5 A R T2 P ik FEE A 18, ik 7 1) GSHL 3 E B M 15 n , 1M AR 3R 19 GSH %
i PR AR R IR AR B AN, M GSSG B i S g 2k L () 0.8 % ik BEAR BRI GSSG Fr fR B0 il bk 2
HEANT 25.4% | 45 A AR 28 GSSG i St IR C & 22 5,

Bl 5 JE R PRV P VAR FE PR B I, I R AsA % o 2 B UGl 2 I (E AR 1.6% MY AL BRI FE b 1.29% Fil
1.6% Kb B BRI F AsA & BN BRZM SIS T 37.4% F 62.6% ; AL R 1Y AsA 25 b B Ak 1 e B 1) 184 o 528
AN, YA PR =1.29% I, AsA i W EIENN T 40.4%—58.6% . W 3 2 Rk BE (38, i - AR &R 10
DHAA &8 ZHHG I, Hr 1.6% 1 2.0% V& FE AL FR R 7 DHAA &80 035 0 T 31.9% 1 36.2% ; 440 PR E
=1.2%M , DHAA &t WM T 47.9%—70.3% . WAL, B AR IR 2 A £ 242 3 T DHAA JE R, $27 1
GSH-AsA fEIRIEPE

B O3 M R PV B (R B , 0 i APX i M A PRI 2, O 0.89% T 1. 2% ¥k B2 AL BRI I - APX T 4%
X B4 B S5 T 72.3% 1 97.9% , HABALBRAG T B APX 165 X0 BRAH L 25 AN B3 IR &R APX TRl &
i R TR T i 8 ) 185 N T B A0, 24 Kb B B R i 1.6% , APX T 1k ARG 1L L Ath A 380 A 5 2 1 0 3500 T
B (1.29%F0 1.6% M FEALBEBRAD) |

R2 BEREMIMEERE T ERFUFMER- 2B HKERE SN

Table 2 Effects of soaking seed with humic acid on the activity of ascorbic acid glutathione cycle in maize under low temperature stress

Lick S HAC/% GSH / GSSG/ AsA/ DHAA/ APX/
Plant (pg/g i) (ng/g ) (pg/g B HE) (mg/g fif L) (U g™ min™" 5 )
M H Leaf 0 2.06ab 21.06bc 472.6¢ 2.55h 250.07b
0.2 1.84b 19.02¢ 482.3¢ 2.53b 383.64ab
0.4 2.29ab 23.64ab 588.0bc 2.59h 378.12ab
0.8 2.23ab 26.40a 623.5bc 2.61b 430.83a
1.2 2.43b 25.04ab 649.3b 2.88ab 494.88a
1.6 2.40ab 24.64ab 768.3a 3.36a 384.19ab
2.0 2.54a 22.80ab 560.0bc 3.48a 382.6ab
HLF Root 0 1.06ab 14.65a 594.2¢ 2.13¢ 88.62a
0.2 1.09ab 15.02a 643.9¢ 2.00¢ 63.76b
0.4 1.00b 15.11a 639.3¢ 2.36¢ 74.55b
0.8 1.08ab 14.71a 724.9bc 2.71be 64.82b
1.2 1.13ab 13.46a 834.3ab 3.15ab 89.89a
1.6 1.21a 12.95a 922.6a 3.55a 100.04a
2.0 1.17ab 13.21a 942.7a 3.63a 67.06b

GSH . iR JRFI A B H K Reduced glutathione ; GSSG ; S AL FI 4 Bt H K Oxidized glutathione; AsA : L3R IR Ascorbic acid; DHAA ; i & 4T 3K LR
Dehydroascorbic acid ; APX ; LR LR 1 AL YIEE Ascorbate peroxidase

MDA S5 i AR B A T B A 5 b, SRR IR AP AL B A I - MDA & 0 BER#K T 3.0%—30.0%
(& 8) , 1 0.8%—1.6%e FE AL PR MDA & i B T 22.0%—30.0% ; #i2 52 MDA & s 3% FERR AR T
1.6%—45.7% , H:H 0.2% ,0.4% F1 0.8% ¥ B AL PR AR 2 MDA 5 570 5 B 5 FEAR T 37.1% .45.7% F1 28.0% ,
HUBARF AR, WK E AP =0.8%, #2505 MDA & & 5% BAHT . i sba] 0L, IRk
(0.2%F1 0.4% ) J55 A i 1= i Ak 3P IR B 380 T 6 K &7 v B9 AR R 0 S AL OR3P VR R 3, vh S MR BE (0.8% N1
1.2% ) 12 B AL BEXTAR 28 B CR AP VE RIS , X B BT S AR ORI, = R B (1.6% 1 2.0% ) 12 B4 4y v 140 4
fLfE IR MmN

http ; //www.ecologica.cn



E
T

O
M e

OO
g e

N N

5392 JAE = 41 %
@ 24 ¢ ong BRE
QJ\J 2() -
é a ab
5 16 F _I_ abc abc b _I_
ﬂ‘ﬂﬁ\a _I_ c ¢ Fr
8 b
E 12 b ug ?‘
23 i
z
3
=
o
8
<
=

(=}
(=]

0.2 0.4 0.8 1.2 1.6 2.0
12Fh ik i Soaking seed content/%

E8 BHEBRSMIMEEMETERYER _BIENTN

Fig.8 Effects of soaking seed with humic acid on malondialdehyde content in maize seedlings under low temperature stress

2.4 JEAHFREFOHRIEINE T ERMRACHT U REE S R GEPUPE A S50 B

A2 3 AT (IR E AR R IR I AL R 401 SAR 77 2R R 5 SOD Jh M B3 IEAH X R SAR 5
M MR CAT IH M B MARC IR H,0, S50 AWM MDA & & B EMAHXE; A H,0,5 85
SOD {EPEH] i 3 IEAH G, Z86 200, SAR W77 B85 1 SOD T 1, IR 25 148 T JE AE R = A X SAR 77 A4 Fl
SOD V&M AN B 25, 1 CAT i PERS %, H 5 SAR 2 B MAMHC, 5 H,0, F & Jo B E M M ; MDA & E
H,0, & i IEAHC, 5 SAR FHOCAN 3, nf WL AR 0 2508 T A IR IR Al nT VB H,0, B8 I BEAIK T B AR
PHEACFREE | TTREE CAT TR MEISTR IR H,0, 0T 9E TR,

£3 REMETERREABRRRETSENLEHEXSH

Table 3 Correlation analysis between antioxidant enzyme system and membrane lipid peroxidation in maize under low temperature stress

B SAR H,0, MDA
FE45 Indexes
it H Leaf A Root A Leaf % Root it H Leaf ML Root
SOD A 0.648** -0.252 0.504 -0.204 -0.290 -0.493 *
W& 0.102 0.500 " 0.207 -0.088 0.284 -0.258
CAT A 0.206 -0.494 " -0.149 -0.368 -0.215 -0.385
W& -0.141 -0.520" -0.341 -0.071 -0.385 0.238
POD A 0.040 -0.557 ** -0.221 -0.210 -0.287 -0.137
iEE -0.229 0.306 -0.107 0.193 0.279 0.211
MDA it 0.309 0.327 0.363 0.541" 1.000 0.228
& -0.232 0.128 -0.035 0.619** 0.228 1.000

# P<0.05, #% P<0.01;MDA [N [ Malondialdehyde

H2E 4 Al A SAR PEAE R 540 A AsA DHAA (GSH K GSSG % AsA-GSH 5 =24 i 25 1] i
FHARSC A H,0, & i AsA-GSH FE 3t &2 25 F A 56 IR AR 19 MDA & 5 AsA-GSH TR LRI W E
e, FERIONR AN MDA & S5 RN AsA-GSH JEFIEARDE, Mt B GAHSG B nl 0, AR b 45 14
TEFEBR PR T AsA-GSH P3R5, sk H,0, %5 BR, T HJ& H,0, 1 BRA F 2l iz,

H2 5 AT R TE T 5 A H,0, MDA & i E AHDC, 57 /9 SOD (CAT #&E M AR &R GSSG 1=
WA, 5401 DHAA & & B E AAHDC, v UL AR E T B AR R 12 n] BRIl i insim AR 2 X0 H,0, 134
SRBE R B AR R AR AR TR AR R R B ) — A E R,

PAL.PPO 10 RGBTk RS R MR, 50 A H,0, & & MR AY SOD 7iF M 2 3 A ¢, 5 R GSH,
DHAA & W ARG, b nl A AR MHE T RRIZ FPnse TR AsA-GSH PR3, # & T HE X H,0,
SEEALE AN
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x4 REBEMNE T EX AsA-GSH BRI R IR ST S AL B8 X 47

Table 4 Correlation analysis between AsA-GSH circulation system and membrane lipid peroxidation in maize under low temperature stress

B SAR H,0, MDA
FEHT Indexes 7

i} Leaf MR Root M5 Leaf HRZ Root 5 Leaf HRZ Root

AsA L -0.540* -0.383 -0.670** -0.163 -0.475* 0.136

UiiE -0.754** 0.022 -0.730** -0.072 -0.135 0.431
DHAA A -0.583** 0.194 -0.609 ** 0.145 0.199 0.487"
UiiE -0.709 ** 0.039 -0.711* 0.045 -0.151 0.529*

GSH Ly -0.515" -0.346 -0.576 " 0.079 0.016 0.403
LiEE -0.628 ** 0.233 -0.438* 0.048 -0.136 0.501 "

GSSG L -0.260 -0.360 -0.400 -0.284 -0.381 0.205
i 0.506 " -0.010 0.379 -0.155 0.285 -0.441"

APX Loy -0.336 -0.297 -0.677"" -0.449 " -0.681** -0.059
it -0.122 -0.258 -0.166 0.453* -0.098 0.441*

x5 REWETEXRRGHRE. GERESERTSEXEEXSHT
Table 5 Correlation analysis between systemic resistance, carbon-nitrogen metabolism and membrane lipid peroxidation in maize under low

temperature stress

B . PAL PPO SS SP
eIty R
Indexes Root activity Up LS w LEES Up LS U &
’ Leaf Root Leaf Root Leaf Root Leaf Root
T 0,0, A _
0.011 -0.503" -0.591"" -0.480~" -0.399 -0.279 -0.184 -0.737"" -0.622""
H,0, content of leaf
D ~ /4»’\5_
+H GSH 7 i -0.422 0.207 0.439 " 0.286 0.213 0.119 0.076 0.540 " 0.337
GSH content of leaf
A DHAA i v
_ « ] ) "k ) "k ) « _ . 41 1 ) M
DHAA content of leaf 0.527 0.309 0.608 0.570 0.496 0.621 0.418 0.157 0.508
D v
+)+ SO.D.{FE H 0.529 " -0.390 -0.562*" -0.209 -0.535" -0.436* -0.265 -0.191 -0.101
SOD activity of leaf
i CAT & ) )
th . {ﬁf’# 0.608 ** -0.138 -0.198 -0.116 0.110 -0.527*  -0.179 0.456  -0.031
CAT activity of leaf
AR H,0, 5 H# _
-0.494" -0.178 -0.226 -0.145 -0.211 0.011 -0.034 -0.486* -0.170
H, 0, content of root
% MDA & )
o o -0.688 ** 0.176 0.139 0.193 -0.044 0.231 -0.130 -0.143 0.256
MDA content of root
% GSH & &
ﬂ%? GSH==R -0.388 0.582""  0.448" 0.523" 0.177 0.306 0.044 0.201 0.640 "
GSH content of root
% GSSG # &
R e 0.508 " -0.708 ** -0.314 -0.543" -0.101 -0.271 0.089 -0.210 -0.497*
GSSG content of root
% DHAA &
R e -0.468 " 0.526 " 0.542" 0.545 " 0.310 0.432 0.054 0.371 0.547*
DHAA content of root
HRA APX Hitk -0.419 0.336 0.121 0.558**  -0.188 -0.033 -0.195 -0.003 0.517*

APX activity of root
PAL: A T9 & MR fift Z i Phenylalanine ammonia—lyase; PPO. Z W) %8 {L i Polyphenol oxidase ;SS: A] ¥ PE#H Soluble sugar; SP. 1] i P 8 H

Soluble protein

A SS &5 DHAA & B 35 IEAHE, M5 SOD Al CAT 3k 32 (M58 it F il SP 5 H,0, & & 3%
TASE, 5 CAT Witk 3 A6 MR R A SP 5 H,0, & & B3 756, SR R A9 AsA-GSH 1 3F = E W) i i
FIEASC, WL ARG A N AR R AR 1 4l i A, B 5R 1 HU AL R TG PR N INSR 1 H, 0, 7%
IK/%%‘E o
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3.1 FEMERRIZ AN AR F KA e AR IR e Y 2 S R

HIDIAEA TR B A il #0 AT USRS R 5 B0 4, (IRTELE 1 Je R AR e A R 462 L 5Tl h,
FARB AR 25—28C , 78 12°C LA F KA i 1Y i A A R 2655 B, SOD 5 APX I M [A] if
PR, A B TG R S5 R B A S 7 4195 1 o 48 5 I 0 0 B AR AE ) T e 53 SAR B, AT 5
T SOD T, AN mR BE Y HL 0, SEITHE & T HUE AL R 0P ASHIEGE A R 2 Ao oK g T A Ak
e 37 19 3 22475 R L2 H,0,1MHE SAR, BRMAMY A 1 ) SAR 77 A8 3 %2 5175 R i SOD i 1k [a] AH 56 R 4 ik
=, HRGPUHEACERE PAL PPO J6PE K AsA-GSH fE¥F R 2 I & & 1AL L RN 5 H,0, & &1 835 4
Stk X P RE R KT T T P e R — 2 S, 2l SOD POD ZFEEACTE >, HIWIAE AN B9 AR KRB
N7 AR IR H KRG PR IR R BAEAR ) P 29 22 A BRI TR 232 H, 0, B P A e R el
AW BT 2R 1,0, 0T LLE S 2 AR B A 3 R 0 7= A 52 A T — R AR PTERLER O AR Soh
KA R R R B RE o Uy 2 MDA & it ¥ SRR M H,0, & & B 3 A, 1M 5 SAR 7 AR
R AT, JERIRRIR R i T BRAR 28 09 H, 0, B WA sl A 305 B 20 X AR 2R 190 Joit B4t 7, 34
58 R 41 0T i AR R GEmA
3.2 JEMEIFRIE AR MG T B KA H,0, B A EE kR

fRIRMIHE T SAR F1 H, 0, VB A RRIAR P fie 32 22 00 16 1 S8 BB R 1 00k, I IR A i i 52 38 1, Srs BT 4
PR B AT B A TRAR SE L R 2638, B SRAT R 11 5 0 P ST B B T A P ARG TR ol 6 ) R Bk AR BT
2 (3] SRR A RIS WS BR I A H, 0,109 AsA-GSH 7 FR 32 B4 , B i H- %0 1 480 1 15 10k 32 B2 44K i
SOD., {HLARFFEFM, HF SOD POD SFEEFEARIR A% F T 321G M A B R AR B 2k 3G P Aoy fige ™ | IRl
CAT XY H,0, WE R AR, 1 AsA-GSH TEAAEMT H,0, iIERR e 2 ZA/EH . ARSCIFFEIA R, T
FEFR AP ACIRMHE T SAR j= AR AR /N A4 H, 0, 18R B2 hinsm T K 4 i S IR IR B A Ak i
FERR, BARIEHRZ M E T CAT F1 AsA-GSH fEFRIG:, 16 H,0, 75 B T ZAK5E AsA-GSH FE 3R,
HIABFGRIESE , 7E AsA-GSH TEFR T AsA 7 52 AsA/DHAA [ SH0 M2 F A 5% 1Ak GSH 1R R fi
PR N EE PRI T2 — bR T HAES 5T R SRR 85 AsA (HEE77 ,GSH J GSH/GSSG HAE AL A
WAL IR N BLE LN (5 S 70 ARBIFSE TP S R R IR R T ARIR 0 K4 9 GSH L GSSG | AsA
A DHAA {0 GSH Fl1 GSSG % 12 A3 i i B2 B /N F AsA Fl DHAA B4R &, R AL B0 R APX
TE G IR B KT 50% , B SLnT UL, AIIREE S AE R IR A NG T AsA Fil GSH F2E, #2151 AsA-GSH 1
ITE VRGN H,0, 7 BREE ST, HLLMESE AsA A0, X SRR E T & w8 R B> 2%
WP AsA-GSH IR ST 45 FEARLL S AR R ¥ P 444 5 IR Ml a8 K 4l i B S AR AL 5 A0 R 2B 3R 9 1
FHEAR—5, ANt AR B R R N AsA B 32T AsA/DHAA HAE , 9 APX 42 4L R U8Rl AsA R
AR BE T AsA-GSH TE3R R SEia it ™
3.3 IIRMRA T B K A BRI R A 2R G

RIS BEIR AR R R 1 G R A A 454 () E R R 22— ORI (B 14°C/12°C) &A1
T 28 h S kAR LR, AR oK A A5 3 i o B ARG, T2 B S R A BRI A O A B
DK IRERE 532 2 (1 RUK LR 1 B i S0 S8 B, ) B 3 2 R I R 1 v 7 AR 9 K B R U A b B 1
B S7) N TR (2117 STE N N VA2 6% g = o S | IR (E RS DO =8 N (T o e s S D rve: o) | 1 R A BT Y
AR R iz i AR BT AR R B S TR AR ), B I B it Ak, e RFAR R TE 0 (RS 5% v g A R 15 ol e
X THE) C/N,3E s AT, 02 o PTV PR 2R 1 BT A B, AN ITTB = P A 2R 0 M DL M GSH A5 3 AL A Ak
Yy & 2 DA AE R TR e 3 M RFFAR 2R 06 0 s iR ARG 1 S P AR AR SC T B R B AR RIE I SR AW
GSSG & i IEAHDC 15 DHAA & & 0 2 ARG, AR AN 1 IR 38 N A AR i He A AL g
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71, R T RGP ARG IR S A EE S OISR T HTE RE ), R H,0, & iR PAL 1 PPO 1%
PRGSO . J A IR 5 A 1 s R R X AR ik e S A e 7 ) S S R A T A R Ak~ A5, T A
FRVEN KA FRAEY A RHE W L 25 15 vk 5 (AT, ELA AR A A 0 16 vk RN o] 28 | 37 T ik 2
PEBIE I 230 2 1 BB B 1 on R Y BEE R R RIS T KB AR BRE T AL
3.4 JEAHFRIEFOCIRE NG T E KA A K A5 e

FRARTR G T SNIR IR IS PR FEAR T ST 20 PAL FI PPO YR MEAGR T, BE42 5 T 4h B i 8 fbhe
FITFARIRG B R ARBRIE &I, 2 Gobi e AU Rt B4 fin s 2 AR 2 R b 8 A v o ) S ) B2,
JUIJRE PAL 36 1 s IR RGPS AR R AE SAR FIH, 0, WE G S IEA T, AL R | AsA-GSH TR P15 2]
TR 5 10 P R X 4 i R S AsA-GSH A ; JE A 12 122 ol Ak B 1) AR % i T B 408 o8, TR I - i 52
BN, B HERAAR R 06 ) R AR 2R AR K B B AR TR R A VR 7 R K I v AR TR 3 1) B R AR, H AN )
e B (48R AT R DK 2 AN i i s ) 3 B g WL e vl 1 g o 2 Pty 2 mlon Bt £k FEh AsA-GSH 7R
PR F B 5 O RGP A WP HE BAE 1.6% 5K 2.09% vk BE AL B RGEHUMEBGIG P K SS SP &5 f (4 I 1 BRLZE
1.6% e BE AR B AT A I 1 AR R 0 O R fif B (Y A0 S BAE 0.4%51 0.8 % Mk FEAL T, TR R Y H,0, & &
TE 0.8 % Ve J3 Ab PR 1K B B AILAE , MDA 75 52 7F 0.4% Y B A SRS K B FFARAE ; [FIEE, R0 H,0, & 37 1.2% %
JEE b S I8 B eI, MDA 35 R 7E 0.8 % ik i b RS Rk BB IR, T AL , o v ) B AR AR V22 b AT ) IR IR
R0 TR A P RS M B B A RGP R R | (H AsA-GSH 635 35 W) IR 2 e P Bl 0 e LA
PEAAR AN . IR LATHAE I 22 A AR V5 07 400 2R B8 1 300G DA < ASUA AR SR AR ) (R i K
WIS 52 3 e i) — Fp B2 7 R, SR 0 MV EAN B S B 5 B AR R TE AR K AR,
0.4%—0.8 % J5T H 1 F2 114 JEE A¥ R Al 0T B8 e e oK &l o (VTR 3 B8 3, Wi A OB R B, A - 498 it
AN 1 g/kg MR RR S ) Bk M T WSSt 0. 1% 14 JE R IR , AT AR HEVE R A K AR 58 i 2R 0.4%—0.8%
P4 T3 PR T ) ol B v K TR BB 7, (0 2 3 T N A A 17Kk 35 7 Uk AT 09, % T 8 b 2 7 1 5
BRACRIEA R T — DT

4 #Hit

IR0 251 T A IR IR A E 22 8 H,0, B BT R 3 T nI I 25 11 0T & i, 32 3 A AR KO, LAY
BRAR R A H,0, B3 /0 IR ol 3 XA 2R 04 S0 R 0 o 2 2345, G5 CAT W6 1Pk, (2 3F AsA & N
L, 55 AsA-GSH TEIR R GEKa 5516 M 4215 PAL PPO 161, WA 2h i RGPt ; 4EH5R 215 ) AL R &
AR B T ORAEMRAR S L, 5 05 F R A i e S AL L SRR . AR R B 1.6%—2.0% 1) JE HE R 1=
P b P AT RS Fe 4 1) AsA-GSH B3R RGUIE MR R Ge ot , (R0 U A KON AR FEARIIE R v 0.4%—0.8%
Ab BRI AT IR B e A H, 0, TG BRECR , JRAF 5 R AR 20 ) A d ) AT A SRk 355 4544 K Bh - 4b B 35 B
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