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Interactive effects of selenium and arsenic on the antioxidant system of

Brassica vegetables
QIN Yuyan', CHEN Zhuangmei', WU Feng', LUO Yican', LIU Li', WANG Yunru', LIANG Honghe',

HUANG Lingna’

(1. Guangxi Subtropical Crops Research Institute/Key Laboratory of Quality and Safety Control for Subtropical Fruit and Vegetable,
Ministry of Agriculture and Rural Affairs, Nanning 530001, Guangxi, China; 2. Yangshuo County Agricultural Technology Extension
Center; Yangshuo 541999, Guangxi, China)

Abstract: This study investigated the responses of the antioxidant systems in Brassica vegetables to selenium(Se)and ar-
senic (As)stress to reveal the physiological mechanisms underlying their interaction. A soil pot experiment was conducted
using choy sum and pak choi as test materials. Treatments included 100 mg-kg"' As alone, 7.5 mg-kg" Se alone, and their
combined application. Twelve antioxidant parameters in the leaves were measured, and principal component analysis was
employed to comprehensively evaluate the antioxidant capacity under different treatments. The results showed that the
comprehensive antioxidant capacity of choy sum was higher than that of pak choi. Both individual and combined treat-
ments of Se and As caused varying degrees of damage to the antioxidant defense systems of both vegetables. Under As
stress with Se supplementation, catalase (CAT)and peroxidase (POD) activity in choy sum leaves decreased significantly,
while malondialdehyde (MDA content increased markedly, indicating enhanced cell membrane damage. In pak choi
leaves, the activity of glutathione S-transferase (GST) and ascorbate peroxidase (APX) increased significantly, whereas
CAT activity and non-protein thiol (NPTs)content decreased significantly, with no significant change in MDA content. Un-

der Se stress with added As, the activy of superoxide dismutase (SOD)and POD in choy sum decreased significantly,
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whereas CAT, GST, and APX activity in pak choi increased significantly. The antioxidant systems of the two Brassica veg-

etables exhibited different response patterns to combined Se and As stress. In choy sum, Se and As showed a synergistic

patterns, jointly reducing its antioxidant capacity. In pak choi, they exhibited antagonism in reducing the overall antioxi-

dant capacity. Additionally, pak choi primarily relied on enhancing GST and APX activities to cope with Se and As stress.

Key words: Selenium; Arsenic; Brassica vegetables; Antioxidant system; Comprehensive evaluation
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Table 1 Results of correlation analysis among various indices
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{Eﬁ -0.126 -0.139 -0.510% 0.071 0.212 0.192  -0.107 1.000
GST activity
GSH-Px {E‘f.ft. 0.015 -0.323 -0.602**-0.141 0.077 0.139  -0.025 0.505*  1.000
GSH-Px activity
APX j5tE
{ﬁf.,. -0.059 -0.148 -0.492* -0.452* -0.136 -0.307 -0.311 0.421*  0.551** 1.000
APX activity
TrxR Wi
= ’ﬁ . -0.358 -0.089 -0.293 -0.786** —0.345 -0.554** —-0.590** 0.050 0.224  0.622*¥*  1.000
TrxR activity
AsA i
-0.373 -0.211 -0.215  0.120 0.607**  0.766**  0.380 0.188  -0.002 -0.287  -0.465* 1.000
AsA content
GSH & i
0.061 —0.166 -0.047 -0.433* -0.264 -0.561** -0.212 —-0.025 0.001  0.463* 0.622** -0.418*  1.000
GSH content
NPTs & &
-0.177 -0.248 -0.067  0.140 0.321 0.406* 0.197 0.099 0.252 -0.443* -0.249 0.256  -0.376 1.000

NPTs content

VE * R B E A TR (P<0.05) , ¥+ F R/ B FH 26 (P<0.01) .

Note: * means significant correlation (P<0.05), ** means extremely significant correlation (P<0.01).

R2 ERDHEER FEERTEE
Table 2 Principal component loading matrix, eigenvalue,
and variance contribution rate

& Index PCI PC2 PC3 PC4
SP & & SP content 0.148 -0.837  0.047  0.193
MDA & MDA content 0.553 -0.176 -0.779  0.142
SOD 5t SOD activity 0.789 0234 0480  0.117
POD 3% POD activity 0.852  0.410 0253  0.125
CAT %7 CAT activity 0.655 —0.137  0.082  0.549
GST i1 GST activity -0.029  0.802 -0.341  0.098
GSH-Px %Pt GSH-Px activity —-0.203  0.851 -0.295  0.074
APX 31 APX activity -0.724 0520  0.062  0.425
TrxR 351k TrxR activity -0.856 0210 0373 —0.237
AsA 75 B AsA content 0.789 0414 0331  0.034
GSH 75 GSH content -0.879 -0.082  0.185  0.259
NPTs & & NPTs content 0.604 0.216 -0.047 -0.567
FE{E Eigenvalue 5.165 2.879 1402  1.030
75 Z DUk 43.038 23.995 11.687  8.583
Variance contribution rate/%

R ZETTR R 43.038 67.033 78.720 87.303

Cumulative contribution rate/%

R 2RO MDA & &R E A /D [RGB E AR
o, I bl A 22 S v BEIR T o R Rl S B AR
LAl NS

TR R N R $T A A B AE T PR & 1) ROS ik
FEEBAEH . AW EE R R, s oph kb B
P T 2 MEESEM F CAT 1% 1, 5 Alam 2504714
30 mg-kg At b B (AN R BE R AL 4 AR CAT
figiE A4 AH A o VB 100 mg - kg fif b 2 15
I SN TR AR SIS LA RN 1 POy
SOD & MM AN I 3 , {5 2 35 [ POD 5 14, Ui B
AN TR LA A BT e 8 I U R A 2 R BROR
LEPN N SOD i VXK 2 & A 18 (150 mg - kg™
ANEURK , CAT 3 1 5o A e A BURK , 5 ARt 4 1
—F. TEE RN, 2 R SE CAT WEHEEE T
B, B AT RS N AT RESZ A T A 5 S 1) A LR
o B IE R AN INAR , 0 POD 5 1 R %,
GST 1 APX V& AR AN % 5 /N 52 POD 3 A2
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Table 3 Principal component scores and comprehensive scores for different treatments
{E¥) Crop KbFE Treatment F, F, F; F, F HE4 Rank
320 Choy sum CK 2.785 1.097 1.017 0.478 1.858 1
Se 2.899 0.706 -0.402 -0.858 1.485 2
As 1.873 -1.676 0.364 1.289 0.638 3
Se + As 0.386 -0.322 —-2.249 -0.680 -0.266 5
/NE 3 Pak choi CK -1.947 2.903 0.750 -0.613 -0.122 4
Se -1.561 -2.002 1.518 -0.896 -1.205 7
As -1.851 —-1.548 -0.318 -0.391 -1.419 8
Se + As -2.584 0.842 -0.680 1.670 -0.969 6

AR 2, GST Al APX §E 1 B & T . 2 Fhigice
POD.GST H1 APX JiF 14 X il 1w )82 A~ 7] 7] g /& —
HN MDA &R ZEF T EFRR . NASEE
P GST F1 APX & 14 1)t s T Red i T LA
B HEIRE J7, 98D T HULAR B A A, 15 MDA &
BANARE . XU/ AR08 I 1 9 GSH
WA BRI E A it .

il By A 3 2 PRI T 2 PR S POD Al CAT
W, /NA AN GST.GSH-Px APX 1 TrxR i 1
R E R, 5 Liv FF"RIER) 2 pg- L' AALTE B 25
FEAR ERAE B Y Suaeda salsa 3 CAT A1 GST 3% 1 HY
GER—E. MM ITE RN, S ES
POD.CAT 5 2 53 & A G . 728 b
(I 58 R I, 24 e FH O T R R T 52
2 [E % APX.GR. 2P A BE 7 A B R 8
JE B2 LA AL IS PR (EYE B 0 (T T 4 SRR
BH A9 BRI AT 2 2 4 S i SODL POD 45 i s
PEPY . I R AT 4 S 22 0T R S A S R R
AR RPN R0 oy 3 7= A e 97 368 7
FI NG A BRI 1) R, v B e 7 AR A )
YEF . TERME A RS E T Y8 S
ARG 1 DARR S A A IR 3 N ™ ARG s
(R B T A B R B T Re b Tl & KR, R
il 14 v 750 400 10 4 FH 3 0 A 0 S A A I e 1
Ko X5 3 & Rl 57 4 PR AR B 14 0 1 06 R
&8 37 (W Fe'/Mn®) T BB IG5 . fifi g
TSI, 2 FREESE SOD.POD.CAT.GST 1 APX
T MG PR e B AN [R] . 320 SOD AT POD i 4 1
% NB&,CAT.GST M APX iE AL AN B3 /M E
3 SOD #l POD ¥ P48 1k A & & , CAT. GST Al
APX FEHERZEA S W/ AR EEE LR
CAT.GST A1 APX ¥ P>k B i = i 7 A 1 4
A4 -

Ak S U E A TR A A P S BT SR B
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BRI A BB T EARE I, B0 e A
IRA TE N 3 FhEER RSP B S & i
B RS AR S 2 PR AR T /N E S B NPTs &
&, UL 7.5 mg kg MANREA RO IS IERE S BTE L
W) 5 B DA AR B 3 . ) O S N T R T
5 pmol - L™ A ALBE T, A Il #0 i1] 1 7K FEAR 5 NP Ts
G, HLBE A FE T 5 AKFE AR NPTs 5 &8
BRA , 5 AT 50 &5 SRR BN o ek P e Ak P O 255 PRI 2
PR AsA &, 5 RI™ITE /N2 411 R i
FEER — . AsA & & W RS A] Ae 2 i fl |
AsA & R IR 3 B (GDP-H 284 A= 1 B L g ) 35
P, i AsA A 2R .

KO MEEEPER I m T /N ESE, RO
BAHEBARPUAE RS . EEPEERERR
IR 9T 5 SR B, AN () 28 IR BB i 32 2 TR) P S8 A 4
JEEZERIR K. EARPFH, S0 i s
POD.CAT i 1% , £l F 58 5 A ZtiE B N IR 1 HLO. ;
R AsA BN APX K HABAK T AsA ()7
BRIt T E AL MIEY) . £ O, Se l As
PRI T XA R R . X — IS AT B
R Se 5 As 1ETE M A O BUR B HE A 4G 1 B
[F 4567 0%, WEL SN T 2 185 T iE AL
R 2B ROS 15 FRIE I Z I P E . AL R 7
/INESEHT, Se F1 As FEAN I BT A R G807 R I H
FEPURLN. . 100 3E & Se W] RE M I 3 58 APX Al
GST i1, A 7 As i S EIRG . A4k,
Se AT RECKAL As FE4H N I 0 A Bl 4, fl K 7
PEFEAC , RN BARGUA AL BE T AHX R

ZE L PTiR, 7.5 mg-kg' Se. 100 mg-kg' As HLH
A ERAN Se+As B G AL IR 2 P S 1) b Ak R
7738 AN [ R B2 R4 49, 4345 DR 23 pie S AL il v
A ARBE SR B b M o & 20D o A aa s i
fiff , /I (28 F ZE L P2 5 GST F1 APX 5 1 L2 iR
Tl g S () S A A5 0 o AR E T AR R, N S 32
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