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Abstract: Natural polysaccharides, as green biomacromolecules, possess unique potential in modulating immune function, mitigating
oxidative damage and maintaining tissue homeostasis. The present study was conducted to explore the in vitro antioxidant activity and
underlying mechanism of Siegesbeckia orientalis L. polysaccharide 111 (SIE-III). The scavenging abilities of SIE-III against DPPH radicals,
ABTS cation radicals, hydroxyl radicals (‘OH) and superoxide anion radicals (O, ) were measured by chemical antioxidant assays. An
oxidative stress model was constructed using H,O,-challenged RAW264.7 cells. The cytoprotective effects of SIE-III were assessed in this cell
model, and its impacts on oxidative stress-related factors, intracellular reactive oxygen species (ROS) levels, nuclear translocation of Nrf2, as
well as the gene and protein expression associated with the Nrf2/Keap1/P62 signaling pathway were also investigated. It was shown that radical
scavenging effects of SIE-III in chemical systems were presented in a concentration-dependent manner. The ICs, values of SIE-III for
scavenging O,™, ABTS*, DPPH- and -OH were 3.16, 2.18, 3.15 and 3.97 mg mL™, respectively, which were higher than those of the positive
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control vitamin C (Vc). No cytotoxicity was detected for SIE-III in the cellular experiment. The survival rate of H,O,-damaged cells was

significantly elevated to 93.63% after SIE-III intervention. Meanwhile, intracellular ROS levels were reduced obviously. The activities of
superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GSH-Px), together with glutathione (GSH) content were increased,
whereas the generation of malondialdehyde (MDA) was suppressed (P<0.05). Mechanistic studies demonstrated that the mRNA and protein
expression of P62, Nrf2, HO-1, NQO1, SOD1 and CAT were markedly upregulated by SIE-III. The expression of Keapl was downregulated,
and the nuclear translocation of Nrf2 was facilitated simultaneously (P<0.05).In summary, the antioxidant effect of SIE-III may be associated
with the activation of the P62-Keap1-Nrf2 signaling pathway, and a theoretical basis is provided for the development of natural antioxidants.
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Table 1 Primer sequences
AR Product length A% (513"
F-CCTCGTCCCGTAGACAAAATG
GAPDH 133
R-TGAGGTCAATGAAGGGGTCGT
F-AAGATTGCCTTCTCCGGGTG
CAT 163
R-GACATCAGGTCTCTGCGAGG
F-GCTAGCCTGGTGCAAGATAC
HO-1 110
R-AAGCTGAGAGTGAGGACCCA
F-CTGAACTCCTGGACGGGACTA
Nrf2 182
R-CGGTGGGTCTCCGTAAATGG
F-GGTAGCGGCTCCATGTACTC
NQO1 83
R-CGCAGGATGCCACTCTGAAT
F-ATGGCGATGAAAGCGGTGTG
SOD1 184

R-CTGCACTGGTACAGCCTTGTG

1.2.8 HIERIT 5T

K H SPSS 27.0.1 (SPSS Inc, Chicago, USA) #7481 (n=3, LLPHMEHERMEZERR), HlERH#
K& 720 (ANOVA) F1 Tukey #:56 (P<0.05). GraphPad Prism 10.2.3 (GraphPad Software, San Diego, USA)
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FRETRELEANGEEM EF (P<0.05), NEFARTRAEMAZNGEENZF (P<0.05).
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Fig.1 In vitro chemical antioxidant activity of SIE-IIT
7Z: (A) DPPH - wAFRZEM; (B) ABTS - waliFmkiEdd; (C) OH AwAF®RZEN; (D) Oy -AwAAREN., X5

2.2 SIE-TA #y % 21 B 2 3 HaO2 15 5 40 i 1L 4547 B £ 47 16 A

W 2A Fizr, 5 Control LML, AEKEE SIE-IIN RAW264.7 4RI S RS0 R 50, K0 SIE-IEA
AREEEIER, B RIFMAD et B 2B ZRFTR, H0, IHEAHANMIAFE 54 Control 41235 T 1%, K
H,0, I3 SANE AR IR, SEUEIET:. 25 SIE-ITFHE, ifa&EE b, HP7E 100 pgrmL*
WRPE A7 IEZIk 93.63%, BETPHENTHE Ve 41 (96.34%) iXx— KI5 Sowa ZPO R 58 45 FARSML, %5
OB SR TR H.0, i S AN E MG B R R E ), A sk 2 85%. K HH SIE-NITE H,0,
7SI A SR R AT AR A, PR AN AR R

& 2 SIE-IIIXT RAW264. 7 {RRERIZRARES 1 R E 3T HO,1 5SS N RS0

(B)
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Fig.2 Cytotoxicity of SIE-IIT on RAW264.7 cells and its protective effect on cell viability under H,O, induction
E: (A) mledtt; (B) HO, %% TRy 1. RRIKE FEATAREH ZFHE L7 (P<0.05). THEFR.



MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.6
2.3 SIE-TI#E 3T # 7& 1 IR M4 A 2 58 AR A B i

FHACAPURMIE RS R T, ARt — P NIRRT R T SIE-IIRT AL 0l 3 iR, Ha0,
A A BT AL A R e Control 4132 88K, HARKRILN SOD. CAT ke GSH-Px il PEEI R E K, JFtE
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Fig.3 Effects of SIE-III on the expression of oxidative stress factors in H,O,-induced RAW?264.7 cells
7Z: (A) SOD; (B) CAT; (C) GSH-Px; (D) GSH; (E) MDA,

2.4 SIE-IIIx H,0, % S 1y 48 j iy ROS #7 2 0 44| 15 A
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o R MRS A AT B B ROS;  [RINHEITIGE Nrf2 £5(5 538K, L SOD. CAT 25yt Fiatbiseisl.
Ab, BHMEXTIR Ve ZL BRI H B HMHIEUR .
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Fig.4 Average fluorescence intensity of ROS in cells
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Fig.5 Effect of SIE-III on intracellular reactive oxygen species levels in H,O,-induced RAW?264.7 cells
7 : (A) Control; (B) H,O,; (C) SIE-II; (D) Ve (A) Control; (B) H,O,; (C) SIE-II; (D) Ve.

2.5 SIE-IIxT HoO, % 5t Nrf2 4% # 1 i #1461 16 A

SR B SIE-IIAESH B A b AP, A FEIE S e BORWISE 1 Nrf2 (V4R e A8l . 45
4l 6 iz, £ Control HAHfIH, Nrf2 SEZ0 A TSN, AN 2O SHgs, RUIEEBIRET Nrf2
SIHAMHEN Keapl 454, ATFARHICIRERY. 4 R0, b#E, 4N E BRI EARIBITA, Nif2 DOk
WIS, HAEAEAZ N IR OIS SRR, RIIEACR AT B 0s Nrf2 (AL R, o ShaAiE P i
PRI BRI, AE RN, SIE-IIT SR 7 Nrf2 AU A 5O, g ttbehif s
Wl T H 0 21, 3R SIE-N B 2 idt Nrf2 AR BT R AR iR A A . SIS, BHIERR Ve 3%
B SIE-NI AL 825 1) Nrf2 A% 5 39 s8N, R ZA5 5 JE B A0 b B SRR A
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Fig.6 Nrf2 immunofluorescence co-localization staining
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ik sh & Keapl /b Hoxt Nrf2 B3I, ATIIEIE Nrf2 BB 52850, Sitk—3, Keapl ZEA7E SIE-II 5
Ve WA RZE T, $R T SIE-IPTAEMIER AT e S5 P62-Keapl-Nrf2 {55 @S A k. FidEEARIA
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