Supplementary Fig. 1 Flow diagram illustrating the papers selection process

Records identified through PubMed and Web of Science using the following search terms: "diquat"[tiab] OR "diquat"[MeSH Terms] from January 1990 September 2025 (n = 814)
Records excluded based on the following criteria (n = 648):  
1) Methodological/analytical studies (n = 223)
2) Environmental exposure/residue/removal (n = 161)
3) Microbial degradation/plant resistance (n = 71)
4) Non-Diquat-focused studies (n = 90)
5) Clinical/epidemiological without mechanisms (n = 60)
6) Corrections, errata, review, and duplicate publications (n = 43)
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Supplementary Table 1. Potential therapeutic agents for DQ toxicity (Jan 1990- Sep 2025)
	[bookmark: _Hlk195187945][bookmark: _Hlk195189281]Potential therapeutic agents (n=74)
	Dosage
	Organs
	DQ dosage
	Time post-administration of DQ
	Species
	Signaling pathway
	Oxidative stress
	Inflammation
	Apoptosis
	Autophagy
	Markers of organ function
	Reference

	Amino acids and derivatives(n=13)
	
	
	
	
	
	
	
	
	
	
	
	

	[bookmark: OLE_LINK5]Arginine
	0.8%, 1.6% (p.o.) for 11 d
	intestine
	10 mg/kg (i.p.)
	3 d
	piglet
	N/A
	↑CAT
	↓TNF-α
	N/A
	N/A
	N/A
	(Zheng et al. 2017)

	
	1% (p.o.) for 28 d
	intestine
	12 mg/kg (i.p.)
	2 d
	rat
	N/A
	↓MDA; ↑GSH; ↑CAT; ↑T-AOC
	N/A
	N/A
	N/A
	N/A
	(Xiao et al. 2016)

	
	0.8%, 1.6% (p.o.) for 11 d
	liver
	10 mg/kg (i.p.)
	3 d
	piglet
	N/A
	↓MDA; ↑SOD; ↑GPX; ↑T-AOC
	↓TNF-α; ↓IL-6
	N/A
	N/A
	N/A
	(Zheng et al. 2012)

	
	1% (p.o.) for 28 d
	liver
	12 mg/kg (i.p.)
	2 d
	rat
	N/A
	↑T-AOC; ↑GSH; ↑CAT; ↓MDA; ↑ASA
	N/A
	N/A
	N/A
	↓ALT; ↓AST; ↑TP
	(Cao et al. 2016)

	
	1% (p.o.) for 28 d
	spleen
	12 mg/kg (i.p.)
	2 d
	rat
	↑AHR; ↑Nrf2; ↑Keap1; ↑mTOR
	↑SOD; ↑GPX; ↑CAT; ↑T-AOC; ↑GR; ↑ASA
	↓TNF-α; ↓IL-1β; ↑TNF-β1
	↓caspase-3
	N/A
	N/A
	(Mo et al. 2018)

	Glutamine
	1% (p.o.) for 28 d
	intestine
	12 mg/kg (i.p.)
	2 d
	rats
	N/A
	↑T-AOC; ↑GSH; ↑CAT; ↓MDA
	N/A
	N/A
	N/A
	N/A
	(Xiao et al. 2016)

	Glutamate
	2% (p.o.) for 21 d
	intestine
	10 mg/kg (i.p.)
	7 d
	piglet
	N/A
	↓MDA; ↑SOD; ↑T-AOC; ↑NO
	N/A
	N/A
	N/A
	↑SLC7A1; ↓NAAT
	(Rogers et al. 2015)

	
	0.5, 1 mmol/L for 24 h
	IPEC-1 cells
	1 mmol/L
	6 h
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	↑ZO-1; ↑ZO-2; ↑ZO-3; ↑occludin; ↑claudin-1; ↑claudin-3; ↑claudin-4
	(Jiao et al. 2015)

	Glutathione
	50, 100 mg/kg (p.o.) for 15 d
	intestine
	10 mg/kg (i.p.)
	3 d
	piglet
	↑PGC1α; ↑SIRT1; ↑CYCS
	↑GSH; ↑T-AOC; ↑SOD; ↓MDA; ↑8-OHDG; ↑GPX
	N/A
	N/A
	N/A
	↓DAO; ↓DLA; ↑ZO-1; ↑claudin-1; ↑occludin
	(Liang et al. 2023)

	[bookmark: OLE_LINK20]Glycine
	1% (p.o.) for 21 d
	liver
	10 mg/kg (i.p.)
	7 d
	piglet
	↓TFR1; ↑GPX4; ↑SLC7A11
	↓MDA; ↑GPX; ↑GSH; ↑T-AOC
	N/A
	N/A
	N/A
	↓ALT; ↓AST; ↓GGT
	(Hua et al. 2022)

	
	1% (p.o.) for 21 d
	intestine
	10 mg/kg (i.p.)
	7 d
	piglet
	↓TFR1; ↑GPX4; ↑SLC7A11
	↓MDA; ↑GPX; ↑GSH; ↑T-AOC
	N/A
	N/A
	N/A
	N/A
	(Xu et al. 2022c)

	[bookmark: OLE_LINK9]L-theanine
	1000 mg/kg (p.o.) for 21 d
	intestine
	8 mg/kg (i.p.)
	7 d
	piglet
	↓p-ERK; ↓p-JNK; ↓p-p38MAPK
	N/A
	↓TNF-α; ↓IL-1β; ↓IL-6;
	N/A
	N/A
	↓DLA
	(Liu et al. 2021b)

	N-carbamylglutamate
	0.1% (p.o.) for 28d
	intestine
	12 mg/kg (i.p.)
	2 d
	rat
	N/A
	↓MDA; ↑T-AOC; ↑CAT; ↑GSH
	N/A
	N/A
	N/A
	N/A
	(Xiao et al. 2016)

	
	0.1% (p.o.) for 28d
	liver
	12 mg/kg (i.p.)
	2 d
	rat
	↑AHR
	↑T-AOC; ↑CAT; ↑GSH; ↑ASA; ↓MDA
	N/A
	N/A
	N/A
	↓AST/ALT; ↓AST; ↓TG; ↓TP; ↓CRE; ↑BUN/CRE
	(Cao et al. 2016)

	
	0.1% (p.o.) for 28 d
	spleen
	12 mg/kg (i.p.)
	2 d
	rat
	↑AHR; ↑Nrf2; ↑Keap1; ↑mTOR
	↑SOD; ↑GPX; ↑T-AOC; ↑CAT; ↑GR; ↑ASA
	↓TNF-α; ↓TNF-β1; ↓IL-1β
	↓caspase-3
	N/A
	N/A
	(Mo et al. 2018)

	N-acetylcysteine
	20 μM for 24 h
	PC12 cells
	20 μM
	24 h
	N/A
	N/A
	N/A
	N/A
	↓cleaved-caspase-3
	N/A
	N/A
	(Choi et al. 2018)

	
	5 mM for 13 h
	PC12 cells
	20 μM
	12 h
	N/A
	N/A
	N/A
	N/A
	↓cleaved-caspase-3; ↓cleaved-caspase-9
	↓LC3Ⅱ;
	N/A
	(Park and Koh 2019)

	[bookmark: OLE_LINK22]Serine
	0.1%, 0.5%, 1% (p.o.) for 14 d
	liver
	25 mg/kg (i.p.)
	3 h
	C57BL/6 mice
	N/A
	↓MDA; ↓ROS; ↑GPX; ↑GSH; ↓TBARS; ↑GSH/GSSG
	N/A
	N/A
	N/A
	↓ALT; ↓AST; ↓LDH
	(Zhou et al. 2017)

	Spermine
	0.4 μmol/g (i.g.) for 3 d
	liver; spleen
	12 mg/kg (i.p.)
	24 h
	rats
	↑AHR
	↓MDA; ↑CAT; ↑GSH; ↑T-AOC; ↑ASA; ↑SOD
	N/A
	N/A
	N/A
	N/A
	(Wu et al. 2017)

	[bookmark: OLE_LINK10]Taurine
	0.6% (p.o.) for 28 d
	intestine
	9.6 mg/kg (i.p.)
	28 d
	piglet
	N/A
	N/A
	N/A
	N/A
	N/A
	↑claudin-1; ↑occludin; ↑ZO-1
	(Wen et al. 2020a)

	
	0.6% (p.o.) for 28 d
	muscle
	9.6 mg/kg (i.p.)
	28 d
	piglet
	N/A
	↑SOD
	↓IL-6; ↓TNF-α
	N/A
	N/A
	↓HSP70; ↓MuRF1; ↓MAFbx; 
	(Wen et al. 2020b)

	Tributyrin
	0.75 g/kg (p.o.) for 14 d
	intestine
	10 mg/kg (i.p.)
	14 d
	piglet
	N/A
	↓MDA; ↓ROS; ↑SOD; ↑T-AOC; ↑GPX
	↓TNF-α; ↓IL-6; ↓IFN-γ; ↓IL-1β
	N/A
	↑PINK; ↑Parkin; ↑LC3Ⅱ/Ⅰ
	↓DAO; ↓DLA; ↓FD4; ↑occludin; ↓TER; ↑claudin-1; ↑ZO-1
	(Wang et al. 2019a)

	[bookmark: _Hlk209652604]Tryptophan
	0.15% (p.o.) for 7 d
	intestine
	10 mg/kg (i.p.)
	14 d
	piglet
	↑Nrf2; ↑Nrf1; ↑PGC1α
	↓ROS; ↓MDA; ↑SOD; ↑GPX; ↑CAT; ↑HO-1; ↑TXNRD1
	N/A
	N/A
	N/A
	↓DAO; ↑TER; ↓FD4; ↑ZO-1; ↑occludin; ↑claudin-1;
	(Liu et al. 2019)

	
	0.18%, 0.3%, 0.45% (p.o.) for 7 d
	liver
	10 mg/kg (i.p.)
	7 d
	piglet
	N/A
	↓MDA; ↑SOD; ↑GPX
	N/A
	N/A
	N/A
	↑TDO
	(Mao et al. 2014)

	Plant extracts (n=34)
	
	
	
	
	
	
	
	
	
	
	
	

	Apigenin
	500 mg/kg (p.o.) for 7 d
	intestine
	8 mg/kg (i.p.)
	7 d
	pullet
	↑Nrf2
	↓MDA; ↑CAT; ↑HO-1; ↑GPX; ↑NQO-1; ↑SOD; ↑T-AOC
	N/A
	N/A
	N/A
	↑occludin; ↑ZO-1; ↑claudin-1
	(Zhou et al. 2022b)

	
	500 mg/kg (p.o.) for 10 d
	intestine
	8 mg/kg (i.p.)
	10 d
	duck
	↑Nrf2
	↓MDA; ↑GCLM; ↑SOD; ↑T-AOC; ↑GPX; ↑NQO-1; ↑CAT; ↑HO-1; ↑GCLM
	N/A
	N/A
	N/A
	↑ZO-1
	(Zhou et al. 2024)

	Bacopa monniera
	5 ug/ml
	PC12 cells
	60 μM
	24 h
	N/A
	↓p-Akt; ↓HSP90
	↓ROS; ↑Trx1; ↑γ-GCS
	N/A
	N/A
	N/A
	↓LDH
	(Singh et al. 2013)

	Baicalin and its nanoliposome
	50 mg/kg (i.g.) for 14 d
	liver
	300 mg/kg (i.p.)
	3 d
	C57BL/6 mice
	N/A
	↓MDA; ↑SOD
	↓IL-1β; ↓IL-6; ↑IL-10; ↑IL-4
	N/A
	↑PINK; ↑Parkin; ↑LC3Ⅱ; ↓p62;
	↓ALT; ↓AST
	(Zhou et al. 2025a)

	Bamboo leaf ﬂavonoids
	1000 mg/kg (p.o.) for 28 d
	intestine
	40 mg/kg (i.p.)
	24 h
	chick
	N/A
	↓MDA; ↑T-AOC; ↑CAT;
	N/A
	N/A
	N/Az
	↑ZO-1; ↑occludin; ↑claudin-1; ↓DAO; ↓DLA
	(Zhou et al. 2025b)

	[bookmark: OLE_LINK12]Brown algae polysaccharides
	1000 mg/kg (p.o.) for 28 d
	intestine
	10 mg/kg (i.p.)
	7 d
	piglet
	↑Nrf2
	↓MDA; ↑T-AOC; ↑GPX; ↑CAT; ↑SOD; ↑HO-1; ↑NQO-1
	N/A
	N/A
	N/A
	↓DAO; ↑ZO-1; ↑occludin; ↑claudin-1 
	(Hou et al. 2025)

	Caulerpa lentillifera extract
	1, 2 g/kg (p.o.) for 60 d
	liver
	4 mg/L
	60 d
	Zebrafish
	↑Nrf2; ↓p-NF-κB; ↓p-AMPK; ↑p-mTOR
	↓MDA; ↑CAT; ↑SOD; ↑GSH
	↓IL-1β; ↓IL-6; ↓TNF-α
	↑Bcl-2; ↓caspase-3; ↓Bax
	↓LC3Ⅱ/Ⅰ; ↓Beclin1;
	[bookmark: OLE_LINK23]↓ALT; ↓AST; ↓LDH
	(Lin et al. 2025)

	Chlorogenic acid
	1000 mg/kg (p.o.) for 21 d
	intestine
	10 mg/kg (p.o.)
	 7 d
	pig
	↑Nrf2
	↓MDA; ↑GPX; ↑SOD; ↑HO-1
	N/A
	↓Bax; ↓caspase-3; ↓caspase-9
	N/A
	↓DAO; ↓DLA; ↑ZO-1; ↑occludin; ↑claudin-1 
	(Chen et al. 2022)

	
	250, 500, 1000 mg/kg (p.o.) for 21 d
	liver
	20 mg/kg (i.p.)
	24 h
	broiler
	N/A
	↓MDA; ↑CAT; ↑GSH; ↑T-AOC; ↑GPX; ↑SOD
	↓IL-1β; ↓IL-6; ↓TNF-α
	N/A
	N/A
	N/A
	(Zha et al. 2023b)

	Crocin-I
	40 mg/kg (i.g.) for 21 d
	lung
	37.5 mg/kg (i.g.)
	21 d
	C57BL/6 mice
	↑SIRT3; ↑FOXO3a
	N/A
	N/A
	N/A
	N/A
	↑E-cadherin; ↓vimentin; ↓α-SMA
	(Xi et al. 2025)

	Curcumin
	200 mg/kg (p.o.) for 14 d
	intestine
	10 mg/kg (i.p.)
	14 d
	piglet
	↓TFEB; ↓p-AMPK
	↓MDA; ↑CAT; ↑SOD
	N/A
	N/A
	↑LC3Ⅱ; ↑PINK; ↓SQSTM1; ↑Beclin1; ↑Parkin
	↑occludin; ↑claudin-1; ↑ZO-1; ↑TER; ↓FD4
	(Cao et al. 2020)

	
	200 mg/kg (p.o.) for 14 d
	intestine
	10 mg/kg (i.p.)
	14 d
	piglet
	↑PGC1α; ↑Nrf1; ↓GRP78; ↓CHOP; ↓caspase-12; ↓p-PERK; ↓eIF2α
	↓MDA; ↓ROS;
↑CAT; ↑GPX;
↑T-AOC
	N/A
	↓caspase-3; ↓Cyto cyt-c
	N/A
	↓ALT; ↓AST; ↑occludin; ↑claudin-1; ↑ZO-1; ↑TER; ↓FD4
	(Li et al. 2022)

	
	100, 150 mg/kg (p.o.) for 21 d
	cecal
	20 mg/kg (i.p.) 
	48 h
	broiler
	↑Nrf2
	↑T-AOC; ↑SOD; ↓MDA; ↓ROS; ↑GPX; ↑CAT
	↓TNF-α; ↑IL-10
	↓caspase-3
	N/A
	N/A
	(Wu et al. 2024a)

	
	50, 100, 150 mg/kg (p.o.) for 21 d
	liver
	20 mg/kg (i.p.) 
	48 h
	broiler
	↑Nrf2
	↑T-AOC; ↑SOD; ↑CAT; ↑GPX; ↓MDA; ↑HO-1; ↑NQO-1
	N/A
	↑Bcl-2; ↓caspase-3; ↓Bax
	N/A
	↓ALT; ↓TB; ↓TP
	(Wu et al. 2023)

	Ellagic acid
	100 mg/kg (i.g.) for 5 d
	intestine
	25 mg/kg (i.p.)
	5 d
	C57BL/6 mice
	↑Nrf2
	↓MDA; ↑HO-1; ↓ROS; ↑NQO-1; ↑GPX; ↑T-AOC
	N/A
	N/A
	N/A
	↓ALT; ↓ALP
	(Zhang et al. 2022)

	Eucommia ulmoides flavones
	100 mg/kg (p.o.) for 14 d
	intestine
	8 mg/kg (i.p.)
	7 d
	piglet
	↑nuclear Nrf2; ↑Keap1
	↑SOD; ↑GSH; ↓GSSG;
↑GSH/GSSG; ↑HO-1; ↑NQO-1; ↑GCLC; ↑GCLM
	N/A
	N/A
	N/A
	N/A
	(Xiao et al. 2019)

	
	100 mg/kg (p.o.) for 21 d
	intestine
	8 mg/kg (i.p.)
	7, 14 d
	piglet
	N/A
	↑CAT; ↑GSH; ↑SOD; ↑GPX; ↑T-AOC
	↓IL-1β; ↓IL-6; ↓TNF-α; ↓IL-8; ↓IL-12; ↓IL-10; ↑IFN-γ; ↑IL-4; ↑TNF-β1
	N/A
	N/A
	↓DAO; ↓DLA
	(Yuan et al. 2017)

	Eucommia ulmoides Polysaccharides
	100, 200, 400 mg/kg (i.g.) for 14 d
	liver
	25 mg/kg (i.p.)
	14 d
	Kunming mice
	↑Nrf2; ↓Keap1
	↑GPX; ↑T-AOC; ↑SOD; ↑CAT; ↓MDA; ↑HO-1; ↑NQO-1
	N/A
	N/A
	N/A
	N/A
	(Peng et al. 2024)

	Epigallocatechin gallate
	20 mg/kg (i.p.) for 3 d
	kidney
	50 mg/kg (i.p.)
	3 d
	C57BL/6J mice
	↓NLRP3; ↓p-NF-κB
	↑SOD; ↓MDA; ↓ROS
	↓IL-1β; ↓IL-18; ↓Caspase1 p20
	N/A
	N/A
	↓SCr; ↓BUN; ↓KIM-1; ↓Cys C
	(Qu et al. 2024)

	Ferulic acid
	4 g/kg (p.o.) for 20 d
	liver
	10 mg/kg (i.p.)
	20 d
	piglet
	↑Nrf2; ↓Keap1; ↓NLRP3
	↑T-AOC; ↑GPX; ↓MDA; ↑SOD; ↓ROS; ↑HO-1
	↓IL-1β; ↓IL-8
	N/A
	N/A
	↓ALT; ↓AST; ↓LDH
	(Luo et al. 2024)

	Forsythia suspensa extract
	100 mg/kg (i.g.) for 15 d
	liver; kidney
	0.1 mmol/kg (i.p.)
	3 d
	rat
	N/A
	↓MDA; ↑SOD; ↑GSH; ↑GPX
	↓IL-1β; ↓IL-6; ↓TNF-α
	N/A
	N/A
	N/A
	(Lu et al. 2010)

	Grape seed extract; Onion peel extract; Rosemary extract
	100 mg/kg (p.o.) for 21 d
	liver
	10 mg/kg (i.p.)
	12 h
	Lohmann chick
	N/A
	↑SOD; ↑GST; ↓MDA
	N/A
	N/A
	N/A
	↓ALT
	(Wang et al. 2023)

	Hesperidin
	300 mg/kg (p.o.) for 14 d
	intestine
	10 mg/kg (i.p.)
	14 d
	piglet
	↓GRP78; ↓CHOP; ↓ATF6; ↓caspase-12; ↓p-PERK; ↓p-eIF2α/ eIF2α; ↓p-AMPK/AMPK
	↓MDA; ↑SOD; ↑CAT; ↓ROS
	N/A
	↑Bcl-2; ↓Bax; ↓Cyto cyt-c
	N/A
	↑ZO-1; ↑claudin-1; ↑occludin; ↑TER; ↓FD4；↓ALT; ↓AST
	(Gou et al. 2024)

	Holly polyphenols extracts
	250 mg/kg (p.o.) for 21 d
	liver
	100 mg/kg (i.p.)
	7 d
	piglet
	↓TFR1; ↑GPX4; ↑SLC7A11; ↑HSPB1
	↓MDA; ↑GSH; ↑T-AOC; ↑GPX
	N/A
	N/A
	N/A
	↓ALT; ↓AST; ↓GGT
	(He et al. 2020; Xu et al. 2022b)

	Hydroxytyrosol
	100 mg/kg (i.g.) for 4 w
	intestine
	24 mg/kg (i.p.)
	6 h
	ICR mice
	↑Nrf2
	↓MDA; ↑SOD; ↑CAT; ↑T-AOC; ↑GPX; ↑NQO-1
	N/A
	N/A
	N/A
	N/A
	(Han et al. 2023)

	
	500 mg/kg (p.o.) for 28 d
	Intestine; IPEC-1 cells
	8 mg/kg (i.p.)
	7 d
	piglet
	↑p- Nrf2/ Nrf2; ↑Nrf2; ↑p-PI3K; ↑p-Akt
	↑SOD; ↑CAT; ↑GPX; ↑NQO-1; ↓MDA; ↓ROS; ↑T-AOC; ↑HO-1
	↓IL-1β; ↓IL-6; ↓TNF-α; ↑IL-10
	N/A
	↑LC3; ↓p62; ↑Beclin1; ↑PINK; ↑Parkin
	↑claudin-1; ↑occludin; ↑MUC2; ↓DLA
	(Wen et al. 2024a; Wen et al. 2024b)

	Kaempferol
	0, 5, 10 μM for 24 h
	IPEC-J2 cells
	100 μM
	6 h
	N/A
	↑Nrf2
	↓ROS; ↑GSTA4; ↑HO-1; ↑GSR; ↓GCLC
	N/A
	↑Bcl-2/Bax
	N/A
	↑ZO-1; ↑ZO-2; ↑occludin; ↑claudin-4;
	(Jin et al. 2021)

	Magnolol
	300 mg/kg (p.o.) for 21 d
	intestine
	16 mg/kg (i.p.)
	24 h
	broiler
	N/A
	↑GSH; ↑SOD; ↑8-OHDG; ↑GPX
	N/A
	N/A
	N/A
	↓AST
	(Peng et al. 2023)

	Paeonia lactiflora
pall stem and leaf extract
	0.3% (p.o.) for 28 d
	intestine; liver

	10 mg/kg (i.p.)
	24 h
	broiler
	↑Nrf2; ↑PI3K; ↑Akt; ↓Keap1
	↓MDA; ↑CAT; ↑SOD; ↑GSH; ↑T-AOC; ↑NQO-1; ↑HO-1
	N/A
	N/A
	N/A
	↑claudin-1; ↑ZO-1; ↑occludin; ↑MUC2; ↓ALT; ↓AST
	(Wang et al. 2025)

	Periplaneta americana extract
	50, 100, 200 mg/kg (i.g.) for 7 d
	intestine; liver

	25 mg/kg (i.p.)
	24 h
	C57BL/6 mice
	↑JAK1; ↑STAT3
	↓MDA; ↑CAT; ↑SOD; ↑GSH; ↑T-AOC
	↓IL-1β; ↓TNF-α; ↓IL-22; ↓IL-10
	↓caspase-3
	N/A
	↓DAO; ↓DLA; ↑occludin; ↑ZO-1; ↓AKP; ↓ALT; ↓AST
	(Lu et al. 2022)

	Piceatannol
	80 mg/kg (i.g.) for 35 d
	liver
	10 mg/kg (i.p.)
	7 d
	piglet
	↑nuclear Nrf2; ↑SIRT1; ↑TFAM; ↑PGC1α; ↓Keap1
	↓MDA; ↑GPX; ↑SOD; ↑GSH; ↑GSTA1; ↑NQO-1
	N/A
	↑Bcl-2; ↓Bax
	N/A
	↓ALT; ↓AST
	(Jia et al. 2020)

	Pterostilbene
	400 mg/kg (p.o.) for 14 d
	intestine
	20 mg/kg (i.p.)
	24 h
	broiler
	↑Nrf2; ↑GPX4; ↑SLC7A11; ↑FTH1; ↓ACSL4; ↓TFRC
	↓ROS; ↑SOD; ↑HO-1; ↑GPX; ↑GSH; ↑GR; ↑TRXR
	N/A
	N/A
	N/A
	↓DAO; ↓DLA; ↑ZO-1; ↑occludin
	(Chen et al. 2023)

	
	300 mg/kg (p.o.) for 14 d
	intestine
	10 mg/kg (i.p.)
	24 h
	piglet
	↑SIRT1; ↑ac-PGC1α; ↑TFAM; 
↑SIRT3
	↓MDA; ↓PC; ↑SOD; ↑GPX;
	N/A
	N/A
	N/A
	↓DAO; ↓DLA; ↑ZO-1; ↑occludin
	(Chen et al. 2021a)

	
	300 mg/kg (p.o.) for 14 d
	liver
	10 mg/kg (i.p.)
	24 h
	piglet
	↑Nrf2; ↑SIRT1
	↑SOD; ↓MDA; ↑8-OHDG
	N/A
	↓caspase-3; ↓caspase-9
	N/A
	↓ALT; ↓AST
	(Zhang et al. 2020)

	
	400 mg/kg (p.o.) for 21 d
	liver
	20 mg/kg (i.p.)
	24 h
	broiler
	↑SIRT1; ↑TFAM
	↑SOD; ↓MDA; ↑T-AOC;
	N/A
	↑Bcl-2
	N/A
	↓AST
	(Chen et al. 2020)

	Puerarin
	0.1% (p.o.) for 7 d
	intestine
	8 mg/kg (i.p.)
	7 d
	piglet
	↑Nrf2
	↑SOD; ↑T-AOC; ↑HO-1; ↑GPX; ↑GCLC; ↑GCLM
	N/A
	N/A
	N/A
	↑occludin; ↑E-cadherin
	(Li et al. 2020)

	Quercetin
	500 mg/kg (p.o.) for 21 d
	intestine
	8 mg/kg (i.p.)
	14 d
	pullet
	↑Nrf2
	↓MDA; ↑HO-1; ↑GPX; ↑NQO-1; ↑T-AOC; ↑SOD
	N/A
	N/A
	N/A
	↑claudin-1; ↑ZO-1
	(Zhou et al. 2022a)

	
	5 μM for 24 h
	IPEC-1 cells
	100 μM
	6 h
	N/A
	↑Nrf2
	↓ROS; ↑GSH
	N/A
	↑Bcl-2/Bax; ↓cleaved-caspase-3; ↓cleaved-PARP
	N/A
	↑ZO-1; ↑ZO-2; ↑ZO-3; ↑occludin; ↑claudin-3;
	(Jia et al. 2021)

	Quercetagetin
	10,20,40 mg/kg (p.o.) for 21 d
	intestine
	2 ml/kg (i.p.)
	7 d
	broiler
	↑Nrf2; ↑Keap1
	↑GPX; ↓MDA; ↑CAT
	N/A
	N/A
	N/A
	N/A
	(Yang et al. 2024)

	Resveratrol
	500 mg/kg (p.o.) for 10 d
	intestine
	8 mg/kg (i.p.)
	10 d
	duck
	↑Nrf2
	↓MDA; ↑GCLM; ↑SOD; ↑T-AOC; ↑GPX; ↑NQO-1; ↑CAT; ↑HO-1; ↑GCLM
	N/A
	N/A
	N/A
	↑ZO-1
	(Zhou et al. 2024)

	
	500 mg/kg (p.o.) for 7 d
	intestine
	8 mg/kg (i.p.)
	7 d
	pullet
	↑Nrf2
	↓MDA; ↑CAT; ↑HO-1; ↑GPX; ↑NQO-1; ↑SOD; ↑T-AOC
	N/A
	N/A
	N/A
	↑occludin; ↑ZO-1; ↑claudin-1
	(Zhou et al. 2022b)

	
	300 mg/kg (p.o.) for 14 d
	intestine
	10 mg/kg (i.p.)
	24 h
	piglet
	↑SIRT1; ↑ac-PGC1α; ↑TFAM; 
↑SIRT3
	↓MDA; ↓PC; ↑SOD; ↑GPX
	N/A
	N/A
	N/A
	↓DAO; ↓DLA; ↑ZO-1; ↑occludin
	(Chen et al. 2021a)

	
	100 mg/kg (p.o.) for 14 d
	intestine
	10 mg/kg (i.p.)
	14 d
	piglet
	N/A
	↓MDA; ↑T-AOC; ↓ROS
	N/A
	N/A
	↑PINK; ↑Parkin; ↑LC3Ⅱ/Ⅰ
	↑TER; ↓FD4; ↑occludin; ↑ZO-1; ↑claudin-1
	(Cao et al. 2019)

	
	10,30,90 mg/kg (p.o.) for 14 d
	intestine
	10 mg/kg (i.p.)
	7 d
	piglet
	↑Nrf2; ↑AHR; ↑CYP1A1
	↓MDA; ↑HO-1; ↑GPX; ↑NQO-1; ↑SOD; ↑CAT; ↑T-AOC; ↓ROS
	↓IL-1β; ↓IL-6; ↓TNF-α; ↑IL-10
	N/A
	N/A
	↓DAO; ↓DLA; ↑occludin; ↑claudin-1；↑ZO-1
	(Xun et al. 2021)

	
	300 mg/kg (p.o.) for 14 d
	liver
	10 mg/kg (i.p.)
	24 h
	piglet
	↑Nrf2; ↑SIRT1
	↑SOD; ↓MDA; ↑8-OHDG
	N/A
	↓caspase-3; ↓caspase-9
	N/A
	↓ALT; ↓AST
	(Zhang et al. 2020)

	Silymarin
	1 g/kg (p.o.) for 21 d
	liver
	10 mg/kg (i.p.)
	24 h
	layers
	↓TLR4; ↓p-p65; ↓p-IκB; ↓MyD88
	↓MDA; ↑T-AOC; ↑GPX; ↑CAT; ↑SOD
	↓IL-1β; ↓IL-6; ↓TNF-α
	N/A
	N/A
	N/A
	(Sun et al. 2025)

	Stevioside
	250 μM for 6 h
	IPEC-J2 cells
	1000 μM
	6 h
	N/A
	↓p-IκB; ↓p-ERK; ↓p-NF-κB
	↓MDA; ↓ROS; ↑CAT; ↑GPX; ↑SOD; ↑T-AOC
	↓TNF-α; ↓IL-8; ↓IL-6
	↑Bcl-2; ↓Bax; ↑Bcl-2/ Bax
	
	↑occludin; ↑claudin-1；↑ZO-1
	(Xu et al. 2023)

	Tannic acid
	2.5, 5, 10 mg/kg (i.g.) for 10 d
	intestine
	24 mg/kg (i.p.)
	12 h
	[bookmark: OLE_LINK3]C57BL/6 mice
	↑Nrf2; ↑Keap1
	↓MDA; ↑SOD; ↑HO-1; ↑GCLM; ↑NQO-1
	N/A
	N/A
	N/A
	↑ZO-1; ↑occludin; ↑claudin-1
	(Wang et al. 2019b)

	Taxifolin
	150 μM for 24 h
	IPEC-J2 cells
	0.5 mM
	6 h
	N/A
	↑Nrf2
	↑NQO-1; ↓ROS; ↑CAT; ↑GPX; ↑SOD
	↓IL-8; ↓IL-6
	N/A
	N/A
	↑occludin; ↑claudin-1
	(Huang et al. 2025)

	Tea tree oil
	200 mg/kg (p.o.) for 21 d
	intestine
	20 mg/kg (i.p.)
	21 d
	chick
	N/A
	↑CAT; ↑SOD; ↓MDA; ↑T-AOC
	N/A
	N/A
	N/A
	↑ZO-1; ↑occludin; ↑claudin-1
	(Xu et al. 2025)

	[bookmark: _Hlk209605400]Probiotics (n=6)
	
	
	
	
	
	
	↑GPX;
	
	
	
	
	

	Bacillus amyloliquefaciens SC06
	10^8 CFU/ml for 6 h
	IPEC-J2 cells
	950 μM
	6 h
	N/A
	↑SIRT1; ↓p-Akt; ↓p-FOXO3a
	↓ROS; ↓MDA; ↑SOD; ↑GPX
	N/A
	↑Bcl-2; ↓Bax; ↓caspase-9; ↓cleaved-caspase-3
	↑LC3Ⅱ/Ⅰ; ↓p62
	N/A
	(Tang et al. 2021)

	
	10^7 CFU/ml (i.g.) for 24 d
	intestine
	12 mg/kg (i.p.)
	48 h
	rat
	↓p-JNK; ↑p-p38MAPK;
	↓ROS; ↓MDA; ↑GPX; ↑GSH/GSSG
	N/A
	↑Bcl-2; ↓Bax; ↓cleaved-caspase-3
	↑LC3Ⅱ; ↓p62; ↑Beclin1
	N/A
	(Wu et al. 2019)

	
	10^7 CFU/ml (i.g.) for 24 d
	liver
	12 mg/kg (i.p.)
	48 h
	rat
	↓Keap1
	↓ROS; ↓MDA; ↑GPX; ↑CAT; ↑SOD; ↑HO-1; ↑T-AOC; ↓P47
	N/A
	N/A
	N/A
	↓ALT; ↓AST; ↓ALP; ↓LDH
	(Wu et al. 2022)

	[bookmark: OLE_LINK24]Lactobacillus fermentum
	10^8 CFU/ml (i.g.) for 21 d
	liver; muscle
	10 mg/kg (i.p.)
	14 d
	piglet
	N/A
	↓MDA; ↑GSH; ↑GPX; ↑SOD
	N/A
	N/A
	N/A
	N/A
	(Wang et al. 2013)

	Lactobacillus johnsonii JJB3
	10^5, 10^6, 10^7 CFU/ml (i.g.) for 2 w
	intestine
	25 mg/kg (i.p.)
	12 d
	C57BL/6 mice
	N/A
	↓MDA; ↑GSH; ↑CAT
	N/A
	N/A
	↑LC3Ⅱ/Ⅰ; ↑BNIP3L
	N/A
	(Liu et al. 2025)

	[bookmark: _Hlk209924858]Lactobacillus reuteri
	[bookmark: OLE_LINK6]2 × 10^8 CFU/ml (p.o.) for 10 w
	liver
	10 mg/kg (i.p.)
	7 d
	hens
	↑Nrf2; ↑Nrf1; ↓TLR4; ↓NF-κB; ↓p-IκB; ↓p65; ↑PGC1α; ↑SIRT1; ↑TFAM; ↓MyD88; ↑POLRMT
	↑SOD; ↑T-AOC; ↑GPX; ↓MDA; ↑HO-1; ↑NQO-1
	↓IL-1β; ↓IL-6; ↓TNF-α
	↑Bcl-2; ↓caspase-3; ↓Bax;
	N/A
	↓ALT; ↓AST; ↓LDL-C; ↓TC; ↓TG
	(Zhan et al. 2025)

	Lactiplantibacillus plantarum P8
	10^8 CFU/ml (p.o.) for 21 d
	intestine
	10 mg/kg (i.p.)
	7 d
	piglet
	↑Nrf2; ↑GPX4; ↑FSP1; ↓p-IκBα; ↑SLC7A11; ↓p50; ↓ACSL4; ↓p65; ↑PI3K; ↑Akt
	↑SOD; ↑GPX; ↑CAT; ↓MDA
	N/A
	↑Bcl-2; ↓Bax; ↓Bad; ↓caspase-3; ↓caspase-9
	N/A
	↑ZO-1; ↑occludin; ↑claudin-1
	(Liu et al. 2024)

	[bookmark: OLE_LINK25]Pediococcus pentosaceus ZJUAF-4
	10^9 CFU/ml (i.g.) for 6 w
	intestine
	25 mg/kg (i.p.)
	12 h
	C57BL/6 mice
	↑Nrf2
	↓ROS; ↓MDA; ↑SOD; ↑HO-1 ↑NQO-1
	N/A
	N/A
	N/A
	↓ALT; ↓AST; ↓DAO; ↓DLA; ↓FD4
	(Hao et al. 2021)

	Nutritional supplements (n=11)
	
	
	
	
	
	
	
	
	
	
	
	

	Acidifiers
	5×10-5 for 4 h
	IPEC-J2 cells
	1150 μM
	6 h
	N/A
	↓COX-2; ↓NF-κB; ↑I-κB-α; ↓I-κB-β; ↓ENK1/2; ↓JNK2
	↓ROS; ↓MDA; ↑T-AOC; ↑SOD; ↑CAT; ↑GPX
	↓TNF-α; ↓IL-8; ↑IL-10
	↑Bcl-2; ↓Bax
	N/A
	↑occludin; ↑claudin-1; ↑ZO-1
	(Xu et al. 2022a)

	Coenzyme Q10
	20 mg/kg (i.g.) for 7 d
	kidney
	30 mg/kg (i.p.)
	24 h
	ICR mice
	N/A
	↓ROS
	N/A
	N/A
	N/A
	↓SCr; ↓BUN; ↓KIM-1; ↑AQP-1
	(Wu et al. 2024b)

	Chitosan
	250, 500, 1000, 2000 mg/kg (p.o.) for 15 d
	N/A
	10 mg/kg (p.o.)
	7 d
	piglet
	N/A
	↓MDA; ↑GPX; ↑CAT; ↑SOD
	↓IL-1β; ↓IL-6; ↓TNF-α
	N/A
	N/A
	N/A
	(Xu et al. 2018)

	Selenium
	0.3 mg/kg (p.o.) for 10 d
	liver
	10 mg/kg (i.p.)
	7 d
	pig
	N/A
	↓MDA; ↑GPX; ↑SOD; ↑T-AOC
	N/A
	N/A
	N/A
	N/A
	(Doan et al. 2020)

	
	0.15 mg/kg (p.o.) for 5 w
	liver
	0.065, 0.1 mmol/kg (i.p.)
	3 h
	rat
	N/A
	↑GPX
	N/A
	N/A
	N/A
	↓ALT
	(Higuchi et al. 2014)

	Selenium nanoparticles
	0.3, 0.6 mg/kg (p.o.) for 10 w
	intestine
	25 mg/kg (i.p.)
	12 h
	C57BL/6 mice
	↑nuclear Nrf2; ↓NLRP3
	↑GPX; ↑NQO-1; ↓MDA; ↑HO-1; ↑SOD; ↑TrxR; ↓ROS; ↑T-AOC; ↑8-OHDG; 
	↓IL-1β; ↓IL-18; ↓cleaved-caspase-1
	N/A
	N/A
	↑Mucin-2; ↑ZO-1; ↑REG3G; ↑occludin; ↑claudin-1

	(Qiao et al. 2022)

	
	1 mg/kg (i.g.) for 14 d
	intestine
	25 mg/kg (i.p.)
	24 h
	C57BL/6 mice
	↑nuclear Nrf2
	↓ROS; ↓MDA; ↑T-AOC; ↑SOD; ↑TrxR; ↑GPX; ↑NQO-1; ↑HO-1
	N/A
	N/A
	N/A
	↑Mucin-2; ↑occludin; ↑claudin-1; ↓ALT; ↓AST; ↓DAO; ↓DLA
	(Qiao et al. 2020)

	
	8 μg/ml for 24 h
	IPEC-J2 cells
	60 μM
	12 h
	N/A
	↑Nrf2; ↑p-AMPK; ↓NLRP3; ↑TFAM; ↓GSDMD-N
	↑GPX; ↑TrxR; ↓MDA; ↓ROS; ↑T-AOC; ↑8-OHDG; 
	↓IL-1β; ↓TNF-α; ↓IL-18; ↓cleaved-caspase-1
	N/A
	N/A
	↓DAO; ↓DLA; ↑occludin; ↑claudin-1; ↑ZO-1
	(Qiao et al. 2025)

	Selenium-Enriched Yeast
	250 mg/kg (p.o.) for 21 d
	liver; thymus
	[bookmark: OLE_LINK2]10 mg/kg (i.p.)
	5 d
	pig
	↑Nrf2; ↑TLR4; ↓NF-κB
	↓MDA; ↑HO-1; ↑GPX; ↑SOD; ↑T-AOC; ↑CAT
	↓TNF-α; ↓IL-1β; ↓IL-6; ↓IL-1α
	N/A
	N/A
	N/A
	(Liu et al. 2021a)

	
	250 mg/kg (p.o.) for 21 d
	intestine
	10 mg/kg (i.p.)
	5 d
	pig
	↑Nrf2
	↑CAT; ↑T-AOC; ↑GPX; ↑HO-1; ↓MDA
	N/A
	↑Bcl-2; ↓caspase-3
	N/A
	[bookmark: OLE_LINK4]↓DAO; ↓DLA; ↑ZO-1; ↑SGLT; ↑GLUT1
	(Liu et al. 2020)

	
	0.5 mg/kg (p.o.) for 14 d
	testicle
	15 mg/kg (i.p.)
	4 d
	rooster
	↑Nrf2; ↓NF-κB
	↓MDA; ↑SOD; ↑GPX; ↑HO-1; ↑CAT
	N/A
	↑Bcl-2; ↓Bax; ↓caspase-3
	N/A
	↑StAR; ↑P450scc; ↑3β-HSD
	(Xiong et al. 2025)

	Squalene
	500, 1000, 2000 mg/kg (p.o.) for 5 w
	intestine; liver; muscle
	10 mg/kg (i.p.)
	7 d
	piglet
	N/A
	↑GPX; ↑SOD; ↓MDA
	N/A
	N/A
	N/A
	↑occludin; ↑claudin-3; ↑claudin-1; ↑ZO-1
	(Tian et al. 2023)

	
	1 g/kg (p.o.) for 20 d
	liver
	20 mg/kg (i.p.)
	24 h
	chicken
	↑Nrf2
	↓MDA; ↑GSH; ↑SOD; ↑NQO-1; ↑GPX
	N/A
	↑Bcl-2; ↓Bax; ↓caspase-3
	N/A
	N/A
	(Chen et al. 2021b)

	Vitamin C
	100 mg/kg (i.g.) for 15 d
	intestine; liver; kidney
	10 mmol/kg (i.p.)
	3 d
	rat
	N/A
	↓MDA; ↑SOD; ↑GPX; ↑GSH
	↓TNF-α; ↓IL-1β; ↓IL-6
	N/A
	N/A
	N/A
	(Lu et al. 2010)

	Vitamin D3
	1000, 2000, 4000 IU/kg (i.g.) for 40 d
	intestine; liver; kidney
	6.5, 8 mg/kg (i.p.)
	24 h
	chicken
	N/A
	↓MDA; ↑SOD; ↑GPX; ↑HO-1; ↑T-AOC; ↑CAT
	↓TNF-α; ↓IL-1β; ↓IL-6; ↑IL-10
	N/A
	[bookmark: OLE_LINK8]N/A
	↓ALT; ↓AST; ↓DAO; ↓DLA; ↓LDH; ↓BUN; ↓LDL-C; ↓T-CHO; ↓TG; ↑ALB
	(Nong et al. 2023)

	
	2 ng/kg (i.g.) for 10 d
	Intestine; liver
	10 mg/kg (i.p.)
	6, 10 d
	ICR mice
	↑Nrf2; ↓NF-κB (p-p65)
	↑SOD; ↑GPX; ↓MDA; ↑T-AOC; ↑HO-1
	↓TNF-α; ↓IL-1β; ↓IL-6; ↑IL-10
	N/A
	N/A
	↓ALT; ↓AST; ↓DAO; ↓DLA; ↑ZO-1; ↑ZO-2; ↑occludin; ↑claudin-1; ↑Mucin-2; ↑Mucin-1
	(Zhang et al. 2021)

	Wheat bran
	20% (w/w) (p.o.) for 5 w
	liver
	0.065, 0.1 mmol/kg (i.p.)
	3 h
	rat
	N/A
	↑GPX; ↑GR
	N/A
	N/A
	N/A
	↓ALT
	(Higuchi et al. 2014)

	Zinc Sources
	80, 200 mg/kg
(p.o.) for 21 d
	Intestine; liver; kidney
	10 mg/kg (i.p.)
	7 d
	piglet
	↑Nrf2; ↓p-NF-κB/ NF-κB
	↑GPX; ↑SOD; ↑T-AOC
	↓TNF-α; ↓IL-1β
	N/A
	N/A
	N/A
	(Guo et al. 2020)

	Pharmaceuticals (n=10)
	
	
	
	
	
	
	
	
	
	
	
	

	Captopril
	1% for 7 d
	eye
	120 nmol
	7 w
	rabbit
	N/A
	↓MDA; ↑GSH
	N/A
	N/A
	N/A
	↑AA
	(Bhuyan et al. 1992)

	Cysteamine
	80 mg/kg (p.o.) for 21 d
	intestine
	10 mg/kg (p.o.)
	7 d
	pig
	N/A
	↑SOD; ↑GPX
	↑IL-10; ↑IL-2; ↓IL-8;
	N/A
	N/A
	↑claudin-1; ↓ALT; ↓ALB; ↓GLU; ↓TP; ↑ALP
	(Wang et al. 2021)

	Coated sodium butyrate
	500 mg/kg (p.o.) for 21 d
	intestine
	8 mg/kg (i.p.)
	14 d
	pullet
	↑Nrf2
	↓MDA; ↑HO-1; ↑GPX; ↑NQO-1; ↑T-AOC; ↑SOD
	N/A
	N/A
	N/A
	↑claudin-1; ↑ZO-1
	(Zhou et al. 2022a)

	Desferal-Mn (III)
	64 mg/kg(i.p.) for 5w
	eye
	120 nmol (i.p.)
	1, 2, 3, 4w 
	rabbit
	N/A
	[bookmark: OLE_LINK1]↓MDA; ↑SOD; ↑GSH
	N/A
	N/A
	N/A
	N/A
	(Bhuyan et al. 1991)

	Edaravone
	200 μM
	PC12 cells
	0.05 μM
	24 h
	rat
	↑Mettl14; ↑GPX4; ↑SLC7A11; ↑FTH1
	↑SOD; ↓ROS; ↑CAT; ↑GPX
	↓TNF-α; ↓IL-1β
	
	↓LC3Ⅱ; ↑p62; ↓Beclin1
	N/A
	(Wu et al. 2025)

	Glucocorticoids
	2.1, 4.2, 8.4 mg/kg(i.p.) for 1, 3, 7, 14, 21 d
	kidney
	115.5 mg/kg (p.o.)
	21 d
	rat
	↓NF-κB; ↓TLR4; ↓MyD88
	N/A
	↓TNF-α
	N/A
	N/A
	↓SCr; ↓BUN; ↓KIM-1; ↓NGAL
	(Cui et al. 2023)

	Glucose oxidase (GOD) and catalase (CAT)
	40-U GOD/kg, 50-U CAT/kg
(p.o.) for 14 d
	intestine
	[bookmark: OLE_LINK7]10 mg/kg (i.p.)
	24 h
	piglet
	↑Nrf2; ↑Keap1
	↑CAT; ↓MDA; ↑SOD; ↓ROS; ↑HO-1; ↑GPX
	N/A
	↓Bax/ Bcl-2; ↓caspase-3; ↑Bcl-2
	N/A
	↑occludin; ↑claudin-1; ↑ZO-1
	(Sun et al. 2021)

	Melatonin
	2, 5, 10 mg/kg (p.o.) for 14 d
	intestine
	8 mg/kg (i.p.)
	7 d
	piglet
	N/A
	↓MDA; ↑GPX; ↑SOD; ↑CAT
	↑IL-4; ↓IL-1β; ↓IL-6; ↑IL-17; ↑IL-10
	N/A
	N/A
	N/A
	(Zha et al. 2023a)

	
	20 mg/kg (i.p.) for 6.5 h
	liver; kidney
	50 mg/kg (i.p.)
	6 h
	Kunming mice
	N/A
	N/A
	N/A
	N/A
	N/A
	↓ALT; ↓BUN
	(Xu et al. 2006)

	
	10 mg/kg (i.p.) for 28 d
	testicles
	10 mg/kg (i.p.)
	28 d
	Kunming mice
	N/A
	↓MDA; ↓ROS; ↑GPX; ↑CAT; ↑SOD
	N/A
	↓cleaved-caspase-3; ↓P53; ↓Bax/Bcl-2
	N/A
	↑ZO-1; ↑occludin
	(Yang et al. 2023)

	Pirenoxine and U74389F
	0.005% and 0.012% for 2 d
	eye
	300 μM
	5 d
	rabbit
	N/A
	↓MDA
	N/A
	N/A
	N/A
	N/A
	(Ciuffi et al. 1999)

	[bookmark: OLE_LINK11]Soluble thrombomodulin
	200 nM
	NRK-52E cells
	20 μM
	N/A
	N/A
	↓HMGB1; ↓NF-κB; ↑I-κB-α;
	↑CAT; ↓MDA; ↑SOD; ↑GSH
	↓TNF-α; ↓IL-1β
	N/A
	N/A
	N/A
	(Huang et al. 2023)
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