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Research Progress in the Damage of Bacterial Endotoxins to Livestock and

Poultry under Heat Stress and Its Potential Mechanisms
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Abstract: The rapid development of large-scale and intensive livestock and poultry farming has led to
a significant increase in the frequency of heat stress, which results in a series of harms to the
production performance and physical health of livestock and poultry. Studies have found that the body
damages of livestock and poultry caused by heat stress are closely related to endotoxins. Under heat
stress conditions, the increase in peripheral blood volume leads to insufficient blood supply for the
gastrointestinal tract, resulting in damages to its barrier function. Consequently, an increasing
translocation of bacterial endotoxins into the blood system would lead to damages to various organs of
the body. This article reviews the generation of endotoxin in livestock and poultry under heat stress
conditions, its damage to the bodies of livestock and poultry under heat stress conditions, and the
research progresses on the relevant body damages and mechanisms, with the aim of providing an
innovative reference for the prevention and control of endotoxins hazards in livestock and poultry
exposed to heat stress.

Keywords: endotoxin; temperature-humidity index; TLLR4; NF-kB

* Corresponding author: WANG Zuo, E-mail: zuowang@hunau. edu. cn

I %5 H#3:2025-04-16

E&TH:FHEKARPFRAFERS T H (32302764) ; B/ 4 B AR 54w 10 H (2024JI5179) 5 ) 3 48 F2 30 7 Il AR R &
EEEN: £, WA, EENFE P EFEM5, E-mail: 2193808522@qq. com

*BEMEE:E W, FENFRAIYE RS HEMAERDS, E-mail: zuowang@hunau. edu. cn



1240 R

SR S 57 %

e BE R PR, Sh W AR o A Y 4
it i 0 A5 By MUK B0 58 48 35 76 — > A R e R
JE R 5 1 2B R B A E S RN . R
BB T RN V) SRR A TR 25 e, R R R
88 (temperature-humidity index, THI) & PFAf o X
TR e AR ok Ut 24 THI>>68 B, 447 48 I g 47 %
B AR T B R AR v RE R R D
BN Sy BB ORI xR AR R B, 2
THIZ=72 %A 1E A JR FOR S . 58 IE B, 34
L VO B Y AR KPR RE AR BREE AR NP IR G R
BE BUE AL RE S 38 R RE S8 7R AR R R
WS I, AN & S LA B 05 5 M2 R % )
FHOGMST PR R, — A 2% B B (Gram-
negative bacteria, GNB) I 4= K F1 3G 5 4t , 5 2 B
i 3 TR 2R A, T GNB 43 24 A0 T2 I 2 BRIk R
s £ B (lipopolysaccharide, LPS) , Bl N # %
(endotoxin, ET)™ s 5 — 5 M, AN 3 51 & W i fik
ML, i 5 K8 3 M 4 (reactive oxygen species, ROS)
A2 L, S BOA W B R T o AR AR B B BRE R BN . ET
P [ 38005 A T B 0 A% H TR W R A AL T
(NADPHO) , ® 2 ROS $& % , Jil Jal i 38 24 Jfa Ji 45 4
P05, 6 ET 3 A MW AE 3 . ET AIMLG 8006 %%

240 MR A P A T R R SR A AT - 5 B2 TR -
PO IE RGP, [ ROR SRS S e AR
SCERIR T IR BTN R S IRNET ke, &
Xt B & B AR A5 4 0 A S AL ATF 5 E R L LA O K
W T B EERNET faF AP ERIES% .

1 RENBETHREENTE

LPS i F GNB i 4 i BE o, fy #¢  ME O Bt Ji 2
WO 4E A0 28 KIE A =3 (& 1), H
hORIR ARG EE MR M RIENN, S
SV I SR N R T AR R B B N B I A O G
4 GNB 43 245 58 T B BRI i 22 W A i B RS R
AR ETV L Zh A 8 AR S LR S5 R Y 4
PALPE G D9 S AL 1Y) 22 R A O R 7 AR T, AN [m) B 33 R
F YRI5 R A B BN g R A AR i R
i 3 TR R At A 2R A RO SR D L R B
B S0 W £, JE 52 ma L P R K G B R I AR
R IR AT sh W HLAAR R 8 R i v
W AFAEAR I E 1 ET R £ X AL i 453 405 , 1 44
I P51 A P A TR R A A B D S T GNB
(R 3= 3, LB A AN 38 ) ) B, BT R B A i 2

= [23-26
P,

Polysaccharide

Phospholipid

O-specific Chain

Core Region Lipid A

Repeating Unit

Outer Core

Inner Core

B1 FEZFHEELPSH—RKUFEEHK(AEH Figdraw 4 §)

Fig. 1 General chemical structure of gram negative bacterial LPS (by Figdraw)
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HS. Heat stress; ET. Endotoxin; GNB. Gram negative bacteria; ROS. Reactive oxygen species; MDA. Malondialdehyde;

SOD. Superoxide dismutase; HSPs. Heat shock proteins; NLRP3. NOD-like receptor protein 3; Caspase-1. Cysteine-aspartic
acid protease-1; MLCK. Myosin light chain kinase; TNF-«. Tumor necrosis factor-a; IFN-y. Interferon gamma; IL.-13/6/8/
12/13. Interleukin-1B8/6/8/12/13; COX-2. Cyclooxygenase-2; MD-2. Myeloid differentiation protein-2; MAPK. Mitogen-
activated protein kinase; TLR4. Toll-likereceptor 4; NF-kB. Nuclear factor kappa-B; LPS-LBP-CD14. LPS-LBP-CD14
complex; ZO-1. Zonula occludens-1
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Fig.2 The damage and mechanism of endotoxins on the intestinal tract of livestock and poultry under heat stress conditions

(by Figdraw)
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HS. Heat stress; ET. Endotoxin; PLA2. A2 Phospholipase A2; PG. Prostaglandin; L'T. Leukotriene; ROS. Reactive oxygen
species; VEC. Vascular endothelial cell; VCAM-1. Vascular cell adhesion molecule-1; MCP-1. Monocyte chemoattractant
protein-1; TNF-a. Tumor necrosis factor-a; IL-18/6. Interleukin-1B/6; COX-1/2. Cyclooxygenases-1/2; MAPK. Mitogen-
activated protein kinase; TLLR-4. Toll-like receptor 4; NF-«kB. Nuclear factor kappa-B; LPS-LBP-CD14. LPS-LBP-CD14

complex
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Fig.3 The damage and mechanism of endotoxin on the cardiovascular system of livestock and poultry under heat stress

conditions (by Figdraw)
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HS. Heat stress; ET. Endotoxin; UPR. Unfolded Protein Response; PERK. Protein Kinase R-like endoplasmic reticulum
kinase; IRE1. Inositol-requiring enzyme 1; ATF6. Activating transcriptionfactor 6; ERS. Endoplasmic resticulum stress;
Kupffer. Kupffer cell; NRF2. Nuclear factor erythroid 2-related factor 2; SOD. Superoxide dismutase; MCP-1. Monocyte
chemoattractant protein-1; Bax. Becl-2-associated X protein; Bel-1. B-cell lymphoma 1; ROS. Reactive oxygen species;
Caspase-3/9. Cysteine-aspartic acid protease-3/9; TNF-«. Tumor necrosis factor-a; IL-18/6. Interleukin-18/6; MAPK.
Mitogen-activated protein kinase; TLR4. Toll-like receptor 4; NF-kB. Nuclear factor kappa-B; ALT. Alanine aminotransferase ;
AST. Aspartate aminotransferase
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Fig.4 The damage and mechanism of endotoxin on the liver of livestock and poultry under heat stress conditions (by

Figdraw)
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HS. Heat stress; ET. Endotoxin; MEC. Mammary Epithelial Cell; NRF2. Nuclear Factor Erythroid 2-related Factor 2; Bax.
Bcel-2-associated X protein; Bel-1. B-cell Lymphoma 1; ROS. Reactive oxygen species; Caspase-3. Cysteine-aspartic acid
protease-3; TNF-a. Tumor necrosis factor-a; 1L-18/6. Interleukin-18/6; TLR4. Toll-likereceptor 4; NF-kB. Nuclear factor

kappa-B
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Fig. 5 The damage to the mammary gland of livestock caused by endotoxin and its mechanism under heat stress conditions

(by Figdraw)
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Fig. 6 The damage and mechanism of endotoxins to animal testes under heat stress conditions (by Figdraw)
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Fig.7 The damage and mechanism of endotoxins to animal ovaries under heat stress conditions (by Figdraw)
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