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A ACHE & M 2 F 1K, & =8 (Malondialdehyde, MDA) &2 2 % 7t & (p<{0.05); B &, R X M E T & m i
#-1pInterleukin-18, 1L-18) . & %1 #&L A~ %-6 (Interleukin-6, 11.-6) F= AF /& 3% & B F-a ( Tumor Necrosis Factor-a,
TNF-a)K-F 2 F EH(p<<0.05) ., 16SRNAMBPLRET, BRALHEEZERTALMAEAAHGFETENFS
B, RETHAHAOBEZEN, A EEANFEAS. BHARANFETE. AR AN ERFERZAL S, 124
B FEFER T, RN &4H80RE 20 THREAY, GLERE, BRASFEBIHETTER-E4K-FL
A% %h (Hypothalamus-Pituitary-Adrenal, HPA), 5| R &AL w5 X E R B, AR TR WAV VS EN R FEE D 4,
Flot, AR A FOMERHETLS X LGB R B FERG - KRS - R0 B HEIR, K&
FRAEE KRBT K,

X 8 W A R ARMERE; MEFE

HESES: S831.1 XEkARIRA: A

X E & S 1673 -9868(2026)06 0094 — 12 FoA A2 R R A FRiR 4L (0S1D) :

Weks B8 2025 -12-09

HETH . SME ARFIEESTH RIS B0 -ZK[2023]— % 107) ;s SN R W H R EERE[2024]07 5,
EZ WA ST, B, FENF W H 5 H LSRR 5T .

WAEIES . s, 4, YR,



2 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 48 %

Study on the Mechanism of Chronic Heat

Stress-Induced Intestinal Injury in Broilers

CHAI Lulu, YAO Wengian, YANG Yao, DONG Wenying,
QI Meixi, SHAN Chunlan, LI Hui, LIN Rutao

College of Animal Science, Guizhou University , Guiyang Guizhou 550025 ., China

Abstract: This study aimed to systematically investigate the mechanism of chronic heat stress-induced
intestinal injury in broilers. A total of twenty 28-day-old AA broilers were randomly divided into the
control group (Control) and the heat stress group (Stress, 33+2 “C for 21 days). The effects of chronic
heat stress on the intestines of broilers were systematically analyzed via growth performance monitoring
combined with histological staining, immunohistochemistry, Terminal Deoxynucleotidyl Transferase-
Mediated dUTP Nick End Labeling (TUNEL) staining, enzyme-linked immunosorbent assay (ELISA),
and 16S rRNA sequencing. The results showed that compared with the control group, broilers in the
Stress group exhibited significantly elevated body temperature, plasma corticosterone (CORT) and norepi-
nephrine (NE) levels (p<C0.05), indicating that the chronic heat stress model was successfully estab-
lished. In addition, the average daily gain (ADG) and average daily feed intake (ADFI) of the Stress
group were significantly decreased, while the feed to gain ratio (F/G) was significantly increased (p <<
0. 05). Intestinal morphological analysis revealed that chronic heat stress induced mucosal shedding and
intestinal villus breakage in the duodenum, jejunum and ileum, with significantly decreased villus height
(V), increased crypt depth (C) and lowered villus height-to-crypt depth ratio (V/C) (p<C0.05) in the
Stress group. Further detection revealed that in the Stress group, the positive expression of Claudin-1 and
Occludin proteins and the number of goblet cells in each intestinal segment decreased significantly, while
the apoptosis rate of epithelial cells increased significantly (p<C0.05). Oxidative stress markers showed
reduced total antioxidant capacity (T-AOC) and activities of the antioxidant enzymes superoxide dismutase
(SOD), catalase (CAT), and glutathione peroxidase (GSH-Px), alongside elevated malondialdehyde
(MDA) content (p<C0.05). Pro-inflammatory cytokines interleukin-18 (IL-18), interleukin-6 (IL.-6),
and tumor necrosis factor-a ( TNF-a) were also significantly higher in the Stress group (p <0.05).
16S rRNA sequencing demonstrated that heat stress lowered the richness and diversity of the gut microbio-
ta and altered its composition; Bacillota increased while Bacteroidota decreased, and although the overall
abundance of Lactobacillus increased, the abundance of beneficial species within it declined, with poten-
tially pathogenic bacteria showing a trend toward enrichment. In conclusion, chronic heat stress activates
the hypothalamus-pituitary-adrenal (HPA) axis and triggers oxidative stress and inflammation, thereby
directly disrupting intestinal morphology and barrier function. Concurrently, heat stress-induced dysbiosis
interacts with these insults, forming a vicious cycle of “oxidative stress-barrier damage-inflammation-
microbial imbalance”, ultimately impairing broiler growth performance.

Key words: broiler; heat stress; growth performance; intestinal barrier

Bt 5 4 B A5 20 B o TR A PR XS 3R 0 1) 1 2 . R A AR R A G AR, AN I (Heat stress) B R 521
FEWAHELENEERERNEZZ """, B TRSEAPERE, Rk 7T, R, AR %
ok, HALACR SRR P2 PR BE W 5 32 B R B IR EE RS2 . WFST R, AR 7R R BE IR Mo 32 “CHF & 5 i



% 6 REE, . T B A R 1 AR A5 69 AR R AL BT R 3

PR O R AR R IR TR L AR RE N IR L BT A5 RS RESZ B L R M A S A I B L L
A S A O3 R 4 B SRE SR A% + 7 TR W PR XY T R 1Y) 2 B A i

J B A E 3R B AL R B T, AR RE M R B R B E R R F R P B L E
F L R E OB T A B L A A G B R B ELAE AT, Hoh AR B RIS L R R I R IE
L BAR A0 0 73 08 ) 285 03 [ R A T IR SRR T3 R AR ISR — B B 2k . A WSS R, 18 2 FA 0 80
(DR MRS AT RS IR . LA RO S TR A T AR P9 I L 0 2 T Y I
B SR MR DR AN B L T S RE AR . Y I A 4505 2 G i 3 S
BE, A H YRR S ARG, 2 4 BV 1 S RE R, 2B A S

oo T A P A TE B i e AR R DL Tl B AR I RS SR R B R, R R Y
A RF DA S S e U8 5 S 2 R A B AR L BRSE A 5 W b R A0 R ST A W B B B L R Y E A S R
ZEN L WRFTRWT L v IR BT X W 8 A B4 R M T A A O L RO R 5 e T TR 1) 2 AN 2
BE, SEUMIE IR, BRI A F W BB At R, o — 2Dl i LR i . R
VEH R AR A L BRI B S MR ARUIR . DT B 5 A R R A MR

ARWFFELL AN XS BEFER G, AL T O8I 21 d B PR BN OB Y, AR R PERE L B B A5 454 | J5*
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JZ B (Corticosterone, CORT) ., Z&H 5 [ I & (Norepinephrine, NE) . 408/ £-18 (Interleukin-
18, 1L-1B) . 44 -6 (Interleukin-6, 1L-6) . Iy PRFEH F-a (Tumor Necrosis Factor-a » TNF-a ) ZF[iff
B A W2 B 22 (Enzyme-Linked Immunosorbent Assay, ELISA) & MR F] &0 T X = FaEf BRI A
PR 13 % Ak & B (Catalase, CAT) ., W B (Malondialdehyde, MDA) | i % 1k ¥ I 1L i ( Superoxide
Dismutase, SOD)IEPER MK &, 4", 6- Pk FE-2-K F M5k (47, 6-diamidino-2-phenylindole, DAPD) %
W ER I AL R E R A R AR A BEH K AL P (Glutathione Peroxidase, GSH-Px) . &
P L AE S (Total Antioxidant Capacity, T-AOC) K 7 & W F 5 50 dE A 9 TRBFSE AT SRR R e
(Hematoxylin-Eosin, HE) $¢ (Wi T & W A BR2A A 5 if R —75 % (Periodic Acid-Schiff. PAS) %4
A& T2 EEYABRA R R B A A% 1 IR B B 5 19 dUTP $k 1R 467 12 ( Terminal Deoxynu-
cleotidyl Transferase-Mediated dUTP Nick End Labeling, TUNEL) %53 9¢ 5t 5] £ W F 38 4k /R 25 4 A BR
N O MBI A B A Olympus A0 s A A EAL, V) RHL. HEWMER LW TIEEZR R AR AR
e IR 25 LI T 7 [ Eppendorf 2]

1.2 KEzsh54E

ABIEFE T A BN R 2= S AR R, T I B ) 5 BN KA IR S W 48 B D S L
HE G #ESi 5 . EAE-GZY-2024-T222),

WY 21 HES M AA IS 20 H, K6 180420 g, fHIFF THBEIRE 2242 C, HERSE
505 % IR IR s WA FE b, iE R 7 d 5. BEAL 2 A X AL (Control 41) AR 8 24 (Stress 41) , &
2010 HAS ., R A R SEAT 5 h A (9. 00—14: 00), R H 3342 °C, BEHN50+5%, HA
IF ) A IR BE A I AE 2222 °C, HHREMKOK, B HFgE 21 d, il Rl AR &, EWHA S,
IR AR AL, EREAS RS, 4 B 2 W A0 B A it D7 S X ARG SE it R BT . IR FEA I R BB T 4 C AR
17, AL AL E T —80 CIRAF.
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1.2.1 AKMHEmRRE

EIRESE 1 d MISE 21 d XS AR E T B 3 & (Average Daily Gain, ADG) , i 5 ] [7] £
HieREHREN B RE R, HEFH HREE (Average Daily Feed Intake, ADFI) fll ¥} & H (Feed to
Gain Ratio, F/G),

ADG = p (D
I,
ADFI = (2)
n Xt
F/G= d (3)
o W, —Ww.,)

A W, IR R T (2) s W, RIS BHA T ()5 ¢ I KRB (D s T, il i sk
BE(g); n NEHREHE,
1.2.2 ELISA #

PRI 45 HRUE B M, 28 4 °C L 3 000 r/min B0 10 min WCEE I ARAE T —80 C kA . 2 BRI
ZVEkE ELISA #6032t 50 £ 136 B9 45 % A X8 1 2% o CORT., NE, IL-6, IL-18, TNF-a #4741, 75 B bR 1Y
450 nm P AL I 5 ALY BE (R, 4 BRUEEH BT AR T,

1.2.3 HWBpiE HE % &

B PR A g 3 ZH T 4 0 22 SR WY T R I 2, RV LA S U0 e, MR RS L R R AT R B R B B
Ko & HE e )5t B, TR FEEAHL% 2, i Image-Pro Plus 6. 0 345 1T 45 7k B F H I 4%
B Villi, V) MBS EE (Crypt, O, FITABATERESREEE RHEV/O).

1.2.4 Wi fz st fe PAS R &

TAIAY iy 3 20 21 28 A W A S A AL BT L DL L XAP R R N 28 v (pHL 6. O AT IA S PR B R .
f#R 20 min J5 BARBH EEIR; W5 A#EMREL 2% 387K (Phosphate-Buffered Saline, PBS) ¥k 3 Ik, 5%
SR A8 DA Y st PR AL 4000 e v R R R S M 4 A 055 2205 43 I i 28 PBS MR BUR B 1) — T (i Claudin-1,
FiBEEL ] 12 6005 S Occludin, FBEHLH] 1 4000, F 4 CHEE FIHHF 12 h, “H Ul 1gG-HRP)
LI PBS # ARG B, BB LI 1 200, F 37 CHF 1 h; MiJE R QA IEBEHRM (3, 3-diaminobenzi-
dine, DAB)#EAT €0, B A5 LR AR Z YW E YL 3 min; HE LR BESIK . W AEW, R5H D
PERE S By T R AU T MASTE I IRIC 5% . SR ] Image-Pro Plus 6. 0 #5202 P Claudin-1, Occludin
PR DS B O BE (R . (TR e PAS e iRl &, DI Je i UG0S &2 /K s & iR e Wi Ak, A AL S
TR MYE s TN SR e, Y e oK vk s IR SR E R AR R Y Y, IS 4 100 8 R R 4
. TR s PR EERS EERE B K . R ORE M, B A R RCE B, TR T A R S
1.2.5 PA%piE TUNEL % &

O R AT YRS B 5 S . bR IC TAEM EAT AR IC )M 1 b, PBS Pk 3 K, &K 5 min, >R
FH DAPI 4 A% Y 8 min, PLoIEEEKE R 3 H, 32 RIFE 2% s F WA . R Image-Pro Plus
6. 0 BRI 40 2 4 56 O B PE X B0OF B WO A
1.2.6 BB #3547 4 m]

Z MRS T . B at A A AL N S A T A IR 1 B, DN E XS I 2R o CAT. MDA, SOD,
GSH-Px & T-AOC /K,

1.2.7 MEAFHZEZNA

K EBNEY & THRAS UGS, WARAE, £ 2 DG S AW ELREA A A AE Hlumina

MiSeq PE300 R4t b #E47 i &0 )% .
1.2.8 #IEHRITE >
fdi Fl IBM SPSS 26. 0 4 % i 30 B 48 04T 10 35 1 22 S 40 A, dEL ok AR ANOVA K e 41 ) 22 &, JF
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PEAT LSD Je R4 2 Jo fr e o 21 W) 22 e 5 7 BE AR iC i AT AR IC . AN E FREA R SRR AL B oA gt e
X (p=<20.05), /NG T [A) 80 7 B K on 4l 18] A B GE it 7 5 L (p=>0.05) . fli il GraphPad Prism
10. 1.2 &2,

2 ER545%H
2.1 12 PEHR B A 34 B 3 ST I8 o AT

K600 9 2 1 3% A R R CORT A NE /K-, B MUK & 5 b F R ik &, i 1 s, 5 Control
HAAEL , Stress ARG IMYE CORT 1 NE /KB 2 F 5 53.35% ., 32.49% (p<C0.05) , 718 Mk #w # A

X A5 TR ST AT
15 p= 500 =
a
—1
i 400 =
T | o
=
: 5 300 =
< b S
¥ .
0 &
&~ = 200 =
o Z.
o) 5= N
o H
H
100 =
0 ] 0 l
Control Stress Control Stress
a. ABMIZCORTS & b. AXEMIENES S

NG FAREAR R R 4 B A e 12 X (p<<0. 05),
B1 ABMENHEHEKE
2.2 BRI PG E KRR R M
W1 fi~,. 5 Control AAHY, Stress 4H XS H ADG Ml ADFI &K (p<<0.05), F/G BETE (p<<
0. 05) s 7~ PN Btk 25 5 e R WS A KPR RE . ANER 2 PR, Sl DR AR TR, RIRAESE 1 d SRR TE W3 22 7
(p=>>0.05); 5 7. 14, 21 dME W78, 5 Control ZHAH . Stress 4H HAR TR i & T (p<<0.05),
F1 EBEAEHTABEREENZ N

R PR BESR bR Control Stress

ADG/(g+d™") 15.9240. 05a 9.63+0.36b

ADFI(g+d ") 51.1340. 26a 41.23+1. 21b
F/G 3.2140.01b 4.2840.09a

H: FAEEERARNE FRHERERDEE(p<<0.05), BFRFERERABE(H>0.05); FHE.
F 2 (2R R T B SRR B B2 00

il /d it
Control Stress
1 41.20+0. 14 41.35+0. 21
7 41.2540.07b 42.05+0.07a
14 41.0340.18b 42.10+0. 28a

21 41.10£0. 14b 42.2040. 28a
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2.3 BERANHNABEEAAEHTLHZN

WntE 2a s . NHAERZ HE e 6088 IO 3T E0A XS+ a8 b =S i Al i S50 32 46, R 20
. B E SR, MAE WA X 2B MR sEAT I (& 2b, 2¢, 2d) . B5R R, 5 Control AL,
Stress LY+ 481 . A EZEHHTE V BEREK(p<<0.05), C BFEHM(p<C0.05), V/C BFREK
(p<C0.05) o 75 18 P R R 380 2 o 550 PA XS i 3 0 B8 o 4 47

rav— | 7 )f

+ I

Control Stress Control Stress Control Stress

a. + 7. = DBHEREER R

3 Control 3 Control 3 Control
6000 a a [ Stress 500 [ Stress 251 a [ Stress
a
b 400 - b = 20
a
4000 M /B ) . i , @ .
g 300 b b 15
£ VoE o
= ~ ~ b b
Y 200} 10
2000
100 - sk
0 1 1 0 1 1
Tl =Th = fi% Tl =Th 51 f5 48 23 51 f5
b. +=#E. =hH. OF c +Z-iH. =h. OB d +=k. =%. OE
BHESE FRRERE BREWEESRERELLE

B2 +Z#h. =H. DRARERTLER

2.4 BHERBHANFEM PASEEBER

G RE H LU 45 R R, Stress AN+ 48 . = . MG S % # H A Claudin-1 BHPEFR L E Con-
trol ZH i 3 AR 31. 55% . 51. 67 % . 34. 59 % (p<<0. 05, & 3a, 3d), Occludin FH#: k% Control 4 i 3 [
fi£ 22.00% . 21.11% ., 21. 69 % (p<<0. 05, & 3b. 3e), it PAS Je il AR 40 i it 45 5% 8" 5 Con-
trol ZAAHLL, Stress A+ 48 . =5 M . [ AR 20 i 500 2508020 36. 96 %0 . 35. 7124+ 39. 40 % (p<<0. 05,
3cy 3D H7R PR CE A s & B b B IE B H Claudin 1, Occludin (% BH M 3 15 5 FUARCIR 20 i %k
3 A X i T8 B AR A
2.5 5 TUNEL 8431

WE 4 frR, TUNEL 385, Stress AL+ 45 . A1 G TUNEL A% 235 H Control 414>
BITHEE 53, 1104 88,0620 61. 9100 (p<C0. 01D+ 4715 18 1 44 17 384 2 5 S0P X8 i 3 240 L 00 346
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Control . Stress Control Stress Control Stress
a. T8k = O b. +—1c. =B, OE ¢ T”#hH. Th. IF
Claudin-158 % HIC R BB ;- Occludin EAL R ERE F PASHBBE H
2 Control 3 Control
& Control
015 3 Stress 020 ~ [ Stress 30 3 Stress
@ @ x a
7 P - | a
R 010 = 2w 20F
o = = & b 2
%— 0.05 %— E % 10 >
g ] <
g 3 S
5 3 =
0 0 0
Tk = [B] % Tk = [B] % Tk = [Blfiz
d +Z#k. =h. O e. T-16H. =, Mg £+ Th. L
Claudin-1 B 1T R OccludinpAME B T45 5 PASZLEa MR URIRLRIT 45 R

3 BERBRARKANKEMPASEEBLER

2.6 2R X PG I 3R E AL R IR R A R

ELISA i I A5 & 75 . 5 Control 41 FL . Stress AR I3 T-AOC, SOD, CAT fl GSH-Px % it i
EREAR 17.79% L 24.12% . 46.67% . 16. 10% (p<<0. 05, Kl 5a. 5b. 5c. 5d). MDA 7 & &8N 82. 16 %
(p<<0.05, Kl 5e), FERHUARLL T M0 R HCIRAS . 12 M HRO0 8T 175 S RS & AR 40k
2.7 MR BT A8 M 3R K iE E Tk E B R0

5 Control 41 #H o, Stress 20 P X 1l 3% 1L-18, 1L-6 Ml TNF-« & & @ % [ 7} 65.72% . 84.25%,
45.85% (p<C0. 05, & 51, 5g. 5h), $ER 18 MEHN B2 T B =2 5 0E SN
2.8 B BT 938 7 E A A MR I

A% 16S rRNA I JF 20 Hr 4 5 7R . Control 2 OTU MBS E H T Stress 4 (p<<0. 05, &l 6a), &
BEM) o ZFREME IR, Stress 4 £ F8 50 B 2K T Control 4H (p<C0. 05, & 6¢c, 6d, 6e, 6f), HER1E M
Ut 2 A K PR NG g T TR R Y T BE RN R RRERY B 2 AR R, Control 411 Stress 2 41 W) U453 ¢
408 (K 6g. 6h, 61, 6)), $275 18 VE RN B0 & BSOS PO XS 0 3 G RE R E TS 45 4 W Rl AR O R s, 1K
T, 5 Control 4L, Stress 41 A EH 7 H R BE B ] (Bacillota) MR B 1] (Pseudomonadota) A Xt 3 i
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3 . 200 s 600 .
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< g 150} é 50 "
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R H
H 1 1
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Control Stress Control Stress Control  Stress Control Stress
e. ABMITMDASE f BBMIFI-65 = g ABMIFN-185= h. A MIFTNF-a 52

B 5 P35S | AL R R AR R R E B F ok
o, $UFFE T (Bacteroidota) AR 4= BEREAR, JEEBE B 1] 5 AT B 1 1A XS F B2 LB (F/BO 34 m s JE KT,
Stress ZH XS H W 1 4UFF 18 I8 (Bacteroides ) F1 % WA X 3 & (Romboutsia ) AHXT F BEFEAR, FLATHE (Lacto-
bacillus) . BBRE B (Enterococcus) IR 7 [CH — & W [CH B (Escherichia-Shigella ) X = B F 5 (p <
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