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Baicalein mitigates time-dependent colonic barrier injury in mice after high-
intensity exercise in hot and humid environment by inhibiting oxidative stress and

inflammation: A study on intervention dosage and critical time window

WU Xiaolongl, LIU Yurong], LIU Yuqingl, LI Linfangl, GOU Xinyuel, YANG Xuesen’, YI Long], MI Mantian',
CHEN Ka' '"Department of Military Nutrition and Food Hygiene, Chongging Key Laboratory of Nutrition and
Health, Chongging Medical Nutrition Research Center; ‘Department of Tropical Medicine, College of Military
Preventive Medicine, Army Medical University (Third Military Medical University), Chongqing, China

[Abstract] Objective This study aims to clarify the characteristics and temporal patterns of colonic
barrier damage in mice following a single simulated high-intensity exercise in hot and humid environment, and
further investigate the protective effects of baicalein (BAI) intervention on colonic injury, thereby providing
experimental evidence for the development of medical protection time windows and pharmaceutical
intervention protocols for personnel engaged in high-intensity exercise and operations in hot and humid
environments. Methods (DThirty SPF-grade 8-week-old male C57BL/6] mice were randomly divided into 5
groups (n=6): control group, 30 min post-exercise group, 4 h post-exercise group, 12 h post-exercise group, and
24 h post-exercise group. The mice in the exercise groups were subjected on a treadmill in a heat chamber
(temperature: 38°C, humidity: RH 75%) at 80% maximal exercise velocity (Vmax) (exercise 12 min, rest 8 min,
3 cycles; slope 10°). Subsequently, the colon tissues were harvested for morphological observation by HE
staining in each group; ELISA was used to detect the serum levels of inflammatory factors (TNF-«, I1L-6, IL-10,
and IL-1) to observe the inflammatory response of each group. Intestinal fatty acid binding protein (I-FABP)
and lipopolysaccharide (LPS) were detected to observe intestinal permeability; Microassay was performed to
determine the concentrations of reduced glutathione (GSH) and malondialdehyde (MDA), as well as the activity
of catalase (CAT) and superoxide dismutase (SOD) in the colon tissues; RT-qPCR was applied to detect the
expression levels of intestinal tight junction protein related genes Occludin, Z0-1, Claudin-1, inflammation
and oxidative stress related genes Tlr4, TNF-«, IL-1B, IL-6, IL-10, heme oxygenase-1 (HO-1), and superoxide
dismutasel (SODI), as well as key transcription factors HSFI, NF-kB, PARP-1, and NRF2 in heat stress
regulation; Western blotting was utilized to detect the protein of colonic tight junction protein Occludin.
@ For BAI intervention study, 24 SPF-grade 8-week-old male C57BL/6] mice were randomly divided into
4 eroups (n=6) control group, exercise group (high temperature and high humidity exercise, gavage with
deionized water 200 L), exercise+low- and high-dose intervention groups (BAI gavage 200 wL at 10 and
40 mg/kg per day). At 4 h after the end of exercise, colonic and blood samples were collected for serum levels
of urea nitrogen (BUN) content, alanine aminotransferase (ALT), and aspartate aminotransferase (AST) to
evaluate the safety of BAI. Other detection sites, indicators, and methods were the same as aforementioned.
Results (D The core body temperature was significantly elevated in the exercise group (P<0.05); the
structural damage, along with inflammatory cell infiltration was observed in colonic mucosa; the expression of
colon Occludin, Z0-1, and Claudin-1 was downregulated (P<0.05), and the protein level of Occludin was
decreased (P<0. 05), and the serum levels of I-FABP and LPS were increased (P<0. 05); The serum levels of
TNF-a, IL-1B, IL-6, and IL-10 were increased (P<0. 05), and the expression of IL-183 and IL-10 in the colon
was upregulated (P<0. 05); The concentration of MDA was increased (P<0.05), while the concentration of
GSH and the activities of CAT and SOD were decreased (P<0. 05); The expression of HSFI, PARP-1, NF-«kB,
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Tir4, TNF-a, IL-6, and SODI in the colon was upregulated (P<0. 05), while the expression of NRF2 and HO-1
was downregulated (P<0. 05). These changes were present at 30 min post-exercise, most prominent at 4 h post-
exercise, and markedly recovered by 24 h. (2 After BAI intervention, the core body temperature was
significantly decreased (P<0. 05), and the serum levels of ALT and AST were decreased (P<0. 05); colonic
mucosal injury was alleviated; the expression of Occludin at mRNA and protein levels in the colonic tissues
were increased (P<0. 05); the expression of Z0-1 and Claudin-I were upregulated (P<0. 05), and serum levels
of I-FABP and LPS were decreased (P<0.05); the serum level of IL-1B was decreased (P<0. 05), and the
expression of /L-1B in the colon was downregulated (P<0.05); The concentration of MDA was decreased
(P<0. 05), while the concentration of GSH and activities of CAT and SOD in the colon were increased
(P<0. 05); The expression of HSFI, PARP-1, NF-kB, Tlr4, TNF-a, and IL-6 in the colon was downregulated
(P<0. 05), while the expression of NRF2 and HO-I was upregulated (P<0. 05). These results indicated that
BAI possesses anti-inflammatory and antioxidant effects, with better efficacy in the low-dose group.
Conclusion Peak colonic barrier injury occurs at 4 h after simulated high-intensity exercise in a hot and
humid environment, and prophylactic use of BAI (10 mg/kg per day) can significantly inhibit inflammation and

oxidative stress and alleviate injury, providing evidence for time windows and intervention basis for colonic

http ://aammt. tmmu. edu. cn

injury induced by heat stress.
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2517 S RNA 2 RNA ¥ BE 4l B, U1 pg &L RNA,
it R Bt S0 R e i I 159 81 ¢ DNA L 20 pl iR R ik
378 8 PCR LW, TB Green Premix 10 wL cDNA 2 pL,
DEPCIK 6. 4 pL, E 519145 0. 8 plL, B MEAB 24>
AL, VLB-actin AINZ, 2 A Oceludin , Z0-1
Claudin-1,TLR4 , TNF-a IL-18.IL-6 .IL-10,HO-1,SOD]I ,
HSFI NRF2 ,PARP-1 .NF-kB 3R (R A X 435, 5197
IR,

%1 RT-qPCR5|#FFI
Table 1 Primer sequences for RT-qPCR

Primer sequences(S '—3")

Forward: AGGAGTACGATGAGTCCGGC

Gene name

B-actin

Reverse: GCAGCTCAGTAACAGTCCGC

Forward: TAGTGGCTTTGGCTACGGAGGT
Occludin

Reverse: AGGAAGCCTTTGGCTGCTCTTG

Forward: GCCTTCATACAATAAAGCAAATCATAG
70-1

Reverse: ACTGCGCATAATTAAGACGATCAAC

Forward: GCTGGGTTTCATCCTGGCTTCTC
Claudin-1

Reverse : CCTGAGCGGTCACGATGTTGTC

Forward : CTGGGGAGGCACATCTTCTG
TLR4

Reverse : CCTCTGCTGTTTGCTCAGGA

Forward: ATGGCCTCCCTCTCATCAGT
TNF -«

Reverse: AAGGTACAACCCATCGGCTG

Forward : GGGCTGCTTCCAAACCTTTG
IL-1B

Reverse: AAGACACAGGTAGCTGCCAC

Forward: GCCTTCTTGGGACTGATGCT
IL-6

Reverse: AGCCTCCGACTTGTGAAGTG

Forward: CAGAGAAGCATGGCCCAGAA
IL-10

Reverse: GCTCCACTGCCTTGCTCTTA

Forward: CCCACGCATATACCCGCTAC
HO-1

Reverse : TGTTTGAACTTGGTGGGGCT

Forward: GGAACCATCCACTTCGAGCA
SOD1

Reverse: CCCATGCTGGCCTTCAGTTA

Forward : CTAGACAATTTGGCTCGCGC
HSFI

Reverse : CAGGTTGGAGTCCATGGCAT

Forward: AAGCACAGCCAGCACATTCTC
NRF2

Reverse: GGATTCACGCATAGGAGCACTG

Forward: GAGGTGGATGGAACAGATGAAGTG
PARP-1

Reverse : CCTGCTGCTGGTTGAAGATGAG

Forward: ATCATCCACCTCCACGCTCAG
NF-kB

Reverse: TCCTCTACTACATCTTCCTGCTTGG
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Hm
35

Core body temperature/°C
w
J

CON 30min 4h 12h 24h

E1 RRURHRING SR EIE s e a/NRAZ MR (n=6,32s)
Figure 1 Core body temperature of mice after high-intensity
exercise under a simulated hot and humid

environment (n=6, x+s)

RAYEANN IR IRIE 532 35 12 h 2 n] UL 25 i b i 5
BENVEBRIR , H Sk T 78 00 07 5 P 0 i L R T R R
R R AR HAFA ZRZ SR 885 24 h 24
HOE) 7k AT B S TR i €= Qe ~SH LR A
HOE U P2 S PN i R P O W BT S o
7N, A LR v T e P R A i 0 R a gl B £

30 min

Ji o /N B R 8 L RS R PR 5 T P A R Mk At i
I, R 7EIZE BT 12 hAT RE WL F) , 25 24 h ) B
IR
2.3 MR RIRIE FH IR F N ATE D R A
H e R AL

[ 18 5% % T B 2 164 ) A6 ) 2 i 2 B A4 i i
BEEEEARE T M, DU 1-FABP 1 LPS ¥
FETb e . W BL, S5 BB M Oceludin . Z0-1
F Claudin-1 55 K 3% 75 70 AL PR B /& 0 3 32 3 )
30 min R WL E A, iz E4h 12 h IEL B E T
J8(P<0. 05, 3A B.C), iz 85 24 h AWK A ; 25
Occludin 2 [ & - 7EAS 0L ROA B i i E i2 3h 5 4 h
12 h Al 90 3 3% T % (P<0. 05, 13D E) . A6 il 4% 4
/NERIALTE T-FABP & LPS ¥k & % B, i2 8 J5 4 h . 12 h Ifil
5 I-FABP ¢ ¥ g 2 TH i (P<0. 05, [ 3F) , 718 B 4%
J5i 24 h 2 R R (P<0. 05, I8 3F) ;32 315 30 min .4 h
ML LPS & & THE (P<0. 05,181 3G) . LA LG 4s R %
W, 7 B YRR 0L T v Y BR B T A E AE Bh £ fr
Je L SEI /N B A5 B 3 M S 0, B T B R ) R 27
4, X0 A2 B 25 35 30 min i ER, 4 h 12 hfi
B3 B EE 24 h A FAW A

arrow: Infiltration of inflammatory cells

2 BENERMEEREEHAEENREBESEENNEETWL

Figure 2 Temporal changes in colonic morphological structure of mice after high-intensity exercise under a simulated hot

and humid environment



676 B 472 s R 22441, 2026, 48(6) http: //aammt. tmmu. edu. cn

4 P=0.017 5

-
[4)]

P-O 009 4

-
o
1

o
3
1

c
] P=00263 - P=0.046
S 1.5+ S 154
O —
5 s
- [}
g 104 L 3 1.0
5 s
[0}
£ 054 5 0.5+
X X
) [}
2 2
£ &
§ 0- T T T & 0 =

CON 30min4h 12h 24h A CON 30m|n4h

Occludin(59x10%)—

GAPDH(36%10%)—

Relative expression level of Claudin-1

Al

CON30m|n 4h 12h 24h

12h 24h

o
1

CON 30min 4h 12h 24h

- s -

St S
D

P=0.026 6
|
£=0.003 0 P=0.002 1
P=0.008 8
159 —————— 8004 P=00134 500 1 p=0.0009
P=0.017 4 1

600
0.5 4

400
' 200 4
0= T T T 0 -

Occludin protein level(vs GAPDH)
I-FABP/(pg/mL)

LPS/(EUIL)

400
300 -
200
100 -

0

T T T
CON 30min 4h 12h 24h E CON30m|n4h 12h 24h CON 30min 4h 12h 24h G

A to C: mRNA expression levels of Occludin, ZO-1 and Claudin-1 in colon tissues from each group; D and E: Representative

images of Western blotting results and statistical analysis of Occludin in colon tissues from each group ; F and G: Serum levels of

[-FABP and LPS

B3 RHULRARESREEHATENRELFENENNFEEN (n=6,5+s)

Figure 3 Temporal changes in colonic barrier function of mice after high-intensity exercise load in a simulated hot and humid

environment (n=6, x+s)
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Figure 4 Temporal changes in inflammation of mice after high-i
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Figure 5 Temporal changes in oxidative stress status of mice after high-intensity exercise load in a simulated hot and humid

environment (n=6,%+s)
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Figure 6 Temporal changes of key transcription factors in regulating colonic heat stress in mice under high-intensity exercise

load in a simulated hot and humid environment (n=6,x+s)
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A': Core body temperature in the mice of each group; B to D: Serum levels of ALT, AST and BUN
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Figure 7 Core body temperature and liver and kidney function in mice under high-intensity exercise load in a simulated hot and

humid environment (n=6,%+s)

arrow : Infiltration of inflammatory cells
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Figure 8 Effect of baicalein intervention on the colonic morphology and structure of the mice after high-intensity exercise load

in a simulated hot and humid environment
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A to C: mRNA expression levels of Occludin, Z0-1 and Claudin-I in colon tissues from each group; D and E: Representative images

of Western blotting results and statistical analysis of Occludin in colon tissues from each group; F and G: Serum levels of [-FABP and LPS
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Figure 9 Effect of baicalein intervention on colonic barrier function in mice after high-intensity exercise load in a simulated hot

and humid environment (n=6,%+s)
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Figure 10 Effect of baicalein intervention on the inflammation in mice under high-intensity exercise load in a simulated hot and

humid environment (n=6,%+s)
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Figure 11 Effect of baicalein intervention on the oxidative stress in mice under high-intensity exercise load in a simulated hot

and humid environment (n=6,x+s)

3.2 AR BH B E T AL MBAEIR R IRIE FH R EIE
)5 4 h s R4 0 B34

R R, TG B h 2 B R A LAS &R A A WER
25 A TR S 25 AR T, oAU R T BT AR R S X T AR A A
7T Bl 18 HA — B e 2 — i A gy
BIAFFEIA Ry 1 R 3 24k G W ) T 3l 40 i 1 e i 5
PEEABCEERON , £ 25 HEERE R H FKF, #25F
2 BT B ALY 1A 5T L A T SO VR A B
I KB G MG RS2 TIRIT 4w
A A A SR O AR T, S R
5 T W LE W R R T, B T s ) R A
WS RIS Y, BN 5,6,7-— 70
W, A A BRI R B EE S K Ak
ARG R AR B S s Y il R E , I e SRR
P AL AR iE R e Y A
FEUEI] B R 4G 2 e i R RE TR 1) 52, B AR
ATE T TTE R AR U 18 25 A2 s i AR, B0 SO 1T
T 5 B 25 1 96 BOTA 7 AR DY iR i 3 il SLIR
PR 3 B Sl TR FLIRRARNE AR T R 1B B

B i B B A SR G T B e MRS . B e
KR WM Sl Sy 2 E R SRR I M I 2 B IR R
2 htE A7 R 1 45 24, LA HAE A% 30 shink 27
AP IR B 3 3 W SCRN 2 A, DT B et 4% 56 B 1 1)
TRYPVET . ABIFSE R BR, i AR s B Z 0T LA G
R AR DL PR B8 w5 3 1 3 3 B S /DN BRUZE O 1
T RV 2 B, 25 3% T P 4L M55 ALT AST ¥ i 3
FRAK, R R A 25 e et 454 AR E SR
TG HSF1 FRALF AT B4l , &AL &+ T
B LA T 5 AT RO . BEAb, B R T AR
BB 25 I 2 PARP-1 Vi 4R s B 8 E s
S5 4 hIAZERS A AR AR E R . ISR TR,
250 NRF2 (HO-1 335 0. 3% 1R, MDA ¥R B2 F%AIK .GSH .
CAT K SOD ¥ J& Tt s 25 W NF-kB . TNF - Fl1 IL-6 [ 3%
TRE W R E T LT P IL- 1B e R R 4

BB R B (Occludin . Z0-1  Claudin-1) 335 |
4, Occludin 2 11 & 2 F+ 57, 1L [-FABP J LPS ¥k i
B LSS G 4 HE Je B 25 3L UESE 8K R B M T
AT A BB A AL N A5G R B A2 B 5 4 h A5 R (E



684

Bl 2242 R K22 41, 2026, 48 (6)

http ://aammt. tmmu. edu. cn

P=0.049 4 i | P=0.028 5 |
| | P=0.000 6 P=0.007 8
P=0.004 9 -
b 00006 g P<0.0001__P=0.000 1 3 P=0.002 7
@ 3+ =0. — 3 —
o g | il | = —
5 5 5
g 2 g
2 24 o 24 224
c = c
o o kel
D [}
< 14 g 14 1 -
) ] )
2 e 2
I B ©
& 0- 2 o- & 0
CON HHE HHE+LHHE+H A CON HHE HHE+LHHE+H B CON HHE HHE+LHHE+H C
P<0.000 1
P=0.008 5 ] LS
Q : P=0.0038 P=0.0007 P=0.000 1
2 P=0.024 4 P=0.0027 g oo ©
L 15 | ¥ = 2.5 | 1 45 —
z = 5 P=0.000 4 P=0.001 8
o S 2.0 © 44
[) [} >
> > [
2 1.0+ @ =
c c 1.54 S 34
S S @
7] [72] %]
173 172 [0
o o 1.0 5 2-
S 0.5 s g
) ) o
2 2 05+ 214
= 3 3
g 0- & o4 X g
CON HHE HHE+LHHE+H D CON HHE HHE+LHHE+H E CON HHE HHE+LHHE+H F
P<0.000 1
|
P=0.012 2 P<0.000 1
P=0.000 9 P=0.020 1
P<0.000 1 P=0.000 4
o - 5
4 2.0 P=0.006 4 P=0.000 6 ('3 3 = P=0.0427 P=0.001 2 8 1.5
z | | | | I I I | | 2
S 5 5
D . - —
i 8 2] s
c c -
S S 5
o1 s <l
S 14 5
® 0.5 3 g
2 2 2
& kS B
e o & o- e

CON HHE HHE+LHHE+H G CON

HHE HHE+L HHE+H H

HHE HHE+L HHE+H |

CON

A to I: mRNA expression levels of HSF1, PARP-1, TLR4, NF-kB, TNF-a, IL-6, NRF2, HO-1 and SODI in colon tissues

from each group
12

Figure 12

BERMERRARESREEN AT R NMNREFANHATRBPEREFRIENZM (n=6,x+s)

Effect of baicalein on the expression of key transcription factors in colonic heat stress regulation in mice after high-

intensity exercise under a simulated hot and humid environment (n=6,x+s)
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