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Abstract

BACKGROUND: Studies have shown that tea polyphenols have anti-inflammatory effects on multiple organs, but there are few studies on the effects of tea
polyphenols on central nervous system inflammation caused by exercise fatigue.

OBJECTIVE: To explore the central anti-inflammatory effect and mechanism of tea polyphenols in exercise fatigue.
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METHODS: 7-week-old male Kunming mice were divided into quiet control group, fatigue model group, and tea polyphenols group. In the fatigue model group,
mice were given exhaustive swimming at one time. In the tea polyphenols group, tea polyphenols were injected into abdominal cavity half an hour before
exhaustive swimming. The exhaustive swimming time in mice of fatigue model group and tea polyphenols group was recorded. Samples were taken from mice
in each group after two hours of exhaustive swimming. The changes of brain tissue morphology and structure in each group were observed by hematoxylin-
eosin staining. Western blot assay or real-time fluorescence quantitative polymerase chain reaction were used to detect the expression of inflammation-
related factors, the activation of microglia, and the activation of STAT3/nuclear factor-kB p65 inflammatory pathway in the brain tissue of mice. Enzyme-linked
immunosorbent assay was used to detect the levels of plasma inflammatory factors.

RESULTS AND CONCLUSION: (1) Compared with the fatigue model group, the swimming exhaustion time of mice in the tea polyphenols group was significantly
prolonged. (2) No abnormality was found in the hematoxylin-eosin staining results of brain tissues of mice in each group. (3) Compared with the quiet control
group, the expression levels of inflammatory factors tumor necrosis factor a protein, interleukin-1B protein, M1 activated microglia marker-inducible nitric
oxide synthase protein, nuclear factor-kB p65 protein and mRNA, and p-STAT3 protein and STAT3 mRNA in the fatigue model group were significantly increased,
while the expression levels of anti-inflammatory factor interleukin-10 protein and M2 activated microglia marker-arginase 1 protein were significantly
decreased. Compared with the fatigue model group, the inflammatory reaction, microglia types and signal molecules showed opposite obvious changes in the
tea polyphenols group. (4) The expression levels of tumor necrosis factor a, interleukin 1B, interleukin-10 in peripheral plasma and brain tissue were consistent
in mice of each group. (5) To sum up, exercise fatigue can trigger inflammatory reaction of nerve center, and tea polyphenols can alleviate this inflammatory
reaction, and then enhance the fatigue resistance time of mice. The effects of exercise-induced fatigue and tea polyphenols on the inflammatory reaction in

the brain may be completed through STAT3/nuclear factor-kB p65 pathway.

Key words: tea polyphenols; exercise-induced fatigue; central inflammation; microglial cell; inflammatory pathway; engineered tissue construction

Funding: Key Science and Technology Research Project in Henan Province, No. 152102310100 (to ZSJ); Henan Natural Science Foundation, No. 202300410267 (to
GJF); Innovation Team Project of Henan University of Chinese Medicine, No. [2016]124 (to GJF)
How to cite this article: ZHANG SJ, LI LY, ZHOU CG, GAO JF. Central anti-inflammatory effect and mechanism of tea polyphenols in exercise fatigue model mice .

Zhongguo Zuzhi Gongcheng Yanjiu. 2025,;29(30):6474-6481.

0 5|= Introduction

AR T E AR GRS T A, R
LR E RSy, (HEA T IR 15%-30%. 4%
Z W& 2 TR R SR, SRS, TEa Rk,
IR, LA REL. MR IRESE 6 KA,
HA DGR ( B IILRRRNEY ) mAEE, 5
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L IR B T, B R R SR AR T TS K
BRI PUE 57 66 70 5 g, A ORISR E R 7 o AT A
A% 1B mRNA R W& TR P AN %5 "R 5T 0 BoR
YO ORE il T DL AR IZ Bl 1 9 55 /N BUR FC il NLRP3 28 E /N
PRANGT B A 3R 18 A RIS, FR/NR IS
) BRF 1] A1 B S 386 o X SR AT 5 25 SR 459 0 B HR R 2RE Al
DT 2 MR BT, FF BN, REMALRE
FIFT R AR M, G P AORE, thtn, F2myar i@t
e 2 JOE DR R R K R B EE Y R RR B
FUB B 57 TSN 2O0E, T ARz shik 57 I A %,
Jo I 06T 4% 2 Wy X2 Bl 982 57 T B0 1 4 Hh R 4 R L
(RIRFF TR 852 o Z T S8 DL /IN B — YR 8 it ik Ry 98 57
B, TS % By RIS B9 55 T B0 FoiX 9 hE A 53 2 1Y)
SO, PREAAS 22 W P 55 A0 P K 28 0E (1 1 F R
I PRBIF A B9 55 DR {8 PR AR A4

1 #RIFI53E Materials and methods

11 &t BEVUS IREISELs, JEEVETHE: 2 AR
EE IR FH LR 2R 7 2 93 BT (one-way ANOVA).,

1.2 B RS SZIG T 2022 4F 10 H & 2024 4F 4 A AE
T i 2 247K 5 R 0 S B 5 e

1.3 ##t

1.3.1 SEIGENIA S IEE R AN 24 K, 7 A
W, R (20.1622.34) g, HAEMSLEG BN 0 SR AL,
A PR YR A AE S SCXK( 74 )2019-0002, 12 h/12 h BH BE A8
B, s s g (2241) °C, HEIAXHRE N 45%-
65%. LI FEFTE T B A SLRma e IR )
NI A L R P R AR PR B AR
e (B L2 DWLLGZR202202069). K5/ R BN/ 3 4.,

R TR, KM, HAH8 N, Bl
REOK.

1.3.2 FEACA ARG m A R RO L (I A
H1750R); HiAETER S FR46 ( H A ASONE); BEAR A ( 35 H
BIO-TEK); LKB8800 Yt i 7] Jv Al ( it # LKB); %< i€ &
R A e U S AL (ABI, Stepone plus); FEUKA. LAY
FE A B (EE BIORAD A+ ); A4HIEN 3 1B %
TERERUA . EIA0A 3 10 SR 2 s BESLAR . IR A SRR T o
SN —ANE G %2 wEPiR I E 5% E Proteintech
Group, Inc; FHZ KRG 1( arginase 1, Argl) %% T fEHIIA.
%A ¥ «kBp65 B FTLFEUR . p-STAT3 £ s FEHiiAIN H
Affinity Biosciences LTD; B A ALY AR 10 E TR —HL.
AR E AL MBI L PR P B- DLBh &R A R T k%
ook B RO LAY TRARAR; EAbicWHE
SWis AEMBI B A B IR AR A2 W (4 > 98%).
TrizoL W B AL R EEZR A R A F]; HiScript® I Q Select
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RT SuperMix. SYBR Green Master Mix Il F g i i ME#E A= id &, 55 2 REH# 2 -80 CIKFERfF, LRGS0 T

W R A A B2 5] ; Taq Plus DNA Polymerase, DL2000
DNA Marker Il b 50U RARAEMBH AR A F .

1.4 FZIEFH*®

141 /PNEOSEIPER AR NI 57 R I
SR [15-16) 7 EEAT, JRMRARE SER Wt AT a2
VR, NG SRR IR 1S, 2 E T A A FEITIZE)
AE3E, Ak 2 N BCR SR IE 77 v i UK 7 SIS B
FR, BAKTTEN: NBRAEK 110 cm. %E 60 cm.
45 cm [ZKEG [ KR (221) °C 1 H Bigik, ek o7
KOADRERTBYESE 7% R EHE 2, MNRAKIEFET]
Y IEUKIN ) JpsbrdE: NRITAIK T 7 s AREFE,
/INER TR IS TE] o /N BR AT S RS R R . 2 ER AN S
BE ST 2%, B, WRWLIRTER, 2h G .
72 Wy N A S Sk [17-18), &5 A IR T
A% 2 Wy /N BRAE ) v i UK BT /NI 4% 100 mg/kg 171 &
s VA 5 2% 22 Wy A B ER KISV (5 mg/mL)o 9 57 IR 2H /)N B,
E 7 S ik A JE s S S AR AR A B ER K

AN T IS G RT A2 th AR X ERE

BEISFRE /AR — K 5 W vk S BUS 3% 57, R LR A8 S8,
[ ESA ZHE LA, BRI, AEAFTIESR IR, T H
X O A 7 A AN B R

LY ERER Tt ELHA /D B B 24 S8 S D B
EERARMAR  NRAEK 110 cm. 98 60 cm. 7 45 cm (R RE [ Bk, S

SEpE K KA AR AR 79% R L, MR Kt
KR T ASBERE: NRIOOK TR 7 s AR,
ATV 6]

EREIITNGE R HE R A BIIE R K

R

EHERSTWME O/NR BRI A @/ RINA L AR - Pt s R,

Eiton ML MR IR T an AN 18 M 4N 2 10 &
s @INASE SR AL R AT ATRS AR 1 8 %Rk,
® k2121 p-STAT3, %K F B p65 & [4 & STAT3. 1% KT kB p65
mMRNA {521k @MLK AMMA 3 18 F4RHA 3 10 FfHIRIR
TR T a Bk

RIBERSHE SNW) LU0 A 5 PRI g v 2 25 K R AR T2 D e it ( o
#it5: DWLLGZR202202069)

142 BB S4U/INRAE S 5EIK 2 h JRBOM, RHT 25%
S B TR A B SR R U ISR AT (1.5 g/ke) JRRIFE /N B
J&, UK BRI B, ZENTCE T 40 g/L 25K
HEER I, AN E T . [BUEHR RS T 4 °C
UkFEH, T HZIERI . RAEE b ) A SR R
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1.5 T EIRIEAT

1.5.1 JpAKS - L EIEME A SIS A ¥
TRAFT 40 g/L Z R FHEE R (W AL ZRHL Y, #EAT IR, A4
WA, YD R . TRORKE A A et BPIE, AW 52
MR, MO, dHM TR,
1.5.2 4 B VAR DU b 4 2R SRE IR ¥ Je i 3 A — S AL
Rl KaEEE 1. 1 kB p65. p-STAT3 [{j#F H &
ik HU-80 CIRAFIIMAZ, #E2H 8 X, J3 il FHIRALEY
0.1 g 20, FBEER Eh &z b SRyl 3 G WHEE, FEAR
HNEIE, HEEEC, MEEaKRE; BRI ED
AR JE SR AE 5% BRI B e, AR RAE RN A B 4T
Jo7 B RN Gy AAE 6%( 15 28— AL A G ) o 10%( %
[Xl ¥ kB p65 I p-STAT3) F1 15%( [ 4H i /i & 1B, H 4 i
3 10, MIEIRTER F a FKE 2R 1) -+ b i
BN - BRI B K o B I e DI B IR
IR 2 R R ORI, PRl B R E A, 4 C ool
B E — P (B- WlahEEE N 1 ¢ 2000 #kE, MHIEIRAE
Kl a1 : 800 #ikt, H4HME/Z 1B A1 800 Fiks,
Ha4if & 10, BN -EHUEAGEE. FBARME 1. &%
[ F kB p65 J% p-STAT3 35251 © 1000 %%t ), 37 CiF &
XPR.ZHE (1 : 5000 #ikE ), ZiMWFHE 2 h, PVDFJEE T
BCLF SRR P 252 . ] Image ) AR 23 BT I K AR
3 REHE L

1.5.3  SEW 9w B 5 A i XU LA v 2H 23 STAT3 Al
¥ kB p65 ] mRNA 7K>F  HU -80 °C {47 I fini 2H 2K,
A8 K. MMALREG, FEARHANEIE, K Trizol
TG E T HE AT S RNA R, Tl 4 6O FE vl E RNA
WIE o AR M 52 4f B A o IR . S B 5 Oy cDNA.
W 17 cDNA ¥R 5 J5 45 & SYBR X B A& &, X fixi # STAT3
% Bl kB p65 [ JE (A 32 08 7K~ 34T M e« IR B4R &
SN 20 pL: SYBR Green Master Mix 10 pL, 7.5 umol/L
5147 0.8 uL, A7 %) 4 uL, 50xROX Reference Dye
II 0.4pL, ddH,04.8 uL. i 3 REE MR . [ NFEF
FiAE 1 (95 °C, 10 min, fEFF 17 )> A8 (95 C, 15,
FEIS 40 1K )-> B KIEAH (60 °C, 60, FEHIS 40 IK)-> taf#
M4k %4 (95 'C, 15s; 60 C, 60s; 95 C, 15s, fHH
1R ). VLB-WBhE AN S, SR 27 x4 1
HEAT AR 2 B4 #r: AACt= SEEGZH ACH(CT H fkE -CT B-
Wish& [ ) - X4 ACT(CT H R -CT B- Wsh&E ).
H 3£ K mRNA BRI RIA B =27 R A e s v 5
VI3 IR 1.

1.5.4 I G 2 W PR ARSI IS5 28 0E PR R JBOK P B
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# 1 | #%BE T «B p65 F0 STAT3 HEE B AEFHER R 5 HIFE5
Table 1 | PCR primer sequences for nuclear factor-kB p65 and STAT3 genes

B 519 PCR 74K/ (bp)

B- WzhiEH CAC GAT GGA GGG GCC GGA CTCATC 240
TAA AGA CCT CTA TGC CAA CAC AGT

GTA GAG CCA TAC ACC AAG CAG CAG 123
AAT GTC GGG GTA GAG GTA GAC AAG T

CAC CGG ATT GAA GAG AAG CG 194
AAG TTG ATG GTG CTG AGG GA

F¥5 (5'-3)

Forward
Reverse
STAT3 Forward
Reverse
1% A -F kB p65 Forward

Reverse

B UL T E R SR AE I T o AN 3R 1B A
M2 10 KT, BRI N: 96 FLRIRE S AL, WE
FLEHRRHESL, 23 BUINKE SRR A IUAE S AR &
MBESERUE, HIEFE 1.5 hy FRMWA, AL mAH
WTAER (BUHBIAD ), =MEFFE 1 hs FFRAEEER, L
OIS G TR (LIS, BELORAE ), =I5
H 30 min; FRMAJEHAR, SALINE AN, 37 Tk
B 15 min; JIANZ LR, BRSO EROLE (A) {E.

1.6 “itF o SLIEE >R A Graphpad prism 8 4t
THA AR EE, THEBTRERH xts RoR, 241 HLBCER A
FL.R 77 Z 77 F (one-way ANOVA), LL P <0.05 NZERAH
BEME X EGH 5 E QA 24 KA
WGeit 25 K i

2 458 Results
21 FahdhsEorr SERIET/NRBLK, 3 4R
324 HE N&5 SR M,
2.2 R FFAREE SRR, REZEHmAE N
bR ) i vk I TA) d 5 1K (P < 0.05), DLl 1. S5
Z WA PUE 57 A RN RIS B RE T IPE R -
23 PR FAM - FLLELER S EAM
b, 98 55 15 Y 24 RN o5k 22 My 4H i 1 AH 23 BU% M Ve I R AR
1, dHMRHEDRE ST, KU pI gl A IS T WL, MRz
HXTLCEER], TSR WIS H, WE 2.
24 ) RWALIEIFCE T a. @K 1B Ao b
JanF 10 & & ik RGBS RER, 5t
FRZH AR B, 9% 5 A5 2R 2H /)N BRI 2EL 23 9 SR ZE TR o I
AP 2 1B KA BRI N (P < 0.01), H4H/r % 10
RIBH R (P<0.01); HEFBMAMLI, KEMA
/I B ZHL 23 R SR BB Rl - o0 AT AR A 2 1B SR B Sk gk
/b (P<0.05, P<0.01), HAIMAZ 10 FiExH BN (P <
0.01); SZxf AL, %52 M2/ B 42U R IR
FER - o AT ZH A 3% 1B AW IE I (P < 0.05), K
YA R 10 FKIA W] ks> (P < 0.05), DLE 3. 4555
BB T G M AR SOE RN, T 2 2 T A SRR SORE
WIPER, AR5 2 W% a8 309% 55 B 8000 HA 98 0 1) 2% i
VE R AR TS B 22§ K-

2.5 PRBARFFE — B RSB RRHTE 1 a9k
A AN /0N B o 200 P P ST Y R A AN TR R A 2 N . R
FH G % BRS04 /N R ZH A ML B (BRiE R A RS
MM RGN ) AT M2 B (bR HEREE 1) DR
B MAR SR K. SR B, Hia AL,
95 55 15 Y 2H /) BRI 4H 23155 3 B — SR A RCA iR O B i
B (P<0.01), FEEIREG 1 RIA Bk (P<0.01); 5%
FEMAMEL, R NRMHRSEFHE AN AE
il 23 W] S BEAI (P < 0.01), TIAS 2 IR 1 34 W] . 5 n
(P<0.01); Lz amtl, RXZma/RmHESES
B — S B A RIS EIG N (P <0.05), MMM 1K
BB (P<0.05), WLE 4. SRV, BFZ By
NS SR E AR AR RIS, (RIS R 1
IR, PO /N B A A B M1 B ) M2 R EEAL A R
MR HEE (B 55 22 Wy 62 30 9% 57 i 350/ 08 e Joi 41 i
AU IR G T B e 2K

2.6 /) RIEZALE p-STAT3 Fotz B F kB p65 & & £ &  #ujis
BRI 25 R, 5t A b, P95 R 2 /N
B i 2H 2R p-STAT3 A% K] 1~ kB p65 12 B 2.4 Jiil (P < 0.01)
s iR AR LG, Z 2 Wy /N SR 221 p-STAT3 Al Al
T kB p65 FIAHEFFAC (P <0.01, P<0.05); HZExf
AR, 2R 2 W4/ RN 4L U IR 7 kB p65 R IA IH 1
fn(P<0.05), WES5. Z5HRULH, /R 30957 1
R N AT BE S 3 1 0 STAT3/ A% Rl 1 kB p65 15 53l %
SEIRIRT, 2% 22 oy %o i 4L 2R 98 0 I 2% f AF FH o 38 o 0 |
STAT3/ #% A+ kB p65 {5 F il B SLHLY), {HRE K ZMXia
BN 55 15 LT 1) kB p65 5 5 i B (1 4 il A H I A 2
B KT

2.7 > R 48 42 STAT3 mRNA #=4% & -F kB p65 mRNA 7K
B SER RO E BIR G MR AR S R R, 5
XTREZEAR EL, 98 25 A5 0 40 /) B i 45 23 STAT3 mRNA Fll % [l
T kB P65 mRNA 7K-F-B i 7t 15 (P < 0.01); Sy 55 A2
FHEL, 24/ B 414 STAT3 mRNA k% KT~ kB p65
MRNA 7K B 2 [ZK (P<0.05). 5 lAMIL, *%
Fiy 4 /N BRI 2L 27 STAT3 mRNA FZ K 1 kB p65 7K B fa. 7
= (P<0.05), WLE 6. 45U, ALREaEGTFNRE
My (1) F5,  STAT3/ #% K- kB p65 15 5 7 1 7K1 M Jk K]
RAKFESH TR, 1 H XA SR A& R IE K
E—Em,

2.8 @G mieiFE 1B, & @IeA-F 10 oI B R B
T o 69 BEIR K R R M A 2 R DL 7. IR G g U PAS:
MR EIR, S A, 52573 H /DR K
JH IR R FE IR - o AT LA A 3 1B R B B R (P <
0.01), HZHMN = 10 HEREHEFMK (P<0.01); 5
P AR T AR L, 2% 25 M 2HL /0 BRI i 8g R BB TR 7 o
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Figure 2 | Hematoxylin-eosin staining results of the hippocampus of brain
tissue of mice in each group
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Figure 4 | Protein expression of phenotypic markers of microglia M1 and
M2 in brain tissue of mice in each group
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P<0.01, P<0.05; n=8, NF-kBp65: %[KF kB p65.
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Figure 5 | Protein expressions of p-STAT3 and nuclear factor-kB p65 in
brain tissue of mice in each group
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Figure 6 | Expression of STAT3 and nuclear factor-kB p65 mRNA in brain
tissue of mice in each group
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