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W OE. B MRBREFIEHEKR A HEFZ AT NF-k B2 5 B8R 8 %%, RILAE NF-«k B 155 @5
R R R AL LR KR B fe VE R AUH) 4 B It RERE 7| A2 6 PSR AR A S Jr ik ¥ 3 Rl AdE SD K
RIAT A 6 B e 4E AR e ¥ K R0 A AT B (NC) AR AR (CE) ., & Mg *T B4 (HC 41) & g
B2 (HE 40) , 3R47 A 80 12 B & i ok T3, #) B ELISA 4= RT-PCR 0 2 A5 K4 E LA 2R K g B
FFe g A0 & BT 69 kA KPR A Western blot #&0 EH L P4 H T kB #74)% 8 o (IkB o ) BFER LK T
B A% WA AT kB(NF-kB)p65 4%, EH B A MR FA AR MEH LR 5 NC A48k HC 4Kk E Hid =
B (TG) &2 BF (TC) &% E g% & (LDL) K -F ¥ I &, & % B & @ (HDL) K -F B4& (p<0.01) ; ELISA #
M 27 NF-«k B IL-6 KF 35 HH 3 (p<0.01), TNF-a KFF % (p<0.05) ; RT-PCR £ £ £ & p62mRNA 4%
¥ (p<0.05) , LC3-I1/LC3-1 A% (p<0.05) ; Western blot 2 7 IkB o B2 1L & 0 i 1 NF-kB p65 K -F 8 %
& (p<0.05);CE A4k €I & TG TC K-F ¥ I & (p<0.01),LDL K -F A&k (p<0.05);ELISA # @] B 7
NF-k B IL-6 7K-F A& (p<0.05), 5 HC 4a4art HE 284K & T 4 (p<0.05), TG K-F BA4%(p<0.01),TC LDL 7&K
F 4K (p<0.05) ; ELISA A2 & I NF- k B IL-6 7K -F 3 4% (p<0.05) , TNF- o 7K-F 3 4% (p<0.01) ; RT-PCR
£ R 27 p62mRNA & % B4K , LC3-1/LC3-1 7+ & (p<0.01),Western blot 2 7= IkB o #f B AL % 29 e 4% A
NF-kB p65 7K-F 2 FBAK(p<0.01) , 538 #4: 12 B AR89 2 5 3% B kB 35 T 2 LI ZORE | & Fu s
LA, A A E S| A e LR M KR KR AL T AR R R IRIE S ) NF-k B 42 5 i@ A5 A A
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Swimming Modulates the NF-kB Signaling Pathway to Mediate Testicular Autophagy in

Obese Rats to Interfere with Inflammation
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Anhui, 230000)
Abstract; Objective To observe the effect of swimming exercise on the nuclear transcription factor NF-kB signaling pathway in obese
rats, and to explore the effect and mechanism of action of modulating NF—kB signaling pathway on the inflammation of testicular tis-
sues in obese rats, so as to provide a reference for men’s problems caused by nutritional obesity. Methods Male SD rats were modeled
at 3 weeks of age for 6 weeks. After successful modeling, rats were divided into standard control group (NC), standard swimming
group (CE), high—fat control group (HC), and high—fat swimming group (HE) for 8 weeks of non—-weight—bearing swimming inter-
vention. Expression levels of lipid metabolism, testicular tissue inflammatory factors and autophagy-related factors using ELISA and
RT-PCR methods Detection of nuclear factor kB inhibitory protein alpha (IkBa) phosphorylation level and nuclear endonuclear factor
kB (NF-kB) p65 content in testicular tissues using Western
blot. Ultrastructure of testicular tissue observed by transmission
electron microscopy. Results Compared with the NC group, the
HC group had higher body weight, TG, TC, and LDL levels
WS B H#E . 2023-07-22 (p<0.01), and lower HDL levels (p<0.01). ELISA test found
FE—EBE®A: A W (2000~), 2, ILIRAEN  FEREM L BFFE 07 1 - that NF-«kB and IL-6 levels increased (p<0.01), and TNF-«

BENEE, . .
Eiﬂﬂfﬁ‘ﬁz\ S (1965, 3 TTH M L, 50 BF58 )y levels increased (p<0.05). RT-PCR results showed that p62mR-
['EJ;Wﬁ{%@*ﬂ-ﬁzﬁ]ﬁ’?’?%,E—n;ail;’1inc@yzu.edu.::nc ' ' NA content increased (p<0.05), and LC3-II/LC3-I decreased
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(p<0.05). Western blot showed that IkBa phosphorylation and NF-kB p65 levels in the nucleus were significantly elevated (p<0.05).
The CE group had increased body weight (p<0.01), and increased TG and TC levels (p<0.01), and decreased LDL levels (p<0.05).
ELISA test found that NF-kB and IL-6 levels decreased( p<0.05). Compared with the HC group, the HE group had lower body weight
(p<0.05), lower TG level (p<0.01), lower TC and LDL levels (p<0.05); ELISA test revealed that NF-kB and IL-6 levels were lower
(p<0.05), and TNF-a levels were lower(p<0.01); RT-PCR results showed that p62mRNA content was lower (p<0.01) and increased
LC3-II/LC3-1 (p<0.01). Western blot showed a significant reduction in TkBa phosphorylation and NF—kB p65 levels in the nucleus

(p<0.01). Conclusion Regular moderate—intensity swimming exercise for 8 weeks can achieve effective fat loss, activate autophagy in

testicular tissue, and effectively improve the level of chronic inflammation in the body caused by obesity. The mechanism may be relat-

ed to the inhibition of the NF—kB signaling pathway-mediated autophagy involved in obesity—induced inflammatory damage in testicu-

lar tissue by exercise.
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1.1 KRERREHENSHE

3 JAEHENE SD KB 55 R W TFILaR K s aliE S
SYXK(#5)2019-0044, 1KEEH 14010 g, B K FREEHL A
STHRZH (n=25) FHiEs BEIE R 20 (n=30) , % HRZH KBRS T 45
TARMESR | S IR I B A4S T = IR TRL RS T 5 DR AR
P BRA AL, KR RAERASIE [ oK, =i 21~24 C,
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TBJE 40%~60%,12 h BERAGIRIRE , 145 6 JiJe , K BT 1Y
K 1/3 FLAAREE & T4 RSP B E 1Y 209 0] Ry i S e 2y, Jile
B RFGE R PERFE 1 RS, SRS 4 R 1E # X i 2l
(NC 41,10 H) B Ist 4 (HC 4,10 R); IE# s sh4 (CE
20,10 H); BI8E Sl (HE, 10 1), Sem ki K2 5056 3)
Yt R B2 B Ak

TR 7R T B R 3 R RE SR ARR,
5 FRBUME LA W T 1S B PR B i 2k, Horhoxd B 2 1 i
EEZ 6 H, o0 T Uk As i 2 [ AR (IR A R i, B R RS 1)
FEVEEE AR A R R AR . @ RrR R (oK, f
B8 AR M, B3 MR TR IR A Y, VY IR A
WA A, ok e 629% BENT 11% BB BT 27% , il
2.69 Keallg) ; i 8} (=i i il RHML BE L 2R F1 52 17.5% g i
37% JHIKALE W) 45.5% , Pty 3.85 Keallg) .
1.2 FHAR

NC 201 CE 41358 il bl 3% , HC 400 HE 40 AR kb m)
F%, NC HC UARE Bl , 7638 sl T 1 [ icAe A [ S (Bt
VIR R ) Wk b G K X, HERRZK AR 5 CE 40 F0 HE 4847
rh AR G B0 EVRUK R DK O 28 5 IR A etk ) KR
HITE 35 CA AT, S—JARE I PRIk , 55— K#0K 10 min, UG
BRI 10 min £ 60 min {51k ; 58 — JI#IK 60 min, 45T
e K, - 8 JH
1.3 SEIRERMFAIEE A AL IR

TSR EFRE 256 12 h IE%HOK, Tk HiEEM 50
mg/kg TR 2% 010 G FOZ NP RO B, I K BRI
& AK SR IEIRBUN 10 ml,4°CE#E 1 h 5, MHIFIEE 3 500
t/min #5.0> 15 min 45 M RAET-20 Cok4f, FI T ELISA &
T 5 BBCH XU 52 FUFR B E , FH 0.1%DEPC /K 4L B JC RNA V5
ek A AR KSR, AR AR VR FEATE RNA il EP 4
A =80 CUKAERAT R
1.4 IS A%
1.4.1 ELISA Bl 4545 5 7 %

ELISA A SULE 5 H i =88 (TG) AR FERE(TC) &
P e 1 (HDL) %% B2 A5 25 1 (LDL) DA R 2L i 4 TL-
6 TNF-a NF-kB 7K, BUEALHZUMAE A R K %
3000 /min #5.0> 10 min B EVEHI LN, BAREE 2
Z IR G UL BRI T, R R S A A R
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1.42 RT-PCR % LC3-1/LC3- 1 .P62mRNA FI SPSS 27.0 Bk (38 F 74307 37 FI) 20 PR 207 224 W R
Fik

K Triol BEIREUER LA RNA i P S8 50) &k e
PRI S A0 RNA ZERZIRD B0 R e 3K B cDNA, Il
JeE i PCR TR cDNA AU BEFI5E G AG
1.4.3 Western blot # | % #. 41 4 IkBa .NF-«B p65
K-F

—80CHUR Bl S FLAH 2L ISR IO, In AR B LR v
W ,SDS-PAGE Bl BE 0%, 55 ENR AR 5% BiRg W54 37°C
A 1.5 b, ¥ ES IkBa R IL IkBa . GAPDH \NF-kB p65 1
—Pi 4 CIFE IR, R F HRP FRic iy =4t 37 CIFE 1.5
h, BE A ECL BEERUA
144 FHHEBFENEZEALLBMEMTN

I FH 25 5 L BRI A WA S50 s AR BB DR BB
SEILHAL, F 0.9%E BREL K PiEEUE 3 YK, SR )5 HEA T S8 HLAH 2
JETERE , FELS UG TR B Ba it Tl BE Uk
H M A O E B TR, PRFE AR R AR RS

BRI REAS ¢ A58 A , 45 9 S8 B A 22 (x +5) R TR | p<
0.05 ViEHZER B G X,

2 MRER

2.1 KREE AEKE Lees I5H

5 NC 4L, CE HARFEM Lee’s T (p<0.01);HC 4K
FUATE I Lee's 18507155 (p<0.01) . 5 HC dAAA L, 8 JEiFIKE
HMERFUAE  Lee's T8EUT K (p<0.05) , S AUA K LG 17
=5 0K 1,
2.2 KRMFEREGIERTWL

5 NC 4 H#, CE 41 TG & #F+= (p<0.01), TC & H AR
(p<0.01),LDL 7 i F#A% (p<0.05) ,HDL % 1 2 ¥ R Fla #uH
XRG4 8 XHC 41 TG TC LDL 2 ¥ FH 5 (p<0.01),
HDL & 5K (p<0.01), 5 HC A HE 4 TG & B
(p<0.01),TC LD 7 [k (p<0.05) , LDL & FEAI% (p<0.05),
HDL i 23 F i SE 22 7 g2 X, WE 2,

&1 RT-PCR RE5|4155!

HeAR ®ia 5| 4 A9 (5'->3") %GC. ™
0 F:ACCCCAGTAAGAGGCTCCAT 59.96
P R:TGAATACCAGCTGTCCGAGC 59.82
L1 F:TTGGTCAAGATCATCCGGCG ss 60.46
R:TCAGCGATGGGTGTGGATAC 59.54
LT F:GCTGCCTGTCCTGGATAAGA 59.17
R:TCACCATGCTGTGCTGGTTC 60.86
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B2 JBHAKXRMEKTE

2.3 ZWAREHAL NF-B IL-6 TNF-a T

5 NC #AH,CE 41 NF-kB .IL-6 /K FFEE (p<0.05),
TNF-o /KT, {H22 7 T804 L HC 4l NF-«B IL-6
IR THE (p<0.01) , TNF-a ZKFTHE (p<0.05), 5 HC 41
AHEG HE 20 NF-«B IL-6 K FIREAK (p<0.05) , TNF-a 7K F-
FEAIR(p<0.01),
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B3 SHERKREHBALRERFKE
2.4 K KRZBHAL p62 LC3mRNA KFE
5 NC 4Lt ,CE 4 LC3-1I/LC3-1 T+, p62mRNA 5 &
T, H2ER TG H2E L HC 4 LC3-T/LC3-1 FEMR (p<
0.05),P62mRNA & 1M (p<0.05); 5 HC 4140 1t HE 41
LC3-I/LC3-1 T (p<0.01) , p62mRNA £ EFA% (p<0.01) ,

20~
NC

CE
HC

N|
B0810

HE

Autophagy level (mmol /L)

LC3-1I/LC3-

E4 SEXREAAREMEKTE
T AREAEALR IkBa BEERL NF-kB p65

o

2
&

K EEK 8 JEJG , Western blot Z53 78, 5 NC ZHAHEL,
HC 41 TkBo BEER L K AMAEA% PN NF-kB p65 7K1 & T+ (p<
0.05),CE 21 IxBo B 1L K ANAEA% N NF—kB p65 /KP4 F [
R HER TG IR ;5 HC U H HE 41 IkBa B R
A K A% P NF=kB p65 7K BB A% (p<0.01)

= NC
He
== CE

ez HE

plkBallkBa PE5/GAPDH

5 HHKRZEAHLL IkB-o BEEAN RIZM NF-«B p65 §=
2.6 XWAKREHALBRAAGHTH

LG 2K B S A SUE ST R R g2 £ B, 5 NC
ZHAH B  HC bR R B, 2o p Uiy ZE L A0 2% B
Ik, TR I R G 4, B e/ MBS 2 CE ALK E
R MLV R AT WSS IE R, BTN R F R, BERIE
W, ORI AR L, N S S LUK S A
;5 HC M S, HE 41 1 BUAR 2 BRI i 2Rk A LA K B
NG RYRRTEIE L, SRR A T AR B 22 J 80/ s T I
K& AR, AR K AW NERIE R

. 848 -

NC, 0.5pm

HC, 0.5um HE, 0.5um

6 FHRREHBALEHALREN

2.7 ZHLAL NF-«B, BEEKE Z BAIHH XM

P BRI TR T AR Z (] B AR S R
JHB SRR TR A RIREA Z R AR SCVERR BE , /M —F B9 5
TR T A TR R A ORI, R R
A, AT A S ST, & B NF-B 5 p62 . LC3-TI/LC3~
I.IL-6 F1 TNF-a 5 2 (p<0.05) , Hrf NF-kB 5 p62
IL-6 Fl TNF-o 2 1A, 5 LC3-I/LC3-1 2 AR 1L-6 5
p62 Al TNF-a SIEMISE, 5 LC3-I/LC3-1 B FAMSE ; TNF-a
5 p62 RIFAS, 5 LC3-T/LC3-T EHAHR,

o2

B7 fKAKXKBREHAL NF-«B. IL-6 TNF-o LC3-II/LC3-

| #0 p62 Z [EHIHE K
3 itit
3.1 PEREXTRE ST R A GE R 22
TN, S1EW X R, 6 FMEIRIAaES

R BT Lee's 1650, AW EEARIG N, TG TC 1
LDL 235 Tk , IR B e A=A A, S B0 g b AR [T B H -
ST R S, S RPN RN
NEREREIR 1 AR B EREE , M S B A A 5 1 UIR
JUr LA S AR 7 2 BT R, BT S B AR A A, 5
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EIMAR S5 . DR, KRS AL 5 F TNF-a Fil
IL-6 ¥ Tt mkadhe, (RIS 7E 7 5 i B Poul g BAE R LS8
AR S PTG W 4, — 7 T A) BE 2 S L4141
TG KRR 5| & T MEAR B S0 , 5 S i B3 IR T BRI toll
FERZ R 4(TLRA) {55 4% 5150 AT SR AiE 4 200 it PR a4k
HF 7=, AR 48 A0 PR R T PR 7 1T L e s 3T 1 4
(ROS) Y54 THim AL IR F AT M1 753 1K 25 G0 i 240 i 17
AL BE AL SUIA S AL R R AEDST, 55
— 7T, BRI R AL SR ) R ek ) ME AR S 4t
FEAEAR AR PRI BT P A SE LR , FH T PO DO T B0
PRSP FVE 9 41 L7 A R, NS P G s o AT
AP k- 50PN S5 I O 3845 R P AR T RE R AR L LAY
YERIBLELE A FRAh s AE e, X B AT 20T B
REZE LA 1T Al 2 (i H b 5 AT Rk A S AR I i A IR 184
3.2 EREHRENBEERENXR

RIS 5 2R A ¢, ALRENLHE 2 BORE R A
JEG R NS 5 T (NAFLD ) 2020 ifi i 5 2 i J3 A S 174
B LRI, FLRFAE 2 T i = IR R TG 25 i 2K 1 JIRL B (LDL—
C)ZKF-TH iR, o2 B N o I [ B (HDL-C) KSR AIG, S5 AR
FEAR 2, AR 1 IR B PR O E R, A BT
VIREMRRR T T A B FREs i =2k, SR AR MR A R B 2 F
M OGS AR, SRR KON i o 55 40 A R o0 B AR
AR 5 v AL A DL v, DR R AR o i 2 &
FAG TR TR A W2 BRI B i T LA
NLRP3 45 /MAT AR 2 R AN P T 1 R AR 9T & 3, 155
N85 S A AR RE R B TNF-o F1 IL-6 Y9755 | [FIHF P62mRNA &
A LC3-ImRNA /K34 01, LC3-IImRNA & &R A%, $2meE
FEMENERE T, K A4 49 B 2 (i A5 52 L Ah T R AR, 7T
RBJE A KO R B R, U JRES T RE A7 78 25 DI
R MZT i T RE TR S8 AL S AE S | R 1 e T RE R
T, Dk 1 W ) DA 20 2 R 2 408 10 4 R 2, A oA, 2k
FLAACHT A7 A 3005 A /AR, DT R 240 R~ 14 7= A
SAER, FIMERR T AT LA S 4 A R B S A R A
& (major histocompatibility complex, MHC) ) 3&3A4M=24 & 7]
DL it Z2 ML A 1 SR AL U S, ML Z — 2
2T R 0 7 A VBRI A, SR v LA it oA S 1
AT PR TR R A 1 e i QI A I
I R — R M 2 S IR A e I SR
A, IR BRI AR A PE I, AR, JERE R 2] A
] g e RIBR B 5
3.3 IEFXAENERE RIMERIENTHER

8 JEEIkIE s T U & B, ZEAE R B, B il R T
I R AT 2 18 A A A A [ i P A1 DA s 23 3 i 2 K
AR R 52 A 6 Sl s sk T IR TR, AREFSE Y
SEFAE I SRR B0 1) A A 5 R A i 8, o
FEM SRR T RAC R R T BE R , R T AC e
O , AR T U A 24 AN 6, DR Bl s (4 AR kA A
S AT TR LR SR AR fe R 27, Ab 38 8
W EAYURIER, XATEEA B TR R 25
FER, REJHE R BOL 2 A8 M R A 5 1 1 2 3 Sh g uE BH AT

VASE 3 Z2 L sl 8 PR ), AR R 5T 8 Al i
kizzh, 2 HisshAA M T 2 HXTHRAL, PLRIIMEF 110
HFRINER G ke, [FIAHR 2 40 M Rl F TNF-o A1 IL-6 1)
Foh RS Ik, 12 3h T 50T A8 U sy 7 AR L
FIAE 1) —FIARAT T 1) SR es
3.4 EHMMNEEFEEBARENEALERNE
i

JIES e et 57 Ak 2 B BRES i 14) — Y AE AL SR L 80
Wi A2 515021 ) Samaneh %5 A6 K FLHEAT A 1 4 8 A AS )3
JEWEIKZ Bl & IR, ANIR] 58 B 38T B SE LA 2L [ A DG AR
1 Atg7 LC3 Beclin—1 Fl p62 BRI, {8 Hh 2550 BN S 1Y
W B 1T B S B8O a2 B 0 B o 0 SR A M A e 2, AR
it 8 JE b AFRR IS Sh TR L, BR TIRE Lee's
B4 TG TC #1 LDL /K3 FEALAN , P62mRNA F1 LC3-ImR-
NA 7K A 2 A%, LC3 -IImRNA & & F+ &, [ IL-6 F1
TNF-a KRR, BRI 2R AE A A A A, LC3-1 77
FURWIRACIE I LC3-11, f232F 1 WA A T B, A s LC3-11
N LC3-1 Z FAE R I AW PRI ARED Wiz P62
5 LC3-1 76 AW B B R A . 4271832 2h 2 B0 A R B
SEALAH U [ W, TGS 2 AL R Dl SE AL AE , d2 shid
I W PP TS T B A2 0 IR e £ 3 S AL T RE B A N A E R 7
YRR TEAERL , 0 75 L — 25 (I RAIE S 2 % B, I
TE WA N S8 A2 A W Y Be iz B 46 . [RIE  ASTR] 67 far Xof
S LU= A B MR 75 ZE R A BIBFST
3.5 BEFNFIE NF-x BIESEEBIERME

FEHSOEL AT, QAR R 0% NF—«B 38 % ]
RES T, I FBURALRIE M R R, AR &I, R
SRR T NF-kB TNF-o il IL-6 BETFE4N, BB W
AN T SEALH LU NF-kB p65 &8l Ixb BERLKF, $R
FERCIE R, R 7 22 I 18 o R g 7 240 i T RE B 12 3 3002
PEAREE JAE , 3% AT B BLTG T NF—kB {5 Sl H, el NF-«B
1553 L7 TNF-o 55 900E 1 5 4 AR 1 /Y TNT 3244
SRR R R A T MG RS | N BB RERR T W04
FERAMEAEN, 5 —LEO, NMEE 51384 kk
(Ikk kinase) , R FIFHIE S RIFARZ & (HRRLAX LM
SEAIC AR Ikk, VE IR Tkk, T HFE R, S8
FON = A i B8 R 3R NF—kB 9 2R 44 (p65/p50 BX,
P65/p65 ) It AE A 58 H A% 52 A3 )3 5], ol T b DA 440 L i 7 A )
YUAEAZ Y, 5% N DNA LI AR5 SR 7 S AR S 4, fE A G
FEPR BT 57 | TS NF—k B, BIF9E R0, B 1 NF—xB {5
5 AR A SR LA 5 SR R | SRR A O R
T A S ALRAE S, e 2 BT sl 3 78 JgE
TR NF-kB {55308 3% 38 o 0 7 40 08 1 R 4 A7 45
SRR, AT SRE R HERR AN, NF—wB {75510 1 ] L3 i 4
AT S FRIA YA T A, A0 Bel-2 Fl Bax, M {2
JORE S AR A AN MAE TG S, AN NF—kB 5538 i34 nT LA
A SR FEEE 8RR IkBa S550F, JHT NF-«B B3
FEREDT BT I IRATR BN NF-«B {558 B2 il REA 3506
ISP RS ILARAE Y SR, Sk IRATE s 8 L f ks
Bl TR RER SR LS NF-«B (3005 5 25 8, NF-«B

. 849 -



% 42 A )

2

E| N

7 oA ® % 9

p65 LA Ixb BERRALACT AR, W RIEEILT TNF-o 1 IL-6
fRRHF, X5 Yi AL —3, T8 A [ 6 faf
(32 shx AR /N BRAEAT A3 8 JE A IEsk T30, &3 HA e
T2 Bl BE A AUE LI B 1 i SR 8, T I8 NF-B 3%
IRFIMIE R AUARPE -, I35 SE TR U mRNA FIER (12635 |1
T SR 7K RS 1 L 1) TR,

4 Hig

ZURARIBLHI IS, IR R 25 5 L Ik
AT LA AL R SR S AN A, i S2 L LR %
SiE , ST TG R SR i) RE S KON NF—xB 5518 i
IR DG BT Wk T AR NF-B 155 30 3 14 38
i JR SR A R Py A S IR A T 0 RAE

SE Lk
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