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[ ABSTRACT] Objective: Through aerobic exercise and diet intervention on obese mice, the effects of exercise and diet intervention
on testicular oxidative stress and p38 MAPK-NF-kB pathway were investigated in obese mice. Methods: Seventeen C57BL/6] mice
were randomly divided into a normal diet group (ND) , and 37 mice were divided into a high-fat diet group (HFD) , the high-fat diet
accounted for 40% of fat. After 12 weeks of feeding, 3 obesity-resistant mice were excluded from the HFD group, and the remaining 34
were successfully modeled. The mice in ND group were then divided into normal diet control group (NC, n=8) and normal diet and
exercise group (NE, n=9). The mice in HFD group were divided into obese high-fat diet control group (OC, n=8), obese high-fat
diet and exercise group (OE, n=9), obese normal diet group (ONC, n=8), and obese normal diet and exercise group (ONE, n=
9). Each group continued to feed for 8 weeks, and the NE, OE and ONE groups performed treadmill exercise for 8 weeks at a speed
of 20 m/min, 60 min/d, 6 d/week. Blood and testicular tissue samples were collected 36 ~40 h after the last exercise. Serum testos-
terone and testicular oxidative stress (MDA, T-SOD, T-AOC) levels were detected by ELISA, and testicular pP38 MAPK-NF-«B levels
were detected by RT-PCR and Western blot. Results: Compared with the NC group, the body fat parameters, testicular MDA and tes-
ticular p38MAPK-NF-kB mRNA and protein levels in the OC group were increased significantly ( P<0.01) , while the levels of testicu-
lar SOD, testis coefficient and blood testosterone were decreased significantly ( P<0.01) ; the body fat parameters of the mice in the
NE group were decreased significantly ( P<0.05), and the serum level of testosterone was increased significantly ( P<0.01). Com-
pared with the OC group, the body fat parameters, testicular MDA and testicular p38MAPK-NF-kB mRNA and protein levels were de-

creased significantly in the OE group (P<0.05 or 0.01), and the testicular SOD and blood testosterone levels were increased signifi-
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cantly (P<0.01) ; Body fat parameters, testicular MDA and testicular p38 MAPK-NF-kB mRNA and protein levels were decreased sig-
nificantly in ONC group ( P<0.01) , while testicular SOD level and testis coefficient were increased significantly ( P<0.05) ; Body fat
parameters, testicular MDA and testicular p38 MAPK-NF-kB mRNA and protein levels of mice in ONE group were decreased signifi-
cantly (P<0.01), while testicular SOD, testis coefficient and blood testosterone levels were increased significantly (P<0.01). Con-
clusion: Obesity induces oxidative stress in the testis of mice, up-regulates the level of p38MAPK-NF-kB, and reduces the level of

blood testosterone; exercise, diet and exercise * diet interventions can reduce testicular oxidative stress and down-regulate testicular

p38MAPK-NF-kB levels by reducing body fat.
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54 H C57BL/6] HEVE/NEL(AF WS .4 ~5 JA (K
14 ~15 g) , F At 4k R A2 S0 50 3 B AR A B2 )
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Tab. 1 Diet feed composition of mice during model establish-

ment

Ingredients ND group HFD group
Sucrose (g/100 g) 34.1 34.1
Casein acid(g/100 g) 19.5 19.5
Canola oil(g/100 g) 6.0 -
Clarified butter(g/100 g) - 21.0
Cellulose(g/100 g) 5.0 5.0
Wheat starch(g/100 g) 30.5 15.5
Minerals(g/100 g) 4.9 4.9
Digestible energy (MJ/kg) 16.1 19.4
Digestible energy from lipids(% ) 21.0 40.0
Digestible energy form protein(% ) 14.0 17.0

1.5 EHFMAR

KA %, EXVNZHET, NE, OE F1 ONE
ZH/NER RS T PR R 0 3 M 2k T, AR P As A T R
FIHFLE A T 10 m/min, 20 min/d 32 #3 fin ) 20
m/min,60 min/d, 7EIEZINZRIA R B0 B R
JEBLA 0, 212 877 98 0% 60 min/d, 20 m/
min,6 d/week ,5F2E 8 i, M {51z 3l 58 BE T JE T
U E
1.6 ftFARYEMLE

NE,OE,ONE 4 fJ5 — W G I ZRE5 15 1Y 36
~40 h FFATHOM B R A AR 12 he B
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JERIE /I BRI SR, 5 25 MLV , KA o PR A7 7E-80°°C
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SEEIEM A P R SRR R AFAE-80° C KA h T
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B AL, feJrRe SR AL B I RN i R R L) g s 4
LRI IR & &
1.7 MiEEEREN
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20 i, NS B AU R AR AE AR A TR
ocal (P EAE) o FRRULE A TS R R B R
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(Thermo fisher scientific , Multiskan GO 1510) £ 450
nm AT EBOGEE (0D H) , e ilbnifEth 2t
AN BRURE it v ) S B i
1.8 ZAALAFUHIERMNE
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M RULDAER 2R ARSI i J1i0 - 2B = 8t R o /M Y X D
JI (H L e ) 4R R W E N % (MDA, TBA
method ) FllL G E LD 7 AL i ( T-SOD , hydroxylamine
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method ) ; 4% 18RI AE B A PR &) (b L
V) IR G R W B YT E L RE 71 (T-AOC, ABTS
method)
1.9 Real-time PCR(RT-PCR) #ill mRNA &%
K H Trizol 1A £ HUEE LY &L RNA, 56 ik Ho 4l i
J& i qPCR Master Mix %] & ( Promega, Madi-
son, WI,USA) &% 5 i ¢DNA, Lk cDNA AR Az ik
18, #1500 HYZERGBI YRS, LA GAP-
DH HHNZ R 2722 i B 45 B YRR A 7K
S, FTAE B A T A TR A BR 2 A (Hh
[ 3 ) B AA R,

Tab. 2 Primer sequences for real-time PCR

Gene Forward primer Reverse primer
GAPDH 5 'TCAAGAAGGTG- 5 * TGGGAGTTGCTGTT-
GTGAAGAC?3 GAAGTC?3

5 © CTATGGCTCG- 5 ~ GACGCAACTCTCGG-
pIBMAPK Grerereers TAGGTC3
NF-kB 5 ~ GACCTGGAG- 5 ~ CACTGTCACCTG-
- CAAGCCATTAG?3 GAAGCAGA3

p38MAPK ; p38 mitogen activated protein kinase; NF-kB;
Nuclear factor kappa B
1.10 Western blot # il FE B &%

/NEREEAL LB IERR {1 1 RIPA 24 (b
SE B RAHARARAE, P EJC) B iR 2,
PL 12 000 r/ min,4°C B0 20 min $EEEILE ),
BCA JEI e 8 IV B . B 30 g A 5 8 1148 SDS-
PAGE H1JK 5 , ¥ %% & PVDF % ( Gene, USA) |, &
5% WiRE Wik £ 1 b, BERLS 5 —PHt(1 = 1 000, AB-
clonal , /1 [E 2730 ) I GAPDH $i4& (1 : 10 000, AB-
clonal, TEEIN )4 CEF iF &K, Ve 5 HRP 5
JCAI —Hi(1 : 10 000, ABclonal , H [ 570 ) 25 1 0%
F 1 h, YEBS L) ECL 3 /R, L GAPDH 2, %
FHEUR S BT A AR X bk
1.11 Sit=4bE

i GraphPad Prism 8.0 Ztil#rIF1ER, %L
P FHBI B AR E 22 (x2s) RN, S AL BRI
U E 5 22 (ANOVA) 4347 .

2 R

2.1 RE.EBHFHHNREE, EREERSEH
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FIRIRE SR 20 )5, 5 NC 41/hEUAH R, OC
2H/INEUAREE R s i P A e AR AR HE BH B 384 T ( P<
0.01) ,NE ZH/INEUARE I8 s A 105 7 12t AR 1A% L B
BT (P<0.05);8 JilTHi)5, 5 0C AL, OF
20 ONC 411 ONE ZH/NEUARE I8 1 A D5 2 it PR
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R B 2 R % (P<0. 05 8 P<0.01) ,H:rf ONC 414

Febr L OF 41 FFEH i, ONE 4145645 L ONC 41 °F
FEE IR (3R3),
Tab. 3 Changes of body weight, abdominal fat masses and ab-

dominal fat mass to body weight ratios of mice in each

group(xxs, n=8)

Group

Body weight

Abdominal fat

Abdominal fat
mass to body

(8) masses(g) weight ratios( % )
NC 25.48+1.05 0.48+0. 15 1.88+0.58
NE 22.93+1.34" 0.21+0.01" 0.92+0.08 "
oC 35.80+2.76™ 1.88+0.15™ 5.28+0.63™
OE 30.51+1.85"  0.78+0. 14" 2.57+0.53"
ONC 28.25+1.63%  0.70+0.13* 2.49+0. 42%
ONE 26.81+1.43"  0.37+0.11% 1.39+0. 38"
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2.3 R EHFIRNNREAALINN B
i

IR RE MR 20 5, 45 4/ RS AL T-A0C
TR 225 (P>0.05) , 5 NC 4/NERAHLE, OC 41/)s
SLE2ALH MDA B 538 4111 ( P<0. 01) ,SOD B & %
(P<0.01) ,NE 2H/)NflL MDA F1 SOD 476 i 2% =
(P>0.05) ;8 AT 1), 5 OC 41AH Lk, OE 41, ONC
ZH 1 ONE 21 MDA ¥JHH 8 T ¥ (P<0.01) ,S0D ¥4
WTFHE (P<0.01) , H:Hb ONE 41 MDA F [ %, OE
HTFEIRZ, ONC AT FEfe /b, OE 41 SOD Jt i i
% ,ONE 4TIk, ONC ATt Eb (£5) .
Tab. 5 Changes of oxidative stress in testis of mice in each

group(xxs, n=8)

NC: Normal diet control group; NE: Normal diet and exer-
cise group; OC: Obese high-fat diet control group; OE: Obese
high-fat diet exercise group; ONC: Obese normal diet group;
ONE: Obese normal diel exercise group

"P<0.05, P<0.01 vs NC group; *P<0.05, *P<0.01 vs
0C group
2.2 KB EBHFHFNNREAZTE, Z2H R
I 7 28R A 72 A

FIR IR EIRSE 20 G, A4/ N SEILE G
B @225 (P>0.05) ;5 NC 4/ EE, OC 2H/N L
SEALZR BRI % SR /KT BH 2 R R (P<0.01) ,NE
/N SEAL R BTG 825 5 (P>0.05) |, 1L S2
I THis5 (P<0.01) ;8 Jil T 15, 5 OC 414 t, OE
H AR BOICH W25 5 (P>0.05) |, 1M1 52 R B 5 T
F(P<0.01);ONC 4 AL REW B F5 (P<
0.01) , L3752 fi JC B & 22 46 ( P>0. 05) ; ONE 41 52
AR B S E Y B 8 T (P<0.01,% 4)

Tab. 4 Changes of testis weight, testis coefficient and serum

testosterone of mice in each group(x+s, n=8)

Testis weight ~ Testis coefficient Serum testosterone

Group

(g) (%) (ng/ml)
NC 0.22+0.01 0.85+0. 05 10. 62+0.53
NE 0.21+0.01 0.92+0. 05 12.93+0.13 ™
oC 0.23+0.01 0.64x0.04 7.79£0.52"
OE 0.22+0.01 0.71+0.07 10.75+0.43%
ONC 0.22+0.01 0.77+0. 05" 8.07+0. 44
ONE 0.22+0. 02 0.81x0.09%  10.550.45"

NC: Normal diet control group; NE: Normal diet and exer-
cise group; OC: Obese high-fat diet control group; OE: Obese
high-fat diet exercise group; ONC: Obese normal diet group;

ONE: Obese normal diet exercise group

“P<0.01 vs NC group; **P<0.01 vs OC group

Group MDA SOD T-AOC

(nmol/mg prot)  (U/mg prot) (U/mg prot)
NC 6.70+0.74 29.65+2.28 16.16x1.11
NE 7.490. 96 31.89+2.30 17.81+1.79
ocC 15.68+1.19™  21.75+2.34™  15.87x0.84
OE 11.44£0.81%  35.71+2.53"  15.16+1.93
ONC 12.48+1.39%  27.56+2.20"%  14.92+1.67
ONE 9.41+1.14"  28.28+2.30"  14.96+2.03

NC: Normal diet control group; NE: Normal diet and exer-
cise group; OC; Obese high-fat diet control group; OE. Obese
high-fat diet exercise group; ONC: Obese normal diet group;
ONE: Obese normal diet exercise group

*P<0.01 vs NC group; *P<0.01 vs OC group
2.4 RE.EB3FRIMMREAEALR p3SMAPK,
NF-kB mRNA 7k B 841

E IR R 20 AU, 5 NC 4/ EE, OC
ZH/NER 2 U p38MAPK Fil NF-kB i mRNA 7K F-H
WIEIN(P<0.01),NE 4/ RS2 L p38MAPK Al
NF-kB 19 mRNA 7K-F-JCH 22 5 (P>0.05) ;8 Jil T
G, 5 oC ALk, OF 41, ONC 411 ONE 41/) [
I p38MAPK Fl NF-kB i mRNA /K21 8] i T
% (P<0.01) , H:H ONC 41 F 18 p38MAPK Fil NF-«B
) mRNA 7KK T OE 41, ONE 41 i p38MAPK
HI NF-kB ) mRNA 7KK T ONC 41(%6) .
2.5 REEHFHE/MRENALS p3SMAPK,
Phosphorylated p38MAPK , NF-kB & A 7K F i &
Vg

IR EEE 20 JEJS , 5 NC 4iAf L, 0C 452
JLH p38MAPK , P-p38MAPK il NF-kB [ 45 4 % ik
W @A (P<0.01) ,NE 4/ L2 AL p38MAPK
P-p38MAPK Fl NF-«B (1) [ ik oW i 22 5 (P>
0.05) ;8 A THiE, 5 0C A, OF £4H . ONC 41 H1
ONE 41 /) il 2 S p38MAPK , P-p38MAPK F NF-
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kB 18 AW T [ (P<0.01) , Hrf ONE 41
FARPREIEL OF A1 ONC 4 I (% 7,18 1) .
Tab. 6 Changes of p38MAPK and NF-kB mRNA levels in tes-

tis tissue of mice in each group(x+s, n=8)

Group p38MAPK NF-kB

NC 1.00+0. 00 1.00=0. 00
NE 1.1720.27 1.12+0.33
oC 1.65+0.19 " 1.89+0.17
OE 0.87+0.23" 0.78+0.23"
ONC 1.1120.22* 1.12+0.30"
ONE 1.17+0.20" 1.1620.26"

NC: Normal diet control group; NE: Normal diet and exer-
cise group; OC: Obese high-fat diet control group; OE: Obese
high-fat diet exercise group; ONC: Obese normal diet group;
ONE: Obese normal diet exercise group

“P<0.01 vs NC group; ™P<0.01 vs OC group
Tab. 7 Changes of p38MAPK, Phosphorylated p38 MAPK and

NF-kB protein levels in testis tissue of mice in each

group(xxs, n=8)

Phosphorylated

Group p38MAPK P3SMAPK NF-«B
NC 2.51+0.56 1.1520.27 0.48+0.18
NE 2.65+0.75 1.26+0.21 0.68+0.19
oC 4.93+0.24™ 2.29+0.15™ 1.53+0.23™
OE 2.16x1.13" 1.47+0. 11" 0.54£0.15"
ONC 2.27+1. 40" 1.18+0. 19" 0.59+0. 17"
ONE 2.15+0.96* 1.42+0.15% 0.48+0.13%*

“P<0.01 vs NC group; *P<0.01 vs OC group
NC NE ocC OE ONC ONE

P3SMAPK | S S S S — 33 D
P-p38MAPK [ S 0 e B 41 kD

NEF-KB || S S S— . | 60 kD

GAPDH [P S s S s S | 37 kD
Fig. 1 Protein bands of p38 MAPK-NF-kB signaling pathway in

mice leslis

NC: Normal diet control group; NE: Normal diet and exer-
cise group; OC: Obese high-fat diet control group; OE:
Obese high-fat diet exercise group; ONC: Obese normal

diet group; ONE: Obese normal diet exercise group

3 itig
ARG AR R B AR IR A W IE R R
SEHEEAL - R S8k M, A Bl p38MAPK-NF-kB 7K
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Bl FIIE B R E BERAR R, 22 A A B, T A
p38MAPK-NF-kB , 331 Ifi. 7§ (RS2 HAAEAR
BRI B AR RN ELERR, 5H M
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PrALRE T TR, $2 7 i 105 B 38 5 401k 7 % VI A
5%, 3% 1 g X S AL LU N — 2 i

24 245 75 AL 25 H P ( mitogen-activated protein
kinase, MAPK) ZCJ5 A2 A 5 40 Jfd S 107 1) o 22215 3
%, Horp p38MAPK & 230 Y 2 — | Al L i i A
17 P R SR A 7 98 56 A i A B PR 840G . NF-k B 7E I
FLBh Y R A P R EEAE R, TR
(1) p38MAPK 1 i i3 R fLAB M 305 NF-«B. 47 BF
YA 8 R R BE U Uk U 25 T LT R BN e
p38MAPK/NF-«B {5538 4 , Efsi 4 4 S B i
— WM S s Bl DL s R R0 LR
p38MAPK {5 53 %, i1k NF-«B, L1 COX2 ik,
5| K3t BE RAE R 4] p38MAPK-NF-kB 1] [
AN L AL = R AT & SR N 3 K46 o8 )
(RIS 3, P /D BROIE JR 75 2 A T 8, 3 i 4%
DR F 7K, AR 52 5 o Al S (EL 1 F AL i O
RIERE  HEAHE S P & B, A /N RSB AL R ST
BT, p38MAPK-NF-kB /K V-t 5 , 11 Bl i 52 i 1 52
ILRECFBE,

B AVRE TR R IAE A ROTE, B3
SalEUATE A %, AARFEEZ s kR,
SHHHLA™ A AR 28 B g, A IS s, 8 A
FIVEUFIKIE B2 KBRS AL ROS 7K, BT 46
TRRETEE , A ] StAR K-, #h bt A AL S, Al
5 1 i v 3h 5|k 1 52 LS [ mE A R A
SR, AR v A58 B 1) 4 9152 2h i1 253 3 14 bt 4
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