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PR E 0 R IKF . - 4Ep38SMAPKAP 4| F) T A& T A ARAS B K AR & & 69U AR, Tt ShHkE
pP3SMAPK#T 4| F| R EA HREIMEA . HdbAEA a4atk, 36655 LT s RATIEA LA F FNDC549
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level as control group (Con group), and eight-week-old male db/db mice at SPF level were randomly divided into
four groups: type II diabetic model group (db group), type II diabetic exercise group (db+EX group), type II diabet-
ic exercise combined with p38MAPK inhibitor group (db+EX+SB203580 group), and p38MAPK inhibitor group
(db+SB203580 group), every group has 10 mice. Exercise intervention was performed 2 h after intraperitoneal in-
jection of p38MAPK inhibitor, and the exercise intervention was performed for 40 minutes every day, 5 days every
week for 8 weeks. The intervention effects of exercise intervention on NAFLD were evaluated by body weight,
blood glucose, liver-to-body ratio, lipids, and HE, oil red and Masson staining in mice. The related protein and
mRNA expression levels were determined by Western blot and qRT-PCR. The results showed that 8 weeks of exer-
cising significantly reduced the increase in body weight, blood glucose, and liver-to-body ratio and decreased blood
lipid levels in db/db mice. Exercise intervention reduced hepatic steatosis, collagen deposition and the expression
levels of ACC1 and SREBF1 in mice. The p38MAPK inhibitor intervention exacerbated hepatic steatosis and col-
lagen deposition, while exercise combined with p38 inhibitor did not have a synergistic effect. Exercise upregulated
the protein expression levels of FNDCS5 in mouse liver and muscle and also increased the FNDC5 mRNA expres-
sion levels in mouse liver compared to the db model group. Exercise also decreased the expression of pro-apoptotic
proteins BAX, Caspase8 and Caspase9 and increased the expression of anti-apoptotic protein BCL2 in db/db mice.
In addition, the p38 inhibitor group decreased not only the expression of p-p38 protein in the liver of db/db mice,
but also decreased the expression of FNDCS5 protein in the liver and gastrocnemius muscle of db/db mice, which
subsequently led to excessive apoptosis. Exercise combined with p38 inhibitor intervention reduced p-p38 protein
expression, but did not significantly alter FNDCS5 and apoptosis-related proteins. The above results suggest that 8
weeks of treadmill exercise can effectively alleviate NAFLD in type Il diabetic mice, and the mechanism may be
through the p38MAPK-dependent pathway to upregulate FNDCS5 expression, reducing liver fibrosis, and attenuate
apoptosis in mouse hepatocytes.
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B REEEZ EERM, B2 TR IRCET .
28 ) A S R B ) i AN 58 i 2, Il IR
WD & N ZY . Bk, ¥ H s g A
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Wi, AAAIMTE 5T 2 B, Trisin A1) 2822 R AR R (palmitic acid,
PA)Y I/ BROE 5 A B (AMLI2) i S AR 4F
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R e R NG AT (0, A 205k Rl
il A s U0, AR ST 8 AL/ SR B
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F4% )2 58 T EE ] 72 /)N BRUHF LR, i)y J&
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Table 1 Primer sequences for each gene

514 JF5(5'—3")

Primer Sequence (5'—3")

Forward primer for GAPDH GGT TGT CTC CTG CGA CTT CA
Reverse primer for GAPDH TGG TCC AGG GTT TCT TAC TCC

Forward primer for Irisin

Reverse primer for Irisin

AGGTGCTGATCATTGTTGTGG T
CCTTGT TGT TAT TGG GCT CGT

FEZ)S pum, SHAFHL A il PR G 1k,
Massonifi IR 445 minfF/KPE, Fe2i el min, 7K,
St T HIRIE, PR RS A, B T SRS
/N BRI R A SO BT 25 2
1.8 SERTREEEQRT-PCR

Fl UNIQ-10#+ 2 Trizol st RNA$Z A7 & 2 HY
/I BRUFF A A AU RN AR & AR T A TRE (L)
A B BR A TR ], 205 RNAHL IS I, 208 AR B
PR 5E B PCRAX [StepOne Plus %< ' 5& £ PCRAX
(ABI, Foster, CA, USA)|3k#3 ¥ 5k cDNAF=). 2
JE AT 968 B PCRASIN , LA Zrisin 2 R AR T 2
BRILGIFHI W), {225 T 5 Irisin AR 0]
Kiks,
1.9 HRENE

FRELS0 mg/) IR L 2R HE 7 LB BUR B, i
F BCAVEMIR S , ¥ 85 A FF 5347 SDS-PAGE#E /i
HK, IR Z PVDFIE I, BRI E T 5% B AR )
KRB 1 he S —PT(RRE L1359 1:1 000) 4 °C
UKFEIE IR . KH VSR, IR AR Bt (FRE L 3
J91:10 000). & SERUE , KRS K PVDFEE T
B, Wk 22 R OE (A B=1:1), BEHIFIRAF 4G
®.
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B HE 3 DP9 8 bR i 2 320, 45 R H
Prism Graphpad 9.0 F#EAT 7047, R BH =TT
72457 M7 (Analysis of variance, ANOVA)#E 17 2H [8] bt
B, 41 3% KSF N P<0.05. P<0.01. P<0.001.
P<0.000 1. P<0.000 01.
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R, FF40HL A AL g i, BE L. A
K, I EL/N BT 40 B BK RN G AR, BTN T2 A0 A
JIG R 296, o0 B A M PN AT L OBRAE AR Je b B R
M T AH A% B B R A R FS ; MassonZb (45 L
71N, dbABE RS A/ BT A BH 2 1R AR A AR R T
o 4332 Bl UG /) BRI 077 732 1 24 PR ot
Ao FFRERE G & = PR AR B, I BN R
JHF I H B8 R DR R B S 92D (F13)
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R AT R £T 2 (L Fn AT AR BE AR T 14

P38MAPK/E 5 Il K 7E Trisinids S 4 A 20 it (1)
IR RS EEAE, 7RI p384F 50t/ BRI
JHF AR SEA R DA PE RS20, B2 T SRFRA TR 1A
A 2H A A B IR IA K P o a-SMAE T LR 40
B IReRRE, RIS T LS| 40
AL TRLR R (Collagenl). TIAURJR . IR JE . IV
RRIFEUAR, 25 T A4 R MKk, El4B
JiiR, SIS0 2, Western bloth il 25 5 i



ABATEE: I 6 IS 38 I K Bip38MAPKAE 5 il #_E I FNDCS 3 db/db/) B AR RS VAR 107 9 19

*) B) e
40-
1] -o- Con
= .2 0.06
S 30- = db E
£ -+ db+EX z
P g 0.04-
2 20 S
g 5
= Z
=) = 0.02
_g 10 o\./o\._.\._./'
S
- G T T T T 1 O_
0 2 4 6 8 10 & ¥ P
Time /week
(C) il kkskok (D)
5
[ T T T 105
o —i— _JL. EA LDL
. 7] 84 0 HDL
- . mag
E —_—
£ g 09
£ g
g £
5 2
wn %]
I I T Ern ; : I
S N & ¥ g & ¥ Q)"‘f’
¢S wa@‘*' ¢S b$0><<o$ @) S:OXQ) (@) 80><

Ar /NS MBEAR AL B: &AL/ L, C: B4/ RIMIE R TG, TCRIZ/KT; D: H4/N BUFF A EL %41/ B HLDL. HDLERIA /KT
n=5;"P<0.05, *P<0.001, **P<0.000 1, 5ConZH LLEL; **P<0.01, ***P<0.001, ****P<0.000 1, 5dbZ LL#.
A: 8-week blood glucose changes in each group of mice; B: liver-to-body ratio in each group of mice; C: serum expression levels of TG and TC in
each group of mice; D: liver-to-body ratio in each group of mice; serum expression levels of LDL and HDL in each group of mice. n=5; *P<0.05,
#P<0.001, **P<0.000 1 compared with the Con group; **P<0.01, ***P<(.001, ****P<(.000 1 compared with the db group.
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Fig.1 Expression level of blood glucose, blood lipid in serum and liver body ratio of mice in different groups
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n=5; #P<0.01,"P<0.001; **P<0.01, ***P<0.001.
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Fig.2 Contents of ALT and AST in the serum of different groups mice
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A: pathological staining changes in each group of mice; B: results of quantitative analysis of Oil Red O staining; C: results of quantitative analysis of
Masson staining. n=3; *#P<0.000 1 compared with the Con group; ***P<0.001, ***#P<(0.000 1 compared with the db group.
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Fig.3 Morphological changes of liver in different groups of mice
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A: pathological changes in the liver of mice in each group; B: Collagenl, a-SMA, SREBF1, ACC1 protein expression in the liver of mice in each group.
n=3; “P<0.05, ““P<0.01, ““P<0.001, ““*4P<0.000 1 compared with db group.
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Fig.4 Pathological changes and protein level of Collagenl, a-SMA, SREBF1 and ACC1 in different groups of mice
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