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PISIE S EEE L E QBB SIS T 55
B2 2 BB R /N R AT A A S T

REL F B & R BA £ & ZIET
(ROUAT#BEE BB, SRS TR, KX 430079)

WE BB N3l mgstr- M e, %58 MM Gz sk 2 BUBER M (diabetes mellitus type 2, T2DM) & IFf3E
RS PERR 9% (non-alcoholic fatty liver disease, NAFLD) /NGUFANBEARIGAMER 43 FALE] . ik eS8 H 8 Ji ik fdthl
m/m/NEAEAXTIEZE (Con), 32 HIA]JE# db/db /N EEREHL /4 db/db 2H . db+Exe 2. db+SB203580 41 /% db+Exe+SB203580
4, HH8H, db+ExeH. db+Exet+SB203580 ZH M ATHFEL 8 Ay hAEHR B M & 123 T (40 min/d, 5 d/Ff), db+SB203580
21 J db+Exe+SB203580 41 #F 47 8 J& 1) p38 472 /24 JiL i Ak (1) 8K 1 I i (mitogen-activated protein kinase, MAPK) #li il
SB203580 M s i S AbBE (5 mg/kg, S d/JH), SEBGHIIN] AR 2 RSN /N AR TR K 25 G s . 8 A T sR)E, M4 o &Ik
K& -4 (hematoxylin-cosin, HE) 44 635 %< /1N BRUTF R o5 381 b AR bR 000, A 7 19 il BB 9 28 T2 B3 38 (enzyme linked
immunosorbent assay, ELISA) {7 &ME M Ag . FFIIRE . FFAEER 7 I S AL R oK -, & ht % 5% PCR (quantitative
reverse transcriptase-mediated PCR, qRT-PCR) & IR & i S B AL R A 55 mRNA 54 5K, GeiE 2l 434k e (IR
T EE H R FRIAKTE, EEBELE (Western blot, WB) A T 2H 20 b ig I 2 I S R AU T 56 85 A B2 1k K
SR SFHMAIEHFEIKT do/db/NEUATE . I . R RO MR KT, S S RERR DA, R IR F4L4 Fe . MDA .
MCP-1. IL-6. SREBF1., ACCl Zis/KF, JF 118 T db/db /N BUIF4 21 GSH 5 8 K 2k FE T-#H ¢ & 11 i NRF2, HO-1.
SLC7All, GPX4 & AFRKIAKT-, iZ8BE p38 MAPK il T HLE 2 7 db/db /NRITFALLLACCT . MCP-1. IL-6 ) mRNA
M Fe™, MDA, I LA GSHIK-. 4R, SHGEshdiiLtk, 28004 p38 MAPK il 41/ BUHAE N Fe* . MDA,
MCP-1. SREBFIZRiE R #E LT, GSH MERIET A CH (I RBK T N, 1ok, SEaififlRaisHIt, S35
HFIF AN RIF AR E AR T A A B, 218 8 MG E s v BE it p38 MAPK AKH &R 10 il J-4i ity
BRAET, SNTFANANE B A BRI AR M, AT T2DM /MU NAFLD.

KR MRz, AEERTEIRITTERTRE, BRAET:, p38fe s RUE LR P, WEIR
FESES R804.21, R575.5 DOI: 10.16476/j.pibb.2024.0024

TG PENE T PEATHS  (non-alcoholic fatty liver — 55.48 %, H:H g KUK 2 i A RERY 2 4% 12, 4R
disease, NAFLD) Je4 iR kMRS Er ok, BEHSRTRRRE, fERAERTT UL BN
Wi, LR RS S AR, b L, TEUT2DM M NAFLD (R R AW LT, JF
VR TN R P IS REF e (non.  RIVFERICAR RS AP 220 AT
alcoholic steatohepatitis, NASH) . FF&F4ifk . f R T UL B e, AR
A2 e . 2 AUBEDR AR (diabetes mellitus type 2, NAFLD 53 F-HLi PR RIT NAFLD )45 4080

T2DM) J& 1 TR TR P S 20 A 2 SR T
AR RS Z SRS BPIR A, JEEliE  « ERASFEES (81601228) M HIHAGHSFERI
€2 LPSISVE S IMNET R iy S8 N e s
ek T RN o
IE*E%%% ,» T2DM IEIL:NAFLD kﬁzk%ﬁgi%ﬁﬁﬁ Tel: 13627292193, E-mail: kouxianjuan@126.com

Z , NAFLD 7¢ T2DM & # 00 & f K 5 35 ik B 9. 2024-01-19, 3222 H 191 2024-04-23
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NAFLD #&m bl 2 %%, tdm gL r: . bk
[Tl 11 11 A= LA RGNS o YA N A R T
1M H Aok 2 s R0, A6 T & NAFLD &
AR SR — I ZEAIL . RAET A A B LA
B . BE T A B AE A IR TR 2
FET 07 20, Y 40 N BR B Ak K ik A SR
(Fenton) SV, 75 A& 48 Ak WIS v K i oot 4 Ak
WARER, NI FEAI LS LI ReReReIn . e
B SRR EESE, RN, 7
NAFLD A7 B 50 A7 16 I A8 28 Mt Ak R B4
T 30% Y NAFLD % R IUA S Bk FfE, i
JH AR R A8 2 ) I g o G 25 L 55 S 4
S NAFLD iyt — %4k . Choi 55 7 fFFEIENT,
1€ B8R & 2 IH Bk 5t = (methionine and choline
deficient, MCD) TilkIMRIFF 5 H) NASH /IR
H, B A AR T I A b IR T AR AR W i 4
(glutathione peroxidase 4, GPX4) M it 2 FR/4Y %
iR e 18 B 1 AR K0 7 151 11 (solute carrier
family 7 member 11, SLC7A11) HYFRIEFH %,
HF R R BT A i W R Ik S il A 5 B 4
(1) 2R 7K T, IS N A R R L T
(alanine aminotransferase, ALT). K[ &% G2 3
W (aspartate aminotransferase, AST) %t
i g =

KEMFRCIESS, Az gha] DL HE
PRBTIR . SAE 2P 4k, J21RYT NAFLD (A 3L
J7%& . Fredrickson %5 ' WFo8 0, 16 i ) g o
(i8] Bz B S Hh A 5 FE R k1 Bl 35 AT 3 o A/ N BRUHF
HAUTH =FER & . SO0 LA 4E AR, A 3L
I/ BUNASH B9 2 )i . fE R IR (high
fat diet, HFD) MRFFIFEFHNAFLD K, 8 JHY
iUk 12 ) REMEGE 1 HOE AMP G AL B (AMP-
activated protein kinase, AMPK) 155 fll il I I g
IR Ko HH = BR A Ak, RIS SR 1A 48 1k
DK, BE T R BUONAFLD @' ASBiF 58 14T A
AR 2R, MGz 3hReasiE i p38 it 4
4505 A6 1Y B F P RS (mitogen-activated protein
kinase, MAPK) {KiHfiikts 8Ll %5 (1 AU 55 5
I %5 1 5 (fibronectin type-III domain-containing
protein 5, FNDC5) , M i £ 8% 2% f# T2DM /)y FR
NAFLD. MAPKsZ 5 # il BT IEAC S 00 2 Fhod 72
A4 A A A SRR B A Y, IR AT A
MAPKs #3800 , K BUp 5 2= Thae Mg Gl =

filo WFIERE, 5AEH NAFLD 32 # HH,
NAFLD & # i 20 40 N MAPK12 } MAPKI3 %)
mRNA % 57K - Fl p388 114 £ i 2635 K i 3%
T+ RIS, MCD TRk 7735 5 1) NAFLD /M
Hp38 MAPK Fik o B, i i B bk e S i
T (AAVI-shRNA-p38y) Rtk p38y AEML I
% NAFLD /)N FRUA 54073 S B o e AR 12, 4275 p38
MAPK 552 57141F T NAFLD Ak B .
WL E &I, p38 MAPK {55 5 fEfg 1 1t £
WA AET Y, (BB shRE TR il i p38
MAPK {55 5 52 M A RS0 T~ 10 & A 5 5 s b IR
/N NAFLD, AR WLRGE . Bk, Aot
1 % T2DM & - NAFLD /) BUBE R E 4T 8 Ji (1 e &5
iz Bl T WOk WA 4z 3l 6 NAFLD JHF i BRAR £k
A2 . [RIEEHINA p38 MAPK 11 71 SB203580 1
T, A I I S AR SR T B AR BB T AH DG 2R T
FIRIKF, M p38 MAPK-#KAET- /A FE 4511z 5
M(#% NAFLD 40 F#Lil, & NAFLD (3697 # fit

1 #R5TTE

1.1 ZWHMEHAE

8 J I8 e m/m /)N LK db/db /)N BRI B MR
SCH SIS B A FRA R, A /INRAE SPF R IAEE
PLUH RS GIRJE (22+2)°C, JBJ¥ 40%~60%) i
F%, WNPEESE AR RER . B m/m/NRAER
IEHXTHRZH (Con, n=8), 32 H db/db /) R BEBEHL
SRR (db/db, n=8) . #if5iazh4] (db+Exe,
n=8) . p38 MAPK | F4l (db+SB203580, n=8)
A iz 3B S p38 MAPK 1] 5] 40 (db+Exe+
SB203580, n=8).
1.2 FHAE

db+Exe £ } db+Exe+SB203580 ZH /I Bl id 1 4
w1 ks, T IERGEsh T, SRECh AR B Y
FHEIZEN TR, MEWEHR0°, Lh10 m/min i)
B HF 2242 8 40 min/d, PEAT SR T B . db+
SB203580 £ & db+Exe+SB203580 4 [n] i & 1
5 mg/kg BIFIEEHEAT 5 d/FE 1) p38 MAPK il 71 I
T, Esh A2 T2 h e k7. $Fek
T8, BJARFRBUNUAE, KEEE12h)5
FE R, 0 25 2/ INER A 25 IR OB (B, ASBHFSE
SR AR T ROUA T s e B 5 2
e (HEHES . 0087-202010-1301)
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1.3 2 Rk

p38 MAPK i il 7 (SB203580) Wy T
MedChemExpress 23 7 5 H il =g (triglyceride,
TG) . M JHEEE (total cholesterol, TC) . iK% &
R FIAHERE (low-density lipoprotein, LDL) .
% R B M E @ BE (high-density lipoprotein,
HDL) . AST. ALT., ff & it J5l B 4% JpE H ik
(glutathione, GSH) . N —.f# (malondialdehyde,
MDA) . VRN 2 150 & W T B St A TR
W5 B PrimeScript RT Jz 7 555 & A H A
Takara /A 7] ; [EEEJE 045G HEH 1 (sterol
regulatory element binding transcription factor 1,
SREBF1) #1Z Ft#%i s A R 1L 1 (acetyl-CoA-
carboxylasel, ACC1) /B2 g B Hi AR My F ik 7
Proteintech /A ] ; Phospho-p38 MAPK (Thr180/
Tyr182) . p38 MAPK. Ifil 2L & A & [ 1 (heme
oxygenase-1, HO-1) HipsepEiiARNl T 3EE CST
¥+ E2 #H ¢ F 2 (nuclear factor
erythroid 2-related factor 2, NRF2) . GPX4,
SLCTA11 BB si BEH TR T ¥ Abmart A H] .
1.4 MmAESAFRGHKENE

SLEAEAUE /N R ERIBUAL , i AE %S IR E 2 h
J&, 3000 r/min &.0> 15 min, BHE 2K, BiE L2
M3 . FREUETERAE, 20 5 /N Rl
HH TG, TC. LDL. HDL % & J¢ AST. ALT i}
T
1.5 BFREARKEEFRE

BUNRIFHLT 4% Z R PR EE, w0HA
AL, VISR EE S um 3 R, EF T 9RAOKS - 4L
(hematoxylin-eosin, HE) ¥t , G5 T WE I

NRSI P

R, W2l ARk . 5 B o I B R
WE, Wi KSR AL 10 pm VR Y R, SEATIMZT O e
o, WGBS LR TR .
1.6 %#%EZ{ (immunohistochemistry, THC)
BINGPX4, SLCTA1IBRMERIE

BUA AR, YR s 2oK)E, T
JFAE W AT PR AE &, B AR A Rt
GPX4 (1:100), #HLSLCTALL (1:100), HFH
o JE M b, VW E A K OR %
(diaminobenzidine, DAB) & ff, FrANEE L5t
R, FERGEE R, 83 Image-Pro Plus #F11
SR PR X ST 250 % FE 1
1.7 FAELARNGKBEFKERNE

FRIGE /N RFREAL L, #e s (g) @ (AR
(ml) AYLGE], A OfEIRFRAY AR LK, (RIS
WG, 2500 r/min, 2.0 10 min, B WK, F&HHE
ZH 2Lk 5 R S U B R, A EEFRIY 520 nm
AU SGEE (4) 8, IFIFIRA 2 /N BUFFIE ik
BT,
1.8 FFALNAMER. RZBEEMNNE

B10% /N R R 2150 9% W, # GSHL.
MDA ] 72 32 551 & U6 P 1 #4438 A
405 nm J 532 nm M AE, I E 44N R
WEH GSH 2 MDA & & .
1.9 qRT-PCR#iM#H5%E HmRNAKF

fifi F TRIzol J& BT AL 21 RNA, 1l % RNA
R I I e R R Bt S B B B 45V E 3R A5 cDNA =
W) . ffi 1 StepOne Plus % 2¢ )t 2 & PCR ¥ i i
SYBR Green e BHEAMN H EH ik (5197751
W), 2 g I PR AR X ik

Table 1 Primer sequences for qRT-PCR

Gene Forward primer (5'-3") Reverse primer (5'-3")
SREBF1 TGA CCC GGC TAT TCC GTG A CTG GGC TGA GCA ATA CAG TTC
ACCI CAT GAA CCATCT CCG TTG GC GAC CCA ATT ATG AAT CGG GAG TG
MCP-1 TTA AAA ACC TGG ATC GGAACC AA GCA TTA GCT TCA GAT TTA CGG GT
1L-6 TAG TCC TTC CTA CCC CAATTT CC TTG GTC CTT AGC CAC TCC TTC
GAPDH GGT TGT CTC CTG CGA CTT CA TGG TCC AGG GTT TCT TAC TCC

1.10 FEHFRENEE (Western blot) #& il X FE
BRI FERIE
RUBGE SRR, 20 @ B0 EHREUE

FIBT, BCAVEN E & H Bk B 5 e i o Bl EAT
AL BTK . R BHE, 4°CHEE AN —PL
(SREBF1, NRF2, GPX4., SLC7All. Phospho-
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p38 MAPK ., p38 MAPK Hii AR B L 1 : 1 000;
ACCI1, B-actinPUIAEFHRELLAI1 = 10 000) K. &K
HyE i E e a i =40 (R B Lkl 1 : 10 000)
90 min, fh2EK G W AN, R Image T4
oty AT 53 M
1L11 Sit=EFE

BT A BAE Y DSE B b E 22 (meantSD) 3
7N, K H Prism Graphpad 9.0 #k 4 X4 8088 #E 174011
G3M . ARG R R J7 22934, DL P<0.05 22
SEAGEE L

2 g4 B

2.1 HIBIEEHXTdb/db/NR A E K = S I AR R 520

FESZH 0], db/db 2H /)N BRUAH 5 25 1 1A A2
Fegk BT, HBES T Condl/Mil (P<
0.000 1) 1fij db+Exe 41 /)> R4 5 AT 5 265 5 & JF
AR NS, H 8 R g o e HAK T 525 7 i
BEK I AR F db/db 4 (P<0.05, P<0.001), 42
7N 81 5 12 B REAA ARG db/db /) BRUAG A B J% 55 i 1L
B (B R, 5 CondiAHLEL, db/db4l/)
U5 B0 S (P<0.000 1), i 55 45 70 20 #H
I, db+ExeZ1/MRFFEECE Z L (P<0.01),

(a)
60 e—e :Con
=—a :db/db
= M:ﬁ]* a—a :db+Exe
=
40 1 "
=
T | e g s
Q
= 0k
0 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9
t/week
(©)
0.08 —
T

Liver body ratio
[=1
=
E
T

22 HMA&IEzh3tdb/db/ R I A5 & BT BE R I )
Al

AR AR AR A S R 7 I ATE I T RCR: , DRIk
& 4H/NEUMIE TG, TC. LDL. HDL & &kt
MAE . 458 5R (K2a, b), 5CondAM, db/
db 41/ TG, TC. LDL #AKETHE (P
<0.01), {HJZX}F HDL %A B B (P>0.05);
SR 15 32 3l AT LA S BAEG db/db /N B 1 TG
TC. LDL/K- (P<0.01), ASTHIALT FE /04T
FFARMa, T2 i BB AL, PRI AR
B N AST 5 ALT A9 35 1A R BT 453405 1) 7 22
SR AR EY) . XN UL P AST 5 ALT & it it
ik, 255 (Kl2e) R, 5CondlAflk, db/dbl
/NERUMIE T AST. ALT BEPERA B AR (P<0.000 1),
I3z 8l T W5 db+Exe 41/ AST . ALT i 74 B
WAL (P<0.000 1), FiRZ5R$E/R, db/db /MR
MG S5 T BLAAAE ™ B i, mil&is
gl n] B 5 B A db/db /I BRI 7K 7 I 2% it JTF 452 473 o
T PR I8 B % NAFLD A7 Rk, XF db/db
/INERU T IS B 22 A TR I . AN (I 2d)
Con 41/NRUFAEFR G, (EREZL, 1 db/db 41
/INERUFF AR B B 1, AR (A ¥, A7 TH
& iz sh TS /N U W IR A4 Pk . HE

~
=
=

—{ % i % éiit:;]***

t/week

Ny
(=]

o—o :Con
=—a :db/db
A—a :db+Exe

w
(=}

HitHHt

{
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(=1

sk

<> g [
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Fig. 1 Effect of treadmill exercise on body weight and blood glucose in db/db mice

(a) The 8-week body weight changes in each group of mice; (b) the 8-week blood glucose changes in each group of mice; (c) liver-to-body ratio of

mice in each group. Data represent mean+SD. n=8. “*P<(.000 1 vs Con group; "P<0.05, “P<0.01, ""P<0.001 vs db/db group.
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KEX, F: pBRANFREUNEOHBESRAERETSS
BN E2BERR S /N R AR B AR B I AT s
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Jeta 58 (F2e) W, ConZH/NRAFHZAIE
FAIEH, db/db 2140 MR A BA S, 20 A A% B
e, KAy ] WA ERFEAS , IfAEA Kk

Kt

PAR=E]

INA—RIER 2 B, s sh USSR ZHE
AL G

@ 5 = :Con ®)

_ H =idbidb

S 4t == :db+Exe 2
K] L 6
ET/\ 3 Hkkok ET’\

24 24

x S

TE? 5E o
g E~ 2

g ! g ok
175} w1
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(d)
(e) Con

mm Con © 40+ mm Con
=:db/db B = :db/db
m = :db+Exe 2 lidigiaa == :db+Exe
L 30f
g
o
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Fig. 2 Effect of treadmill exercise on blood lipid and liver pathology in db/db mice

(a, b) Serum expression levels of TG, TC, LDL and HDL in each group of mice; (c) serum expression levels of AST and ALT in each group of mice;

(d) hepatic tissues of mice in each group. Data represent mean+SD. n=8. “P<0.01 vs Con group; “**P<0.000 1 vs Con group; “P<0.01, ""*P<0.000 1

vs db/db group.

2.3 HM&AIEZhXINAFLD/NGRAFAEBE AF Tt 5 X
sbAl

ML oge s (K 3a, b) E/x, Confi/h
U4 as A EH, JoLr(ligii, db/db i H PR
LY R, MK HBEZ (P<0.001), #R
db/db /N A E 35 A A AR v SRR S oA, i
8 JEE B T-H5, db+Exe 417N BRUH-4H A 7 A5 4 1
AT db/db 4L, JFALZN N LT YL R T b AR B
U/ (P<0.01), SREBF1 2 [/ st % |- fif) 56 b 5
SRR, A Rz PR [ B ) vk R 45— 2R 51
HEARTTA B IR ACCLIRARIIAE it 72
PR, AR I BT AR A K

(EERY) . R, it/ ETFZ4H 4% SREBF1
J ACC1 1188 1 5 %35 5 mRNA 5 5K P 0E1 7
W, BEMGIEEFEE R 5 CondlA L,
db/db 41 SREBF1, ACC1 A% 15 & mRNA /K-F i
ZFFE (P<0.000 1, P<0.05), #i7% db/db /N EUIF
WERG LA B 2 5 iR G iz 3h W 9% 1 db/db /)N
fLSREBF1. ACCI 4 115 X mRNA FRik/KF -
Ft+ (P<0.000 1, P<0.05). [FIE, qRT-PCR AT
AL PAZ A EIEE 1 (monocyte chemotactic
protein 1, MCP-1) J # 4 I + H /i & -6
(interleukin 6, IL-6) 7E mRNA 7KF-f3Rik (&
3¢, d), ZEHER, db/dbZH /B A 5E T2k
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B ConWHI B EFE (P<0.05, P<0.01), FHidb/
db /N FRUFFIE & A= RAE SR, T db+Exe 2 H* MCP-1

J1L-6 13235 548 db/db 4H ¥ B B T FE (P<0.05,
P<0.01).
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== :db+Exe =
3 : e 2 y = :Con
E % Con db/db  db+Exe Ky § ## = :db/db
< & 4r 250 Z 10k == :db+Exe
z 5 | w ACCL| NS - g *
g 2
© 8 SREBF1| — — . ] ‘125 2
Z 9 2 y 5051 .
= e EEEE °
£ ) g
z B-Actin| A — —(42 :
0
ACC1 SREBF1I  MCP-1 IL-6 SREBF1 ACC1

Fig.3 Effect of treadmill exercise on hepatocyte steatosis and inflammation in the NAFLD mice

(a) Oil Red O staining of liver in each group of mice; (b) results of quantitative analysis of Oil Red O staining; (c) Relative mRNA levels of ACC1,
SREBF1, MCP-1 and IL-6; (d) Western blotting images and analysis of ACC1 and SREBF1 from each group. Data represent mean+SD. n=8. “P<0.05,
#p<0.01, #P<0.001, “*P<0.000 1, vs Con group; "P<0.05, “P<0.01, “""P<0.000 1vs db/db group.

24 HMWEIEZHIINAFLD/NRATAES S £ BB Rt
R A 0p A

JHF I PR 6P 2K A P T sk 50t sz Iz ol i
L AAC N, TR E NAFLD i & e, PR e
NEUFHZI M5 F . MDA & GSH /K-t
ki, g5 (Kl4) Bon, 5 Condltftt, db/db
ZH/INBURFIE AP 4K 28 5 5 . MDA ZK-F- B i 3 v
(P<0.000 1), Tfjiz g+ @ AR T db/db /N U
M Fe f i . MDA K- (P<0.000 1), BtAh,
51z g Wi kL T db/db /N ERFIE N GSH 7K -1 T
(P<0.05). iR&5R4ER, 8JEM & T LI &
FAAIK NAFLD /N BB RS T2 20 2k 5 A5 R ot 4
K-
2.5 MAIEZHIINAFLD/NRAFREEAETHEEH
FKIEHIF

NRF2/HO-1 il }2 SLC7A11/GPX4 %l 8 1o B 1k
e ik S A B ) PR AR R A T, I THC e 8 f
Western blot Xf /) R i 241 21t NRF2, HO-1.
SLC7A11 1 GPX4 By [ e R iAAKF-#EATAG I . 25

B (S5 B, 5CondltHt, db/db4i/NEAFIE
PWNRF2, HO-1. SLC7AI11 Fl GPX4 B8 14 i 261k
K- BFEAL (P<0.05), HR A AZSTHE
HFRH B ETE (P<0.05), R isshbe
P db/db /N BRI FE T AH DGR I BT 3Rk
2.6 #p38 MAPK{E 5 Xt iZ 3/ 2L Z db/db /N R
NAFLD &0

P38 MAPK {5 576 NAFLD 4 & s HL ] rp & ¥4
FEEH, N THR5E p38 MAPK {5 5% NAFLD /)\
SRR 5 28 Pk By s, i H] SB203580 411 il /)y Bl
1A p38 MAPK {55, Western blot ¥ il] p-p38 &
p38 MAPK & It iA K-, 458 (El6a) in
MIAIBEh T, B4l p38 MAPK I 11 M iz 5h
A 70 i 550 84 K B AR T p38 MAPK 7E
Thr180/Tyr182 {3 s [ B 2 1k 7K *F- (P<0.05, P<
0.01, P<0.01), {H5 545z o)y ol B 4l 1 i 77 1 i
FHLE, 32 SIS TR T 0 Rtk — 2 B A% p-p38/
p38 MAPK Y HAl (P>0.05) . [EIF, %4 2H /N
J TR 2528 A B R T LR 1 2 ik KA TR
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Fig. 4 Effects of treadmill exercise on iron accumulation and lipid peroxidation of liver in NAFLD mice
(a) The expression levels of Fe*' in live of mice; (b) the MDA level detected in liver; (c) the GSH level detected in liver. Data represent mean+SD.

n=8. *P<0.001, **#P<0.001 vs Con group; "P<0.05, ~""P<0.000 1vs db/db group.
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Fig. 5 Effects of treadmill exercise on ferroptosis related proteins of NAFLD mice
(a) IHC staining for SLC7A1l and GPX4 of hepatic tissues; (b) the mean optical density of SLC7A11; (c) the mean optical density of GPX4;
(d) Western blotting images and analysis of NRF2, SLC7A11, HO-1 and GPX4 from each group. Data represent mean+SD. n=8. “P<0.05, *P<0.01
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Fig. 7 Effect of inhibiting p38 MAPK signaling on ferroptosis in liver of NAFLD mice
(a) The expression levels of Fe** in live of mice; (b) the MDA level detected in liver; (c) the GSH level detected in liver; (d, e) THC detection of
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Exercise Improves Nonalcoholic Fatty Liver Disease in T2DM Mice by
Inhibiting Ferroptosis Through p38 MAPK Signaling Pathway”
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Abstract Objective To explore the mechanism of treadmill exercise against type 2 diabetes mellitus (T2DM)

with non-alcoholic fatty liver disease (NAFLD) based on the regulator effects of exercise on ferroptosis.
Methods FEight 8-week-old male m/m mice were used as control group (Con, n=8), and db/db mice of the
matched age were randomly divided into T2DM model group (db/db, n=8), exercise group (db+Exe, n=8), p38
mitogen-activated protein kinase (MAPK) inhibitor group (db+SB203580, n=8) and exercise combined with p38
MAPK inhibitor group (db+Exe+SB203580, n=8). After one-week adaptive feeding, the mice in the db+Exe
group and db+Exe+SB203580 group underwent moderate intensity treadmill exercise for 40 min/d, 5 d/week

# This work was supported by grants from The National Natural Science Foundation of China (81601228) and Ministry of Education Humanities and
Social Sciences Research Planning Fund (21YJA890014).

## Corresponding author.

Tel: 86-13627292193, E-mail: kouxianjuan@126.com

Received: January 19, 2024  Accepted: April 23, 2024



KEX, F: pBRANFREUNEOHBESRAERETSS
2024; 51 (1D BN E2BINERR R /N R AR TE S M AR B M AT *2997:

lasting 8 weeks. The db+SB203580 group and db+Exe+SB203580 group were treated with SB203580 (a specific
inhibitor of p38 MAPK) with a dose of 5 mg/kg, 5 d/week for 8 weeks. And the exercise intervention was
performed 2 h later after the intraperitoneal injection of SB203580. The body weight and fasting blood glucose of
mice were measured regularly every week during the experiment. After 24 h of the last intervention, the mice
were weighted, the liver tissues were taken, weighted and the liver index was calculated. The pathological
changes of liver were determined by Oil Red O and hematoxylin-eosin (HE) staining. The levels of blood lipids,
liver function, Fe** and oxidative stress markers of liver were measured by enzyme linked immunosorbent assay
(ELISA). The related mRNA expression levels of lipogenesis and inflammation were evaluated by quantitative
reverse transcriptase-mediated PCR (qRT-PCR). The related protein expression levels of lipogenesis and
ferroptosis in liver were determined by immunohistochemical (IHC) staining and Western blot. Results The
body weight, fasting blood glucose, liver index, blood lipid and transaminase levels in the db/db group were
significantly increased compared with the Con group. HE and Oil Red O staining showed severe lipid
accumulation and ballooning change in the liver of db/db mice. Biochemical tests showed that Fe* and MDA
level of liver constitution homogenate increased, while GSH level decreased significantly. The results of qRT-
PCR showed that the mRNA levels of MCP-1, IL-6, SREBF1 and ACCI1 in liver tissue of db/db mice were all
significantly increased. Western blot results showed that the expression levels of SREBF1, ACC1 increased,
ferroptosis relative proteins were significantly decreased. The 8 weeks of exercise significantly reduced the rise in
body weight, blood glucose, liver index and blood lipid levels in db/db mice. Exercise intervention also alleviated
hepatic steatosis and reduced the expression levels of Fe*', MDA, MCP-1, IL-6, ACC1 and SREBF1, upregulated
the expression levels of GSH, NRF2, HO-1, SLC7A11 and GPX4 in liver tissue of db/db mice. The intervention
of exercise combined with SB203580 significantly down-regulated the mRNA expression levels of ACC1, MCP-1,
IL-6, reduced the levels of Fe** and MDA, and up-regulated the level of GSH in db/db mice. Compared with the
db+Exe group, the expression of Fe**, MDA, MCP-1, and SREBFI1 in the liver of the db+Exe+SB203580 group
mice significantly increased, while the expression level of GSH and expression levels of ferroptosis relative
proteins also significantly decreased. In addition, compared with db+SB203580 group, the iron accumulation and
lipid peroxidation in the liver of db+Exe+SB203580 group were significantly improved. Conclusion The
8-week treadmill exercise can effectively alleviate liver injury and steatosis, and its mechanism may be related to

the inhibition of hepatocyte ferroptosis through p38 MAPK signal.
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