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60 min-d™, 5 d-J&™) FAREEY HIT £B( LA 80% = i= BRI 58 EIE N 1 min f5 BIZE Ll 40%E= =
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SRR EFZBE(AST) URFRE =42 TM(P<0.05), ITIEER & KES(CS) SE MR ASRS
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Therapeutic effects and mechanisms of two exercise modes on rats with nonalcoholic fatty liver
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of Technology, Xuzhou, Jiangsu 221008, China)

Abstract:

[Background] Nonalcoholic fatty liver disease (NAFLD) is the hepatic manifestation of metabolic
syndrome, which may lead to cirrhosis or even hepatoma. Regular exercise is an important non-
drug intervention strategy for the prevention and treatment of NAFLD, but the optimal prescrip-
tion for rehabilitation training has not yet been determined.

[Objective] To compare the therapeutic effects of moderate-intensity continuous training (MICT)
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and high-intensity interval training (HIIT) on rats with NAFLD and explore the possible mechanisms.

Thirty-six 4-week-old male OLETF rats were raised to 20 weeks old and divided into three groups: a sedentary group, a MICT
group, and a HIIT group (n=12 in each group) by random number table, at the same time, same strain 12 age- and sex-matched LETO rats
were selected as normal control group. The rats in the normal control and the sedentary group were fed quietly in cages, while the rats
in the MICT group (60% of maximal running speed, 60 min-d™, 5 d-week™) and the HIIT group (80% of maximal running speed for 1 min
followed by 40% of maximal running speed for 1 min, alternately repeating 10 cycles, 5 d-week ™) followed the designed exercise protocols
for eight weeks by treadmill running. Forty-eight hours after the last training session, hepatic histopathology was observed and hepatic
triglyceride and glycogen content, mitochondrial content and function. and protein expressions of markers related to metabolic regulation
(glycogen synthesis, fatty acid transport, de novo lipogenesis, triglyceride transport and secretion, and macrophage polarization) were
measured.

Compared with the sedentary group, the levels of plasma alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
and hepatic triglyceride decreased (P < 0.05), the activities of citrate synthase (CS) and fatty acid oxidation (FAO) increased (P < 0.05), the
protein expression levels of Elovl fatty acid elongase 6 (Elovl6), CD11c, interleukin-1f (IL-18), and tumor necrosis factor-a (TNF-a) decreased
(P<0.05), the protein expression levels of peroxisome proliferator-activated receptor y coactivator 1la (PGC-1a) and CD206 increased
(P<0.05), while the differences of liver glycogen and glycogen synthase (GS) protein expression levels showed no statistical significance
(P>0.05) in the MICT group and the HIIT gtoup; the protein expression of fatty acid translocase (FAT/CD36) decreased in the MICT group
(P<0.05); the protein expression of apolipoprotein B100 (ApoB100) were up-regulated (P < 0.05) in the HIIT group (P <0.05).

Long-term MICT (60 min-d™, 5 d-week™) and HIIT (20 min-d™", 5 d-week™) interventions have similar therapeutic effects on
NAFLD in OLETF rats, and the mechanisms are related to the improvement of hepatic mitochondrial content and function, lipid
metabolism, and macrophage polarization state. Because of its remarkable time efficiency, HIIT is expected to become an alternative
mode of MICT, which is of great significance for optimizing exercise rehabilitation prescriptions for patients with NAFLD.

high-intensity interval training; moderate-intensity continuous training; nonalcoholic fatty liver disease; metabolism; mito-
chondria; macrophage polarization
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WS ATRE RN, B E 2020 4, NAFLD £IKE
REEIX 25.24%, EREHFERFABEREZAE
T 70%~80%"; NAFLD 5| X AT A EREENER,
TEEEMEELEEFEREY

PR A ES WG MK 175 ThE NAFLD B &
FENREATFEY B, X EEHEFFXHE
EHEASRAHIT 150 min WP EREFLIEE
( moderate-intensity continuous training, MICT) (Bl &
fiznh) LUREIEBRERHNEMN, IHEERY, B8z
SN BE 5 2 & B EE NAFLD B & IRRERK. A, BT
MICT FiZSUER IR, FF4RBT R, Hh IR Z 0K, TE KRS Tl
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EEMEITENBEERS RIFHENRAER, #3t
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M S5iEthaEZUFE-RNXR, ERSRERS]
SERYOBERIPER 2P ERER 2 &, L RIH
RIEEE R, =58 E 8] BRI 5 (high-intensity interval
training, HIT) B FFARATIEIRAE. SEth81RIR, ALt
BEEEENWER R, EXRMENRRIEEhR—ME
FURITHNNGE R, tARKREA, T BB EZEE
@A, EXFZMIEMRNEEITMEESH MICT 8

NAFLD BFF 3T & B, HIT 3 NAFLD B9¥7 S F mIcT,
FNIEE A R BIIFELET E394 50 min'™Y, IIRERARFTIE
52, SHEEAARRE (1674 k1) BY HIT F0 MICT XF NAFLD
NN EEREERNN, SAIIGKEEHERITFEX

[(231.3+11.0) min vs. (222.4+18.2) min, P>0.05]"%
ERRITARHRRE HIT BB =, Etk HiT
£ NAFLD R B EBEF RN A RE KR FE. 2T LU
E I A2 NAFLD BARIZRY OLETF B A 14 2 BUNE
FRIEA R AhEE™, FRHIEE AL BT HIT /5
=, BEEXLEARENSEEN A X NAFLD BYE T R H IR
W E AT BN S,

YEEY 4 B WS4 OLETF K 36 RUUARER. 4
HFBECITAY[EI S Z LETO(long-evans tokushima otsuka)
K 12 3, (AFRE 160~180 g, M B AR EK B 5%
S EBRRAASEH. TEREREREZHETHE
B, AFAE BXRY, RBE 24~26 °C, 2 E 50%~
60%, BABE A HALL 12 h:12 h, KB B BIEEFK, i3
FFE 20 FERETIE OLETF KRR NI FR D NIE
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B LETO KR ENEE X R A (n=12), LR IIEH,
HFEIMET. EEEFRRA, FHIBA T HFIBR 8
DY), REEERE N n=40, EFIEFITA n=12.
BRI ER2R n=10. {RE! MICT £H n=9. {RE! HIT 4H n=9,
LRAREEMNITRRRUBAZ Y LINCIESR
REaHE, #ES A CVIE 2022-018, SEITIZERE T
BAMERSE XERIYEBNERNME.

SRIRAART ARSI ING SR, BEF
FRiEIE ta fEah /7B R WNE K R = iiE: #2iah
HFR S mmin, & 2 min 150 1.5 m-min™, IR E R 0°,
HENB, ERRE—RARI AR AN RS HE
R MR MICT AFNERY HIT A2 513H1T 5 d-B
# 8 ANAREABEENIZ. HE MICTHFRN: &
SERE( HIER) 7 60% 5= BUR, IZ 58T 8] /9 60 min-d™;
B HIT B RN Ll 80% = MR R E IS 1 min
BEEEEL 40%5 = HIRBEIZD) 1 min, AR E
BE 10 MEf. #ATE 4 e AEFMNERSH

ERHRITEEIZMRE, [ERENRANEE LA
RIERLERETT

BAMARSEFPESANERENEYBAE. K
PG 48 h, ME KBS 92 Lt , M /5 A8 & bk EX M
B, B2l 3000 rrmin” B 20 min(BIOF R
79 8.5cm), BB, -20 °C (KR /KFEFZEN M
REMTEYEE, HNEFREHFE, BED I
73, —EHPEETF 10%EREMHPFITHLRIEF
R, B—ESEEFEE-80 °C KFEEMFT Y B AL siAR
EYUREXEBRRIEE,

RN EE X MR WCENE K
Reg@fiEaatt. BiRES RRIMZFRIER(9:1,
2 mL-kg™) FRER B4, LA BEMIL & T INEE X 2RIk U (Y
(Lunar Prodigy Advance, £[E GE 7)) 3K L, R
MEFIBR. ERA B, HRERERT. 2T
B IiERAE28EHaE, ELNE=R, BIE,
AEBDtL=25 a2 A REx100%,
TREIE. HH
=Fg. BB, RRERIEFETEEE(alanine amino-
transferase, ALT) fl X £ & B2 & & 3% #% B8 (aspartate
aminotransferase, AST) A & B & & 14 93 #7 1¥ (Cobas
8000 &, BET KA T]) UL &BENE; ¥EHMLIE
F(glycated hemoglobin, HbAlc). TEER . AA
BT Z-6(interleukin-6, IL-6) F AHfEE IR FE A F-a tumor

necrosis factor-a, TNF-a) ¥ FB & B h B85 {X (BIO-RAD
680 &, £ EfH R A 8)) LAEG BX %2 % T Md 5% (enzyme
linked immunosorbent assay, ELISA) ME. T EEDE
IKIIEE(insulin resistance index, 1SI) , ISI= %= i MM ¥E
KT IERR B R K225, A EHBWEFREEY
BRARMDERAE, mEZRRIAT 2R HITIRE
FFAEFR 10%48/RSME
T, AR, HIE 5 um EELARTIF. 2530177
K Ig — F£I(hematoxylin-eosin, HE) F1 Masson Z& &,
HF BHR(DM 40008 B, fREITRRAF)) TIERAT
FRARRIEF T RT 4 NIZE,
B& = /T HE
AR, FMAARIRNREBEIREE O, W LEE, FIA
B3 E 1T (Lambda 950 B, 3 [E Perkinelmer 2
) Utk B ENERREE H=ENFEREE, i
FEWNEmREREYRRERAE,
F A BT AR LR LK ATIR R
& RLES (citrate synthase, CS) J& M R AT AEAR LA S 2,
EUEERTIEAR, ZEMRE B O AR AT &HE,
Bradford JEME R B KE, RAKIMD HAEIT(UV-
2450 B!, AR B2 Q7)) UEEBIEMELNIA Cs &,
EERRAEDL, EE 3R, UEDHRALEDT L
0.01 /9 1 MEEERAIL,
=

B8 Rector E WIS F BRI AN EFFAE FAO, BX
EEMEAREEEE TSR, MANBRSRAR
FRICEY [1-1Cl-IRHRER (= E Sigma &) , FFNFREATE
B Z & 1 Bk carbon dioxide, CO,) o % A& & IR MR 1Y
(Ls-6500 &, £ [&F Beckman 2 8)) M E ST 1%, A [1-
“Cl-ir B (LAY co, R BR FAO,

F A Western blot 71 I FF
i A BRI B S 2 v FBUE R F 1a
( peroxisome proliferator activated receptory coactivator
1a, PGC-1a) (sc-518025) « #ERSHES(glycogen synthase,
GS)(ab40810). B4 ER 1L ¥ [R 5 B (phosphorylated
glycogen synthase, pGS) (ab81230). A5 Bh B& %% {1 B
(fatty acid translocase, FAT/CD36) (sc-7309). Elovl g
A B2 %L &S 6(Elovl fatty acid elongase 6, Elovl6)
(ab69857) . Tl #iI K H > = fi5 ¥% iz & H (microsomal
triglyceride transfer protein, MTTP) (ab63467) . # g%
F B100(apolipoprotein B100, ApoB100)(sc-13538).
CD11c(ab52632) . B4HRES T2 1B(interleukin-1B, IL-1B)
(ab254360). TNF-a(ab183218). CD163(ab182422)
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CD206(ab64693) o

BiE ETATALR SR GENLEE, Bradford JENE S
ERARE, RIEBNEB D FEEE 6%~12%0 BK
AR 5% R48RL, BY 20 g EAFMEEERXN LR
+ Z I B R 1B R I Bt PR R AR BB K (sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis, SDS-
PAGE) D B G, B 2B R & £ /% (polyvinylidene
fluoride, PVDF) f& £, A 5% M5 A E B A, R
B—#4°CHBEIR, ZHN(ERIRIEMEEITIZHY
FHR 1gG, 1:5000, X ETEEY TIERRAE)
ERWE 1he RORFRRE, EAEREFER K (en-
hanced chemiluminescence, ECL) B &, X &R EF 18
3¢, F B A & 2 4% (ChemiDoc XRS, 3= [F Bio-Rad
ANEDIHBEHABEEFHAEERE, REBEENERSD
FEEEY B-actin. H JHEE-3-B%ERAX S ES (glyceralde-
hyde-3-phosphatedehydrogenase, GAPDH) B Cyclophilin
(1:2000, &[E Santa cruz 2F) AASER, UEAS
EBNRANEHENBENERENREAS,
1.4 FitFESH

F B EUR LU BATE Z R R, A3 SPSS 20.0 3#1T
HIBRIT DT, SEHNARBLRRKARERRSED
#r, ZE L3R E A Bonferroni #8238, P<0.05 ENER

BERHFR .

2 4R
2.1 EATFHES R

R 85 BRIt E /N A mEmG)
g T = | ZReR E x| 4R BT 8]) o ASERFTH, R A HIT
£H(20 min-d™) Il 4k BY (8] R 1= B2 MICT 2B (60 min-d™)
8 1/3, EEHER HIT A5 52 EIIZREY 81X 10 min, Il
2178 [(80%R = HE I x1+ 40% 5% &= M iR x1) x10] /2
1B MICT £H(60% 8= = EEIE=60) BY 1/30
2.2 RAKKRE. KEERLLNEBYBAEIR

S5ESXNRALR, RERHAKRE. KBS
DL BYBANEIHE(P<0.05); SIEEIZERALL
55, A MICT AFIER HIT BIARE. (AIEE 9 L
BYBNE TE(P<0.05), ILE 1o
2.3 FAMBREMITEWILLER

S5EEXRALLIR, RA L EHE MK Hh=FE.
TFERERGER. IL-6. ALT. AST. TREIMAE. TRERER . ISI
1 HbAlc B EFHE(P<0.05); SERILERALLIR, 1R
B MICT LAFNEEY HIT A3 H M =E5. S AsEhER.
ALT. AST. TRRIMME. TARAIREZ. IS #1 HbAlc 2= TFF
(P<0.05), 1&# MICTAH IL-6;RE FFE(P < 0.05) 0 MER 2,

*1 BAKRE. FEESLNRIMBAELLR

Table 1 Comparison of body mass, percentage of body fat, and food intake in each group

1547 (Variable) EEXTHRAA SRR R EERIMICTZE BT
(Control group) (n=12) (Sedentary group) (n=10) (MICT group)(n=9) (HIIT group)(n=9)
& FT& (Body mass)/g 437.2439.7 685.5455.9° 547.0+43.8° 575.9+51.3°
KBS E % Lt (Percentage of body fat)/% 13.742.6 35.844.3° 22.843.6° 25.144.0°
BYIRNE/(g8")[Food intake/(g-week™)] 145.116.8 251.649.0° 203.6£8.8° 195.449.2°
[E 1 5EEWBALI, a; P<0.05; SIERIZEALLIT, b: P<0.05
[Note] Compared with the control group, a: P < 0.05; Compared with the sedentary group, b: P < 0.05.
R 2 FAMREMIREIELER
Table 2 Comparison of plasma biochemical markers in each group
$5HF(Variable) IEEXTERA RRIRERA EEMICTA HEEIHITA
(Control group) (n=12) (Sedentary group) (n=10) (MICT group)(n=9) (HIT group)(n=9)

IMAEE#4(Blood lipid parameters)

H W =F& (Triglycerides)/(mmol-L™") 0.52+0.13 3.70+1.05° 1.1840.34" 1.33+0.41°

B RHER (Free fatty acids)/(mmol-L™) 0.30+0.05 0.91#0.12° 0.55%0.07° 0.62+0.08°
RIEFREH)(Inflammatory markers)

TNF-/(pg-mL™) 3.9+1.8 5.8+2.7 4,921 4.31.7

IL-6/(pg-mL™) 3.7¢1.1 127.6240.7° 51.549.7° 107.1+45.9
FF5{A45E Y0 (Liver damage markers)

ALT/(U-L™) 38.5:5.3 62.0£7.9° 41.6:6.5" 35.746.0°

AST/(U-L™) 152.6452.1 387.1+98.0° 215.2463.7° 238.0£71.5°
IMEFEHIZ21(Glycemic control parameters)

%= B M4 (Fasting blood glucose)/(mmol-L™) 6.5%1.3 14.6+3.2° 8.8+2.2° 9.643.1°

=8 fE 5 & (Fasting insulin)/(mU-L™) 15.943.9 36.946.2° 21.0+4.7° 23.745.9°

ISI 4.6%1.2 22.846.0° 8.3+2.6" 9.943.7°

HbAlc/% 4.9+1.8 8.8+3.1° 5.1¢1.9° 5.3%2.0°
[F ] 5EBRALIR, a: P<0.05; SERLEALLIR, b: P<0.05

[Note] Compared with the control group, a: P < 0.05; Compared with the sedentary group, b: P < 0.05.
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2.4 ZAFRALFIEFINE

HE 2B ER(E 1A), EEXTBAFMBRESLE
MIEE, WA e <ARTAmpaphpk. HE5ITE. BRI,
R RFE A ERETE, 2 AN e I SERE
T, 128 MIcT AFREY HIT AT 4IRS BFRiNE,
FF 40 A Brb AK A AS B 2 14 BA B B 52 0 Masson &8 B 7R
(B 1B), IEE X ERARFARLEM TR, FFLE XM
REgkAENE LD ERRAHNIR, B LHALE
XAMAREKEBEEERRETETIRIE S, RE
MICT LAFNREY HIT L EX AP RERXABERIREN
FRMA LW IZERTER.

IEEXERA  EEREHA
(Control group)(Sedentary group) (MICT group) (HIIT group)

[E] A: HE 3£8; B: Masson 2,
[Note] A: HE stain; B: Masson stain.
1 FFREARFRIEFNR
Figure 1 Hepatic histopathological observation

2.5 FHARFREHEASEMINEELLER

CSJEM RN A E 2, PGC-1a BEMBE#H £ KU
KEME R, FAO NI B RILFF LN AR INEEN TS
tro SIEEXNRALLIR, LA L FRHAFTAE FAO F1 PGC-
la EARKE TRE(P<0.05); SRBILFRALLI, 1&
B MICT LHFNHRES HIT LHATAE s J&M. FAO LAz PGC-
la EAKRAEAB(P<0.05), WE 2
2.6 FHARFAEREEAELLR

GS EifIEtER & BRI XBES. SIEEXRAL
B, BIREARTER S E. pGS EHKRIAEM pGs/
GS tL{E T BE(P<0.05) , ZIEBYA B L IR N 4811+
BENX(P>0.05), W& 3,
2.7 FZARFAEAS AL

FAT/CD36 EAsBHER SIS RY X 52ES, Elovl 6 EASAL
Mk& R X 2 ES, MTTP BT R E M =EE% iz E
EEH, ApoB100 MASTZTH B=EE7 M. SIEEXER
LALLAR, IRA LB ART AT H = A5 & 2 AKX FAT/CD36.
Elovie B RIAEFE(P<0.05), ApoB100 KiXE T
fE(P<0.05); STRAIREFRALLIR, RE MICT AR
B HIT LBRFAEESH=EE S 2 U Elovie EATRAZ T
(P<0.05), #E MICT £H FAT/CD36 E A FRIX 2 F[F
(P<0.05), f2E) HIIT £H ApoB100 FHAEF=(P<0.05),
MTTP EZA B LLREAITFERX(P>0.05) . WE 4,
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[E] Ar £8h1{A cs 5EME; B: FAO; C: PGC-1a ZZHHEKE]; D: PGC-1a TBH
RIXE; SIEEIRALLES, a: P<0.05; SIERILERALLES, bl P<0.05,
[Note] A: Mitochondrial CS activity; B: FAO; C: PGC-1a protein elec-
trophoresis pattern; D: PGC-1a protein expression; Compared with
the control group, a: P<0.05; Compared with the sedentary group,

b: P<0.05.

2 HARFRELNIA S EMINEELLIR
Figure 2 Comparison of content and function of hepatic
mitochondria in each group

Al [B] RN
g 18 S& &
g”tao 15 \(Jo"\ %zbz N Q§\\
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W o & o oF
6y e S
= O
£" o PGS|---—|
A\ QA Q
&L & & Q\\\
& S B G5 | |
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Elg $12
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<0

CEIA: FFEREESE; 8B: GSEHEKE; ¢ GSEHARKE; 51EF
HERLALLIR, a: P<0.05; SIRELLZERLALLIR, b P<0.05,
[Note] A: Liver glycogen content; B: GS protein electrophoresis pattern; C:

GS protein expression; Compared with the control group, a:
P<0.05; Compared with the sedentary group, b: P<0.05.

E 3 BARFAERERAHLLR

Figure 3 Comparison of hepatic glycogen metabolism in each group
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