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[HE] B WA EE s SRR g 07 I K BUF A 4UR 0% R E A (mTOR) A 1 S6
B 1(S6K1) | [EREATI T4 5 A 1e(SREBP-1c) Ik, ik PLEUEFEMEM: SD K 30 K, #
MU TR N IE T 41 BRI FLZ S, 1E 5 AN SERh R IR0 FLZ Sh A R B s e et 12 sh Al K
AT 12 AN, 3 RBI T8 12 BB, FFIERRE | 3047 P 2R AR - 41 (HE ) J s
FIIFLH 2R S8 RE T S TEAY [RIRHI 2 1038 218 [ s (TC) HOM =8 (TG) W B N8 iR (FFA) (4 B 5 2 g
(AST) FIE 1Bl (ALT) & 4t AR 1k, SR F Ao B 7 1 A U JFFZH 28 mTOR |\ S6K 1, SREBP-1¢ # H £k,
SR EFHARBFIEALUESFIAEE  FRHS ST /NS5 8 S8 B35 M, oA ULAS I 2844 T 4% 0 40
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JHF ARG T HA S0/ | SR IR ek . 32 Bl A K BRUFFAH 2R 4 E 105 o B2 1T 4 i 35 I TR AU A ( P<0.01 ) 5 35
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[ Abstract] Objective To observe the effect of aerobic exercise on the expression of the mechanistic target
of rapamycin (mTOR) , S6 protein kinase 1 (S6K1) and sterol regulatory element binding protein 1¢ (SREBP-1c)
in the liver tissues of rats modeling non-alcoholic fatty liver. Methods Thirty healthy male Sprague-Dawley rats
were randomly assigned to a normal group (N), a control group (C) or an exercise group (E). The normal group
was given basic feed, while the other two groups were on a high fat diet. Group E underwent a 12-week program of
treadmill running, while the other two did no special exercise. The rats” livers were then resected and weighed. Hema-
toxylin-eosin staining ( HE) staining was applied to get a hepatic inflammation activity score. Serum total cholesterol
(TG) , triglyceride (TC), free fatty acid (FFA), alanine aminotransferase ( ALT) and aspartate aminotransferase
(AST) were detected, and the expressions of mTOR, S6K1 and SREBP-1c in the liver tissue were determined using
western blotting. Results In group N the histomorphology of the livers was basically normal, with the hepatic cords
neatly arranged and the hepatic lobules intact with clear structure. No macrovesicular steatosis or inflamed cell infiltra-
tion was observed. In group C there was diffuse fatty degeneration with disordered hepatic cords and inflamed cell in-

filtration. In group E the hepatic cords were in good order, with lipid droplets and inflamed cell infiltration significant-
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ly less than in group N. The average hepatic inflammation activity score of group E was significantly lower than group
C’s average, while the average TC, TG, FFA, ALT and AST levels of group C were significantly higher than those of
groups N and E. The average expression of mTOR, S6K1 and SREBP-1c in group C were also significantly higher.

Conclusion Aerobic exercise can help prevent and treat non-alcoholic fatty liver disease, at least in rats. Its mecha-

nism may be related to the inhibition of the mTOR, S6K1 and SREBP-1c signaling pathways.

Aerobic exercise;  Alcoholism;

[ Key words)

regulatory element binding protein lc;  Signaling pathways

Liver disease;

Rapamycin;  S6 protein kinase 1;  Sterol

Funding: A Henan Universities Key Scientific Research Project ( 15B890006)

DOI:10.3760/ cma.j.issn.0254-1424.2020.12.001

AE 0 K P B W B 9% ( nonalcoholic fatty liver dis-
ease , NAFLD ) S&45 HE BRI AR U Ath BF A 151 JH- DR 2R P 3k
(8, LAJFF 44t R 105 72 1 60 i B 0 RR A R AiE 14 T DA B8
CEAAEN B RV AE I N AR T 35 i R R Sk AR
A5G W HF 48 (nonalcoholic steatosis hepatitis, NASH) ,
ELEFREAL P U N B R, A Rz B
ST ARAE YE R DT I A R F Bz — ) R Rz
BB IR AR PERE W I A A FH AL i A T o 2
WX He A3 F-HL T R R A HE 2 S

FHAE R E 1 ( mammalian target of rapamycin,
mTOR ) Z: 5 A48 UG BTA 1L | W HIREAR A5 0E
TEP I R0 A: G R s AR B 11 S6 P 1 (riboso-
mal protein S6 kinase, polypeptide 1,S6K1) J& mTOR T
e — N EEON 2 5 R S B . mRNA
I e ) shA P A0 ARG S 7 ST
KB NAFLD 5% P83 F2 77, mTOR F11 S6K1 f77F 7% 15
FEIRE S [ W E Y JCAE 45 A B 1 e (sterol-regulatory
element binding protein-1c,SREBP-1¢) 55 1T R NG A
FEUIAOC , AT AERE Sf KT I8 795 g 52 A URH DG il 55 56 ]
[k, 2 5 NAFLD MR EME RS,

AT LA & DI 258 1T B, A DA 460z Bl xf
R KR 5 S 0 AR TR 1 B T R BT DE 4 21
mTOR S6K1 SREBP-1c & &KL, B R A
AUz BB IA AR 1 B 105 A A b B AR AL, DA
N Az ST IR AR PR RE U T B BRI

R T %

— S B S

6 Ji]#% Sprague-Dawley (SD) HEPE K B 30 H A &H
(170+10) g, VTR 48 L5 sy b B2 48t hi/r Al ik
Z: SCXK ( #) 2005-0001, JC %F 2 9% JFL K ( specific
pathogen free ,SPF) M85, Z IR (22+2)°C, i v 1417
F2 7 d Ja B TR o TE W A AL Rz )
41,840 10 2, Aok e,

= ARTERE T R 07 R B ARy 56

IEH LG T SERIR R, R ZH FE sha 2 34
T BT RE CRE [ B 2% , AR 51 0.5% , PN i 48 s g

0.2% , K% 5% i 10% , 3&mb ik} 82.3%) 7,

SNSRI E S

TE R B 5 B 5, AN ik AT iz gl %k, B
SAKRFHR TS 17 + 00-18 : 00 17 & 12
31, 2 I8 Bedford & 3 7 £, 5 — A, V1 4f i
12 m/min, 3% B 0°, £ ¥k 20 min, B H #3384 0
3 m/min, & H B 10 min, 55— B2 5 )56
ZJEESE R MR R 18 m/min, B 60 min, 3¢
JE 50, B I 5 W

NG iReS

123 12 5,3 AR RESE SR, 6% 8 %
£1(0.1 ml/100 g R ) JpREE, AbFE 5 fif HR BRI, 20
LU PR, TR 2R 4% 22 5 W ] 7, 5
ARG -1 ( hematoxylin-eosin , HE ) Yufh, R B A o
F-80 C VKA, T mTOR S6K1 SREBP-1c {551 [
AHOCHE RS

T AR BRIE

1. FFERB=IE(g) /KE(g)x100%,

2. M FE AR AE - 42 1M, 4000 r/min #0210 min,
Wi . 4 H A4 2 B A0 i i v R E [ P ( total
cholesterol , TC ) , H i =g ( triglycerides, TG ) . ¥i% & f5
W R ( free fatty acid, FFA) 4% H.4% % [if§ ( aspartate amin-
otransferase , AST ) F1 & TN %% 1 lif# ( alanine aminotrans-
ferase , ALT)

3. PSR N 4 4% 22 5 F I 1) i I 40
Rk, A AR DT R (4 pm) |, BB, J5RAORS -2 ( He-
matoxylin-eosin staining, HE ) 46 it 7K | rfv o b s
F o FFLZURAE T 5 BE 2 BR T 28 % 4500 B ik 52 X
B DCRAE NN RAE R B RSE R RS LR JE A7
orgiit, BIdETs 0~4 73 (FoHH RALE X AAE /Nt
WARIE FREIRFERIME 0583 0 0 Al W3t 1 43, 5%
JETE 2 3 T 3 4 AR 4 48 I ZUSRE T B
FEVE43 S IR AR R ARG T

4. Western blot £ [ 2 E I Al - 445 30 % ¥ 7 11
JELHZI VKA B 50 mg RFLHZLVE)3K B0 (4 C
12000 rpm,30 min) B FVEW . broE 25 AU AR, B
28 12% + ZJo B0 R FM——2R TN 44 T 1 HL UK (sodium
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dodecyl sulfate-polyacrylamide gel electrophoresis, SDS-
PAGE) 73 85 J5 , ¥4 H br 85 11 56 B8 22 5 i — 9l & 4 Jse
(polyvinylidene fluoride, PVDF) ik, FH R NG WA (5% )
4], £ Tris 5% 878 W — Tween20 ( tris buffered saline
tween, TBST ) # ¥ J5, il — $T, mTOR ( i B b il
1:2000, 5 H Abcam 7\ #l) . SREBP-1c ( # B¢ Lt {7
1: 3000, [ Abcam 2% ®) | S6K1 it A ( i ¢ Lt 1]
1: 1000,/ F CST 24 7)) ,4 C, %, 552 H,TBST i
MRS IR R B AR 1 A T (8 B AR R S AR
PHEA RN IG5, MR L 12 3000) BEF1 b,
S FH DY e %5 #5 ( nitro-blue tetrazolium , NBT)/5-7R-4-&-
3-15] Wt R £ ( 5-bromo-4-chloro-3-indolyl-phosphate ,
BCIP) .4, LA Quantity One ZRAFFAHE 04T K BEAE

NG

K 3 SPSS 19.0 Mg it o ik it AT Bl oy
B, A B S ] (s ) SRR, 2H 8% e 0 A ok T B
A2 7 2243 M1 (one-way analysis of variance, ANOVA)
Titko LAP<O.OUAHZESA G,

# X

— 3 R BT = AT E 0 AR
SEHG 12 JA G, AR R B A R T O R A
JUEFE RS R 2 v T AR A 2 R 25 S A ST

B (P<0.01), Eah KR MAE LR E TS
BUR E AT R, AR 22 T A Gt = L (P<
0.01) , B 1,

3 AR R 22 g

SCH 12 JiJE IR R BURF IR SUB 2 AR I
W RHRSVEE ST /NG540 58 435 B, A UL AR 1 A2
P S A E 20 L2 5 B AU 2H R BRI 4 40 B0 AR T
M SBRAE AR, AT UL SR T8 40 M g AR TR 3R
AL, FF/INIE P A5 DX 48 P4 R v 5 3 s 4l K RUIFR
HEZ BRI LS5 I /NI 43 U A 380 T 440 i Py
JE 7 728 Y S 9 PN P YA IX A 24 e = i
IR TELE 1,

= 3 A KFUREE B I

SR 12 JEE AT K BRI SR8 1 3 BETE 4 ik
FEmTIEWA, ARERAESIFE X (P<0.01) ;i
B K BT HIE R AE 15 3h B P40 i B AR T AU 40 | 4 [
EZRASIFE X (P<0.01) ,FELE 1,

VY 3 20 K BRI 3 5 BrAs: T

S 12 JE A AR BRI TC TG . FFA (ALT
AST &S FIERW A, AR 2Z R HA 5 it #E L (P<
0.01) ;iz 84 K FUALTE TC . TG . FFA (ALT (AST i 1%
TR, 41 8] 22 5 3596 G it 2F 8 L (P<0.01) , L
#£2,

R 3 AURRUARE TN RIS B UL (2s)

25 R KEMAHE(g) FFIEYRE (g) JFMEFE % (%) RAENG BN EPE4 (43)
IEHH 10 440.37+18.52 9.53+2.24 2.21+0.32 0.58+0.64
HERIZH 10 521.65+36.81° 21.14+3.19° 4.37+0.53% 7.36+1.96*
iz sh4l 10 466.95+24.63" 13.26+2.75" 2.83+0.41" 3.96+0.82%

L 5IER LS, *P<0.01; SR g, P<0.01

-
mate EIE D 20T ] Suansd P
¥ iﬁﬁ:ﬁ:‘-*“?t\':’“ \ T ‘ | }.2 o i "‘Y "

: 2 e ] Y 1 Ko
S as S [akn a0 LN 40
o % [ e
A BT IPETRL S5y A

g4 :“:.q "4‘ ‘é‘:‘;. .
P N

TE: A HIEHR AL B WAL C iz sha
B1 3 HREAPIEE AW (HE J (4, x200)

R2 3 ARRUMTE A AR PRI ZE R LA (s)

205 R TC( mmol/L) TG( mmol/L) FFA ((umol/L) ALT(U/L) AST(U/L)

EHH 10 1.73+0.46 0.83+0.21 48.46+14.48 37.56+5.28 61.87+16.72
TR ZH 10 4.84+1.87* 1.79+0.43" 78.82+18.52* 70.79+19.47% 160.64+27.56
iz 10 2.33+0.54" 1.17+0.18" 53.82+15.71" 43.56+8.86" 68.87+19.92"

S IER A L, P<0.01; SR8 4E S, P P<0.01
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T 3 HARBRATLHZ mTOR S6K1 Fil SREBP-1¢ &
EESny el

SEu 12 JA e, BN K RRUH2H 21 mTOR | S6K1
SREBP-lc & FIRAWE S TIEWA, AR ¥H %
T L (P<0.01) 538 30 4 K U421 mTOR ,S6K1 |
SREBP-1c ik WE R THIMAL 4 H 22 57 9 A Ge it
HE X (P<0.01) W 3 FIE 2,

£3 3HKEIFHL mTOR S6K1 SREBP-1c & F1#35

R 25 S LA (4s)

20 53] i mTOR S6K1 SREBP-1c¢
IEH 4 10 0.4320.12 0.52+0.14 0.35£0.13
R 10 1.12£0.24° 1.34£0.35° 0.84+0.12°
izl 10 0.54+0.18" 0.61+0.21" 0.41+0.15"

1 S IER M L, " P<0.01; SR ZHAH %S, " P<0.01

PO T W o g

mTOR

S6K1

SREBP-1c

B-aCtin _

E¥A R EEHE

B 2 Western Blot fzill [JFZ1 21 mTOR ,S6K1 ,SREBP-1c % [k
W’

AWFFELE R WoR , 20 € m R RIR SR 12 )5,
PRI R A A | S DR 0 B I 5220 B e 1 i
HE QL2558 R AR 2 R B IIEZH 240 B 1 i
AR AIRAEAR AT LRI M A R e 7 AR R R
L, /NI P VA8 DX 98 P 4 B3 1 X SR 2 R T A
PERG 7 I B ()5 B AP R AR, IS RIS A SE I A
DA T AR 4= 45T HiR3HE 0 AR RS 2 IR 5 I 3h ) A
LT

AWFFTLE R B, S5 12 JH 5, 18 34K R
RV K B U 10 R T JDE 48 450 o RIS, HE 34
EEE LRI, i8 S A K U I R HE S A A A 5,
W7 728 DA S /N Y A8 IX 4 440 i 32 i P 8 0
B IR AE TG B E Vo B AR TR [] i), AE 5
55 12 JiJe AR ZH KRR I 4 23 0 IS, JH 20 L <
BREEAS 0] USRS A0 A 107 A2 e, R 2 O B
1 TC. TG FFA V& i ¥4 W 35 5 T IE #2145 R4
7N BRI KR AT BE T 12 AR AR s | AR &
FEHTF B 40 M N H i = Eg B SRR IR B G i

SH R EUMARHEFR (TC TG \FFA) ¥ 5% T+
FUFA0 R RGP 2E . NAFLD J2 — R g 7 T 40 i it
Ry = ZERFIE A I PR s BRZR -5 1iE , Bl G I 078 I e
FRUA LG B A S BOF S 45 . o Bl b, o
B B R RAT T 2R K
FI s oA IR 2 2R e T 25 iy JHF 248 6L PR b =R ) R,
S AT A AN B R B R AE AT A, R
A E A R D R 5 A SR LA B A 1 S
551 R R A, {H 20 2N AR N G B
I DR EROBY NG = W R Y = I Y L =R ¢ )
FE RN S BUF A R B 5280, ARRS YL IR D5 T
Jo B R PP AR AE LY F8 B8 TC TG\ FFA 58 T, [7)
P JFF200 6 3 B S B i kA )T B AR — kAT
BUAIER 5 RACHUA 06, AR S R i3 3 20 KRl
i TC TG FFA ¥ ¥ 0 5 R TR, ia 3h 4 K i
JF RSV AL B 55 /N0 FAE R 7850 4l
LA AR S PE T B, IS SRR A s B AT e
3 3 A O — AT o T B S 2 2R A o, A
22 L 2R DU

ENGIEAE SUNTYIN - BE N W RV T
JHE/NIE Y A X e M A IR | EL AR TS 2l B2 P73 1]
R TIER AL, 3H R I 25 5 R | AR 2 R R 3
AST Fl ALT R FE U iR TIER 4, %4 R 9ER , 4 12
Jil i MR R MR SR, B A P vty =T o B R AR
ATRET & T B A, B 4 3 85U 40 8L 9 9 I I
FRFIIE bR (AST (ALT) B9 5 224k, BEE BE 2 AE )T
IV 240 i A 1 SR AR 2 S UM 9 A A Sz, R 32 i 5 |
KM AST FIALT (525 Tt a5 55 k4T
i L AR RO 5, ARBFSE R J8 3l 2 R U4
Ml SR AN BRI L R 55 i 75 728 1 DL R /N N A
DX A 20 M ) A S8 02, I JUFE 2R R 1% 20 B 2 B
TR LR | A 4E0E B0 W] B % i 1o 92 fifk
JR AR RS A 5 — kA T, IR ST 2 R S

W5 2RI, A iz 2h T DLBH I B8 & RS M g 105
FFR B 4 PR R R 35505 2R 1 I8 ( AMP-activated
protein kinase, AMPK) 7K~ [ iof ik T LA B AR AT 2H 4L
[ -F-kB (nuclear factor kappa B,NF-kB) FIfffed RAL K
F--a( tumor Necrosis Factor-a, TNF-o) 25 ik, BUE
FETRG YRR 05 S B RS - EhREFE bR L RAE LA ST
AN AR Zad A5 WE R R A iz ]
PLBA W $2 5 pAMPK/AMPK 2 [ £ ik, [ B 4 il
SREBP1c mRNA 73K , Ze fiff AR A PR AR 05 /1N BRUSR
AR S B R A2 90 W I Ik LR 3 -
( phosphatidylinositol3 — kinase , PI3K ) Il & H ##% fi§ B
(protein kinase B, AKT) 7 AT AG 4 1 5 14 T 9% 149 s
AR BT LLYE 35 SREBP-1c i 42 41 ¥ AT T B 5 A=
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AR T A PISK/ Aky/mTOR 3 % ok 3% JE 00k P
JE M FFAC AT R R JEF 4 208 B AR R ST R
mTOR/S6K1/SREB-1c {5 5% 2% %A L2 5 HepG2
(liver hepatocellular carcinoma) G A G R,
$275 mTOR/S6K1/SREB-1¢ {5 5 % 1] fig 5 AR A M
e MR BRI BAR M 5 A o A4 R, 28
ZHR BT ZH 2L mTOR ,S6K1 K SREBP-1¢ & H %
TR K35 8 I T AR AR A, B AP RS 1 B 7 B R R
RIS P2 IR I DR A 2 T BE 5 A Rag
T8 T mTOR S6K1 HI SREBP-1c & 54 5%,

H Gz 3T 2 R AR RS s 15 Rk U4 21
mTOR & (7K, Hob AMPK 75 g AL i i 2 b vl B
T RERVER, RO 40 3R & B, AMPK mRNA /R
PR LIS mTOR mRNA ZACSEAg$ e BFge e,
4z sl 2 n a2 s L AMPK {5 5 3%
IR T RUBE PR 9 B R ) AR
AHFFE iz s 4 K R Z4H 40 mTOR 25 11 3 3k 1Y B# MK
Al S5 AIs5h FiR T AMPK URIAA %,

A iz 3 N IRARTPOR R I K B2 21 mTOR
H1S6K1 £ 4 4 3k /K -, Al BE A9 HL &I A . O S6K1 &
mTOR T T, i FH 55 A 2 #0461 77 o] LU mTOR
Al S6K1 2 [ A /K, e iERE 2R ', B3l
KETFHZ mTOR F1 S6K1 3k i 2 A%, #E A A
iz Al i R 98 mTOR f Ik, 15 S6K1 Fik T
R, S T R BURFBENG 26 19 & il 72, @TNF-a A
WIS S6K 1 5518 AR I B bk L4 YR 441 it 334 5 A A7
WU ARTEDRE ERE B R AR i R o KR R E R P
TNF-o 194306, AT 5038 37T LA 3B AR B4 48
TNF-a 7K $E 7R 58 8 41 K BUIFZ4L 40 mTOR Al
S6K1 KL N, i Al fig 547 Fas BN T TNF-a 1)
e SUY D

A A2 3 T VR AR TR MRS D IR BURFIE SREBP-
le 2 11 23K 7K 7, w] B B9 ALK b . O BF 78 % 11,
TSC2-/-MEF Ziififg 3£ R TER S6K1, 7] T3 SREBP1 &
FI K 7K KR R R X i SREBP1 7] L i
S6K1 @tk , #E/nizs sh 4l K BRFAE SREBP-1¢ Y
TR M, ATREH T A8 T T S6K1 H A
KT SREBP-1c I FRAKTF TR, QFFIE X
Z MK (liver X receptor-a, LXR-a) /&% 4 & 52 K8 FK %
HE G Z—, TS BEE X 324K (retinoid X re-
ceptors, RXRs) JE i 5t —RIKEZ &Y, = 5 R
Fist R R R R 45 S ) B AR R . LXR-a
J& SREBP-1c A LI S5E N, A 52 2 W, LXR-a F 3 50
FIfE B E AT HE P SREBP-1c fRIL

g5 Tk, A5 Az s R T R R B I A 0 AR
FH, AT A 5 2 i o AR 256 DR RRE SN, X AT fE

55323 H T mTOR .S6K1 SREBP-1¢ {5 E3@
A K

2 % x #t
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