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Effect of Treadmill Running on PPARa Pathway
in the Cardiac Muscle of db/db Mice
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W OE: B ARE 12 A% & E 3T db/db ) Fos IR Ao B B F ARG e 4R L, 5F 247
PPARo A= MG53 2 3t 494k . 7 ik« db/db /) R A= m/m /) R AL B 2 DC (db/db 34 F2.) |
DE(db/db 3z %)) MC (m/m >} F.) 3 ME (m/m £ 3h ) 40, %4810 X , MC A ME 28/ R 4 5%
#Hay £ 7E 7 X ME A= DE 4L/ REAT AN 12 Aeysa &3, H 128, DR EB R B
18] 3R F 55 % 7.0~13.3 m/min . 15~20 min.4 /&/J3 ;13.3 m/min.30~45 min.6 X/F . % 3~
128, bk A4 £ 133 m/min 1 h 6 K/B . &R DANKRARSRERERLRFZ
F+. DC 28 ANF .BNF #2 a-MHC # mRNA % i& 2 #4&F MC 1, B-MHC & i& & T MC 41 ;
DE 41 ANF # a-MHC #) mRNA & £ % 3% % T DC 48;2)DC 28/ R o 7% % A2 ] B Fo ik =
MAERESHTMCHA,DEAfF LB B d =845 25T DC4;3)DCA
Cptlb, Acadm, Acadvl, Acaa2 #» Pdkl # mRNA £ A R % & TMC2H, B2 12 Bl s &i53)
J& WAk ;4)DC 48 PPARa. 49 % @ 4 5 % CD36.PGC-1B #= Fabp3 49 mRNA £ ik 2 2 & T MC
41 ; DE 41 PPAR0 #9 % & A& 5 & CD36 9 mRNA & ik 2 F{& T DC 41;5) 5 MC 4148t , DC
28 MG53 #9 mRNA & ik %3 45 55 DC 414856, DE 21 MG53 6 mRNA A& ik 23 BeAk, 44
5 4018 MGS3 69 % & Ak AL B % R F ;6)DC 2L p-B-IR (Tyrl1146) & p-AKT (Serd73) #4
&G &R R FKT MCAL,p-IRSI (Serl101) % & A& 3% &% F MC 41 ; DE 48 p-B-IR (Tyr1146)
Z p-AKT (Serd73)#)% & & ik B % & T DC 48, p-IRS1 (Serl101) 45 % & & k4K T DC 4L,
25t 12 A 56,6 DI 4R B35 P& db/db /) R Sy R ARFUR 54 S LR FHL, BLPPARaAS 7
WA bkt
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Abstract: Objective: This study is to investigate the effect of 12-week treadmill running on
myocardial metabolism and insulin resistance of db/db mice, as well as to explore the role of
PPARo and MG53. Methods: db/db mice and m/m mice were randomly assigned to DC group
(db/db control), DE group (db/db exercise), MC group (m/m control) or ME group (m/m exer-
cise), with 10 mice in each group. The mice of MC group and DC group remained sedentary
lifestyle, while the mice of ME group and DE group were trained to run on the treadmill for
12 weeks. For the first and second week, the running velocity, duration and frequency of the
mice were 7.0 to 13.3 m/min, 15 to 20 min, 4 times once a week and 13.3 m/min, 30 to 45 min
and 6 times once a week. From the third week to the twelfth week, the above parameters were
maintained at 13.3 m/min, 1 h and 6 times once a week. Results: 1) The heart weights were not
significantly different among the four groups. The mRNA expressions of ANF, BNF and a-
MHC were significantly lower in DC group than that in MC group. The expression of B-MHC
was significantly higher in DC group than that in MC group. The mRNA expressions of ANF
and a-MHC were significantly higher in DE group than that in DC group. 2) The serum levels
of total cholesterol and triglycerides were significantly higher in DC group than that in MC
group, and the serum levels of total cholesterol and triglycerides were lower in DE group than
that in DC group. 3) The mRNA expressions of Cptlb, Acadm, Acadvl, Acaa2 and Pdkl were
significantly higher in DC group than MC group, and those index were decreased after 12-week
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treadmill running. 4) The protein expression of PPARa and the mRNA expressions of CD36,
PGC-1p and Fabp3 were significantly higher in DC group than that in MC group. The protein
expression of PPARa and the mRNA expression of CD36 were significantly lower in DE group
than that in DC group. 5) Compared to MC group, the mRNA expression of MG53 was signifi-
cantly increased in DC group. Compared to DC group, the mRNA expression of MG53 was sig-
nificantly decreased in DE group. The protein expression of MG53 were not significantly differ-
ent among the four groups. 6) The protein expression of p-B-IR (Tyr1146) and p-AKT (Ser473)
were significantly lower in DC group than that in MC group. The protein expression of p-IRS1
(Ser1101) was significantly higher in DC group than that in MC group. The protein expression
of p-B-IR (Tyr1146) and p-AKT (Ser473) were significantly higher in DE group than that in DC
group. The protein expression of p-IRS1 (Ser1101) was significantly lower in DE group than
that in DC group. Conclusions: The state of insulin resistance and alteration of myocardial sub-
strate utilization in the cardiac muscle of db/db mice could be improved by 12-week treadmill

training and PPARa pathway was actively involved in the above process.
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B PR A H A A LR WA g IR 2 — . BER
93 o0 ML I RORE A2 T BOWE FR O BB T R R, H
LR MER AE T AR 2R TR R R 5 3 HR A SR RLAE ) (B
SERE 45,2021 5 Young et al.,2002) . O WLANAL R A RER
R i 7 R, A R 4 2 o R U R SR A R AR I, R
30% >k E T4 % 0 A1 3L IR X U (Neely et al., 1972) .« 48
T R0 bR 5 SR 0, AT 2 Wk B bR IR R AT A T R
A SRR S B I8 7 A B B AT A O L
fE4% . id B ROS A= e A LR BB T 25 Al fL . E A5 BT 52
WA, A Dy v i 10 8 484K g 0 1) 7R 24X X7 (Bugger
et al.,2014) , it S Ak P il A 18 B8 Y0 80E 52 4R a(peroxisome
proliferator-activated receptor o, PPARa) 1] §E i b i fig Jiii
i 4% FU AN B 48 XA D% 5 BT 98 4% 0 PR 5 o0 UL AR U (Finek et
al.,2002; Lee et al.,2017) . 7 iE4% % B, PPARa™ /) B A
Gy R AR DRIF 5 5 100 W IR K 1 4O 4 5 M PPAR it
FEIE IR BE R /)N B D0 22 3 0 JUL M A T 5T 4 AR (Finek et
al.,2003; %5XK %5,2016) . M4k, miR-30c /2 GLP-1(gluca-
gon-like peptide-1, % = ML BE 2 FF 1K -1 1 B A O ad il
PPAR {5 5 I % 2 5 2008 W% IR 0 L (Wu et al., 20185
Yin et al., 2019) o1& 3 25— B A A2 T TI0HE PR iR
A R T B, R i B ROS HEFA | B0 Sk 1A Ty RE
] o WL T3 B L o 0 UL AT 4 AN S A 5 DR
O 995 A8 1O Ty fi 5 I AR b O LA 8 FR i o R A Ak 170
% B it 58 %% 1L (Delfan et al., 2020 Seo et al.,2019; Wang
et al., 20200 . #Rif, H A &f W #R K PPAR« £ 32 3} 2% fift
PRI L JULAR Wt 5% 3 o A F IR AT 9, ELBE PR g 5+ Fil
XF PPAR o 3 325 [ 5% Wi 1) A7 4 13, 25 181X A] BE 5 5% H Y
F) WA B AN IE Bl I 2 A TR A Ok (BRI R 4%, 20145 5K
SR 25,2018 5 Lee et al.,2010) 6

B AR 1 2 1 A1, B B 3R IR 2 5 BORE SR 0 UL AR
RAEM S —EEJFEH, I, MGS3 #iE i n] #8255
B  C JUL IR 5 3 R M Rl R 2 — (5% 3 %6, 20165 Liu
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etal.,2015). MGS53 J&—Ff TRIM ZKji% & [ , 72 & % YL A
O LA R R PR R IA o T R TR Bl A B (MIGS3TE
MGS37) W7t 7, 4B 8 — Fh E3 72 2 H i , MG53 7]
fit il 75 5 % 2K 524K (insulin receptor, IR) FlJiE 5 2 52
A& J& 4 1 (insulin receptor substrate 1, IRS1) [ fif 72 12 i %
F AP (Song et al.,2013) o B A5k & FHCPL AL, MGS3
T AN SR S0 AU A DG R RO, b R IR AR A G 2
B, B ok 72 2l id & i PPARe J 1 5k R S 30 )
(Hu et al., 2018 ; Liu et al., 2015) . #R1 , £F H SR 4 ¥ 5 ¥
KM T MG3RESHEHAME BRI A . H
W 5E R 5 BB R K 2 BRRHE PR B8 B =R mg D o i
MG53 7K FF e, H R B0 5w B Bt 4 o A I MGS3 R 2
db/db /) B B R BURE (Wu et al.,2019) .

db/db /I B — B S F T2 1) B R P 2 2 B R G
B db/db /IS BRT 0 IEAE 10~ 14 F % B B H 3000 WL AR
W SR S T e ek 55 SR DR 3 e TR DR O I
ERAEM ORI . HT ok, AW R R 12 8 & I 250
db/db /I B0 JUAR Ui A1 8 2= HE BT A9 7 B, 9% 49 BT PPAR@
AMGS3 fEFLHHIERA

1 #REFE®
1.1 5&shih

20 1 SPF % 6 JA % I % db/db (BSK.Cg-Dock7m +/+
Leprdb/INju) 7N fR A1 20 K m/m (C57BLKS/INju) /N 8, , I F
KA B W T T o db/db /S B m/m /N B R TE S
BT db/m /N R B RS . fEJEARR 3 R A,
SR E N A db/db /N B B A 2 BURE PR ) SORURRAE , IR
/N m/m N R FRAE G B, /N BRI £ 0 B TR 7Y
. MR EWIE, BEIEE Q242 C, KR E
(50£100%, 12 W12 h B i, B 3B KoK o i R 1
MEFE RS, /N RBENL S R 4 4 dbsdb Xt FRZH (DC, n=10) ,
db/db 32 5 41 (DE, n=10) , m/m 5t {241 (MC , n=10) Al m/m
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A (ME, n=10) o W& I 1 5% % 20 /N U4 o & 0 2 i
IBEAA
1.2 #EBHTWATE

Hi 512 3)) T il 07 8 LA O A B 98 24l (Broderick et al.
20175 Sennott et al.,2008) : 55 1 J& , /I { LA 7.0~13.3 m/min (]
HEIZE) 15~20 min, — 4K H 2, /MR L 13.3 m/min
{38 FEiZ 3l 30~45 min, —J& 6 ¥k, A HARE. B3~12/,
FIRAE B AR AR AR B HESRES) 1 h, I H
RE o NERIZ ISR ] 5 20:00—21:00. 7EZ5 12 /&,
PR % 2 /)N B Ao e A 2 R 1
1.3 WM& a2 (IPITT) % 3

RWIBB AR 12 h 5, AR HLE IS K/ B EAT
IPITT S50 . /N BRAR AT 4 h, AR ¥0 F ik O afw 00 72 g 16 % 4
(ACCU-CHEK i FE MR o HE Ml 9 0 5 JBt 5 3% (2 Ulkg)
J5 3016090 120 min 43 71} B I 00 & (L 5 4
1.4 423K

IPITT S50 25 24 %, /N B B A o B 4L B AL ik Y

3 RN REAT R B A R R e (4%~ 5% ) TS
/N GRBEAT BRI , B Ji5 2 M 3 4 S Ulkg R % 2% 5 10 min Ji5 X
O JIF o A/ B8 R I S SR P S Y Ak BT, B
O Pk FRE RGN ARG R, LRI E T
TR IR, J5 B 17 2 -80 C UK A AR A7 15 I
1.5 deif A

SR TPITT 5236 A BT BT, 4 °C K 1 100 g 50> 15 min
AT R A R &k I I3 H ol =8 (A110-1, B T
FE RO AT L[ B CALLL-1, R D & &
1.6 RNA $# Bt Real-Time PCR

2 #% TRIzol (Invitrogen) 77 ¥ M 30 mg 17k A7 0 L 4H 21
FREUE RNA . SR 3 606 B2 & RNA FIR S 4
514 (£ 1) ¥ NCBI #1 PrimerBank ¥ it , 42 T A4 T
RO BM AR AR A M. FHTOYOBO FSQ-101 ik
FEE M RNA 8 5% A i cDNA . K ] ABI StepOne 52
IR 2¢ 't 78 B PCRASCAar Il AH ¢ 4 A ) mRNA K 18 & , B-actin
NS . BHER A 2 A3 4T T

%1 Real-Time PCR FEEEE K5 #5F5)
Table 1  Primer Sequences of Targeting Gene in Real-Time PCR

A A G EZLED T
MGs53 TAATGGGACTCCTCTTCCCAGG AGCACCGCTACAGTCTTCTC
PPAR-a TTCACGATGCTGTCCTCCTT GCCGATCTCCACAGCAAATT
Cptlb CTTTCTTGCTGGTGTGGTCC GGCTCCCCACAAACAAGATG
Acadm GCAGAAATGGCGATGAAGGT CCCTCATCAGCTTCTCCACA
Acadvl TTCCAGATAGAAGCCGCCAT TGTCCATACAGCCTTGCAGA
Acaa2 AGAAGGCCCTGGATCTTGAC CTCCAATGCAAGCTGATCCC
Pdk1 GCTAGGCGGCTTTGTGATTT GTGACGTGAACCTGAATCGG
Pdk2 ACACATTGGCAGCATCGATC GGTGGGAAGGGACATAGACC
CD36 GCCTCCTTTCCACCTTTTGT ATTCTGGAGGGGTGATGCAA
PGC-1B ATGCTGGCCTTGTCACAAAG CTTGGTGTCTGGCTTGAAGG
Fabp3 TCATCGAGAAGAACGGGGAT TCCCATCAACTAGCTCCCTA
B-actin CCCCTGAACCCTAAGGCCA CGGACTCATCGTACTCCTGC
ANF GGAGGAGAAGATGCCGGTAG GAGGGCAGATCTATCGGAGG
BNF GAGGTCACTCCTATCCTCTGG GCCATTTCCTCCGACTTTTCTC
a-MCH TATGGGCTGGCTGGAAAAGA AGCCTTTCTTCTTGCCTCCT
B-MCH TACTCTGACCAAGGCCAAGG GCTGCTTGTCATTCTCCAGG
Actcl GTGCCAGGATGTGTGACGA CTGTCCCATACCCACCATGAC
Myl2 ATCGACAAGAATGACCTAAGGGA ATTTTTCACGTTCACTCGTCCT
Itgas CTTCTCCGTGGAGTTTTACCG GCTGTCAAATTGAATGGTGGTG
Caspase-3 ATGGAGAACAACAAAACCTCAGT TTGCTCCCATGTATGGTCTTTAC
17 Zax¥® 1.8 HAELR I ST

I 30 mg 0 WLEH 2L, oK BBy, T REWH A ST HK .
4 ‘C T 12 000 g 50> 20 min, L I3 ¥ , BCA V9 & & H
WEEJE AR . SR 10% 43 B I s Uk , B 1 % %2 PVDF i .
4CTF—P(RDWE S, R =H T _hudemE
2 ho 85 %M Alpha FC2 %t B A% 28 48 49 I OF #E 4T K
FEAE 53 1T, B-actin A 2.

SCIG 45 R LT I ME & pr dE R R OR , Gt P 9 IBM
SPSS Statistics 23 , % €] ¥ { Jy Graphpad prism 7. 4[] %
S 2R I UIR 3R 75 22 93 W Ass 56 5 0 R A8 R A L 65 32 Bl
AN T T AL 2R 8] A A5 58 ELAR I S SR 7 80 2082 7 #r (least
significant difference, LSD) ki Il — A~ H AL #E£E 55 — N H A&
BAKE LR /A BT AN R AR AR T AT
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) 22 3 K FH 3 S 0 B XU IR 3R 7 22 A A EAT A O . SR 2k
P [A1 )9 % PPAR o 5 13815 5 Cptlb . Acadm . Acadvl\ Acaa2
APk T mRNA 3 [A] (A 56 1R 30 AT A 56, JF o 5 A0 5%
RE(ROMP, P<0.05FKREFREER,

2 HIRER
2.1 MR IR ARG B S SRR E L i 45 AR A IPITT 69
AL

4 25 2 ) /N B0 U B TG R 3 2 e (B 1D . MC
ME . DC Fll DE 2H /)™ &, il 375 JF [ B A% 53 28 24 (coefficience of
variation , CV) {8 43 %] A 8% 13% 25% A1 22% ; MC . ME .
DC #1 DE 20/ 8 13 H-ith =l CV AE 5 518 13%.22%
13% A1 18%. S A5 CV A 8w , A5 AR FF A /N BTG
TEAR I B HURFAE . 20U R 7 Z o i e & B, 5 MC 4.
A G, DC 20 /) BRI v A AH [ A0 H Ik = B R T
;5 DC LA LE , DE 41 /) 6 1M 375 A BH R R0 H il = 1 2
=R E G, IPITT ML, DC 411 ih 28 F WAL (AUC)

HEMC 4L B &1 0, DE 40t DC 41 8 & k. FiR&E R &
W, 4 R S S500S BRI  n, E 2 R A, L
12 M & i 5 T Fit LR A4k 4 0 B ek .
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Figure 1.

E: 5 MCAI, * & 7 P<0.05; 5 DC 448, #4& = P<0.05; T Fl .
4

FR2 HEFER
Table 2  Antibodies Information
BAR G AR FARFT B (RIR)
MG53 22151-1-AP (Proteintech)
B-IR 3025 (Cell signaling)
p-B-IR (Tyrl1146) 3021 (Cell signaling )
IRS1 2382 (Cell signaling)
p-IRS1 (Ser1101) 2385 (Cell signaling)
AKT 4691 (Cell signaling)
p-AKT (Serd73) 4060 (Cell signaling)
PPARa WL00978 (Wanleibio)
GLUT4 2213 (Cell signaling)
B-actin T0022 (Affinity)
Rabbit IgG ARG65668 (Arigo)
Mouse IgG ARG65350 (Arigo)
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Basic Characteristics of the Mice
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22 B RARFR LR A g T AL

AT S B AL IS B AT Gl B P 7R D F iz 2)) T
oA B3 J5 — JEL I B % L /DN BR P A R R S T LR A . 45
RER(E 2, @83 T A, 5 MC 4 AL, DC 21 (174 )i
B A R R 2 T e . BEh TR, 5 MC A EE,
DC 20 (1 44 J5f e A1 4 i R 2 5 3% s 55 DC A EE
DE 20 1) 2% I I8 2 35 PR . S5ag 3 T Tiai A b, 183+
TG 4% 4170 B R = ¥ I8 35 3 K, DC 4 R DE 20 % i 1f
R 25 T e
23 AR AR & 38 B TS By Ak A8 55 L B mRNA KA 69
A

AW 7AW T ANF. BNF. a-MHC . B-MHC . Actcl
Myl2 . Itga5 Fll Caspase-3 J% 8 F > Ty g A ¢ H8 5 1 2 K %
5. SR ER, 5 MC A, DC 41 ANF Al BNF f mRNA
I B E AL, H G2 5 13 003 db/db /1S BT ANF 3%
ECE3) . 5MCHY ML, DC 4l o-MHC F1 B-MHC [
mRNA % ik A0 & AL, Fodr, o-MHC R 3E [£41%, B-MHC
RIETH i s M G 12 ) 5235 3 I db/db /N R ) o-MHC K35 .
HMC HAE, DC 4H /N R 0L Actel 1 mRNA R ik 2 F
B 1) 35 (P=0.051) , HL il &5 12 )%t 1E # BURURE JR 993 BRI

ANF BNF

a-MHC B-MHC

Actcl Myl2 Itga5

Actel RIE 5 A FRACFI T = 0 VE T o 4 A4S 256 28 1) oK
Myl2 . Itga5 Fll Caspase-3 'l mRNA K IAH i ¥ Z 5 .

50 +

I MC

40 - = ME

20 m DC
st 301

= CODE
20

EEHTFIRA  EFH TG RE—F
30 4 &

*

20 A

%% s 4% /(mmol- L)
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B2 E3THEE,/ MAERESEENETUREE
Figure 2. Changes of Body Weights and Fasting Blood Glucose
of Mice Pre and Post Exercise Intervention

E: HEF AT A, & & ® P<0.05,
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Caspase-3
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Figure 3.

2.4 JRgAFe 30, & 155 5 g By Ao bEAX 4 A % PPAR a3 5 il
bS]

A FRL M T PPAR 1 2R R IE , LA KR 5 AR 5 AR
2% fiff (Cptlb. Acadm-. Acadvl Fl Acaa2) , #i 8 Wf 4 5% A
(Pdk1.Pdk2) # PPAR o 15 5 it % 5% 8 43 1 1) mRNA £ ik
Ko GRER, 5MCHMLL, DC AL Cptlb Acadm
Acadvl Al Acaa2 /) mRNA KIEW B E T & 5SDCAML,
DEA LA FIRTEFR I RIE R ERK(E4H . 5MCH
AHEG , DC 41 Pdk1 ) mRNA %k W 2% T 5 DC AL,
DE 41 Pdkl1 ] mRNA 3 ik & 3 F# 1% . PPARa /2 I i 1%
R 7. 5 MC ML, DC 44 PPARo 1 25
KB ZE T 5 DC 4L E, DE 41 PPAR G (1 2 7K 7 &
HREL. 5 MC 4, DC 41 CD36.PGC-1p Fl Fabp3 )
mRNA /K7 & 3 T+ 5 DC 4141 Lt , DE 41 CD36 1) mRNA
RIL W E PR
2.5 PPARo % Cptlb.Acaa2 #= Acadvl Z 8] 4948 % M 5 H7

Effects of Diabetes and Treadmill Running on mRNA Expression of Genes Related to Cardiac Function

AW 8% PPAR o, 1 8 [F1 K 1A 5 Cptlb Acadm « Acadvl
Acaa2 Fl Pdk1 ) mRNA 3k [0 4T 1AM B o 45 2R
7K, PPARa 5 Acadm (P=0.55) Fl Pdk1 ( P=0.20) [f] AR 17 7E
25 VA 5% s PPAR 0 5 Acaa2 (P=0.049 , R=0.43) Al Acadvl (P=
0.034, R=0.50) [F] & IF #H 5% ; PPARa 15 Cptlb [A] 77 75 # 5%
I3 (P=0.072, R=0.40; 8 5) .,

2.6 HIHFein G BT MGS3 89 mRNA fok 6 £k K%k

AR T MG53 ) mRNA Fl & (4 R IE KT, 45
REIR, 5 MC M, DC 2 MG53 [ mRNA £ 1A /K F &
% Tt s 5 DC 4UM E , DE 4 MG53 B mRNA £ ik & 3% (4
RCE 6>« BRI, 4 A5 56 20 M MGS3 1) B [ 3Rk oK L
EER.

2.7 HpkgEAR I & B A MU B R IR R R

ARG T HE S A5 5 B B-TIRIRST AT AKT
M B, DA R 1 B 3RO B R A B 1 R KT
ZER IR, 4 AN 92K 4 B-IR L IRST AT AKT M6 2 (1 3£ ik

5



o E AR B RHE 2022 4 (5 58 8) 55 XX

TREZEFED . 5MCHM, DC A S Z T ) Bk B2 AL /K P 2 3 T L IRST T BR AL K 7 BB 35 A
B-IR A1 AKT H 8 & 11 7K T . 25 B& A% , TRST f B 2 AL /K T MC 415 DC 41 7] GLUT4 s AR IA K W& Z 5% 5 DC
TR 5 DC A ML, DE 441 & K fil i~ p-IR Al AKT HAA LG, DE 419 GLUT4 25 [ 7K ~F &35 590 .

- MC
= ME
== DC
I DE
Cptlb  Acadm  Acadvl Acaa2 o Pdk1 Pdk2
MC ME DC DE
PPARa
20, Bractin [FETTRERER SRR 37

*

—
W
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PPAR0E & & ik
> =

g
o

MC ME DC DE

CD36 PGC-1B Fabp3
B4 HERFEEEESHIIEHIENRS R PPAR FSEBEZINTEE
Figure 4. Effects of Diabetes and Treadmill Running on Metabolism of Fat and Glucose and

PPARa Signaling Pathway
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Figure 5. Correlation Analysis among PPARa and Acaa2 and Acadvl and Cptlb
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O WU AR 5 A0 R B FRARPOZ B SR /D B HE 21, PPARG S 5 08 FR 3 /N B0 LIS 05 # 8 S5 iifg
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— AN O JIE K B PR A LI A B0 ) 3 35 5%
P93 BT FEOIR S AR AT P B O IR AR LAY SR ThREI AR AL,
[ B 25 A O 3k DR 3% B0 HE 4 3 R (Al o-MHC R B-
MHC) . a-MHC % K & T Al B-MHC & H RiE L5
o WL 45 Dy 66 52 B 30 il 45 ¢ (573 45,2021 5 Chang et al. ,
2011; Lasheras et al., 2016; Plante et al., 2015) . A~ 5236
o, B 0L db/db /) R 0 L a-MHC F1 B-MHC [f) mRNA £ &
o3 M AR AN T =, BE A, B 502 B 35 SR AR TR SR BT 3L
1 a-MHC % 53¢ N i . bR &5 R, ab/ab /s B0 LW 46
Thee vl e 2, Bl G2z A SZMIEM . 1ok, A
FLIE KLl T ANF A1 BNF 1) mRNA K i& 1% 0L . ANF Fl
BNF 2 /0 JUL4H Jf 7= A2 1R 3R, % 4k Ah 85 22 100 UL 4E i A
A P K AE H (Gutkowska et al., 2009 ; Woods , 2004) . A
W 755, db/db /I B 0 JJL ANF F BNF ) mRNA 35 1 3 %
fiC, B8 & 38 3 203 4 R /) L ANF [ mRNA %35, 48
1M AW T8 AR bR 48 b ¥ 2 Rk BEAT A I, X6 /N
L o JUE 5 B R AT B R B, 4 SR IR ALIA) R R E
B L 6 A e 4 W db/db /S B2 B AR O ILIE K . B e, A
TR T Actel K IEKF . Actel f& A a0 UL
AW E, 504 iEsa K. TR, db/db
/N0 L Actel [ mRNA FRIE A T B 1 # % (P=0.051) ,
H &2 3h & #E L db/db /N R Actel RIE , 1X 3K W #l
BB B A e db/ab /N RO WU GE g, Zs R 5 2F
EHE A& (Cox et al.,2013) . #R1Mi, M G50 i 1 %t
B C L Actel (2 IE , B AIXT I v 0 & B AR RE . O ThRE
A G K PR 2 3K 1A A I 45 SRR W, AR 52 db/db ) B O
Thte 5 2 BUBE JROWS 10 B K R ARWI &, BB & U ZRxt HoA
BCEAE R SR, AW R I R ZATE T, WA R A s
LBl B /N B0 T REREAT B e, R, R B R
i 45 R B AE A IR AR 4R 5 SRR B & IR0 R PR /N IR
Oy Dy BE 1) 1 T 520

AR BT, B PR /N B TE R G R IR AR
W, HiEsh T A B2 R E 5,
20200 o AHFFLH, db/db /IS KR SN E B A TR =8 A
HRENIN, HilGiEsh e & BRI Ll fatr. HK, db/db
/NEUIPITT 45 51 AUC 55 5% I8 RAH L B3 7, BLAE 12 )8
WA NG RE AR BLAh, db/db /)N B 23 I8 % K7
WAEIEH TG B FE K. R BAESE T db/db /N
FAERGVERE IR 7, BA SI8 30 T T 2 35 2
db/db AR R A KL, H ok FL0E B R ACPUIR A

R T AR GEACH A B PR B O LI R AR
R A Z AL R I LT 58 4 £ J6UIR 17 R S DA e (
Vel 45 ,2018) o AHEFUAL I T /I R0 UL v i 7 A AH G il
#) mRNA & 1& , K I db/db /) § 0 L Cptlb « Acadm . Acadvl
F Acaa2 f) mRNA R i& i, H 12 i i & 12 3 & 25 40 )
Cptlb. Acadm. Acadvl fll Acaa2 )R L. LikgEREN,

8

KA AU SR B8 AT 2800 5% 0 PR s I 15 2 H B i 350 g s
B AW 2L o 7E IR U S A A3 e 3 0 1 R) I, B R s 0 UL
FH R 2 B A 2 B ] . ST B T ARG BT
T, A0 P I IR B R B 3R U B R 0% (Krs-
sak et al., 1999) . JIg 1y 1% %A 4 38 <= 0 PDK, B )5 i iR
1k 3 41 PDH (& 75 #: , 2017 ; Lee et al., 2017) . AHF 5T
o, ] L db/db /s B L Pk ) mRNA 33K 5 3% 1890, 31X
] g H IR T R S A 3 2 BT B B & 2 3 T 4 2 T A Pdkdl
(1) mRNA 2 ik , 2% B3z 3l 11 45 065 O WURE A 18 25 6L 1 fR 3
TER . MhAh, AR FRIEERZR T 0L GLUTS (7R 4L, , X & X
O JULE 7 W SRR 0 1 EDWL R R . — RN, 38 Bl R O
JULAR W 1) R 37 A 3 43 2 38 i GLUT4 1) b 3 SE 31 (7
W 2% ,2020; Lehnen et al., 2010; Schaun et al.,2017) . A
B 509, 12 B B & I 2535 5 db/db /I 830 WL GLUTS [ &
EKSF o AR, % B ZH /N R0 WL GLUTS 19 R I8 I K
iz 3l kA AR, Hix 5 DA I & A — 2 (Osborn et
al., 1997) o X R &5 B 73 Hril o, IX AT RE 2 i T o0
/N GLUT4 KF S &4 T IR VG FHL kA 2 R iz
gkt — 5 FiE. shah, AT — R ] f8 1 5 I —
H 50 R 2E /N BR PR 32 2 R 0 B, R G TR R 32 B I
A LA G 0L GLUT4 KPR A 254k

2 B PR I9 B A A5 Y A A4 3 I g o0 JULITR U7 1 R B 46
A I, — M\ R IX o S b IV I U IR = KT
J+ i, Lh K PPARa ¥ 201 3 5 BT 31 (Bugger et al., 2014) .
PPARs /& 1% IR 0 5244 , 4% i S AR Wt 3 2% 11 1 22 B 1R
(Francis et al.,2003) . {E PPARs [J 3 Flt . % o , PPAR o 7E
JFR IO o O B i UL o s B 2RI, I e s Y A NG T R
AU A DG BG4S IE AN e AR A . H AT, PPAR« 7E AE B
7 5 i B Chigh-fat diet, HFD) %5 5] k2 (¥ T B 995 A8 Cln 3R 55
4 6 7 JFE D o (4 ) A9 BIIE 52, SR T A AL 72 0 U o
MR R 90 b Ak, R T A B RS AR 1 A T
PPAR«. it 33 R ARS8 JR 975 00 L3 2% (Finek et al., 2003),
SR AR A UE 8 2R, A A bR PR K R0 LT
PPARa 15 TF i (Lee et al., 20100 . b3k o7 & 45 S 7= 4k
AT g 5 R BT AL R PR % B BEAS R A5G o Saunders 4
(2008) I\ Ay, B8 K95 53 AT W0 L PPAR o 235 F 3R, T 2K
1 Jig J7 R A Ak 38 st G R T 4R 0 WL RE B AR . AR, 7B
W PR 95 B 30 o JUL A o I 77 IR ) 3 & % HX 5 B PPAR@
FIE T, [FIB PPAR-y ik I, M-S 200 L 40 A i
BRI E . ARWEFR I, 19 JF 1 db/db /N R0 UL PPAR0
KR E F. AN, 7EXF PPARo S 3 K [ FAT .CD36 .FABP
FVLA CPT1 %5 T 2 a8 7K S e — 25 K M & B, e B B
db/db /> i, 0 L CD36 . PGC-1pB 1 Fabp3 ) mRNA % iA 15 &
# L, B 12 )5 ¥ & I 25 e FEAIK db/db /)N B PPARa A1 CD36
B IE , 1X K W PPARo 5 5 % 2 15 18 B I 54T db/db /)
RO WA AL I SO AE T . b A MR M A Hr i 4 R
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A IE T PPAR W IR T AR ) IE T 42 4 .

BB RO IUR R S —EERER, R
15 %5 18 B 52 4 AE A TE 50 A B R BT L, 3L, db/db /N B
L AKT BEFR L 32 B30 . Bhah, 12 Al &4k E
3% 7 p-B-IR.p-IRS1 1 p-AKT [ K 1% , & W H LI F - P
I S5 W PR 0o L SZ 308 00 JR 5 3R A5 5l o 7R TR
RIESIEE— RIIE TP, MGS3 RILE£ZKE. &
AU o8, MGS3 25 — R AR R E LR, GO
B LIS AZ 520 L SR I T S DA R T A I B R
JEME 25 (Zhang et al., 2016) o #R M0, 76 7K 3R 55 B MGS3 2
B2 50 FIMPUHAF T . Song 55 (2013)IA A4,
db/db /)N 5B BE LR AT L MGS3 ik B, 1 Yi 25 (2013)
WA db/db /) R MGS3 35 5 0] JE A R A7 78 2 3 2200, %
ob/ob 71N B, I 2 RUWE PR 55 (i B ULRE A BEAT A 56,
KR IH MGS3 1 HE A RIE 5 & B A ) A7 B %
5o AL, R H AT EE AR RIS 30 MGS3 5 1) 0F 5T,
15 5 fAIE 4% 32 F7 32 30 T 70N 1 R S 3 HE PR # UL A
MGS53 W3R ik . il n, 8 J& Ui vk iz 3h fg i@ i T I K R
MG53 [ mRNA Fl £ [ £ 2% 43 )] 0% HFD K 2 UK JR 7
51 1 VLR 5 R HE P O Ha g 25, 20145 Qi et al.,
20160 . AL, 12 2 T AT 5 e A 5 2 KBTI
MGS53 KIEH LW . AWFTRI, db/db /)N TR0 L MGS3
() mRNA 2 3% 5 35 8000, HL 12 f&38 30 T 7 e 30 4 b 451k
SR, TE 1 A2 Wl PR 95 38 & 32 3 T TR o B i MGS3 1) 2 1
IR o G AR FE OB PR AN £ 38 B X R B 2 HE BT
A AR TSR ROE R, MGS3 A2 HiE )
W GRAT db/db /> B0 LB & 3R A0 IR e R H

25 L Pk, 12 A B & 12 3l e 2 GE db/db /N R0 L
JEG A AR 3 LA B B B AR BTRAS , H PPAR S 538 B8 1E
B PR Lo UK R AX 578 o B 2R .
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