ROERXFHA 2 BPEKH CALRAR mTOR 55 TFF{ER
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Intervention of Semaglutide on the Expression of mTOR Signaling Pathway in the Early Stage of
Diabetic Cardiomyopathy Rats

WANG Chongl, YIN Maoshanz, LIU Chunxial*(].Department of Pharmacy, People’s Hospital of Cao-xian County, Heze
274400, China; 2.Institute of Pharmaceuticals, Shandong Academy of Medical Sciences, Jinan 250062, China)

ABSTRACT: OBJECTIVE To investigate the changes of mTOR signaling pathways under the intervention of semaglutide.
METHODS The type 2 diabetes rat model was established by an injection ofstreptozocin after five-week of high fat diet. The
rats were divided into control group, 2 weeks model group, 4 weeks model group, and semaglutide group. Fasting blood glucose,
total cholesterol, triglyceride, high density lipoprotein-cholesterol(HDL-C), low density lipoprotein-cholesterol(LDL-C) and
fasting insulin levels were tested after the model established. M-mode echocardiography was performed for echocardiographic
measurements. The alteration of mTOR, p-mTOR, S6K1, Atg5 and P62 inmyocardium was determined by Western blotting.
RESULTS Compared with control group, the level of total cholesterol, triglyceride and LDL-C significantly increased in 2
weeks and 4 weeks model group, while HDL-C were significantly reduced. The level of fasting blood glucose was normal in the
semaglutide group, and the levels of HDL-C increased (P<0.05) while the level of LDL-C decreased significantly(P<0.01). The
expression of mTOR, p-mTOR and S6K1 were continuously increased in 2 weeks and 4 weeks model group compared with
control (P<0.01), and SEM intervention group declined showed by Western blotting. The expression of Atg5 and p62 were also
increased consistently in model group with the duration of the development in diatetic rats, while the semaglutide group showed
the decreased tread. CONCLUSION In the early stages of the development of diabetic cardiomyopathy, the intervention of
semaglutide may suppress the expression of mTOR signaling pathways and eventually decrease the occurrence of autophagy in
myocardial cells.

KEYWORDS: diabetic cardiomyopathy; semaglutide; autophagy; mTOR signaling pathway
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rapamycin, mTOR)s& — MR~ 1) 22 % 1R/ 77 2 IR &
FL B, A 2R i o T 43 R T, mTOR
5B AR S A0 G KT IR
FERIM, mTOR 43125 55 2l L8 P59 1 95 22
AR, 50D 0IUEE . DI
RAER RSOV LB Eonl, 75 DMOIRZS
N, mTOR &5 il #% [ ¢ 7] LAl id 25 5.0 L4 i
WEWEIEHKZE DCM 1R A K B2, (3 Ak
PEFNLEIS AR I . RS EIRE #4424 Victoza)
se TR 97 IEEAL DM R 19 N B ey XA 2R k-
1(GLP-1)ZE{04, & H PF 22 6 A v 15 2 w) AT ) )
R GLP-1 ZAREEh7), T 2017 4F 12 7 5 H3kA
E[H FDA #it#E, HATVORERE N LT, Kk
(SUSTAIN 6)fF 7t i r (), 12 24 it & 2 B4 A% 2 L DM
B R A I 21 8 A (HbA L) KPSk i 0 i
[ N 6 2 2 A0 ML AR TS L AR BB O LEEAE
ECARSAEE A P R AR R, By B WY O A 3R
Gl BEREZIY) . Zhang UMW AT R, GLP-1 %
I 245 ) A iz ik e % d o 3 0 LA 2R 4 i
W )R ARk 2 50 U ORGP, (3 BARAE F AL
e — LIS . ARTFLES 7 2 B DM K
A, PP R S E R DCM A 5 1)
mTOR 15 5T HIER, IS g0 8 mAtr
PE R AR B AE G R
1 S5
1.1 258 5t

BENRA R . L Z BRI RYE T L [E Sigma
AF; RHEROHEEMES), i LaReRE
o BT AR M IR A | s 1B R 75 A A7) (L
RESTIREH R AT KE B HraL, hEEE
Zj(EH) B AR R A E ] 0.9% AL B TE SR
(AEPLERK, WIFTRHMEHIZh): EWEARC LS R
IgG//M R 1gG Al @ bt h A2 ey, it
F: 2B-2308); Western —HT —Hi 2R . Western
B IR BCA S EIRE I E W7 S ey, it
P0009-20181003). SDS-PAGE #ff& it il ik 771l £ (Hik
51 20180017)F1 SDS-PAGE FE 3K H 35 =K
)5 ProSieve Color ptrotein makers(3[E Lonza
Rockland); PVDF f%(0.45 um, 3£[ SERVA); ¥
o BUAK 22 R YR A (SEE Millipore A #]); B H#
v FE BTN mTOR(3E [H Cell Signaling Technology
AF]). p-mTOR(E[E Sigma 2 7). Atg2(3H
Novus A #]). P62(E[EH Cell Signaling Technology
v HEl)y S6KI1(ZEE Abcam /a F]). B-actin(3E [H
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Ambobio).
1.2 {48

JA1203 ¥ % B KB R °F); HH.S21-6-S
TR K B (B TE); DHG-9143BS-111 Hi #H
MBS BRAR(EIERTED): 80-2 AUHLZN B LHL[3E
2R KR ()] Infinite M 200 PRO 43 KB b
A [FEBR G AR (H [H)]; Azure cSeries 400 B AL 52 %
RN (£ E Azure Biosystems) .
1.3 ZhW

{e#FE SD KR, & SPF 2, #&Jii &~ 150~180¢,
B L ZR A8 B R B sh ) b e ik, A7 SRR
5N SCXK(£)2017-094 .
2 HE
2.1 ZhW o U R AR )

SPF Zifi# i SD KR 45 H, IERITEMEFE 1 4
G, BENLO NIEHE XTI 10 X, DM BRI 35
Ho IE 6 B 45 DL @ v ek, DM AR 2R H =
NRAR B R 30%- AR EE 2.5%F0 it SE IHBR B 1%
BEH: HRRL 66.5%H F#ER), JET 5 AR
T 12 h Ja, —IRMEMEEEN 1%FERE R
(30 mg-kg ', pH 4.5 ¥ ER-F7 6 IR = ANGE 0P ) o
T 5 50 R 2H K BR 7 S R AR AT AR R A7 i TR = M 4%
M. IERLE 72 h RERIKCR L, AR I A
& il ¥E {H (fasting blood glucose , FBG) , LA
FBG=11.1 mmol-L™' I I L1k, L. LIRME
i NRE#E N DM K BUER R . B IERR T K
SRBEAL > A 2 R AR 20 (4 R R R 4 RN 2% T & ik 4
G AR RE S o IF O IR A 4k 4 DA i 1 k)
IR 4 B, REERATIER 4 K, HFHEET
RS2, #2218 0.025 mg-kg ' d T LT FIR, i
st 24 4 U,
2.2 FBG K =AM

DM HERIAME LERRA KR 23T 2 AKX
A4 FREEE 12 h, HFRAKSERCM, 2505 55 i
i, K FBG RS & ACE, RS R SRR
B, S R BURTEE=In[ /(% /K< FBG)].
2.3 EAELBIE

DM AR B & KA KBR300 T 2, 4 )4
KA 12 h 5, bh30 mgkg ' 10 LG Z AN BRI K
BRI [ 7 , 45 /NS 75 % R 48 Vevo 2100(4E
Ji Hh D) AR WU A 0 = ET 5K R I N 42 (left ventricular
internal diastolic diameter, LVIDD). /0> YLLK
HH N 1% (left ventricular internal diameter at end-
systole, LVIDS). 7 = &F 7K K H % B J5 i (left
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ventricular posterior wall thickness in diastole,
LVPWD). 7 &4 K ] = BE 5 (left ventricular
posterior wall thickness in systole, LVPWS). i
45 %5 % (fractional shortening, FS). 7= Hfifl 4
#(left ventricular ejection fraction, LVEF) & LVM.
2.4 bRAHUEE

WA G, KBRBRIE, AL E, JT e,
A8 EF KB, 47 5 mL, L3000 r-min' 5%
FEE L 10 min, BT, 2%, 20 CORAEAFI.
A AR AR DN i L[] B (serum total cholesterol, TC).
o =W &% R & A - H A BE (high density
lipoprotein cholesterol, HDL-C). 1% & Jig & H -
R [ % (low density lipoprotein cholesterol, LDL-C)
Ko A ECH O, F T AR BRER K R, 8
PR, ZIBRIME . BRI SR ONIAZ, FREO
JERTE, 7B a0E, RO E G E ) iR
(left ventricular mass, LVM), & OE(CL O =F)
FEH=0 (220 %) U (mg)/ i B (g), 7 B E
OEET EPEY, TWET R
2.5 Western blot {4

20 mg 440 100~200 pL % 1 mmol-L™'
PMSF &G, WERSIE, 4 CT 14 000xg
B0 10 min, BAHK B, IHFIE S HEEWKE.
40~70 pg S FFEE T SDS-PAGE #ti H kit
17978 MRRRENE 2 h, RR 2 5% i ig Wk
B Th e 5PN —P 4 CHBFER. KHS5H
R EAAFR ) —pu3ki E, A aR AL 2k
JeREAT B, FEA AL 73 B i 2 &2 Mt e
2.6 Fiterorth

WERERL X £5 &R, RH SPSS 19.0 4tit
BAF AT R AL, AR TR SRR A T = A,
HIEA 2 5 a P47 I PR 2L IA) LA, 2HIA) 22 e L
K F Bonferroni £ IEIM ¢ #5538, LL P<0.05 &K~
ZERA SRR L.
3 £R
3.1 KH DM BEAY R S O

SEH A, IR IR R BUIRES RIAF fE0H:
HEWENIES . MG 2 85 DM K ERIZHT H L
FEMERE . RERREWME., 2. 28, 2K,
A5 B FEAICAE DM EAR . SRR R B 29 R, Ak
ZN 82.8%. HIEF X HEALEL, 2 BRI K
BRMLTE FBG. ki 28 /K1 5 3 5 (P<0.05), gk
FURSREE & T F(P<0.01), % 2 & DM KR
BRI, AR 1,

PR E IR 2524 2019 45 7 H 45 36 545 14 1)

R1 BHEERARREAFRALE(XLs)
Tab. 1 General characteristics of the rats in each group
after DM model(x £ 5)

2 {5 1B AR/ . . "y
a5 TIMBRES UL et 2 b 8
mmol-L
IEHXTRE4L 10 5.110.11 20.12+0.51 —4.63+0.62
2 RIRE 29 31.07+3.280 26.99+2.78)  —6.73+0.79”

T SIEEXEALLE, YP<0.05, PP<0.01,
Note: Compared with normal control group, P<0.05, ?P<0.01.
3.2 LR A A 4

HIE# AR, 4 B DM AL K R
LVIDD } LVIDS {8 {& 1 K (P<0.01), LVPWD }%
LVPWS A[A] 2 48 ) (P<0.05 8% P<0.01), FS.
LVEF /& LVM f{H & 2 [£{%(P<0.01), 20 EFE 50
FEWE(P<0.01). 54 FBAIAE, BYEKA
FS. LVEF Jh#& & #(P<0.05), LVIDS. A%k

4JE BRI A e

1 &4 KR M-mode # 7 & g B R & B %
Fig. 1 M-mode Echocardiography of cardiac tissue from
each group

3.3 KRR & OB FE AR IR 5E 45 R

B IEH X R AR LG, 4 BB 2H K R A4 5 &
W ER(P<0.01), O LVM i & B B3 (<
0.05); FH U AEFEEOR 220 = AR B8 5. 2 w5 T xR
H(P<0.05); 5 4 FIRIRIA LR, REYEKAARR
BB ETEP<0.05 5t P<0.01), LVM. LETE%
A 0 2 FRHUR 35 PR (P<0.05), Z5 R LK 3,
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*2 FHDMAREZEZEEHSRAAEALE(X£s)

Tab.2 Comparison of the structural and functional parameters in the left ventricle of rats with early stage of DM(x £ 5)

415 n  LVIDD/d'mm™ LVIDS/d'mm™” LVPWD/d'mm™ LVPWS/d-mm™” FS/% LVEF/% LVM/mg e B
IEE A 10 5.41+0.25 2.384+0.61 1.68+0.19 2.91+0.39 4590+4.99 8237+5.66  714.89+55.01 1.65+0.12
2 ARl 9 6.88+0.43 3.37+0.39 1.89£0.20"  3.19+0.57" 42.16+3.97  77.1648.67"  739.40+30.91 1.79+0.32%
4 FRRE 9 7.26+025%  3.71£0.63%  2.14+0.23%  3.68+0.37" 32.99+2.23% 62.46+5.107  678.19+19.17%  1.91+0.22%
REERA 10 6.98+1.03 3.01£0.78"  1.97+0.31 3.55+0.57 40.2046.70 73.11£10.37°  700.31+66.56 1.75+0.46%

F: SIEEXTRARE, "P<0.05, PP<0.01; 5 4 FMBAIHE, PP<0.05.
Note: Compared with normal control group, Dp<0.05, 2P<0.01; compared with 4 weeks model group, 9p<0.05.

Fz3 FH DM ARG BEBAMA R BN E(XLs)

Tab.3 Parameters of the heart sampling and body weight of the early DM rats with different treatments(x £ 5 )

415 n i /g O BE R H /g Fe o T /g OB HU/mg-g! B fymg- g
T 0 4L 10 433.10+14.29 0.82+0.16 0.63+0.17 1.90+0.10 1.44+0.12
2 AL 9 414.20+20.10 1.16+0.14" 0.74+0.13" 2.80+0.27" 1.78+0.21"
4 JARLALH 9 356.40+12.76% 1.07+0.23Y 0.75+0.26" 2.997+0.45" 2.10£0.14?
REEKA 10 400.70+37.56” 1.01£0.16 0.67+0.17” 2.51+0.34 1.67+0.18

F: SIEEXTRARE, "P<0.05, PP<0.01; 5 4 FBAIMHE, PP<0.05.
Note: Compared with normal control group, ’P<0.05, ?P<0.01; compared with 4 weeks model group, *P<0.05.

3.4 KR A LSRR A

IR A H A, B K R H FBG.
Hu =®. TC. LDL-C B & J} & (P<0.05 5
P<0.01). 1] 4 BB Y 2 IR i, KR
M3E H o = e & 288 H FH s, HDL-C B A FEK,
ERAEGGIT¥E L. 5 4 AEMALE, &%
L&kl FBG. LDL-C 7KV 2 F#K(P<0.01),
HDL-C 7KF- 5. 3% T 5(P<0.05), &5 F L% 4.
3.5 mTOR 15 Tl % )R IEL1L

Western blot 105645 KB, XS T IE 5 XHHE
4, 2 FIBAZE KON mTOR {5538 B & A 1)
FkWAAEE, mTOR. p-mTOR 1 S6K1 ik

x4 EHDMARMAIIFNELN(XLs)

YR IN(P<0.05); 5 2 BRI LA, 4 AR
B2 p-mTOR K S6K1 KM MHEHE, %ZRH
HEBEMWP<0.05); 5 4 FEMALK, R9E&
K41 mTOR. p-mTOR Al S6K1 ik H Bl FEMK
B, Hrh S6K1 ik FE{K 3% (P<0.01). 451N,
K 2~3.

AEE T OEE R, B OK RO LR
Atg5 Fll P62 ik 21 iN(P<0.05 5% P<0.01);
HE 2 BRI, 4 F& R R 2 18 i oF i %
(P<0.05). 5 4 FABETALE, REEKA Atgs
P62 Kk HILFFRES, Hrh Atgs RiBWE
PR (P<0.05). 5 R WL 4~5.

Tab. 4 Changes of the biochemical parameters in the rats with early stage of DM(Xx £ 5)

415 n FBG/mmol-L™' H i = /mmol- L™ TC/mmol-L™! HDL-C/mmol-L™" LDL-C/mmol-L™
IE 4 IR 10 5.1140.11 1.15+0.12 2.3240.23 0.60+0.012 0.15+0.02
2 FREALA 9 31.00+4.157 1.27+0.12% 2.56+0.32" 0.49+0.12" 0.17+0.04%
4 FRAI A 9 33.77+5.707 1.30£0.21% 2.88+0.20" 0.46+0.10" 0.25+0.03%
RHERKA 10 5.72+1.00" 1.30+0.22 2.79+0.35 0.53+0.18% 0.18+0.09%

T SEEXEALLE, VP<0.05, PP<0.01; 55 4 FHBAHLE, YP<0.05, YP<0.01,
Note: Compared with normal control group, P<0.05, ?P<0.01; compared with 4 weeks model group, *P<0.05, ¥P<0.01.

200
mTOR —— C— 150
p-mTOR — — 100

S6K1 T —— ———

B-aCliN m— — —
WA JHBL 4R

Ratio of p-mTOR/mTOR/%
W
o

0 il B
TEHOR A 2 AR 2 4 SR R A

100 @ mTOR
< 80 & S6K 1
H 60
0 40
o

0
IEFE XTI 2R B2 4 J A

2 Western blot # M| X B0 ALZL 44 mTOR. p-mTOR. S6K1 &K (X £s,n=9)

SIEwS AR, YP<0.05,2P<0.01; 52 FHBMALE, YP<0.05.

Fig. 2 Expression of mTOR, p-mTOR, S6K1 in cardiac tissue from each group by Western blot( x + s, n=9)
Compared with normal control group, "P<0.05, ?P<0.01; compared with 2 weeks model group, ¥P<0.05.
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o 150
MTOR  —— ——— %
=
£ 100t
p-mTOR  — | — 2
%’
k=
Practin o —— 2
2 9
A4JH B R EGIKA 4

TR

w P
S (=
T 1

BRI Y%
s 8

R EKA 4ABA

R EIRA

B3 Western blot # 9l & & & ik F 5 K B UL 28 mTOR. p-mTOR. S6K1 #E£A(X 5, n=9)

5 4 FERE L, VP<0.05, PP<0.01.

Fig.3 Expression of mTOR, p-mTOR, S6K1 in cardiac tissue from semaglutide group by Western blot (x * s, n=9)

Compared with 4weeks model group, DP<0.05, 2P<0.01.

-

S

p62_—-

Atgs

P-aCctin | —— —

150 r em Atgs
&3 P62
o\\c’ 2)3)
) 100
o
R 50 |
0 %

IEFXHAL  2ABMAE 4HBREA
[ 4 Western blot &Il K BGALALZ AtgS Fo P62 HyKiA
(xts,n=9)
SIEH XA, VP<0.05, PP<0.01: 5 2 J DM KA,
7P<0.05.
Fig. 4 Expression of Atg5 and P62 in cardiac tissue from
each group via Western blot(x £ 5, n=9)

Compared with normal control group, ’P<0.05, 2P<0.01; compared with
2 weeks model group, *P<0.05.

Algs ——
P —
practin . A

150

& AtgS
&3 P62
X100 f
X -
o
B 50 b
0 .
4JAI RN
5 Western blot 48| A B0 L 4L AtgS fr P62 By K ik
(xxs,n=9)

54 FBRAE, VP<0.05.

Fig. 5 Expression of Atg5 and P62 in cardiac tissue from
semaglutide group via Western blot( x + s, n=9)

Compared with 4 weeks model group, "P<0.05.
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4 g

mTOR 1E AL FAA X R MG 54 F, 1F
R A TR A AR K A P i O )
ER, 152 2dlfE S m G — =
B, &MY RIAT R &G, a2
WRF R KB, AR RER, £ DM REDR
AT, mTOR R[G5 S5 2 M [ WA S5
IR B RE . ok, X DM RERL R 7k U,
mTOR 55 @BEMRKESHFHHET T, 25
DM Z Rt RAEM R A K E . 1ERH— GLP-1
K, ROEHKAE 2 B DM f¥R)T LR R E
FasE IBRIBESE ], HOERK R, B4, Li e
ZIRAT MR BT IR ZR BRI VR TR e e R Y,
GLP-1 AW Al LLs I 17 mTOR 15 58K S
S E s, SEma g,
7E DM RE T, KN GLP-1 el 35 AR
BT, WTLLEE R OUIEE, WX R AR 5
JVLEH . W ST 1) 2R 5 DI AR O, BARBL A
B . RIS, ST 5oHr GLP-1 & D& fre O i
LRA 5 T FIHLE B FE b, 5 mTOR {5 5 @B/
S 20 L 2 T PR DR R AR AT R

ARSI VLR BB FES A THEE KR T
WaIT, WARDSEKRNTHEHY mTOR A%
B E RIAKPAR A, H DLHE T R 5 & IK7E mTOR
FHORAT T B AT T B/E A . 2 2 DM K RS AL A
BN, ETWARR 4 AN, BAHSIER
AR RS EAZ B CERIPE AR5 O
WIThRE Z 7. @R OsEmmAER, RE5E
R DR . I =EFRARIN A s
Ji% . LVEF K& LVM &EhrR 0 O ULTh e e
MR . DL Western blot £ AR HF 72 AH <R T 11 3%
BKE, DU R BUAE G A RIS TR HIE 0 R
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g5 R E N, DCM 1 mTOR 15 5@ B ER A%
kiR FA 4k, mTOR. p-mToR M S6KI1 & [#Kik
YIsn, BVEMHIREE AtgS P62 Fik i hn &
., Y A K4 mTOR 5 5 8 &
p-mTOR/m-TOR LUAE FEAK 235 . 22 &M, /£ DM
HHAFF LR I RE =AW &AL, Ol mTOR 155l
PERIBBOE, HBER RS p-mTOR & FRIAME
T, TRUF S6K1 E& IR IAFIFE L, O LN E
TN SR R s, EEERAHREE AtgS
ik B, AtgS 18 AW O 2 B A 5 2E
., e e R T (e gk | W kA . T P62 fE
Nl NS S R AE AN 2 TR EE . RE
W T O N R G S i E R, ABtid R &
N, fERUH 2 B DM KRR, HERMHEXEA
Atg5 1 P62 HJRIEMRILHIGMES, MRLE
K TS 27 B A, 3X AT RE T s R R R B
IR TR IE AL DM K BRABEAY, R 5 R ARPUAI AR
CEREMESLFESZ AT R, m IR IR R R A
P NEDIEE S A E, ERXFEMILERERT,
P62 [MFRIEFR R, [FIBSFERE A B AR, &
LH7E DCM B P62 1318 5 B WEK-F AP (1)
RZ, X5 Kanamori 2515 BkATE 7 — 2

DCM /& DM U IfiL 5 7™ B 3f: 5 i (1) 26 B 2H B
gy, E W L% 1) R A Uk e S A A kT B B B
EH . BYEME I — GLP-1 Ky, B
BEAR O L SR B R A R A — RS2, RN
TR FC1Z 24 1) O ML DR AP BILAR D 58 4 B i R 52
PRAE T 0T T At
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