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[ ZE] HH: BT HI (Met) XA &M ERER (SHR) DUUEEREEER, IfE
HOTRERFE LA . H¥s: DA SHR EE SO WUREALRY , FfREALS> i SHR 41 A SHR+Met 41 ;75 #E L
A 4F 0% WKY #EPE K BUAE A WKY 4. SHR+Met 41 K 45 T Met & (300 mg-kg '-d ') #EH
68, SHRA M WKY KR TEMRBZEMAKES . TS ARG, RS 4R BB A0 % i,
HEAEOEFREEE (LVMID ., %M Western blotting 15 8 1 £ 2H ¢ B0 ILZE 210 B FIA K (ANP)
I BRUGAIIE (BNP) 25 R AKF, A IEE A 41K B0 LM M 26 k7 (488 13 4544, Western blotting 32
HSE B 92O 7 PCR (RT-qPCR) kil 25 21 K RO AL S & ki ik ml S Hebr th 2 ZE A A 1
(OPA1) MZRifkfl&4EMH 2 (MFN2) HAMmRNAFXKF, g8 5 WKY HE, SHR4 KR
LVMIH 8 TFE (P<<0.05), LWL4L4iH ANP FI BNP & % AKEW 875 (P<<0.05), 5 SHR4
Fe#s, SHR+MetZl KB LVMIBLR AL (P<<0.05), LAULZLZH ANP HI BNP 3 5 2 ik /K7 W] 5 A%
(P<<0.05). HIEME, SHRA KR OIS P OB ARHES ZE 0L, 20 LR A U 1] B 14 58 . D 24 sl 7
K5 SHR+Met 0 K RER ML EAWE, WHEMPIE ., 5 WKY A, SHRAKROIHL
OPA1 FIMFN2 & 15 mRNA ik KB 8 AL (P<<0.05); 5 SHRAIE, SHR+Met 4K L
UZH 2 OPAL I MFN2 2 15 mRNA AKCE U 8 FH 5 (P<<0.05), Z5#: Met Al 3 4% SHR K B YL
WUAR RS, HCAE I MLE AT BE S5 o e R R 25 L RO 4L 21 h 2ok IR il & 2 11 OPAL A MFN2 %A
AKX,
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ABSTRACT Obijective: To discuss the ameliorative effect of metformin (Met) on myocardial hypertrophy
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in the spontaneously hypertensive rats (SHR), and to clarify its possible mechanism of action.
Methods: The myocardial hypertrophy models were established with SHR, and the rats were randomly
divided into SHR group and SHR+Met group; the age-matched male WKY rats were selected as WKY
group. The rats in SHR-+Met group were given Met suspension (300 mg-kg '+d ') by gavage for 6
weeks, and the rats in SHR group and WKY group were given equal volume of distilled water by gavage.
After intervention, the body mass and left ventricular mass of the rats in various groups were measured , and
the left ventricular mass index (LVMI) was calculated. Western blotting method was used to detect the
expression levels of atrial natriuretic peptide (ANP) and brain natriuretic peptide (BNP) proteins in
myocardium tissue of the rats in various groups; electron microscope was used to observe the mitochondrial
ultrastructure of the cardiomyocytes of the rats in various groups; Western blotting method and real-time
fluorescence quantitative PCR (RT-qPCR) method were used to detect the expression levels of
mitochondrial fusion indicators optic atrophy 1 (OPA1) and mitofusin 2 (MFN2) proteins and mRNA in
myocardium tissue of the rats in various groups. Results: Compared with WKY group, the LVMI of the
rats in SHR group was significantly increased (P<C0.05), and the expression levels of ANP and BNP
proteins in myocardium tissue of the rats were significantly increased (P<Z0.05). Compared with SHR
group, the LVMI of the rats in SHR+Met group was significantly decreased (P<Z0.05) , and the
expression levels of ANP and BNP proteins in myocardium tissue of the rats were significantly decreased
(P<C0.05). The electron microscope results showed that in SHR group, the mitochondria in myocardium
tissue of the rats were arranged disorderly, with widened, broken, or disappeared mitochondrial cristae
spaces; in SHR+Met group, the mitochondrial morphology of the rats was partially restored, and the
cristae remodeling was obvious. Compared with WKY group, the expression levels of OPA1 and MFN2
proteins and mRNA in myocardium tissue of the rats in SHR group were significantly decreased (P<C
0.05) ; compared with SHR group, the levels of OPA1 and MFN2 proteins and mRNA in myocardium
tissue of the rats in SHR+Met group were significantly increased (P<C0.05). Conclusion: Met can
alleviate myocardial hypertrophy in the SHR rats, and its mechanism may be related to improving
mitochondrial morphology and up-regulating the expression of mitochondrial fusion proteins OPA1 and

MFNZ2 in the myocardium tissue.
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o L SO FTUIES JBE A2 o0 JUEE 02 KT 22 e i 460 4 34 38
I & 2 0 3 I PR AR o O ILAES RS B Ry
I, SIS RO M SR MR, 22
Fofr o0 I 52 55 114 2 57 e 6 R 26 st e PR O L
JIE JEE AT AE % 0 o R R, AR AT 0L A XU B o B
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(metformin, Met) YERIE KR 69T 2 BUME IR 6 B9
— 2, SR X0 A R g B A R R
R AR AR B o N A

AU AT WEE Y R RRE ERRIE
TR HOC2 .0 LA B AL R AR oy, 2ok 1A il 5 48 B
MAEGFE A1 (optic atrophy 1, OPA1) FIZk ki
R4 % 1 2 (mitofusin 2, MEN2) £ ik T i,
Met AJ (g 38 i 4% OPA1 Hl MFN2 4 5 ) 4 AL 7 il
Gt s HOC2 .0 LA M AL K . T Bk 45 2R
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1 #MR57EE

1.1 %s4H . EE2XANFRE A EMEGIIEKR
fl (spontaneously hypertensive rat, SHR) #l
Wistar-Kyoto (WKY) KR4 8K, ¥ AL mi 4k
ARSI Sh Y B R A R F] L s AV Al ik
1 SCXK (3%) 2016-0006. Met (#&4E1L) A
e B St =W AR AR, OPALHLE W A
% E Santa Cruz Biotechnology 2 #, MFN2, .
J5 Kl &M K (atrial natriuretic peptide, ANP) . B %l
fisi4M Bk (brain natriuretic peptide, BNP) il [ -
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3- M M &= M (glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) ZFHiikiy [ sl & i
SEAE MR ECA R A A L R SR & i SYBR
Green PCRAF & ¥ F H A TaKaRa /L9735 A
B W UK R A AN AR B S 9O 2 i PCR
(real-time fluorescence quantitative PCR,RT-qPCR)
15 H 22 [H Bio-Rad A, #E K A5 45 14 A LA
@3 DNR AR, 622 AW H H A Olympus 2%
A, Leica RM 21354 Ul A LW B Pk ( )
AR H]

1.2 Z£®HHHyafesssh SHRMWKY KR
MR TR . W B, B R EROK,
¢ SHREEHL M A SHR AL (BRIZ]) M SHR+Met4l
(Met T # 41), JF L WKY K Bl 8 WKY 41,
SHR+Met 41 K fl 45 T 300 mg-kg '-d ' Met ¥ B
RIT 68, FAh 2 H R4 TR BURRKHES .
D ERE W=/ i UK NI R /YU X (PU R = e AT
1.3 XKABRRERCERZTHNEAEHEILE SN
KERRMEN TS RE, PRI H KRR
LW HUREE S, B RRLOME . AL S TR
O I, UK b B Ae % R AR IRCAE 0 i (left
ventricular mass, LVM), 158 2.0 % i & 45 %0
(left ventricular mass index, LVMI) ., LVMI=
LVM/ R it o #8500 WUZH 2057 B 5 A R 0 7K
5 5 7% 2 —80 CLRAF; #r8 A TRIzolIE N H T
RT-qPCR 5 . J3 HCO WU A 206 I BN
M, JFBEAT R BIAR A A . 4 COKFINILE 4 h
Ja . B bRAS A BE R £h 22 b (phosphate buffered
saline, PBS) ¥ 3G, HH 1% #iR )5 B2 .
SRR L CWE AN K, PR IR G B, & D0 o
I JE 2RSSR MAT B A U vk e i 5, T
2 T WOEE N WLEE IR R A R

1.4 Western blotting & # 2 &40 X & & LA R F
ANP.BNP.OPA1# MFN2%& &G £ & K-F 241
KBGO WUEHEY, VR o B o ek I A B 1 2 BY

e, RS PR LR AR A2 . 4 °CAKIR 12 000 remin
B, 15 min/GRECE, B REA, R KkE =
M bk B R - (bicinchoninic acid, BCA) % xE & H
7 S 1175 = 7 W = S (T =
110V/90V Pk, B 300 mA % 1 h, 4 4% K
B2 h, A —$C ANP (1:1000% ). BNP
(1:1000). OPA1 (1:500)., MFN2 (1:500) #I
GAPDH (1:2000), FEBEE OHKMA NS R K
HimA—dt (1:5000), EEBHEE2h. BEAER
A Image J 8K A B W & A 5 K EEAE, LA
GAPDH AW Z, IR HMEHFREKY. HE
F R B KF=H & 3 &0 KB A(E/GAPDH 447
TR EAH

1.5 RT-qPCR## 0 &4 KX &S AR P OPAI
fo MEN2 mRNA 4% 35 K P HHCRT ™ % 4% 1]
RNase {HBR 77 L0 3B 55 . &) A8 M55, K —80 °C
W URAL SR SR R . BEES , 4 C#rE 10~30 min,
12 000 remin "#.0> 15 min, B FI§, A2k
SR BLR AT E 10 min, PR E OIFF LI,
IMA75% Ve . BUEP 445 iE RNA K 1~3 pl,
MEWEE (A) . A (260) /A (280) HuAH 4k
F1.8~2. 0 ¥4 RNA &4l fF 4 4li, JC DNA s & H
sk 4. PCRRWAAZR : T PCRE WK IMAH
MIFEW E . FiEsI 45 0. 25 pl., PCR XMW Mix izt
F12.5pl, IMAWZEKAE E 25.0 pLo 519¥H
A6 5t 5 B % A ) R A R B34 2 W) R Primer
50 HIFA M. BIWFHI W E 1. RS FERA
PCRAX, & & H 05 W AAE 3 S 805 17 )= -
94 CHIA M 2 min, 94 ‘CAE¥E30s, 62 CiE A 30s,
72 ‘CHEAR 30 s, 72 CHEAf 10 min; 3k 35 4~ 9F 3F ,
RN ERIGRAF%H . YL GAPDH NN S, X
2R R A A K RO AL 2k OPA T FI MFN2
mRNA ik K,

1.6 it 454 KM SPSS 22. 0 %k 4 17 48 it
ST, HHKRBLVMI, O LHZH ANP, BNP,
OPA1 il MFN2 # 11 % ik /K °F J OPA 1 il MFN2

#£1 RT-qPCRE|YHEF]
Tab.1 Primer sequences of RT-qPCR

Gene Forward Reverse
OPA1 5-GTAGTGGTTGGGGTCCTTCC-3' 5-AAGCTCTGTGTATTGAGTGCAGC-3'
MFN2 5-ATGCCACCCTTGCCACAG-3' 5-TCCTCCGACCACGAGAAT-3'

GAPDH 5-ACAGCAACAGGGTGGTGGAC-3'

5-“TTTGAGGGTGCAGCGAACTT-3'
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mRNA £ KK FEHEAESHM, UatsEnw,
Z AR AR B 3R TR R 05 22 53 B, L [E]
A TR0 PG L3R FH SNK-¢ K286 . LA P<<0. 05 K
SAGEE L

2 8% R

2.1 BEXAARELVMALVMI 34 KRA
P LR R TG R L (P>0.05); SHR+Met
R AR T B AR, (05 HoAh 2 40 A 22 = o ge it
Y (P>0.05), 5 WKY 4 H#, SHR4 KR
LVMI ] % JF & (P<<0.05); 5 SHR 4 It %%,
SHR-+Met 44 K B LVMI B & % ik (P<<0.05) .
W32,

2.2 BHMXACHMAL T ANPFBNPE Y Rk
KE 5 WKY A K, SHRA KL ILHHA
ANP F1 BNP # 1 & 5 K & F+ & (P<<0.05),
P28 SHR KRG WU E . 5 SHRA #, SHR+
Met £ K 0 LA 2L s ANP Fl BNP 2 [ 2 ik K F

123 456 789 M,

r

ANp T 16 000
BNP - 15 000
GAPDH 36 000

A

Expression level
of ANP protein

S = NN W

#F2 HKAKXBEEE.LVMALVMI

Tab. 2 Body weights, LVM and LVMI of rats in various
groups

Group Body weight(m/g)  LVM(m/g)  LVMI(5/%)
WKY 293.70£20.64 0.67£0.08 0.23x0.01
SHR 283.20+£18.80 0.79£0.05 0.28+0.01°
SHR+Met 272.00£18.54 0.660.11 0.2474-0.03"

"P<C0.05 compared with WKY group; ©“P<C0.05 compared with
SHR group.

W1 W FEAR (P<<0.05), $278 Met Af 3% SHR K B
O E . WLE 1,

2.3 BARACHmEEEARMEN WKYH
R B0 LA B SR A HE 5 R, T 25 A 81 T o Af [
T, U oE 4 . SHR ZH K B0 ILAH i rf ] 3
SrECRLIR K, AMEEECE, USR] BRI BE AT U
2w, WS AKX . SHR+Met 4K Bk R
BB SHR A3 Jr e, Ul &35 ¥ A1 X B 0 0 Wl o
W2,

—_ 2.0
2= 1.5 A
g &

A -2 = 1.0
2m 0.5
jor G
m° 9

WKY SHR SHR+Met WKY SHR SHR+Met
B C

Lane 1—3: WKY group; Lane 4—6:SHR group; Lane 7—9: SHR+Met group. B: ANP protein; C:BNP protein. "P<<0.05 compared

with WKY group; “P<C0.05 compared with SHR group.

H1l HAKXROUAR S ANPH BNPEAREBRIKE(A) KEHKE(B.C)

Fig. 1 Electrophoregram (A) and histograms(B, C) of expressions of ANP and BNP proteins in myocardium tissue

of rats in various groups

A:WKY group;B: SHR group; C:SHR-+Met group.
B2 B8R FO DR b SoR Ao 51

Fig. 2 Ultrastructures of mitochondria in cardiomyocytes of rats in various groups

2.4 BAXASMARPEEARZESEZEEG MFN2
FOPAlZEG A A B REAKE 5 WKYAHLHK,
SHR 4 K B0 ULZH 2 b OPAL Fil MFN2 & 11 % ik

KOV 2B B R (P<<0.05); 5 SHR 4 It #%
SHR + Met 41 K B0 WLZH 2 OPAL il MFEN2 &
F 2838 K BT i T (P<<0.05) . RT-qPCR L
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MR BN, 5WKYZ 4, SHRA KON
41 OPA 1 MFN2 mRNA 7K ¥ 8] B AL (P<<
0.05); 5 SHR#H L, SHR+Met2H K 0 L4

123 456789 M
OPAl  meesemen s ssgiemes 112000
MFN2 (B esese =. @me=e= 36000

GAPDH == o= v oo o s o = 36 000

A

)
{ >

Expression level
of MFN2 protein
*
Expression level
of OPA1 mRNA

0

0
WKY  SHR SHR-+Met WKY

C

A': Electrophoregram (Lane 1—3: WKY group;

SHR SHR+Met

D

Lane 4—6: SHR group;

*
Expression level

41 OPAT1 Fil MFN2 mRNA KB 8 75 (P<
0.05)., WA 3,

Expression level
of OPA1 protein

of MFN2 mRNA

WKY  SHR SHR+Met

E

Lane 7—9: SHR-+Met group); B—E: Histograms;

B, C: Expression levels of OPA1 and MFNZ2 proteins; D, E: Expression levels of OPA1 and MEN2 mRNA. "P<C0.05 compared with

WKY group; ©P<C0.05 compared with SHR group.

B3 HAKXBROIHLAF OPALFMMEN2E B KR mRNA FikKF

Fig. 3 Expression levels of OPA1 and MFN2 proteins and mRNA in myocardium tissue of rats in various groups
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EHFEIL T, ANPH BNP #A N 2 s W 0%
B WLIE JE AR G310 JIE R g R 4 o
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