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Improvement effect of gentiopicroside on heart failure rats by regulating SIRT1/
AMPK/PGCla signaling pathway
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Abstract: Objective To investigate the improvement effect of gentiopicroside on the heart of rats with heart failure, and the impact
on the SIRT1/AMPK/PGCla signaling pathway. Methods Heart failure model rats were constructed, and divided into model group,
aptopril group, gentiopicroside (50, 100 mg/kg) groups, and gentiopicroside+ SIRT1 inhibitor (EX527) group, with 12 rats in each
group. Another 12 healthy rats were selected as the control group. The cardiac function of rats in each group was tested. The levels of

ST-2 and NT-proBNP in the serum of rats in each group, and the levels of oxidative stress factors (SOD, MDA) in the serum were
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detected by ELISA kit method. The pathological morphology of myocardial tissue and the collagen fiber content in myocardial tissue
were detected using HE staining and Masson staining methods. The mitochondrial morphology in the myocardial tissue of rats were
observed by transmission electron microscopy. The levels of inflammatory factors in the myocardial tissue of rats in each group were
detected by RT-qPCR method. The protein contents of SIRT1, AMPK, PGC1a, Collagen III, Collagen I, and a-SMA of rats in each
group were detected by Western blotting. Results Compared with model group, the tissue damage status and myocardial fibrosis in
rats in the gentiopicroside group were significantly reduced, the mitochondrial structure was improved, the heart LVDs and LVDd
indicators, serum MDA, ST-2, and NT-proBNP levels, myocardial tissue collagen volume fraction, /L-1f, IL-18, and TNF-o. mRNA
expression levels, collagen III, collagen I and a-SMA protein expression levels were significantly lower, the heart LVEF and FS
indicators, serum SOD level, and the SIRT1, p-AMPK/AMPK, and PGCla protein expression levels in myocardial tissue were
significantly higher (P<<0.05). Compared with gentiopicroside 100 mg/kg group, the gentiopicroside+EX527 group showed severe
damage, mitochondrial swelling and rupture, the myocardial fibrosis, inflammatory response, and oxidative stress response were
exacerbated, the cardiac function decreased, the expression levels of SIRT1, p-AMPK/AMPK, and PGC1la proteins were significantly

lower (P<<0.05). Conclusion Gentiopicroside may alleviate myocardial inflammatory response and oxidative stress injury in heart

failure rats by activating the SIRT1/AMPK/PGCl1a signaling pathway, thereby exerting cardiac protective function.
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IL-18  IE[: 5-CGACCGAACAGCCAACGAAT-3'
JM: 5-GGGTCACAGCCAGTCCTCTT-3'
TNF-a 1E[A: 5-CACCACGCTCTTCTGTCTACTG-3'
z: 5-GCTACGGGCTTGTCACTCG-3'
p-actin 1EM]: 5-TGGCTCTAACAGTCCGCCTAG-3'
JH: 5-AGTGCGACGTGGACATCCG-3'
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Table 2 Comparison of cardiac function in each group ( xts,n=12 )

ZH 7l &/(mg-kg ™) LVDs/mm LVDd/mm LVEF/% FS/%
pagil — 3.48+0.25 6.54+0.58 81.76+8.04 49.65+4.73
it — 5.67+0.49" 8.75+0.67" 52.81+4.63" 21.34+1.75"
RIEEF 2.28 3.83+0.41% 6.87+0.50% 77.18+8.01% 41.58+3.69%
PR 50 4.82+0.37* 8.02+0.61% 63.22+4.89* 29.34+2.07*

100 3.71+0.26% 6.93+0.52¢ 76.43+6.95 40.27 +6.20%
T HFE T +EX527 100+5 5.14+0.574 8.06+0.754 62.12+8.034 31.70+5.084

SR E: *P<0.05; SERALLE: “P<0.05; S5RMEETF 100 mgkg ! ALLE: 4P<0.05.

P < 0.05 vs control group; *P < 0.05 vs model group; 4P < 0.05 vs gentiopicroside 100 mg-kg™".

%3 &K SOD. MDA. ST-2 1 NT-proBNP 7K ELLEE ( x s, n=12)
Table 3 Comparison of SOD, MDA, ST-2 and NT-proBNP levels in each group ( xts,n=12)

2H ) sllE/(mg-kg™) SOD/(U-mL™")  MDA/(nmol-mL™") NT-proBNP/(ug-L™") ST-2/(pg-mL™")

Xt B — 253.48+21.30 3.54+0.28 31.76+5.04 99.65+11.73
it — 115.67+9.25" 7.75+0.67* 152.81+18.20*  281.34+26.01*
RAEEF 2.28 211.54422.08* 4.87+0.50* 71.504+10.09*  141.58+13.09%
TeHE T 50 164.82 +14.33* 6.12+0.55% 113.20+16.25%  209.18423.07%
100 201.71+18.45% 4.4340.75 66.4349.58" 154.27 +18.21%
JeNBE 4 EX527 100+5 175.144+ 15274 6.361+0.814 122.254+16.074  231.70+20.104

SR R "P<0.05; SEMALLE: “P<0.05; S5EMEETF 100 mgkg ! AHLLE: 4P<0.05.

P < 0.05 vs control group; *P < 0.05 vs model group; 4P < 0.05 vs gentiopicroside 100 mg-kg™.
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Fig. 1 Myocardial tissue was stained with HE (x400)
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3 N H / . 5 b
TEHHEAF 50 mgkg™! JPAHETE 100 mgkg™?  RAHIEH +EX527

2 DAL4AZE Masson 22 (X 400)

Fig.2 Masson staining of myocardial tissue (x400)

®4 ONELBEERERFRIBIILL ( x*s, n=6)
Table 4 Comparison of collagen volume fraction in

myocardial tissue ( Xts,n=6 )

2H 53 FEi(mgkg™) BRI BU%
X i — 4.40+0.35
ei) — 29.31+3.70
RIEF 2.28 12.25+1.58*
AR 50 23.14+5.04*
100 15.47 +2.50%
Je BT +EX527 100+5 24.33+4.464

SXIEA L "P<0.05; S *P<0.05; SRR H
100 mgkg™! ZHELEL: 4P<<0.05.

“P < 0.05 vs control group; *P < 0.05 vs model group; 4P < 0.05 vs
gentiopicroside 100 mg-kg™'.

Hﬂﬁﬁc 50 mg‘kg’l JENHFHF 100 mgkg™! ﬁﬂ%ﬁ%sy
3 ESTERIREE (X8 000)
Fig.3 Transmission electron microscope image (x 8 000)
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F mRNA R K REF R (P<0.05); SHAIH
ELA, e JIH v 2H K B ERE Rl T mRNA FRIE7K - B
EPEIC (P<<0.05); AT HIHEH 100 mg/kg 4,
e +EX527 HRR RAEF T mRNA FiAK
TRETE (P<0.05), W#ES.
2.6 &4EAR SIRT1, p-AMPK. AMPK, PGCla,
Collagen ITI, Collagen I, a-SMA EHFRIA

mE 4. £ 6w, SXTEAME, BAHK

#x5 BEABLEETF mRNA FIEKFELEE ( X+s, n=6)

Table 5 Comparison of mRNA expression levels of inflammatory factors in each group ( X*ts,n=6)

mRNA HIX} Fik &

) 1| 5:/(mg-kg ™!

H AE(mgkg™) IL-18 IL-18 TNF-o.
papiict — 0.274+0.04 0.1940.03 0.39+0.05
R — 0.73+0.05" 0.66+0.08" 0.704+0.06"
RAEHEF 2.28 0.45+0.06% 0.37+0.02¢ 0.43+0.04%
JeREE 50 0.61+0.08* 0.42+0.05% 0.56+0.07%

100 0.4240.05* 0.3340.05* 0.4440.03%
WA +EX527 4 100+5 0.65+0.044 0.47+0.054 0.61+0.044

xR "P<<0.05; SHRALLE: *P<0.05; 5RIHETE 100 mgkg ! A AP<<0.05.
*P < 0.05 vs control group;*P < 0.05 vs model group; 4P < 0.05 vs gentiopicroside 100 mg-kg™".
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Fig. 4 Protein expressions of SIRT1, p-AMPK, AMPK,
PGCl1a, Collagen III, Collagen I and a-SMA in each group
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NTpro-BNP J& A A )0 i v bn £, ST-2 /& Sk
Co D REFA TN o 7 568 v 5825 UG I AE bR 54,
TE I A R 7KP 2 O JUL AT 4 A 2 000 [R] 114151,
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Table 6 Comparison of SIRT1, p-AMPK, AMPK, PGCl1a, Collagen III, Collagen I, and a-SMA protein expression levels in
each group ( Xts,n=6 )

BAMNREE
21 5 i/ (mg-kg™)

SIRT1 p-AMPK/AMPK  PGCla Collagen 1l Collagen | a-SMA
xif — 0.92+0.07 0914007 095+0.04 0.19+0.02 0372003 0.22+0.03
it — 0.25+0.03"  0.47+0.04* 0.38+0.05° 0.76+0.07" 0.91+0.09° 0.87+0.50
RFEEF 2.28 0.75+0.04*  0.88+0.05" 0.85+0.05* 0.48+0.02 0.60+0.03* 0.41+0.05"
e B 50 0.50+0.07%  0.612+0.08* 0.52+0.06* 0.62+0.04* 0.7320.05% 0.680.06*

100 0.72+0.06*  0.83+0.05" 0.77+0.06 0.43+0.05* 0.58+0.07* 0.35+0.06"
JERHEH +HEX527 100+5  0.46+0.064 0.54+0.054 0.41+0.034 0.68+0.074 0.75+0.054 0.73+0.064

EXIHRA LS P<0.05; SERANE: #P<0.05; SHAHTET 100 mgkg ! HLELE: 4P<0.05.
“P < 0.05 vs control group; *P < 0.05 vs model group; 4P < 0.05 vs gentiopicroside 100 mg-kg™.

SRE A 7 O JULFE IR 1) e A AN Je g o G
FRAERT o S REIBORT 5 50 I BT 4R 40 0 A2
fle2F it R A, NI -FECOLAELFAENT; [ O
LYt 2 Al SOE A R T A, 21 TNF-o0 A1
IL-1B, EAME AL a1, 15 el 4E4m
HE T LR T A 20 L e A, T Lo ULET AR 2 0 T 3
U5} {6 SR ITRE VS ACHF 5 45 2R B 7 o 70 B3 KB

LVDs Al LVDd i &7+ LVEF I FS B &1,
TV B =3 oL Ry AR E A n I s ) S GEBNE {=E iy il Y
IR0 77 368 383 K BR O ILZEL 0093 2 A2 B2 AL LT 44k
FEEE, ekiikgi bR EL. MET MDA. ST-2 Al
NT-proBNP 7K1~ #MEPE 73 IA7KF-LL K Collagen
1. CollagenI. a-SMA HEHFRILIEREIH. UL
i b 1R BH S AR A0 T R 1 B A 7 3 i K BR AR AE AL
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PSRN G ME R, 5 R AR A5 1 D Th e AT
HEIR T 04, SR = HEWAOITEE
B M AR TG, FRTeiniifs 21
s, IR SR B RAE T T IO J a vE K A
I JRT 8 SN, IR O LT Ak R 2Rk 4351475
M S O WLZH R A% B 58O D e

SIRT1 W] M 2 Fhis H i 2% LAk, RSN
W N S EE AR . SIRT1 AL AT LSO 1 %
KlF PGC-1a, #ETIH0HI| A A N N s b4 PGC-
Loo 2 AT AR A=) 6 B ) D8R R 7 - AMPK. A2
WK R B R B0 75 (1) — 2K, @it PGC-la
MR RARThRERE S . 48 EiAA SIRT1/AMPK/
PGC-la 15518 B 7E N F AU AU A LU B
S22 PP LA S5 B PPy e B L A € 11920) . BREAERR SR
B, ITRAERGEE — EREE LB g SIRTY
AMPK/PGC-1o. {55 18 B ek 0o K SR Co LA P
T, MR ThAERY, AR R BC 1735 K RO
M %5 TS AH R LRI EH R T, U
HIiZA5 S B IE EBRK . T EIEE T ig 1697 )5
Al A OB AR IA BV RN, SCHEN e R
L IG5 SIRT1/AMPK/PGC-1 o 38 % viF P4 325 11 410 61
O 7730 KBRS SOBORT 2 e« S 2 kA4 T
AEo N T IRUEZAEDN, AWFFLE ig s e IH
(A b I N AZam B ) 35 EXS527, R B B AH ¢
HEEMRIEE XL, A RLEOR 90E i B3
TR RRIARTRA . B EX527 ) LRSS I IH T
SIRT1/AMPK/PGC-1o 3 ) 1E [FIBEVE R, S28l
X o 79 3% 5 R B LA £ o D RE A S A 4

gE L RTiR, JuPH T A AR GE T S SIRT1/
AMPK/PGC-lo. {55, fMlAPE. 2R
REFC VAL . DR ERAR DI RE, dET g O
TR R RO VLR AL T RE .
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