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Shikonin modulates PTEN/AKT/TFEB signaling pathway to improve ventricular
remodeling in myocardial infarction rats
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Abstract Objective To investigate the mechanism by which shikonin (SK) improves ventricular remodeling in myocardial infarc-
tion (MI) by modulating the phosphatase and tensin homolog (PTEN) /protein kinase B (AKT) /transcription factor EB (TFEB) signaling
pathway. Methods SD rats were randomly divided into Sham, MI,L-SK, H-SK ,and H-SK+BpV groups (n = 10 each). Cardiac function,
myocardial histopathology,serum inflammatory factor levels,and protein expressions were assessed via echocardiography , histological
staining, ELISA , and Western blotting. Results  Compared with Sham group, MI group exhibited increased myocardial fibrosis, inflamma-
tory infiltration ,and deteriorated cardiac function. Compared with the MI group , SK-treated groups (L-SK, H-SK) showed reduced myocar-
dial injury and fibrosis,and improved cardiac function in a dose-dependent manner, along with significant changes in PTEN/AKT/TFEB
and autophagy-related proteins. The H-SK+BpV group demonstrated opposite trends. Conclusion SK may improve cardiac function and
attenuate myocardial injury and fibrosis in M1 rats by modulating the PTEN/AKT/TFEB signaling pathway , suppressing inflammation , and
activating cardiomyocyte autophagy.
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2.1 SKXFMI BRC IE T BE A 52 1)
5jShamZH A b, MIZH O ET BESEL P LVESD AN
LVEDD & & ¥4 i, M EF . FS . GLS 5 GASI {2 2 [

(P<0.05) ; 5MIZHAH [, L-SKZH FIH-SKZH FULVESD
FILVEDD i 2 445, EF \FS .GLSHIGAS B 214 m, H.
SRR (P < 0.05) s 5 H-SKEHAH L , H-SK+BpV
HLVESDHLVEDD & 1M, EF FS . GLSHIGAS i %
FEAIE (P <0.05) LT 21,

A, Sham group; B, MI group; C, L-SK group; D, H-SK group; E, H-SK+BpV group.
E1 SEXRMEEONE
Fig 1 Echocardiography of rats in each group
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Tab.1 Comparison of cardiac function indexes of rats in each group

Group LVESD (mm) LVEDD (mm ) EF (%) FS(%) GLS GAS

Sham 3.08 +0.31 4.15+0.50 77.81+7.23 37.38 +2.94 12.29 +0.94 21.46 + 1.51

MI 5.12£0.49" 7.63 £0.68" 4338 +4.57" 19.82 +2.56" 8.77+0.61" 13.59 + 1.20"
L-SK 436 +0.35% 6.81 £0.59% 55.15 + 5.36*’ 25.97 +3.11% 9.45 +0.70% 16.08 = 1.16*’
H-SK 3.37+0372" 4.49 +0.53*" 70.69 + 671> 31.64 +3.59*"%) 11.38 + 0.85% 19.73 + 1.89*"
H-SK+BpV 425+0.42Y 6.58 £0.67" 59.16 + 6.94" 24.61 +2.97" 9.33£0.75" 17.06 = 1.23"
F 42448 65.135 46.409 49.297 37.595 51.788

P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

1) P < 0.05 vs. Sham group;2) P < 0.05 vs. MI group;3) P < 0.05 vs. L-SK group;4) P < 0.05 vs. H-SK group. n = 10.
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Sham group

Masson

L-SK group
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2.3 SKRMIK AR AE A -1 H 5200

H-SK group

H-SK+BpV group

E2 SKMMIKROAFERGRIZM x 200

Fig.2 Effect of SK on cardiac pathological injury in rats with myocardial infarction x 200

55 ShamZ AH Hb , MIZH K BRI H 4E PR F-11L-6
IL- 1B X TNF-aft & 2 i 2 & (P < 0.05) . 5MIAH
AH L, L-SK4H 5 H-SKZH K BRIl P ik 48 R+ 7K

- I 2 AR, HE AR (P < 0.05) 5 5 H-SK4]
A H, H-SK+Bp VA K FLIML IS HIL-6 . IL-1B S TNF-
BB E TR (P<0.05) L2,



8 IRIRGE. B R IAFEPTEN/AKT/TFEB R 5 k35 O UREAE R O 2 A - 731 -

R2 BAARKEETFKEHLLE (pg/mL)

Tab.2 Comparison of inflammatory factor levels in rats of each group (pg/mL)

Group n 1L-6 1IL-1B TNF-a
Sham 10 29.66 + 3.87 65.43 £7.39 5291 +6.29
MI 10 185.25 £ 20.34" 246.89 +30.51" 287.64 +37.18"
L-SK 10 132.07 + 14.67* 186.35 £ 21.16*’ 193.49 + 19.66”’
H-SK 10 69.53 £ 8.25*"% 91.46 + 10.03*" 79.88 £ 6.94*"%
H-SK+BpV 10 125.48 + 14.53" 179.95 + 18.92" 188.56 + 20.30"

1) P < 0.05 vs. Sham group;2) P < 0.05 vs. MI group;3) P < 0.05 vs. L-SK group;4) P < 0.05 vs. H-SK group.

2.4  SKXMIK fla-SMA . Col T FlCol T &K 7K -1 I, L-SKZH 5 H-SKZH | b 21 4 b A G 1 ) 263k i
Al FRAG, H 2R R (P <0.05) ; S H-SK4LAHH L,

5jShamZH #H Lt , MIZH K FLZH 21 HPa-SMA L Col | H-SK+BpVZ flJa-SMA . Col T K Col Ml A3k i & T
K Col MAFRIEIKN-E T+ (P <0.05) ; SMIZEXS & (P<0.05) K3 K3,

#3 KHARa-SMA, Col | FiCol lll FikkF KL%

Tab.3 Comparison of the expression levels of o-SMA, Col |, and Col lll in each group of rats
Group n a-SMA Col | Col I
Sham 10 0.14 = 0.01 0.17 +0.02 0.16 = 0.02
MI 10 1.01+0.07" 0.92+0.08" 0.99 +0.08"
L-SK 10 0.85 +0.05% 0.64 +0.05" 0.82+0.06”
H-SK 10 0.36 +0.03*" 0.38 +0.03" 0.42 £0.04*-
H-SK+BpV 10 0.68 £0.05" 0.55 £0.04" 0.75 £ 0.06"

1) P < 0.05 vs. Sham group;2) P < 0.05 vs. MI group;3) P < 0.05 vs. L-SK group;4) P < 0.05 vs. H-SK group.

1 2 3 4 5
a-SMA ~ W S e s e 210’

Col T . s — 220 % 10°

2.5 SKXFMIA B LA F 5 ) 5 el
LjShamZH A He , MIZH AYp62 &1k /K & 48,
Beclin-1FILC3 [1/LC3 1 FRik/KF i E R (P < 0.05) 5
Col Il | S ERE— 139X 10° S MIZHAR ., L-SKEH FITH-SKZ ifp62 3k K - 5 3%
GAPDH | S A 56 10’ R AR, Beclin-URILC3 TT/LC3 T 2 34 7K 57 & 25 34 i,
1, Sham groups 2, MI groups 3, 1-SK groups4, H-SK groups 5, H-skebpy  —En i HRAPE (P < 0.05) s S5 H-SK4TAHLE , H-SK+BpV
group. HIp62 Fe 1k /K- 25 18 i1, Beclin- 1 FILC3 T /1LC3 1
E3 &AKXMa-SMA. Col | FiCol Il FikkFa L Sk S A (P < 0.05) 354 4.

Fig.3 Comparison of the expression levels of a-SMA, Col |, - e 1 ™
and Col lll in each group of rats 2.6 SKXIMIK FPTEN/AKT/TFEB{ 53 #% A4 5% 1

F4 BHRXRBEBHEXEARIKEHILE
Tab.4 Comparison of the expression levels of autophagy-related proteins in rats of each group

Group n p62 Beclin-1 LC3M/Le3 1
Sham 10 0.11+0.02 1.34+0.15 1.96 +0.17
MI 10 0.91 +0.07" 0.31 +0.02" 0.51 +0.06"
L-SK 10 0.80 + 0.06> 0.44 +0.06” 1.01 +0.08>
H-SK 10 0.24 £0.03*"% 0.98 +0.08°" 1.78 £0.13*"%
H-SK+BpV 10 0.45 +0.03" 0.83 +0.07" 1.12+0.10"

1) P < 0.05 vs. Sham group;2) P < 0.05 vs. MI group;3) P < 0.05 vs. L-SK group;4) P < 0.05 vs. H-SK group.
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1, Sham group; 2, MI group; 3, 1-SK group; 4, H-SK group; 5, H-SK+BpV
group.

B4 BHKXRBEBHEXELRIEKENLE
Fig.4 Comparison of the expression levels of autophagy-related

proteins in rats of each group

5jShamH # Lt , MIZHPTENFITFEBZ i 7K °F- &
FEAR, p-AKT/AK T A /K- 3 (P < 0.05) 3 5
MIZAH L, L-SKZH FITH-SKZH PTENFITFEBZ i /K *F
RN, p-AKT/AKTZR A KT A RE AL, 2K
Pk (P <0.05) ; 5H-SKZH A e, H-SK+BpVAIPTEN
FITFEBZ IAZK - 1 2 A, p-AKT/AK TR A K- i

FHN(P<0.05) W55 .E5,
3 itig

O 5 T A EMUS P2 0 ) 3208 & R R R G
S B AR o A R ISR 3 Kk 2 i B S 45 LR
Py HEMI R FRABE 7Y 335 A5 MITZEL K BRL LWL 107 1 o
i, O JE T Bl U 55, GLSHIGAS (i 35 T B B 75 0 3
& 7% , EFFIFS T [, LVESDAILVEDD fiil, HEZ
o FlMassonje (.25 5 5 7 MIZH R SO LEF SRS 25
L, A A S8 0 AR IS RN T A L 41 A RS
RI,MIF O = A S0 LR A it 7 7, a-SMA |
Col T K Col M ik L, AHIFFE MK FRUAR Y IR 522
PUAR TN H, 54D il A2 5 14 200 f R 77K - o 2 7
oo RS I, RS MIZH A B B 1 4
B RARE N, 0 LA 232 45, IR T LA o) 10
WUIEH# DI6E

#5 FHEARPTEN/AKT/TFEBE SEEEIAXEQRIZKFHLLE
Tab.5 Comparison of the expression levels of PTEN/AKT/TFEB signaling pathway-related proteins in each group of rats

Group n p-AKT/AKT TFEB
Sham 10 1.11+0.09 0.09 + 0.01 1.41+0.13
MI 10 0.15 £0.02" 1.05 £0.10" 0.16 £0.02"
L-SK 10 0.26 + 0.03*’ 0.73 + 0.06> 0.35+0.04%
H-SK 10 1.02 +0.07 0.18 + 0.02*-’ 1.10 + 0.09* -
H-SK+BpV 10 0.79 +0.06" 0.44 +0.03" 0.84 £0.07"

1) P <0.05 vs. Sham group;2) P < 0.05 vs. MI group;3) P < 0.05 vs. L-SK group;4) P < 0.05 vs. H-SK group.

1 2 3 4 5

PTEN | S e s S S 54x 10’
p-AKT e — 60x 10
AKT [ S S - 0 x 10’
TFEB | SR o S S e~ 70 x 10°
GAPDH | s s S S . 36 10°

1,Sham group;2,MI group; 3, L-SK group;4, H-SK group;5, H-SK+BpV

group.

B5 &AARPTEN/AKT/TFEBIE Si@BAAXE A REKPHILLE:

Fig.5 Comparison of the expression levels of PTEN/AKT/TFEB
signaling pathway-related proteins in each group of rats
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