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Effects of berberine on mitochondrial autophagy and PINK1/Parkin pathway in
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Abstract: Objective To investigate the effects of berberine on mitochondrial autophagy and phosphatase and tensin homology
deleted on chromosome ten (PTEN)-induced putative kinase 1 (PINKZ1)/Parkin pathway in rats with myocardial ischemia-reperfusion
(MIR). Methods MIR rat model was established and randomly divided into model group, low-dose berberine group (75 mg/kg),
high-dose berberine group (150 mg/kg), autophagy inhibitor trimethyladenine (3-MA, 100 mmol/L), berberine + autophagy inhibitor
group (150 mg/kg + 100 mmol/L), with 12 rats in each group, and another 12 rats were set as Sham operation group. After grouping and
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treatment, left ventricular function was detected by echocardiography, left ventricular end systolic diameter (LVESD), left ventricular
end diastolic diameter (LVEDD), left ventricular ejection fraction (LVEF) and left ventricular short axis shortening (FS) were recorded.
The infarct size was detected by 2,3,5-triphenyltetrazolium chloride (TTC) staining, and the levels of creatine kinase isoenzyme
(CK-MB) and troponin | (cTnl) in serum were detected by enzyme-linked immunosorbent assay (ELISA). HE staining was used to
observe the pathological changes of myocardium. The ultrastructure and mitochondrial autophagy of cardiomyocytes were observed by
transmission electron microscopy (TEM), and mitochondrial damage score was analyzed. The protein expressions of PINK1, Parkin,
microtubule associated protein 1 light chain 3B (LC3B), mitochondrial autophagy receptor p62 and ubiquitin specific protease 30
(USP30) were detected by Western blotting. Results Compared with those in the Sham operation group, the pathological damage of
myocardial tissue in the model group was serious, and the swelling and vacuolation of mitochondria were more serious, the
mitochondrial injury score, myocardial infarction area, LVEDD, LVESD, levels of CK-MB and cTnl, the protein expression levels of
PINK1, Parkin, LC3B and p62 were higher (P < 0.05), but LVEF, the protein expression levels of FS and USP30 were lower (P < 0.05).
Compared with those in the model group, the pathological damage of myocardial tissue and mitochondria in 3-MA group was
aggravated, LVEF, FS, the protein expression levels of PINK1, Parkin, LC3B and p62 were lower (P < 0.05), the mitochondrial injury
score, myocardial infarction area, LVEDD, LVESD, levels of CK-MB and cTnl and the protein expression level of USP30 were higher
(P < 0.05). The pathological damage of myocardial tissue and mitochondria in rats in low and high dose berberine groups was
alleviated, LVEF, FS, the protein expression levels of PINKZ, Parkin, LC3B, p62 and USP30 were higher (P < 0.05), the mitochondrial
damage score, myocardial infarction area, LVEDD, LVESD, levels of CK-MB and cTnl were lower (P < 0.05). The changes of the
above indexes in berberine + 3-MA group were contrary to those in high-dose berberine group, and the difference was statistically
significant (P < 0.05). Conclusion Berberine may promote mitochondrial autophagy by activating PINK1/Parkin/p62/LC3B
pathway, increase USP30 expression, reduce abnormal autophagy and alleviate MIR injury.

Key words: berberine; phosphatase and tensin homology deleted on chromosome ten-induced putative kinase 1; Parkin; myocardial
ischemia reperfusion; mitochondrial autophagy
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£1 BHAAROEINEELR ( xxs, n=12)
Table 1 Comparison of ventricular function of rats in each group ¢ X =s, n=12)

2H 5 & LVEDD/mm LVESD/mm LVEF/% FS/%
BFAR 5.61+0.43 3.3640.34 85.12+4.03 49.82+4.76
R — 8.68+0.62" 5.92+0.58" 62.11+3.01" 27.87+2.73"
3-MA 100 mmol-L? 9.98+0.72* 7.63+0.74% 38.86+1.13* 10.62+1.01%
/INBE, 75 mg-kgt 6.83+0.54* 4.45+0.46% 73.90+3.43" 36.12+3.04*
150 mg-kg* 5.93+0.54* 3.45+0.37* 79.90+3.23% 42.12+4.04%
/NBERE+3-MA 150 mg-kg 14100 mmol-Lt  7.97+1.874 5.98+1.124 61.03+3.014 26.51+2.024

HEFARHALE: "P<0.05 SHEAHHK:

#P<<0.05; 5/NEER 150 mg/kg 4 LLA%:

ApP<0.05

P < 0.05 vs Sham operation group; *P < 0.05 vs model group; 4P < 0.05 vs 150 mg/kg berberine group
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Fig.1 Myocardial TTC staining image results
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®2 BUEAARFOIBERERELE ( x+s, n=6)
Table 2 Comparison of myocardial infarction area of rats
ineach group ( x#s, n=6)
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150 mg-kg 6.31+1.76*

/NEETH +3-MA 150 mg-kg™+100 mmol-L™ 26.03+3.184

HBRFEARMLLR: "P<0.05; SHERALLE: *P<0.05; S5/NEER

150 mg-kgt ZH EL % AP<<0.05
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AHEE, ZNEEDE A+ 3-MA R AT 0 T m (P<
0.05), UL 3 F1% 4.

"P < 0.05 vs Sham operation group; *P < 0.05 vs model group; 4P <
0.05 vs 150 mg-kg™! berberine group

Bl 150 mg-kg1+3-MA

A 3-MA /NEERR 150 mg-kgt /NEE

/NEERE 75 mg-kg !
2 HE £&8NEEKXEOCMALRETH (X100)
Fig.2 HE staining to detect the pathological changes of myocardial tissue of rats in each group (> 100)

#3 BEAAFRIMES CK-MB, cTnl KFELLE ( x+s, n=12)
Table 3 Comparison of CK-MB and cTnl levels in serum of rats in each group ( x#s, n=12)

45 I CK-MB/(ng-mL™?) cTnl/(ng:-mL™)
EEN — 4531+7.16 9.03+1.26
A — 117.14+24.05" 36.36+6.18"
3-MA 100 mmol-L ! 198.89+30.16* 93.02+13.07*
/INBETRR 75 mg-kg! 83.31+10.26" 21.09+3.02*
150 mg-kg* 52.42 +11.45* 11.02+2.01#
/NEERR4-3-MA 150 mg-kg 14100 mmol-Lt 119.92+23.384 38.24+6.084

HEFR4LLE: "P<0.05; SHEMMAE: *P<0.05; 5/NEE 150 mg-kg L 4lLLE:: AP<0.05
P < 0.05 vs Sham operation group; *P < 0.05 vs model group; 4P < 0.05 vs 150 mg-kg~" berberine group p

/NEERE 150 mg-kg ™ /MNEERS 150 mg-kg 1 +3-MA

et 3-MA
5 Sk BT A X2 ML 5 KD 1 1 Y A G 30/ e i 2 kv
The arrow shows double membrane structure of autolysosome or late / degradable autophagy vesicle

/NEERR 75 mg-kg !

3 DAL R IR BREEM (X 15000, A) FLLALAEAELRIIABME (X 30000, B)
Fig. 3 Mitochondria ultrastructure of cardiomyocytes (<15 000, A) and mitophagy of cardiomyocytes (<30 000, B)
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*4 BERREREIRGIZEITS ( xs, n=6)
Table 4 Scores of mitochondrial damage in each group
( X#s, n=6)

i .- ﬁzﬂf'zﬁ\si‘ﬁf%
FREEVP 5y

(EERZN 0.3140.06

el 3.14+0.16"

3-MA 100 mmol-L ! 3.89+0.19*

/NBET, 75 mg-kg? 2.31+0.15%

150 mg-kg* 1.4240.10¢

/NEETH 4-3-MA 150 mg-kg™'+100 mmol-L™! 3.22+0.184
HEFARALE: "P<0.05; SHRALALE: P<0.05; H/NBER
150 mg/kg 41 tbE:: 4P<<0.05
"P < 0.05 vs Sham operation group; *P < 0.05 vs model group; 4P <
0.05 vs 150 mg/kg berberine group
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Fig. 4 Western blotting detection results of PINK1, Parkin,
LC3B, p62, USP30 protein expression in myocardial

/NEERH+-3-MA

tissue of rats in each group

x5 FHAKXBROHLLD PINKL, Parkine LC3B. p62. USP30 EEFRIALLE ( x=+s, n=6)
Table 5 Comparison of PINK1, Parkin, lc3b, p62 and USP30 protein expression in myocardial tissue of rats in each group

( ;is, n=6)

51 Pk PINK1/GAPDH Parkin/GAPDH LC3B/GAPDH p62/GAPDH  USP30/GAPDH
(EEN — 0.42+0.20 0.46+0.03 0.59+0.03 0.56+0.03 0.76+0.03
B — 0.79+0.07°  0.73%£0.13" 0.83+0.13°  0.81+0.13°  0.21+0.13"
3-MA 100 mmol-L? 0.1940.02%*  0.2420.22*  0.1820.22* 0234022  1.33+0.22%
/NEERH 75 mg-kg! 1.02+0.02*  1.02+0.02* 1.12+0.02% 1.09+0.02*  0.43+0.02*
150 mg-kg® 1.36+0.19  1.43+0.04* 1.43+0.04*  1.39+0.04*  0.69+0.04*
/NBEDR +3-MA 150 mgkg1+100 mmol-L? 0.81+0.104  0.74%0.124  0.8420.124  0.80+0.124  0.26+0.124

EHEFRHANE: "P<0.05; HEMAHE: P<0.05; 5/NBER 150 mglkg i AP<<0.05
P < 0.05 vs Sham operation group; *P < 0.05 vs model group; 4P < 0.05 vs 150 mg/kg berberine group
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